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Electricity  and  Mysterious  Fire  Outbreaks. 

Certain  outbreaks  of  fire  that  have  occurred  during  recent 
years,  and  which  subsequent  investigation  lias  failed  to 
explain  satisfactorily,  though  it  has  led  to  the  suspicion  that 
they  were  in  some  way  due  to  the  electric  current  in  the  build- 
ings wliere  they  occurred,  lead  us  to  describe  an  incident  that 
came  a  little  time  ago  within  our  experience,  and  which  it 
appears  desirable  should  be  made  public,  as  it  reveals  a  source 
of  danger  even  on  premises  where  the  risk  of  fire,  under 
normal  conditions,  is  infinitesimal. 

In  the  case  in  question,  one  of  the  principals  of  the  firm, 
happening  by  accident  to  go  into  the  basement  of  his 
premises,  heard  a  slight  crackling  noise,  but  paid  little  atten- 
tion to  it,  and  was  about  to  leave  the  basement  shortly 
afterwards  wlien  his  attention  was  drawn  to  a  light  in  a 
roon;  which  he  had  a  few  minutes  previously  vacated,  and, 
returning  in  order  bo  ascertain  the  cause,  found  to  his  sur- 
prise that  a  gas  pipe  that  was  laid  along  the  roof  of  the 
ceiling  was  blazing  and  the  lead  from  the  melting  pipe  falling 
on  the  floor,  while  the  blaze  was  steadily  creeping  towards  the 
meter.  The  alarm  was  at  ouce  given,  and  as  a  result 
of  the  prompt  measures  taken  the  outbreak  was  extin- 
guished. A  few  minutes'  delay,  however,  would  have 
rendered  these  efforts  futile,  for  the  distance  to  the  metrr 
was  so  short  that  a  large  supply  pipe  would  then  have  been 
communicated  with,  and  it  would  have  been  impossible  to 
get  at  the  meter  stop  tap,  while  the  flames  would  then  have 
been  in  contact  with  an  inflammable  superstructure,  and  a 
hoist  hole  being  a  few  feet  away,  the  outbreak  might  then 
easily  have  extended  to  all  the  floors  of  the  building.  How 
the  outbreak  occurred  became  then  a  subject  for  enquiry. 
At  first  the  affair  seemed  very  mysterious,  for  there  was  no 
one  in  the  room,  uor  was  there  a  gas  alight  iu  the  room, 
while  the  position  of  the  pipe  on  the  ceiling  made  its  acci- 
dental ignition  by  any  person  impossible.      It  transpired, 
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however,  as  a  result  of  investigation,  that  a  very  similar 
mil  l>rc;ik  occurred  at  the  same  time  on  some  adjoining  pre- 
mN:'s，  aiul  by  an  almost  fortuitous  circumstance  it  also 
Vas  discovered  in  time  to  prevent  serious  damage.  This  led 
to  suspicion  being  laid  in  some  way  on  the  electric  mains, 
though  it  should  here  be  pointed  out  tliat  in  neither  of  the 
two  cases  was  electricity  distributed  to  the  premises.  How 
then,  it  may  be  asked,  did  the  current  find  its  way  and  lead 
to  the  ignition  of  the  gas  pipe  ？  Careful  inspection  pointe'l 
to  a  possible,  and  we  believe  now,  the  true,  explanation. 
The  gas  pipe  was  laid  in  both  cases  more  or  less  parallel 
with  the  water  service  pipe,  and  at  the  point  where  it  ignited 
it  was  actually  in  contact.  Further  enquiries  convinced  the 
owners  that  the  current  must  have  been  a  stray  one  from 
the  corporation  electric  light  and  power  mains  which  passed 
under  the  street  outside,  and  that  this,  passing  along  the 
gas  pipe,  arced  across  into  the  water  pipe  as  a  better  conductor 
at  the  point  where  it  touched  tlie  gas  pipe,  and  in  so  doing 
fused  the  gas  pipe  and  ignited  it.  Complaints  to  the  central 
station  authorities  led  to  enquiries  being  instituted  by  them, 
but  these  did  not  prove  satisfactory  to  the  owners  of  the  pre- 
mises, as  the  traction  and  lighting  departments  were  involved, 
and  those  responsible  appeared  to  b©  mainly  concerned  in 
repudiating  individual  responsibility,  and  the  owners  finally 
had  to  be  content  with  the  bare  assertion  that  no  leakage 
had  been  discovered,  though  this  did  not  obviously  square 
with  the  facts,  but  wo  mention  the'  attitude  taken,  as  it.  shows 
the  difficulty  of  bringing  home  responsibility  in  these  cases. 
That  the  outbreak  occurred  in  the  manner  suggested  there 
is  no  room  for  dispute,  and  it  can  easily  be  understood  that 
if  the  occurrence  had  taken  place'  in  the  night  time  when  no 
on©  was  on  the  premises  they  might  have  been  so  injured 
or  destroyed  as  to  leave  no  trace  as  to  how  the  fire  had  been 
caused .  The  explanation  is  so  simple  and  the  origin  one  that 
may  so  easily  be  latent  in  other  premises  that  it  is  desirable,  at 
all  events,  that  the  public  should  be  put  on  their  guard 
against  it.  One  precaution  to  be  deduced  from  the  incident 
we  have  described  is  obvious,  viz.,  that  the  gas  and  water 
service  pipes  in  a  building  where  electricity  is  used,  or  power- 
ful currents  exist  in  the  neighbourhood,  should  nowhere 
bo  placed  in  contact.  Had  the  current  leaked  into  the  gas 
or  water  pipe  alone  it  would,  of  course,  in  all  probability, 
have  found  an  outlet  without  danger.  It  was  merely  that- 
the  water  pip 9  offered  a  better  track  where  it  came  in  con- 
tact with  the  gas  pipe  that  it  arced  across,  and  in  so  doing 
fused  the  pipe  and  ignited  the  gas.  It  may  be  that  some  of 
our  readers  have  met  with  somewhat  similar  experiences, 
and  if  they  have  we  shall  be  glad  to  hear  from  them,  so  that 
the  facts  may  be  put  on  record. 

METHODS  OF  ECONOMISING  HEAT. 

There  was  recently  delivered,  by  Mr.  C.  R.  Darling,  before 
the  Society  of  Arts,  a  series  of  tlirea  Cantor  Lectures  on  the 
subject  of  "  Methods  of  Economising  Heat/'  In  his  first 
lecture1  Mr.  Darling  referred  briefly  to  tho  sources  of  energy 
not  yet  tapped  to  any  extent  for  commercial  purposes ―- solar 
radiation,  tidal  energy,  the  internal  heat  of  the  earth,  and 
interatomic  en'e'rgy — and  expressed  the  opinion  that  these 
sources  would  bo  utilised  when  fuel  supplies  became  scarce. 
Dealing  with  tli&  us©  of  fuels  in  high-teonperature  operations, 
he  pointed  out  that  the  products  of  combustion  must  leave  the 
furnace  at  a  t&mperature1  not  less  than  that  of  the  heated 
object,  and  that'，  unless  the  beat  thus  escaping  could  be 
utilised  in  a  second  operation,  its  loss  was  unavoidable.  In 
this  connection  lie  obs&rved  that  in  tlie  rotary  cement  kiln  the 
heat  required  to  produce  a  proper  clinkering  temperature 
could  not  all  he  utilised  in  other  parts  of  the  process,  and  that 
ext  ension  of  t-he  length  of  the  kiln  beyond  a  certain  point  did 
nut  remedy  the  loss.    A  plea  was  made  for  the  co-operatiou  of 


indusiries,  so  that  the  heat  escaping  from  furnaces  might  be 
used  in  a  second  process,  such  as  evaporation,  resulting  in  a 
saving  of  heat  and  money.  Turning  to  the  question  of  steam - 
raising,  he  pointed  out  the  economic  and  other  advantages  of 
careful  stoking.  In  large  coal-fired  boilers  there  was  now  no 
need  to  produoe  smoke,  unless  an  attempt  was  made  to  work 
them  beyond  their  proper  capacity.  On  the  other  hand, 
when  small  hand -fired  furnaces  were  used,  a  certain  amount  of 
smoke  was  considered  inevitable.  The  advantages  of  oil  fuel 
for  steam -raising,  particularly  on  steamships,  were  next  con- 
sidered, and  the  saving  effected  by  tlie  use  of  eco  no  misers  and 
feed -water  heaters  in  connection  with  boilers  explained.  A 
demonstration  was  given  of  the  Bonecourt  system  for  the  sur- 
face combustion  of  gases,  which,  applied  to  a  steam  boiler, 
gave  a  thermal  efficiency  of  over  90  per  cent.  ；  and  it  was 
suggested  that  it  might  be  found  more  economical  in  the 
future  to  extract  the  gas  from  coal  and  use  it  for  steam-raising 
on  this  system,  selling  the  valuable  by-products,  than  to  burn 
the  coal  directly. 

In  his  second  lecture  the  author  dealt  with  hoat  engines, 
and  pointed  out  that  even  with  the  best  modern  appliances 
only  16  per  cent,  of  the  heat  of  the  fuel  was  converted  into 
work  in  the. steam  engine,  and  30  per  cent,  in  the  case  of  the 
internal-combustion  engine.  The  superior  thermal  efficiency 
of  tlie  latter  type  was  discounted  by  the  greater  cost  of  the 
fuel  used.  It  was  shown  that  tlie  large  quantity  of  heat  escap- 
ing in  the  cooling  water  of  a  condenser  or  cylinder  jacket  could 
not  be  utilised  in  the  engine  itself,  nor  was  it  easy  to  conceive 
an  economical  application  of  this  heat  for  a  secondary  purpose. 
The  heat  of  exhaust  st'&am  and  cylinder  gases,  however,  was 
often  used  for  evaporation,  drying,  and  feed -water  heating. 
Tho  economy  of  using  highly-superheat-ed  stream  was  touched 
upon.  Mr.  Bowen  Cooke,  of  the  London  and  North-western 
Railway,  had,  he  stated,  on  certain  types  of  passenger  engines 
effected  a  saving  of  25  per  cent,  iu  th-e  coal  bill  when  a  super- 
heater was  used,  and  that  after  allowing  for  the  cost  of  instal- 
ling the  superheaters  and  for  depreciation  a  net  saving  was 
shown.  This  was  the  general  experience  of  locomotive  engi- 
neers, who  were  almost  without  exception  introducing  super- 
heaters. Suggestions  for  the  centralisation  of  power  were 
given,  and  the  advantages  and  difficulties  were  pointed  out. 
He  referred  to  one  aspect  of  this  question  which  was  often 
overlooked  by  its  advocates,  namely,  the  ease  with  which  a 
strike  on  the  part  of  the  workers  at  the  central  generating 
stations  would  paralyse  the  whole  of  the  industries  which 
received  the  power.  The  present  system  of  working  iu 
individual  units,  although  more  wasteful  of  energy,  liad  much 
to  commend  it.  Dealing  next  with  the  prevention  of  radia- 
tion losses  from  hot  surfaces,  he  expressed  the  opinion  that  a 
large  quantity  of  the  heat  now  allowed  to  escape  from  tlie 
exterior  of  metallurgical  furnaces  might  be  saved  by  the  use 
of  suitable  insulating  material.  A  calculation  for  an  anneal- 
ing furnace,  of  480  sq.  ft.  superficial  area  working  at  1,600° 
Fall.,  showed  that  the  heat  lost  by  radiation  amounted  to 
336,000  B. Th. U.  an  hour,  representing  a  loss  of  3d.  an  hour, 
o'r  £90  a  year  of  7,200  working  hours,  of  which  at  least  one- 
half  might  be  saved  by  proper  insulation.  At  higher  working 
temperatures  the  radiation  losses  were  much  greater,  and  it 
was  suggested  that  furnace  insulation,  hitherto  neglected,  was 
a  nvatter  worthy  of  immediate  attention. 

In  his  concluding  lecture  Mr.  Darling  dealt  mainly  with  the 
heating  of  rooms  and  buildings.  The  percentage  of  avoidable 
waste  of  heat  was,  lie  said,  greater  in  domestic  tlian  in  com- 
mercial appliances,  a  fact  which  was  attributable  to  the 
unscientific  design  of  firegrates  and  ranges.  The  closed  stove 
for  burning  anthracite  coal  was  rapidly  coming  into  favour, 
and  was  a  cheap  and  efficient  warming  agent  for  rooms.  Witli 
reference  to  gas  fires,  it  was  stated  that  in  modern  forms 
75  per  cent,  of  the  heat  generated  \va«  utilised  in  warming 
the  room,  and  further  advantages  were  cleanliness  and  ease  of 
adjustment.  Such  fires  did  not,  however,  ventilate  a  room  so 
efficiently  as  open  coal  fires,  and  the  radiations  were  less  satis- 
factory owing  to  the  lower  temperature  (1 ,300°  to  1,700°  Fah.) 
and  the  nature  of  the  firebrick  surface  heated  by  the  flame. 
An  improvement  would  result  if  the  Meker  burner,  or  Bone- 
court  flameless  combustion,  could  be  applied,  as  in  either  case 
the  temperature  would  be  higher  ；  and  a  further  advantage 
would  be  gained  by  the  use  of  a  rough,  black  material  in  place 
of  the  pieces  of  firebrick.  Electric  Heathers  possessed  the 
advantage  of  cleauliuess,  but  were  more  costly  initially  aud  in 
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worUing.  Th&  methods  of  heating  l)uil(lings  by  hot- water  and 
steam  radiators  w©r©  then  described,  and  in  r()n('lusi()ii  t  he. 
relative  costs  of  heating  by  the  various  systems  in  London 
were  given  as  follows  :  Open  coal  fire,  1  ；  gas  fir©,  1'5  ；  closed 
anthracite  stove3  0'5  ；  hoi>waier  radiator,  0*35  ；  and 
electricity,  6. 

OVERHEAD  LINES  FOR  ELECTRIC  POWER  TRANSMISSION. 

A  pap  Kit  on  this  subject  was  road  by  Mr.  T.  Schoniheil  at  a 
meeting  of  the  We'ste'rii  Section  of  the'  Institution  of  Electrical 
Engineers  recently  held  at  Bristol.  The  author  at  the  outset 
poinlxnl  out  that  the  question  of  wayleave  played  a  vt'rv 
important  part  in  the  cost  of  overh&ad  transmission  and  tliat. 
a  compulsory  modi fk'aticm  of  th©  veto  possessed  by  _ local 
authorities  and  a  modification  of  the  present  Board  of  Trade 
regulations  was  desirable.  Light  overhead  lines  in  this 
country  were  usually  carried  on  wooden  poles  of  Norway  fir， 
ci*eosot©d  with  lOlbs.  of  oil  per  cubic  foot  of  timber.  Creosot- 
ing  was,  he  said,  the  most  satisfactory  process  for  preserving 
the  timber  against  the>  ravages  of  damp  and  insects,  provided 
the  wood  when  treated  was  reasonably  dry.  For  heavy  lines 
A  poles  were  preferable  to  single  poles.  Careful  tests  showed 
that  an  A  pole,  properly  braced,  would  sustain  a  load 
in  a  direction  across  its  two  members  nearly  five  times 
greater  than  would  a  single  pole  of  the  same  diameter  as  one 
of  the  members  of  the  A  pole.  A  ratio  of  height  to  base  of 
8  to  1  for  A  poles,  and  a  factor  of  safety  of  10，  with  flexibility 
in  the  direction  of  tlie'  line,  were  desirable  for  all  wooden 
poles. 

Steel  pole®  were  usually  constructed  in  tower  form  of 
either  angles  or  tubes,  as  the  main  members,  braced  together 
in  the  form  of  a  hollow  square,  by  flat  sections,  which  formed 
a  lattice  work .  Such  lattice  poles  had  great  mechanical 
strength,  together  with  a  certain  amount  of  flexibility. 
Owing  to  the  difficulty  of  proj>erly  protecting  tliem  from  corro- 
sion, they  were  open  to  considerable  objection  on  that  score. 
On  the  Continent  iron  poles  of  single  channel  section  for 
straight  lines,  and  two-channel  sections  bolted  together  for 
strain  poles  were  being  largely  used.  Such  poles  posses&ed 
th©  advantage  of  being  easy  to  handle,  and  easy  to  keep  in 
good  condition,  besides  being  much  clieaper  tlian  the  lattice 
type.  Tubular  steel  poles,  owing  io  their  cost  and  the  diffi- 
culty of  keeping  the  interior  free  from  corrosion,  were  seldom 
used  for  transmission  lines.  The  reinforced  concrete  pole  had 
not  yet  been  used  in  England,  but  it  seemed  to  have  many 
points  in  its  favour.  It  was  easy  to  construct,  and  could }  if 
neoessaiy,  he  made  on  the  site,  with  a  consequent  saving  of 
the  cost  of  transportation.  At  Oklahoma  City,  U.S.A., 
about  a  thousand  concrete  poles  were  in  use  for  transmission 
lines.  They  were  30ft.  long,  and  hexagonal  in  section,  with  a 
hollow  centre  16ia.  diam.  at  the  base  and  17in.  at  the  top,  the 
walls  being  2|in.  thick.  Running  through  eacli  pole  were 
12  ^in.  diam.  twisted  reinforcing  rods  at  a  tension  of 
ll,0001bs.  The  weight  of  each  pole  was  about  2，0001bs.，  and 
the  cost  35s.  A  mixture  of  one  part  cement,  two  of  sand, 
and  three  of  crushed  stone  was  employed  in  their  manu- 
facture. Another  American  concern ,  which  had  some 
30  miles  of  high-voltage  line,  used  poles  30ft.  high,  6in.  square 
at  the  top,  and  9in.  at  the  bottom.  These  poles  were 
reinforced  with  six  iin.  square  high-carbon  steel  rods,  extra 
short  lengths  being  added  to  take  the  excessive  strain  near 
the  ground. 

Th-e  efficiency  of  any  line  depended  chiefly  on  the  ability  of 
th©  insulators  to  withstand  not  only  the  conditions  of  service, 
but  such  increases  of  electrical  and  mechanical  pressure  as 
were  likely  to  be  met  with.  In  this  country,  porcelain  insu- 
lators were  almost  exclusively  used.  An  insulator,  consisting 
of  several  units  linked  together  and  known  as  the*  suspension 
type,  was  coming  into  very  general  u&e»  for  high-tension  lines. 

Of  conductors  there  were  only  two  metals  commonly  used, 
？ .e.，  copper  and  aluminium.  Alloys  of  copper,  such  as  phos- 
phor bronze,  were  stronger,  but  were  not  as  good  conductors; 
whichever  was  used,  the  most  important  consideration  was  its 
strength.  The  factor  of  safety  required  by  the  Board  of 
Trade,  of  ten,  was  much  too  high,  one  or  two,  or  at  most  three, 
being  ample  for  copper  and  aluminium  lines,  but  no  conductor 
should  be  smaller  than  No.  6  S.W.G.  The  respective  merits 
of  tlie  two  metals  resolved  itself  mainly  into  a  matter  of  cost, 
and  alumiiiium  seemed  to  have  all  in  its  favour,  the  present 
prices  representing  a  saving  of  about  35  per  cent,  in  favour  of 


th©  latter.  To  secure  a  continuity  of  supply  it  wa«  often 
deemed  advisable  to  run  double  the  number  of  tran.uniis>io)i 
lines  actually  required,  either  on  the  same  poles  or  on  a 
duplicate  set.  In  the  majority  of  cases,  however,  one  line  was 
quite  sufficient  to  serve  as  a  stand-by. 

The  question  of  eartliing  was  most  important,  but  was  too 
often  neglected  or  done  in  as  cheap  a  manner  as  possible. 
Perhaps  not  the  cheapest,  but  certainly  the  most  reliable  and 
efficient  arrangement  was  to  affix  underneath  the  lowest 
cross-arm  of  each  pole  a  small  bracket  carrying  a  reel  insulator 
supporting  a  line  of  No.  8  gauge  copper  wire,  this  being  run 
from  one  end  of  the  line  to  the  other.  A  similar-sized  copper 
wire  was  fixed  to  project  about  Gin.  above  each  pole  roof  and 
than  led  down  the  pole  backwards  and  forwards  along  e;w  li 
cross-arm,  under  each  insulator  pin  collar,  and  so  to  the  main 
earth  wire，  which  should  be  properly  grounded  at  each 
t  liird  pole. 

Guard  wires  or  cradles,  wlien  used  to  prevent  lines  falling 
to  th©  ground,  were  often  a  source  of  danger,  and  it  was  far 
better  to  run  an  extra  length  of  conductor  on  separate  insu- 
lators, placed  as  close  as  possible  to  the  others,  over  roadways 
and  crossings.  The  end  of  the  extra  conductor  to  be  extended 
well  beyond  the  extreme  width  of  the  roadway  or  crossing  and 
bound  to  tlie  main  conductor  for  a  length  of  4ft.  or  so. 

Accumulations  of  dust  and  dirt  often  gave  rise  to  faults. 
If  the  line  ran  near  collieries  or  railway  lines,  it  was  advisable 
to  have  the  insulators  washed  and  wiped  occasionally.  Insu- 
lator pins  were  often  a  common  source  of  weakness.  To  guard 
against  this  they  should  be  made  of  ample  strength.  Wooden 
pins  were  useless,  as  they  soon  burned  tlirougli.  Weak  bind- 
ing was  to  be  avoided  as  a  frequent  source  of  trouble.  Of  all 
the  forms  of  wire  clasps  designed,  none  was  equal  to  binding 
wire  properly  applied  and  of  sufficient  size.  The  great  advan- 
tage of  binding  wire  was  that  if  a  conductor  broke,  no  insula- 
tor pins  in  the  immediate  vicinity  of  the  fracture  were 
damaged,  the  conductor  being  allowed  to  slip  through  its 
l)indings. 

A  frequent  cause  of  failure  was  duo,  not  to  any  weakness, 
but  a  punctured  insulator  causing  a  partial  leak,  and  so 
generating  sufficient  heat  to  burn  th©  conductor  through.  In 
this  respect  a  decided  advantage  could  be  gained  by  metal 
bands  around  the  insulators  to  assist  in  dissipating  the  heat  . 
Pole  troubles  were  not  numerous,  but  wooden  poles,  if  not 
properly  treated,  were  sometimes  attacked  with  wet  rot- 
Replacing  such  poles  was  a  costly  matter 3  and  occasioned  much 
inconvenience  and  loss,  owing  to  the  fact  that  the  line  had  to 
be  kept  "  doad  "  whilst  the  work  was  going  on.  A  remedy  of 
some  value  would  be  found  in  cementing  th©  poles  from  the 
bottom  to  about  3in.  above  the  ground  line,  and  leaving  an 
annular  space  between  pole  and  cement  to  about  5in.  below 
the  ground  line,  the  space  to  be  filled  with  bitumen  or  a  similar 
material.  Another  method  of  guarding  against  rot  was, 
when  the  poles  had  become  firmly  set,  to  make  an  opening  4in. 
to  5in.  wide  round  each  pole  to  a  depth  of  3ft  or  4ft'.,  and  into 
such  hole  pour  concrete,  tamping  it  well  in  and  finishing  off 
the  top  with  an  inclined  watershed  a  few  inches  above  the 
ground  level.  Such  a  method  nob  only  prevented  water 
collecting  around  the  base  of  the  pole,  but  gave  it  a  ueat 
aj>pearance. 


Wireless  Telegraphy  as  an  Aid  to  Rescue  Work  in  Minci.  — In  a 

Blue  Book  on  mines  and  quarries  in  the  United  Kingdom 
recently  issued,  reference  is  made  to  the  possible  use  of 
wireless  telegraphy  in  mines  as  an  aid  to  rescue  operations. 
Experiments  in  the  North  of  England  yielded  a  great  measure 
of  success  in  communication  between  the  surface  and  a  deptli 
of  800ft. 

Calendars  for  1913.  一  Wall  , 
rather  favourite  method  of  advertising  with  some  firms,  and  a 
considerable  amount  of  artistic  taste  is  displayed  on  some  of 
them.  The  most  striking  amongst  those  we  liave  iwivt  J  is 
one  by  the  United  States  Metallic  Packing  Company,  who  for 
several  years  have  displayed  quite  exceptional  merit  in  the 
designs  they  have  issued .  The  present  one  gives  quite  a 
striking  imitation  in  white  relief  of  Thonvalsden's  celebrated 
statue  of  Cupid  and  Psyche.  Amongst  others  we  beg  to 
acknowledge,  are  wall  calendars  from  the  Baldwin  Locomotive 
Works,  J.  Warrilow,  Ltd.,  Binninghani,  and  a  neat  desk 
calendar  from  the  St.  Helen's  Cable  and  Rubber  Company, 
Ltd.,  Warrington. 
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TESTS  OF  WOOD,  PAPER,  AND  STEEL  PULLEYS. 

In  a  recent  issue  of  our  American  contemporary,  "Power,"  Mr. 
H.  A.  Wood  worth  gives  the  following  account  of  tests  made 
in  1909  by  Mr.  E.  D.  Biggs  and  himself  at  the  Purdue  Uni- 
versity, to'  determine  the  breaking  strength  of  pulleys  of  cliffe- 
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-Pit  Foit  Testing  Pulleys  to  Destruction. 


rent  kinds  with  a  view  to  disclosing  their  principal  points  of 
weakness. 

The  object  of  the  tests  was  to  determine  the  relative  burst- 
ing speeds  of  different  types  of  pulleys,  and,  if  possible, 
whether  the  weak  points  in  each  form  of  construction  corre- 
spond with  previous  experiments.  The  condition  of  stress 
existing  in  the  rim  of  a  flywheel  was  first  discussed  by  J.  B. 
Stanwood  (Trans.,  A.S.M.E.,  1893).  He  showed  theoretically 
that  the  bending  due  to  centrifugal  force  might  vory  mate- 
rially reduce  the'  bursting  speed .  This  was  later  proved  expe- 
rimentally by  Prof.  C.  H.  Benjamin  (Trans.,  A.S.M.E., 
1899-1912),  who  tested  model  flywheels  to  destruction  by 
revolving  them  in  a  bomb-proof  case  at  varying  speeds  until 
they  gave  way.  Benjamin's  tests  proved  that  joints  between 
arms  consisting  of  a  pair  of  lugs  connected  by  bolts  were  a 
great  source  of  weakness.  Further  to  prove  these  theories, 
and  test  the  most  improved  designs  of  pulleys,  a  series  of  tests 


motor,  which  could  be  operated  from  800  to  2,400  revs,  per 
minute.  Sand  was  piled  around  the  inside  of  this  pit  to  pre- 
vent flying  pieces  from  coming  in  contact  with  the  concrete 
wall  when  failure  occurred.  By  this  means  the  original  frac- 
ture was  obtained.  The  starting  box,  or  controller,  for 
varying  the  speed  of  the  motor,  was  placed  in  a  safe  position 
seme  distance  from  the  pit.  The  ta^-hometer  was  placed  on  a 
heavy  wooden  block,  about  4ft.  from  the  pit.  This 
block  was  embedded  in  the  ground,  with  its  top  on  a 
level  with  the  top  of  the  pit. 

To  determine  the  speed  ratio  of  the  main  shaft  to 
that  of  the  tachometer  a  series  of  simultaneous  read- 
ings were  taken  of  the  main  shaft  and  tachometer, 
respectively,  and  from  these  data  a  curve  was  plotted 
with  the  tachometer  readings  as  ordi nates  and  the 
main  shaft  revolutions  per  minute  as  abscissas.  This 
calibration  curve  was  determined  for  every  three  or 
four  pulleys  tested,  and  proved  to  be  a  straight  line 
through  the  origin  upon  which  the  results  of  all  sub- 
sequent tests  fell. 

After  balancing  the  pulley,  photographing, 
weighing ,  and  running  the  calibration  curve, 
preparations  were  made  to  test  the  first  wheel. 
This  was  placed  on  the  shaft  in  the  testing  pit, 
and  the  pit  was  covered  with  planks  to  prevent  any  frag- 
ments from  escaping.  The  wheel,  which  will  be  referred  to 
hereafter  as  test  wheel  No.  1，  was  a  two-arm  solid-rira  built- 
up  type  wooden  flywheel,  shown  in  Fig.  2，  and  weighed 
29'371bs.  It  was  strengthened  by  six  iin.  bolts,  four  of  which 
wore  placed  at  the  hub,  and  furnished  means  of  clamping  the 
flywheel  to  the  shaft,  the  other  two  being  placed  one  at  each 
end  through  the  continuous  arm. 

The  test  started  at  a  very  low  speed,  and  as  each  new  speed 
was  obtained  the  operator  stepped  the  motor  to  the  next  speed, 
using  great  caution  t'o  gradually  accelerate  the  pulley.  When 
the  pointer  indicated  a  speed  of  2,720  revs,  per  minute,  there 
was  a  noise  like  the  report  of  a  muffled  powder  explosion  as 
the  pulley  let  go.  A  fine  debris  of  splinters,  bolts,  and  nails, 
together  with  large  pieces  of  the'  rim  and  flywheel  arms,  was 


Figs.  2  to  7. 一 Vakious  Pi  ixjas  Tksted  to  Dkstuuction. 


of  24in.  wheels  of  cast  iron,  steel,  wood,  and  paper  were 
arranged  for. 

Fig.  1  shows  the  testing  plant,  which  consisted  of  a  cylin- 
drical pit  in  which  was  placed  a  3in.  vertical  shaft  driven  by 
a  vertical  motor.  The  shaft  was  supported  in  the  centre  of 
the  pit  by.  oast-iron  bearings  bolted  to  two  horizontal  channel 
irons,  the  ends  of  which  were  embedded  in  the  concrete  that 
formed  the  walls  of  the  pit.  The  pit  was  7ft.  deep  and  8ift. 
diam.   The  shaft  was  belt-driven  from  a  10  h.p.  variable-spe-ed 


found  lying  all  over  the  bottom  of  the  pit,  showing  the 
original  disintegration  fractures  due  to  the  excessive  spe^d. 

After  the  explosion  the  debris  was  gathered  together,  and 
assembled  as  nearly  as  could  be,  and  a  photograph,  reproduced 
in  Fig.  2,  taken  of  it.  The  duration  of  this  test  was  about 
12  minuies.  The  peripheral  speed  at  the  time  of  fracture  was 
285ft.  per  second.  The  failure  came  very  suddenly.  The 
fracture  was  probably  caused  by  one  bolt  in  each  end  of  the 
continuous  arm  giving  out,  due  to   the   centrifugal  force. 
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Tabulated  data  and  results  of  the  tests  are  sliown  iti  1  he 
accompanying  iable. 

No.  2  was  a  duplicate  of  No.  1，  and  bunsO  ； it,  a  speed  of 
2,550  revs,  per  minute,  or  a  peripheral  speed  of  207ft..  i)('r 
secoiul.  The  whole  rim  was  sliai  ion'd,  hut  t  lie  arms  r('，M;iiiu'<l 
intact. 

No.  3  was  a  split-rim  built-up  wooden  pulley,  the  split, 
being  made  at  the  end®  of  the  arms,  as  shown  in  Fig.  3.  This 
w  heel  was  a  duplicate  of  the  first  two  wlieels  bested,  except 
that  the  former  two  had  solid  rims..  It  bursti  at  a  speedl  of 
2,210  revs,  per  minute,  or  a  peripheral  speed  of  231'8ft.  per 
second.  Tlio  whole  rim  was  shattered,  but  tlie  arms  remained 
as  sliown  in  Fig".  3.  A  close  inspection  reveals  ( lio  unit'orniity 
in  the  strength  of  tlie  split-rim  wheel  where  tlie  joint  is  at  tlio 
end  of  tho  arms. 

Wheels  Nos.  4  to  10  inclusive  were  duplicates  of  No.  3. 
In  all  these  wheels  tlie  fracture-  was  due  to  weakened  rims, 
caused  by  the  holes  made  in  them  at  the  factory,  in  which 
were  placed  balancing  weights.  These  weights,  together  with 
t  ho  weakened  section,  caused  the  failure.  In  some  cases  the 
bolts  holding  the  arms  to  the  two  sections  of  the  rim  were  con- 
siderably bent.  In  general  the  split-rim  flywheel  of  this  type 
has  only  80  per  cent,  the  strength  of  the  same  type  with  a 
solid  rim.    The  results  of  the  tests  are  shown  in  the  table. 

No.  11  was  a  solid  cast-iron  wheel,  shown  in  Fig.  4.  It 
liad  six  arms,  each  having  a  cross-sectional  area  of  0  99  sq.  in. 


No. 】4  was  a  duplicate  of  No.  13,  and  broke  in  tho  same 
manner.   The  fracture  was  presumably  due  to  the  same  '  ;'i 卜'. 
These  two  tests  demonstrate  the  lack  of  str**M^l  h  in  tlie  rim 
of  this  type  of  wheel,  whicli  suggests  a  field  for  fiitm"  im- 
provement. 

No.  15  was  a  pressed-steel  split  wheel  ；  that  is,  it  consisted 
of  two  sections  or  halves.  Fig.  6  shows  this  wheel  before  and 
after  fracture  had  occurred.  In  this  type  the  rim  was  riveted 
co  the  arms,  of  which  there  were  six.  The  sections  of  tlie  rim 
were  fastened  together  by  a  small  flange  which  was  riveted 
at  each  joint  bo  the  rim.  A  \in.  bolt  connecting  these  flanges 
held  the  two  sections  of  the  rim  "w'tli<'r.  Ka<  Ii  ；" -m  cow 
sis  ted  of  two  flat  pieces  of  iron  l>v  -\.  in.  in  cross- se<*tjon, 

riveted  one  on  each  side  of  a  seam  ow  I  lie  inside  of  tlie  rim. 
This  type,  having  a  very  light  Hm，  should  have  、，'  ','|  a  、屮 rv 
high  speed,  but  it  was  9een  that  the  rim  was  very  weak  at 
the  joints. 

The  ends  of  each  half  of  the  rim  where  they  were  joined 
together  were  bent  outward,  thus  rupturing  the  small  flanges 
and  bending  the  bolts  that  connected  the  two  small  flanges. 
The  instant  that  a  rupture  was  suspected  the  power  was  shut 
off,  and  when  the  motor  stopped  the  rim  was  found  bent  out 
of  shape,  but  not  torn  from  the  arms.  The  speed  obtained 
was  2,240  revs,  per  minute,  or  a  peripheral  speed  of  234"5ft. 
per  second. 

No.  16  was  a  duplicate  of  No.  15.      The  first  fracturr* 


Data  and  Results  of  Tests  on  24in.  Pulleys. 
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24 

6-25 

1-62 
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2 
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24 
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24 

24 
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. wch 
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70  44 
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r:  "  w     w     c-i  。， 
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Not  fractured   
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Portion  of  rim  th  row  n  otl 

Portion  of  rim  thrown  off 

Flanjii-s  and  hult>  Ix-nt 
Flanges  torn  oft.   

on  ^haft. 
Not  sii/lii-it'iit  |x>wvr. 
Xot  sufficient  power. 
Hint  fastened  to  web  hy 

wooden  pins. 
Rim  fastened  to  web  by 

wooden  pins. 
Flanges  rivofod  on  to  rim. 
Somv  rivi'ts  sh<*ar«  <l. 

It  had  a  Gin.  face  and  weighed  70*441bs.  This  wheel  was  held 
on  the  shaft  by  two'  case-hardened  set  screws.  Two  attempts 
were  made  to  break  it,  but  each  time  the  fuses  burnt  out  at 
the  switch.  The  maximum  speed  attained  was  3,720  revs,  per 
minute,  or  a  peripheral  speed  of  389*4ft.  per  second. 

No.  12  was  a  duplicate  of  No.  11.  To  avoid  air  resistance, 
sheet- iron  discs  were  placed  on  each  side  of  the  wheel,  and 
wired  together  through  the  spokes  or  arms.  This  did  not  avail 
anything,  and  the  maximum  speed  obtained  was  3,380  revs, 
per  minufce,  or  a  peripheral  speed  of  353*8ft.  per  second . 
Further  bests  of  these  wheels  were  abandoned,  owing  to  want 
of  more  power,  as  15  h.p.  proved  insufficient. 

No.  13  was  a  paper  wheel  having  a  solid  rim  and  web, 
sliown  before  and  after  being  disintegrated  in  Fig.  5.  This 
wheel  was  balanced  in  the  web.  The  rim  was  held  to  tlie  web 
by  |in.  wooden  pins  parallel  to  the  axis  of  the  shaft  and 
approximately  4 in.  from  centre  to  centre.  The  hub  consisted 
of  two  heavy,  cast-iron  plates  bolted  t'o  opposite  sides  of  tlie 
centre  of  the  web  forming  the  hub.  This  wheel  burst  at  a 
speed  of  2,820  revs,  per  minute,  a  peripheral  speed  of  295'2ft. 
per  second.  The  fracture  occurred  as  anticipated.  A  part  of 
the  rim  1ft.  long  flew  off,  separating  itself  into  one  large  piece 
and  several  small  fragments.  The  wooden  pins  connecting  the 
rim  to  the  web  were  broken  off  squarely.  It  is  thought  tlie 
fracture  was  due  to  the  heaviness  of  the  rim  and  tlie  weakness 
of  the  pins  connecting  it  to  the  web. 


occurred  in  the  same  manner  as  with  No.  15.  Instead  of  shut- 
ting down  the  motor  when  the  first  distortion  was  suspected, 
it  was  continued  until  the  greater  part  of  the  rim  was  torn 
away  from  the  arms,  which  resulted  in  a  loud  crasli.  The  rim 
was  torn  entirely  away  from  four  of  tlie  arms,  but  a  part,  still 
remained  attached  to  tlie  other  two  arms.  The  metal  was 
sheared  out  where  the  flanges  were  riveted  to  the  rim，  but  the 
rim  was  sheared  out  where  tlie  arms  were  riveted  to  it.  Tlie 
speed  was  the  same  as  for  No.  15,  being  2,240  revs,  per 
minute,  or  a  peripheral  speed  of  234  5ft.  per  second.  In  this 
case  tlie  bolt  failed,  as  shown  in  Fig.  7.  This  illustration  is 
interesting,  as  it  shows  clearly  the  landing  action  of  the 
centrifugal  force  on  the  bolts,  using  the  inner  edge  of  tlie 
flange  as  a  fulcrum. 

The  test  of  No.  15  was  stopped  at  tlie  critical  nujiiient.  To 
have  continued  it  would  have  resulted  as  shown  in  Fig.  6. 
This  indicates  how  the  joints  failed.  The  joint  opened  like  a 
clam  shell,  the  bolts  and  flanges  sheared  out.  from  tlie  rim, 
and  the  arms  remained  uninjured.  The  joints  in  Fig.  6  dis- 
play the  shearing  action,  or  cantilever  effect,  which  in  experi- 
ment 16  indicates  that,  as  the  bolts  were  strained  and  the 
joint  loosened,  one  side  of  the  joint  was  more  affected  by  the 
centrifugal  force  than  the  other,  rausiiii;  a  sliearint:  action  in 
the  joint.  These  wheels  burst  at  a  much  lower  average  sj>eed 
than  the  paper,  solid-wood,  or  even  split-rim  、voo(len  wheels. 
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The  test  proves  the  source  of  weakness  in  the  rim  joint  mid- 
way between  the  arms. 

The  stresses  given  in  column  7  of  the  table  were  computed 
by  the  formula 

V2 

Stress  per  square  inch  of  section,  lb.  =  -q 

where  C  is  100  for  wood  and  paper  and  10  for  iron.  The  velo- 
city V  is  the  linear  velocity  of  the  centre  of  gravity  of  the 
section.  The  values  worked  out  in  the  table  show  to  what 
extent  the  strength  is  affected  by  bending.  The  above  for- 
mula has  been  shown  by  Mr.  Stanwood  to  represent  approxi- 
mately the  tensile  strength  per  square  inch  of  rim  section  due» 
to  centrifugal  force. 

In  every  case  the  rim  demonstrates  the  faulty  design  fol- 
lowed in  modern  practice.  The  surprisingly  low  bursting 
speed  of  the  steel  wheels  proved  conclusively  that  rim  joints 
midway  between  the  arms  should  be  avoided,  and  the®©  joints 
placed  at  the  ends  of  the  arms.  The  strength  of  the  joint 
at  the  end  of  the  arm  is  shown  in  the  bests  of  the  solid-rim 
wooden  wheels,  Nos.  1  and  2,  as  compared  with  the  split- rim 
wheels,  Nos.  3  to  10，  inclusive.  These  were  duplicates,  except 
that  one  had  a  split  rim  and  the  other  a  solid  rim. 

These  tests  are  the  first  ever  made  of  paper,  wood,  or 
press&d-steal  wheels.  In  fact,  this  is  the  first  time  the 
original  fracture  of  a  wheel  tested  to  disintegration  lias  been 
determined.  In  all  previous  tests  the  casing*  was  so  designed 
that  flying  particles  struck  it  with  such  force  that  they  were 
again  broken,  making  it  impossible  to  reassemble  the  pieces. 
It  was  due  to  the-  remote  control  that^w©  were  able  to  obtain 
th©  bursting  speed  so  accurately. 

Balancing  wheels,  by  adding  weight  in  the  rim  between 
the  arms,  produces  a  cantilever  effect.  In  the  iron  wheels 
a  piece  of  iron  the  siz&  of  a  goose  egg  is  sometimes  riveted  to 
the  rim  between  the  arms  to  balance  it.  At  very  high  speeds 
the  bending,  due  to  the  centrifugal  force  of  this  weight, 
causes  disintegration.  The  wooden  wheels  are  balanced  by 
inserting  iron  lugs  in  the  wooden  cross- section  of  the  rim, 
which  decreases  the  cross-sectional  effective  area,  weakening 
the  rim,  and  failure  occurs  at  this  point.  Wheels  should  be 
balanced  by  weights  at  the  ends  of  the  arms. 

Conclusions.  ―  (1)  Balancing  the  wheels  in  the  rim  causes 
fracture  at  low  speeds,  and  thereby  lowers  the  factor  of 
safety. 

(2)  Rim  joints  midway  between  arms  are  serious  defects, 
and  materially  reduce  the  bursting  speed. 

(3)  The  solid-web-and-rim  paper  flywheel  of  the  same 
type  as  tested  (Figs.  7  and  8)  will  safely  withstand  a  rim 
speed  of  106ft.  per  second.  By  properly  strengthening  the  rim 
the  speed  may  be  materially  increased  and  a  sufficient  factor  of 
safety  retained. 

(4)  Wood  flywheels  with  solid  rim  (Fig.  2)  have  an  ample 
factor  of  safety  at  a  rim  speed  of  90ft.  per  second,  if  the  wood 
is  of  good  quality  and  the  same  design  is  followed  out.  The 
speed  of  this  wheel  may  be  increased  by  using  lighter  bolts  at 
the  ends  of  the  arms,  as  the  weight  of  the  bolts  caused  the 
original  fracture  in  90  per  o&nt.  of  the  wheels  tested. 

(5)  Wood  split  wheels  of  the  same  design  and  material  as 
shown  in  Fig.  3  will  have  a  sufficient  factor  of  safety  at  72ft. 
per  second  rim  speed.  The  design  may  be  improved  by  using 
lighter  bolts,  and  discontinuing  the  practice  of  balancing  in 
the  rim. 

(6)  Th©  iron  flywhe&ls  (Fig.  4),  which  were  not  tested  to 
destruction,  if  of  good  iron  and  free-  from  serious  cooling 
strains  will  be  safe  at  a  rim  speed  of  120ft.  per  second.  These 
wheels  stood  the  best  test  of  any  of  which  there  is  record.  The 
bending  in  the  rim,  due  to  centrifugal  force,  is  so  slight  that 
it  may  be  neglected  in  this  type  of  wheel. 

(7)  Steel  wheels  of  split-rim  type  (Fig.  6)  are  unsafe 
at  speeds  above  80ft.  per  second .  It  has  been  noted  that  in 
various  cases  wheels  of  this  type  gave  way  through  a  solid 
rim,  and  without  failure  of  the  bolts,  although  the  strength 
of  the  bolts  was  less  than  one- third  that  of  the  rim  section, 
which  shows  that  the  strength  of  this  joint,  as  usually  calcu- 
lai  fd,  has  very  little  to  do  with  the  operative  strength  of  tlie 
flywheel. 


MACHINE  FOR  MEASURING  DIRECTLY  THE  HARDNESS 
OF  METALS. 

We  illustrate  herewith  a  design  of  macliine  for  testing  the 
hardness  of  metals,  which  lias  recently  been  patented  by  Mr. 
R.  Guillery,  111,  rue  de  Flanclre,  Paris.  The  machine  is 
based  on  the  principle,  enunciated  by  Brinell,  that  the 
hardness  of  a  piece  of  metal  may  be  measured  by  the 
impression  thereon  of  a  ball  of  given  diameter  and  weight . 
The  ball  is  supported  by  an  elastic  cushion,  the  pressure  of 
which  is  exactly  set  for  a  definite  stroke  of  tlie  cushion. 
This  combination  of  elastic  cushion  and  ball  is  carried  by 
a  guide  screw  threaded  externally,  so  that  it  can  be  lowered 
more  or  less  by  rotating  it,  and  carrying  at  its  upper  part  a 
graduated  plate,  the  angular  displacements  of  which  relatively 
to  a  pointer  allow  of  direct  reading  of  the  hardness  of  the 


Machine  for  Measuring  Directly  the  Hardness  of  Metals. 

test  piece.  This  hardness  is  measured  by  the  impression  of 
the  ball  in  the  metal  to  be  tested.  This  impression  is 
measured  by  the  distance  n  (Fig.  1)  which  is  greater  than  the 
true  displacement  m  of  the  ball,  for  tlie  latter  produces  a 
projection  of  the  metal  in  the  form  of  an  annular  lip  of  the 
height  n ― m.  The  plate  is  graduated  in  such  a  manner  that 
it  shows  directly  the  value  of  m,  which  is  a  function  of  the 
displacement  n  of  the  ball.  The  deformation  of  the  elastic 
cushion  is  produced  by  raising  the  support  which  carries  the 
test  piece,  that  at  the  same  time  causing  the  ball  to  penetrate 
into  the  metal  and  deforming  the  elastic  cushion  ；  this  lifting 
of  the  support  is  performed  by  means  of  the  lever  mechanism 
described . 

The  machine  (Figs.  2 ― 4)  comprises  a  frame,  the  upper 
part  of  which  contains  a  female  thread  for  the  screw  A,  the 
latter  being  terminated  by  a  milled  button  B.  This  screw 
can  move  vertically  in  an  apertured  circular  plate  C  graduated 
empirically  on  its  periphe'ry  ；  as  the  screw  turns  it  rotates  the 
plate  with  it,  there  being  a  groove  D  in  the  screw  parallel  to 
its  axis  engaging  a  lug  on  the  inner  periphery  of  the  plate. 
The  screw  A  is  hollow  and  contains  a  rod  E  terminating  at 
its  lower  part  in  a  cup  F  in  which  is  lodged  the  ball  used  for 
testing  the  hardness  of  the  metal  by  tlie  Brinell  method.  The 
rod  E  is  subject  to  the  vertical  pressure  of  an  elastic  cushion 
consisting  of  Belleville  washers  G  situated  within  the  screw  A 
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and  exactly  set  to  a  tleiermined  weight'.  The  adjustment  of 
this  cushion  is  made  by  means  of  the  screw  IT.  The  milled 
button  B  when  turned  in  the  direction  of  the  arrow  f ,  Fig.  3, 
to  press  upon  the  spring  member  J  interpo&ed  between  the 
end  of  the  button  and  the  internal  flange  K  of  the  screw  A 
will  cause  this  screw  to  turn  in  the  same  direction  and  descend, 
by  reason  of  the  friction  set  up  bet  ween  parts  .1  and  K. 
As  soon  as  the  ball  comes  into  contact  with  the  specimen  of 
uuA  al  to  be  tested,  thei  friction  will  be  iiisuflicienb  to  overr()"i" 
t  he  resistance  then  met  with  to  further  descent,  and  con- 
sequently the  button  will  turn  alonei  by  itself  witliin  the 
screw  A.  When  tlie  button  is  turned  in  a  direction  reverse 
to  I  hat  indicated  by  the  arrow  f,  Ure  slot  and  ball  clutch 
sliown  in  Figs.  2  and  3  will  come  into  action,  and  by  the 
wedging  of  the  clutcli  ball  L  between  the  wall  of  the  slot  M 
formed  in  the  button  B  and  the  inner  wall  of  the  screw  A , 
this  screw  will  be  caused  to  turn  in  the  same  direction  as  the 
bull  on  and  to  rise.  The  screw  may  t  lius'  be'  caused  either  to 
descend  and  be  stopped  automatically  as  soon  as  tlie  ball  is 
iu  contact  with  the  metal  to  he  tested,  or  be  ('omplctHv  rais。（l. 
The  elastic  cushion  G  is  flattened  by  the  move- 
nuMit  of  the  support  N  throughout  the  cotii])Iete 
stroke  of  the  lever  0  through  the  intermecliary 
of  t  he  eccentric  1)  keyed  to  the  pivot  of  tlie  lever 
and  of  the  piece  Q  (Figs.  2  and  4).  The  sup- 
port N  is  returned  to  normal  position  after 
removal  of  the  pressure  by  a  Belleville  washer 
R.  The  machine  is  completed  by  a  pointer  S 
which  slides  with  slight  friction  in  the  frame 
and  is  for  the  purpose  of  indicating  relatively 
to  the  graduations  on  the  plate  C  the  coefficient 
of  hardness  of  the  test  piece. 

The  machine  operates  in  the  following 
maimer.  The  lever  (3  being  in  the  vertical  posi- 
tion (Fig.  2)  the  test  piece  is  placed  on  the 
support  N.  The  button  B  is  now  turned  to 
cause  the  micrometer  screw  A  to  descend  until 
the  ball  comes  into  contact  with  the  test  piece. 
As  soon  as  this  happens  the  button  turns  in  tlie 
screw  without  moving  it.  The  pointer  S  is  then 
moved  until  it  is  opposite  the  fiducial  mark  on 
the  plate  C  and  the  lever  O  is  operated  to  lift 
the  support  N  and  to  cause  the  ball  to  penetrate 
into  the  metal  ；  the  lever  O  is  then  returned  to 
its  vertical  position.  The  button  B  is  now 
turned  until  the  ball  again  comes  into  contact 
with  the  metal,  this  time  entering  the  cavity 
previously  formed  ；  during  this  movement  the 
screw  A  turns  through  an  angle  corresponding 
witli  the  penetration  of  the  ball.  When  the  ball  is  home  in 
the  cavity  in  the  metal  the  pointer  S  shows  a  graduation  on 
plat-e  C  corresponding  with  tho  hardness  of  the  metal.  In 
this  manner  the  hardness  of  the  metal  is  ascertained  directly 
without  having  to  measure  the  impression  of  the  ball  in 
the  metal. 


or  arm  G,  which  carries  a  projecting  stud 】I,  This  、iii'l 
engages  a  slob  in  tlie  floating  lever  .) ,  ，li('  u|»|kt  <mi'1  of  whirli 
is  connected  to  the  reversing  lever  in  the  cab  hy  means  of  a 
link,  rocker,  and  pipe  rod  (K  L  M).  Tlie  floating  lever  is 
connect&d  also  to  tlie  stem  of  the  slide  valve  l)v  a  rod  N  (near 
the  top  of  the  lever) .  The  rocker  L  is  provided  wit li  ，  . 
arms  0  0，  which  strike  the  adjustable  slops  or  v'tv  rws  I、 
when  the  reversing  lever  reaches  the  limit  of  its  mfn'em*'Mt  on 
either  side  of  its  central  position . 

The  reversing  lever  is  locked  at  any  desired  position  l)v  a 
spring  latch  working  in  the  toothed  sector.  When  this  lever 
is  in  its  central  position,  the  slide  valve  covers  ]>ot  h  admission 
ports.  When  the  lever  is  moved  into  forward  gear  the  float  in^ 
lever  J  swings  on  the  stud  H  so  that  the  slide  valve  is  moved 
forward  and  uncovers  the  rear  port  Q.  Air  is  thus  adnuttcW 
to  the  front  of  the  cylinder  (the  ports  being  crossed),  and  the 
piston  moves  to  the  rear.  As  it  moves,  the  floating  lever  J 
swings  on  its  upper  end,  and  thus  shifts  the  valve  back  (or  to 
the  left).  When  the  link  blocks  have  been  shifted  to  posit  ion 
for  the  desired  cut-off,  as  indicated  by  the  position  of  the 
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THE  RAGONNETT  POWER  REVERSING  GEAR. 

The  power-reversing  gear  sliown  in  the  accompanying  illustra- 
tions has  been  designed  and  pat&nt&d  by  Mr.  E.  L.  RagoniK  it 
and  is  b^ing  adopted  on  a  number  of  passenger  locomotives  in 
the  United  States.  It  was  designed  particularly  with  a  view 
to  f  militate  th&  handling  of  Mallet  duplex  locomotives,  since 
when  reversing  tlie  engine  or  changing  the  point  of  cu1>off  it 
is  necessary  to  operate  both  sets  of  valve  gears  simultaneously. 
This  requires  so  much  power  that  with  hand-oj>erated 
reversing  mechanism  the  engiiiemeii  would  not  be  likely  to 
sliiit  the  cut-off  more  often  than  is  absolutely  necessary,  with 
the  result  that  the  engine  would  not  b©  worked  in  the  most 
economical  manner.  This  ]io\ver  gear  has  been  applied  also 
to  large  engines  of  ordinary  classes.  It  is  operated  preferablv 
by  com  pressed  air,  although  in  several  cases  steam  is  used . 

The  gear  consists  of  a  horizontal  cylinder  A,  whose  piston 
rod  B  actuates  a  sliding  crosshead  C,  which  is  connected  to  the 
reach  rod  by  an  extension  lever  D.  The  movements  of  the 
piston  are  controlled  by  a  small  lever  and  sector  in  the  cab. 
The  distribution  of  air  (or  steam)  to  the  reversing  cvlinder  is 
foutrolled  by  a  plain  slide  valve  E,  arranged  tor  outside 
admission.    The  crosshead  gibs  F  are  held  in  place  by  a  plate 
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reversing  lever,  the  slide  valve  again  closes  the  rear  admission 
port  (and  both  ports)  and  the  movement  of  the  piston  ceases. 
For  backward  gear,  the  movements  are  in  the  opposite 
direction,  and  the  forward  admission  port  R  is  opened  to 
admit  air  to  the  rear  end  of  the  cylinder.  It  will  be  seen 
that  when  the  gear  is  set  for  any  particular  point  of  cut-off 
the  slid©  valve  is  in  its  middle  position.  The  exhaust  or 
inside  lap  of  the  valve  is  materially  greater  than  the  outside 
lap  (usually  ^in.  for  the  former  and  ^in.  for  the  latter),  so 
that  air  can  be  held  on  both  sides  of  the  piston  si rn ul ta neousl v , 
thus  locking  the  mechanism.  Tlie  cylinder  is  oiled  from  a 
small  lubricator  in  the  cab. 

The  arrangement  shown  in  the  drawing  is  varied  in  some 
cases  to  suit  particular  arrangements  of  the  valve  gear.  Thus 
the  cylinder  may  be  placed  on  the  opposite  side  of  the  floating 
lever,  and  in  such  position  that  the  bottom  of  this  lever 
engages  a  stud  on  the  crosshead ,  instead  of  on  an  extension 
arm  as  in  the  arrangenient  illustrated.  We  are  indel>te*l  to 
" Engineering  News "  for  the  foregoing  particulars  of 
this  gear. 

Fatal  Accident  on  an  Oil  Steamer.  ― An  illust ratioi 
possible  dangers  attending  tlie  use  of  oil  as  fuel  is  all'  : 
in  the  case  of  an  accident  which  occurred  on  the  26th  ult.  in 
the  stokehold  of  the  oil  steamer  "  San  Edouanl.  '  built  by 
Messrs.  Swan,  Hunter,  cV  Wighai"  Richardson,  at  Neptune 
Works,  Walker,  Newcastle.  The  vessel  it  appears  was  being 
prepared  for  a  trial  trip  when,  without  warning,  a  sheet  of 
flame  burst  from  one  of  the  furnaces  and  filled  the  stokeliolcl, 
enveloping  nine  men  working  tliere.  All  of  the  meu  were 
injured,  three  of  whom  have  since  died. 


8 


THE    MECHANICAL  ENGINEER. 


[January  3,  1913 


GAS  AND  OIL  POWER  PRACTICE  IN  EUROPE  * 

BY  H,  J.  K.  FKEYN. 

The  development  of  the  internal-combustion  engine  in 
Europe  in  the  last  year  has  been  very  marked,  and  great 
strides  were  made,  especially  by  the  Diesel  engine.  Tlio. 
unparalleled  progress  of  t  his  jtrimc 川 （）ver，  due  primarily  to 
the  expiration  of  the  basic  Diesel  ]>ateiits,  lias  created  a 
wave  of  enthusiasm,  the  crest  of  which  swept  Europe  only 
a  short  time  ago.  To  the  careful  observer  signs  of  an  ebbing 
of  this  wave  are  apparent,  and  more  sober,  more  healthy 
views  are  gaining  ground. 

I  was  unable  to  find  anywhere  the  10,000  1).]>.  ami 
15,000  h.p.  Diesel  engine  ships  of  which  I  had  read  in  the 
current  literature,  and  even  Diesel  engine  enthusiasts  do  not 
believe  that  our  modern  leviathans  will  ever  be  propelled 
by  Diesel  engines.  The  large&t  single  Diesel  engine  unit 
propelling  any  ship  afloat  develops  not  over  2,000  h.p.,  and 
there  still  remain  many  obstacles  to  be  overcome  before  the 
single-acting  multi-cylinder  4-cycle  or  2 -cycle  Diesel  engine 
on  board  ship  is  supplanted  by  tho  double-acting  engine  ； 
vertical  engines  of  the  latter  type  are  still  in  the  experimental 
stage,  and  their  future  does  not  appear  very  promising  on 
account  of  serious  mechanical  complication  of  scavenging 
pumps  and  multiplicity  of  scavenging  valves  in  each  cylinder 
head.  Tho  lack  of  the  desired  simplicity  of  these  designs 
has  prompted  a  number  of  inventors  and  manufacturers  to 
experiment  with  the  so-called  "  valveless  "  2- cycle  typef  which 
presumably  will  become  the  large  marine  Diesel  engine  of 
the  future.  One  valveless  2 -cycle  experimental  engine  of 
260  h.p.  is  claimed  to  have  shown  an  oil  consumption  of 
only  0'3751b.  per  indicated  horse-power  p&r  hour,  which  at 
a  mechianical  efficiency  of  60  per  cent,  would  give  04621b. 
per  brake  horse— power  per  hour  ；  in  other  words,  the  economy 
was  as  good  as  tliat  of  a  regular  2 -cycle  engine  with  scaveng- 
ing valves.  Th&  mean  effective  pressure  obtained  reached 
125lbs.  per  square  inch,  which  is  truly  remarkable  in  view 
of  the  extremely  simple  scavenging  method  employed. 

Among  the  valveless  2-cycl©  engines,  the  Junkers  oil 
engin-e  has  attracted  a  great  deal  of  attention  ；  it  differs 
essentially  from  the  regular  type,  and  has  reciprocal  pistons 
and  a  three-throw  crank  shaft  ；  the  excellence  of  the  form 
of  combustion  space  is  a  great  advantage  of  this  engine,  and 
gives  it  the  distinction  of  being  the  best  oil  engine ~ at  least, 
from  a  thermodynamic  point  of  view.  Practical  experience 
alone  will  tell  whether  its  unusual  design  and  certain 
mechanical  disadvantages  will  be  offset  by  this  advantageous 
feature.  One  of  the  foremost  authorities  in  Europe  very 
graphically  characterised  the  Junkers  engine  as  an  oil  engine 
built  around  a  given  perfect  combustion  chamber  in  contra- 
distinction to  all  other  Diesel  engines  where  it  is  attempted 
to  p'rovide  a  satisfactory  combustion  space  in  an  existing 
engine.  Only  a  few  smaller-size  engines,  mostly  for  marine 
propulsion  and  of  the  2  or  3-cylinder  vertical  type,  have  been 
built  abroad.  The  tandem  arrangement  of  cylinders  which 
results  in  the  same  number  of  crank  efforts  realised  in 
ordinary  single-cylinder  double-acting  2 -cycle  engines  has  so 
far  been  applied  only  on  two  800  h.p.,  3-cylinder  vertical 
engines  to  be  fitted  in  a  vessel  of  one  of  the'  largest  steam- 
ship companies. 

It  is  not  certain  that  the  largo  Diesel  engine  above 
1,000  h.p.  per  unit  will  be  an  undisputed  commercial  suc- 
cess abroad,  sincb  the  price  of  natural  fuel  oils  steadily 
increases,  largely  limiting  such  engines  to  the  use  of  tar  oil. 
The  horizontal  double-acting  4 -cycle'  M.  A.  N.  Diesel  engine 
in  twin  tandem  arrangement  of  1,600  to  2,000  b.h.p.,  which  I 
had  the  privilege'  of  examining  at'  Halle,  a./S.，  is  a  splendid 
piece  of  machinery,  and  operates  apparently  very  satisfac- 
torily on  tar  oil  with  a  small  addition  of  ignition 
Although  it  is  claimed  that  such  an  engine  can  be  sold  m 
Germany  for  from  £6  to  £6.  10s.  per  horse-power  against  1'V 
per  horse-power  for  steam  plant,  it  should  be  expected  i  liai 
the  repair  and  maintenance  cost  will  b&  much  higher  ih.xn 
even  that  of  our  present  gas  engines,  on  account  of  the  higli 
pressures  and  temperatures  which  are  essential  with  i he 
Diesel  working  principle  and  because  of  carbonisation  at 
partial  loads  which  can  be  prevented  only   by  scrupulous 
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cleanliness.  In  countries  where  the  price  of  coal  is'  high  this 
engine  type  may  have  some  importance,  and  a  number  of 
such  engines  of  even  larger  unit  capacity  than  the  afore- 
mentioned one  was  sold  in  France  and  Russia,  where  fuel 
conditions  are  favourable  for  this  type. 

The  small  and  milium  Diesel  engine  in  sizes  of  40  h.p. 
or  501i.p.  in  single-cylinder  units  up  to  about  600  h.p.  in 
4-cylinder  units  plays  a  vastly  more  important  part  abroad  ； 
it  has  unquestionably  come  to  stay,  and  has  reached  a  high 
degree  of  perfection  which  places  it  right  in  line  with  tTie 
corresponding  steam  or  gas  engine  plant  as  far  as  reliability 
and  cost  of  operation  are  concerned,  and  far  ahead  of  its 
competitors  when  considered  from  the  standpoint  of  fuel 
economy.  It  is  amazing  to  note  how  many  manufacturers  of 
gas  and  steam  engines  abroad  have  taken  up  tlie  manufacture 
of  Diesel  engines,  because  tliey  found  that  tlie  sale  of  suet  ion 
gas  producer  plants  and  smaller  steam  engines  has  fallen  off 
alarmingly  within  ihe  last  few  years. 

The  reason  is  plain  :  The  single-acting  4-cycle,  single  or 
multi-cylinder  Diesel  engine,  but  particularly  the  former,  is 
comparatively  simple  in  construction  and  operation.  It  does 
not  require  up-keep  and  attendance  of  boilers  or  gas  pro- 
ducers, and  its  cost  compared  with  that  of  st-eam  or  gas 
plant  is  reasonable.  It  can  be  installed  in  the  basements  of 
buildings  below  occupied  dwellings,  whereas  in  Europe  boilers 
are  not  so  permitted.  One  of  tlie  greatest  advantages,  how- 
ever, is  the  fact  that  the  actual  fuel  c'cmsumpt'iou  of  Diesel 
engines  taken  over  long  periods  of  operation  does  not 
materially  exceed  the  guaranteed  figures,  whereas  in  gas 
producer  and  steam  plants  this  excess  is  quite  considerable. 
丄 li  a  Diesel  plant  the  human  element-,  the  skill  of  tlie  opera- 
tor, must  have  much  less  influence  upon  the  fuel  economy 
than  in  a  steam  or  producer  gas  plant  where  everything 
depends  upon  the  efficiency  and  intelligence  of  fireman  and 
producer  attendant. 

The  last  two  or  three  years  have  witnessed  a  remarkable 
development  of  the  horizontal  Diesel  engine.  Experience 
shows  that  the  fuel  consumption  is  only  very  little,  if  any, 
higher  than  that  of  vertical  engines,  but  the'  horizontal  type 
is  decidedly  preferred  by  the  customer,  not  only  on  account 
of  its  lower  cost,  but  particularly  owing  to  its  greater  sim- 
plicity and  better  accessibility,  using  all  kinds  of  fuels  and 
installed  for  various  purposes ― for  instance,  for  power  trans- 
mission, for  operating  flour  mills,  for  lighting  factories, 
sanitoriums,  office  buildings,  depart  nient  stores,  and  for 
electricity  works. 

If  conditions  in  Europe  are  not  altogether  favourable  for 
the  development/  of  the  large  Diesel  engine,  they  are  imi'  h 
less  so  in  this  country.  The  price  of  oil  fuel  iu  any  locality 
must  be  considered  in  connection  with  the  prevailing  coal 
price  to  determine  whether  a  Diesel  engine  installation  is 
economically  efficient  or  wasteful.  Cheap  oil  fuel  will  favour 
the  Diesel  engine  only  where  coal  is  very  expensive,  whereas 
high  oil  and  low  coal  prices  will  exclude  it.  Our  fuel  cost  is 
not  only  lower  and  our  labour  cost  much  higher  than  in 
Europe,  but  the  quality  of  our  mechanical  labour  is  not  so 
excellent,  and  thus  the  fuel  cost  plays  a  much  less  important 
role  in  the  total  cost  of  power  than  the  items  into  which 
labour  largely  enters,  w  hereas  the  lower  standard  of  manu- 
facture and  (especially  of  】naintenaiK'e  favours  the  use  of 
simple,  although  less  economical  machinery.  With  the 
variety  of  conditions  which  prevail  iu  this  vast  country, 
liowever,  a  large  field  of  usefulness  of  the  smaller  and 
medium-size  Diesel  engine  is  assured. 

To  what  importance  the  use  of  tar  oil  has  grown  u"  the 
Continent  can  be  judged  from  the  fact  that.  France  has  to 
rely  almost  exclusively  on  the  use  of  this  Diesel  engine  fuel, 
on  account  of  the  very  high  import  duty  on  natural  oils.  In 
Germany  a  number  of  collieries  have  combined  to  form  a 
company  for  the  utilisation  of  tar.  This  company  operates 
a  large  factory  at  Meiderich,  where,  at  present,  over  300,000 
tons  of  tar  a  v-ear  is  distilled,  producing  over  80,000  tons  of 
tar  oil.  This  is  contracted  for  in  larger  quantities  at  a  price 
of  approximately  50s.  per  ton.  With  the  tremendous 
increase  in  demand  it  is  expected  that  before  long  this  oue 
factory  aloue  will  have  a  capacity  of  handling  one  million 
tons  of  tar  per  year,  producing  300,000  tons  of  "r  oil. 

It  is  estimated  thai  the  total  world  production  of  coal 
tar  oil  is  even  now  in  the  neighbourhood  of  1,000,000  tons 
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p^r  annum,  and  since  the  reco^nit  ion  iliat  coal  is  too  valu;il>le 
a  fuel  to  be  wasted  in  our  present-day  furnaces  is  spreading 
more  and  more,  the'  number  of  by-product  coke  oven  and 
by-product  gas  produoer  plants  will  steadily  in('r";is('，  so  that 
the  total  production  of  tar  oil  is  certain  soon  to  tloul)le  and 
t rehle,  adding  to  the'  supply  of  natural  liquid  fuels  an 
artificial  product  which  will  by  legitimate  coni}>eiition  prevent, 
the  price  of  the  former  from  going  sky  higli. 

The  heat  value  af  tar  oil  is  over  17,000  E.T.U.  per  pound, 
and  its  oonsumjjtion  in  the  Diesel  engine  is,  therefore,  not 
very  much  higher  than  that  of  natural  oil,  varying  now  l'r()m 
0*491b.  to  0'461b.  per  brake  horse-power  hour,  according  to 
the  size  of  the.  engine.  The  operation  of  iriedium-si^  Diesel 
engines  on  tar  oil,  especially  of  those  above  50  h.p.  per 
cylinder  and  with  open  fuel  injection  nozzle,  is  satisfa<-t orv. 
For  smaller  engines  bh-e  addition  of  a  so-called  ignition  oil 
is  necessary,  which  fact  somewhat  complicates  these  engines. 

Kenewed  activity  is  noticeable  abroad  in  the  matter  of 
designing  an  adequate  gas  turbine,  and  I  notioed  that  mucli 
interest  is  taken  in  this  question  by  the  most  prominent 
manufacturing  concerns  in  Europe'.  The  foremost  authorities 
abroad  are  convinced  that  the  gas  turbine  will  soon  come  to 
stay,  and,  while  this  really  is  not  an  extraordinary  prophecy 
in  view  of  the  universal  tendency  towards  revolving  liigh- 
speed  machinery 3  the-  statement  would  seem  warranted  that 
whenever  tlie  time  of  tho  gaS  and  oil  turbine  does  come,  it 
will  nothing  short  of  revolutionise  power  production  in  t  he 
largo  steel  centres  and  wherever  natural  fuel  oils  abound  in 
iliis  country. 

The  apparently  inexhaustive  supply  of  cheap  coals3  lig- 
nites, and  peat,  and  especially,  of  crude  oil,  together  with 
the  conditions  of  our  labour  supply,  make  tlie  future  of  the 
gas  turbine  in  the  United  States  much  more  promising  than 
in  European  countries.  As  mentioned  before,  we  do  not 
possess  as  high  a  class  of  labour  as  Germany,  for  instance, 
where  the  education  of  centuries  has  resulted  in  a  quality  of 
niechanical  labour  unsurpassed  for  manufacturing  and  taking 
care  of  thermally  economical  but  meclianically  rather  com- 
plicated machinery.  The  tendency,  so  apparent  in  this 
country,  to  invest  】uoney  with  a  view  of  immediate  returns, 
a  tendency  demanding  primarily  cheap  and  reliable 
machinery,  and  concerned  in  a  considerably  less  measure  in 
th©  question  of  high  fuel  economy,  will  be  favourable  to  the 
introduc'tion  of  the-  gas  turbine. 

The  gas  turbine  is  destined  to  bridge  over  tlie'  chasm 
between  the  gas  engine  and  the  steam  turbine,  if  after  proper 
development  it  should  eventually  even  just  approach  t  Ir* 
economy  of  the  gas  engin©?  for  it  shares  with  the  steam 
turbine  the  advantages  of  low  cost,  large  unit  capacity, 
reduced  unit  weight,  small  floor  space,  high  spoed  and  sim- 
plicity of  operation  and  mainteuance,  whereas  its  better 
thermal  efficiency  will  make  it  a  serious  competitor  in  plants 
where  gas  engines  are  now  used.  A  large  experimeutal  gas 
turbine  in  Germany  is  operating  splendidly,  mechanically 
speaking,  although  the  problem  of  satisfactory  thermal 
efficiency  still  remains  to  be  solved. 

Th©  use  of  the  so-called  industrial  wasi©  gases  has  pro- 
gressed considerably.  The  four  most  prominent  manu- 
facturers in  Germany  alone  are  now  building  large  gas  engines 
for  blast  furnace  and  steel  works  at  the  rate  of  120  per  year 
and  a  number  of  twin  tandem  engines  of  5,000  b.h.}). 
operating  very  satisfactorily  on  rich  coke  oven  gas  can  now 
b©  seen  in  German  coking  plants.  The  splendid  resu  1 1 s 
obtained  with  gas  blowing  engines  in  Germany  have  pre- 
vented the  turbo-blower  from  getting  a  iirni  foot  hold  in  t  hat 
country,  although  its  use  in  France,  England,  ami  Kussia  is 
steadily  increasing.  Blast  furnace  gas  engines  for  blowing 
iiiid  electric  power  purposes  and  even  for  operating  rolling 
niills,  are  to-day  the  standard  equipmeni  far  old  and  i i v w 
plants,  even  where  coal  prices  are  low. 

Within  the  last  two  years  th©  use  of  coke  oven  gas  for 
producing  electric  power  hy  gas  engines  has  greatly  inc'rcasnl, 
； uid  after  overcoming  the  many  earlier  difficulties  the  coke 
oven  gas  engine  is  to-day  just  as  safe  and  reliable  as  the  blast 
turnace'  gas  engine.  These  difficulties  arose  principally  from 
over-rating  the  iMigin-es,  atul  froni  sulphur  in  the  engine  gas. 
Since  tlie  reasons  for  tlie  trouble  were  recognistnl ,  tl"、  eausrs 
or  their  consequences  are  now  avoided,  so  that  in  a  iuunl)o r 

plants  sulphur  of  considerably  over  one  grain  per  cubic 


ioot  of  gas  is  very  successfully  liaudled  in  coke  oven  gas 
engines  if  tlie  proper  precautions  are  taken . 

Tlie  niosi  prominent  gas  engine  builders  are  now  ；'' 八、' rmw 
tlieh,  engines  on  a  simple  combination  (piant  it  v-^uality 
regulation  principle.  The  valve  gear  has  been  much 
siinplifiexi  by  all  manufacturers,  resulting  not  only  in  ； l 
reduction  of  the  cost  of  manufacture,  but  also  of  ',p'*r; ；，  i',"  of 
tliese  engine®,  and  gas  engine  prices  are,  genera] !v  sj"'aki"g， 
lower  than  they  ever  were  before.  The  gas  cylinders,  af"'r 
a-  few  unsatisfactory  attempts  to  use  steel  castings,  are 
invariably  made  of  cast  iron,  and,  with  the  exception  of  a  few 
types,  they  are  cast  in  one  piece  with  integral  water  jacket. 
Tho  gas  cylinders  are  often  provided  with  hard  cast>iron 
lhiers.  The  cracking  of  gas  cylinders,  wliich  formerly 
occurred  altogether  too  frequently  after  a  short  time  of 
operation,  is  now  much  reduced  by  proper  design,  selected 
material,  and  better  pouring  methods. 

Experience  has  taught  that  tho  life  of  a  gas  cylinder  (-; in 
be  materially  increased,  if  the  water  jackets  are  thoroughly 
cleaned  from  all  scale  and  muddy  deposit  at  regular  intervals 
of  four  to  eight  weeks,  depending  upon  the  character  of  the 
cooling  water  used.  This  matter  is  of  the  greatest  importance 
and  should  b©  heeded  more  than  it  is  in  this  count rv.  1 1 
was  found  by  experiment  that  the  average  temperatur"  0\  t  h'， 
cylinder  wall  increases  at  an  amazing  rate  with  even  a  very 
tliin  layer  of  scale  forming  in  the  water  jacket,  and  in  certain 
plants,  with  li^rd  cooling  water  acid  and  wire  brushes  are 
resorted  to  from  time  to  time  to  take  the  accumulated  scale 
from  the  cylinder  walls.  It  has  been  found  that  frequct 
shutting  dawn  and  starting  of  gas  engines  short-ened  the  life 
of  the  cylinders  materially  if  the  engines  were  allowed  to  cool 
off  too  much  during  shut-downs.  The  average  life  of  a  gas 
cylinder  in  the  large  steel  plants  in  Grermany  is  pretty 
generally  reckoned  tx>  be  five  to  six  years.  This  is  accepted  as 
a  matter  of  course  and  the  expense  incurred  by  replacement  is 
simply  distributed  over  this  number  of  years  iu  the  cost 
figure®. 

The  cost  of  producing  electric  power  in  German  blast 
furnaces  and  st^eel  plants  is  about  lis.  per  1,000  kw.-lir., 
comprising  5s.  in  ther  raw  blast  furnace  gas  and  including 
cost  of  gas  cleaning,  cost  of  labour,  repairs  and  supplies  of  all 
kinds,  but  without  interest  and  depreciation  on  the  money 
invested.  This  figure  applies  ou  an  annual  output  of  about 
100,000,000  kw.-hr.，  and  a  use  factor  of  approximately 
60  per  cent. 

The  gas  pistons  are  generally  ribless  iron  castings,  although 
for  large  engines  steel  cast  is  used.  One  concern  has  recently 
introduced  for  blast  furnace  gas  engines  one-piece  solid,  non- 
cooled  forged  st^tel  pistons.  The  piston  rods  are  now  usually 
made  of  open-hearth  steel  of  about  100，0001bs.  tensile 
strength,  uncambered,  and  their  diameter  is  approximately 
26  per  cent,  of  the  diameter  of  the  gas  cylinders.  A  variety 
of  piston  rod  coupling  designs  is  used,  but.  the  threaded  con- 
nection enjoys  tlie  best  reputation.  It  is  noteworthy  that 
crossheads  are  made  of  forged  nickel  steel.  No  uniforniit  v  。t 
design  can  be  claimed  for  piston  rod  packings,  but  thev 
invariably  consist  of  single  or  double  sectional  cast -iron  pack- 
ing rings  pressed  against  the  rod  by  garter  springs  and 
separated  by  solid  one-piece  rings  forming  12  to  14  chambers. 
It  is  universally  claimed  that  the  clearances  of  the  ring 
sections  must  be  reduced  to  the  possible  miniuium.  The 
exhaust  valves  are  made  of  forged  steel  or  of  Durana  metal , 
and  are  now  almost  exclusively  of  the  non-cooled  mushroom 
type.  Some  builders,  however,  still  prefer  water-cooled 
exhaust  valves  for  coke  oven  gas  engines. 

The  progress  of  the  large  gas  engine  in  Europe  has  been 
accompanied  by  great  iniprovenients  in  the  method  of  purify- 
ing blast  furnace  gas.  One  of  these  new  methods  works  ou 
the  principle  of  filtering  the  gas  in  a  perfectly  dry  condition, 
so  that  no  water  is  required  save  that  necessary  to  cool  the 
engine  gas  to  atniospheric  temperature.  The  tiltorin^  is 
achieved  by  means  of  Be*th  filter  bags,  which  are  made  of 
special  fabric  and  suspended  vertically  in  several  air-t i^ht 
coinpai-tnieuts.  The  raw  blast  furnace  gas  coming  from  the 
furnace  at  high  temperature  is  first  cooled  bv  radiation  to 
about,  dew  point  (around  130°  Fah.)  and  thereupon  su|>er- 
lieated  approximately  20°  to  30°  by  using  any  available  source 
of  heat,  such  as  waste  heat,  from  tlie  gas  engines,  exhaust 
strain  or  even  the  sensible  heat  of  the  raw  blast  turnaoe  gas 
itself.     By  cooling  tlie  gas  a  large  amount  of  moisture  is 
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removed  and  the  scorching  or  burning  of  the  filter  bags 
prevented,  whereas  the  subsequent  superlieating  avoids  con- 
densation of  the  remaining  vapour  and  clogging  of  the  bags. 

The  raw  gas  under  the  action  of  a  fan  passes  from  the 
inside  to  the  outeide  of  the  filter  bags,  depositing  all  impurities 
on  the  surface.  The  layer  of  dust  naturally  increases  con- 
tinually and  would  eventually  render  the  bags  impenetrable, 
were  it  not  for  an  automatic  Tiierlianistn  which  in  a  fashion, 
similar  to  that  used  in  flour  mills,  shakes  the  bags  at  regular 
intervals  of  about  4  minutes  and  causes  the  dust  to  drop  off. 
Simultaneously  the  compartment  which  is  to  be  cleaned  is 
automatically  separated  from  the  others,  and  the  direction  of 
gas  current  reversed  ；  th©  purified  gas  surrounding  the  filter 
bags  now  enters  the  latter,  opening  the  pores  of  the  filter 
material,  which  were  previously  closed  up  by  thei  passing  dirty 
gas  current.  The  dust  shaken  off  tlie  filter  bags  falls  into  a 
receptacle,  from  which  it  is  removed  in  a  perfectly  dry 
condition. 

Two  experimental  filter  plants  installed  at  Halberger, 
Huett©  and  Duedelingon,  have  capacities  of  about 
10,000  cub.  ft.  and  14,000  cub.  ft.  of  gas  per  minute,  and 
clsan  the  gas  for  gas  engines  only.  It  is  claimed  that  the 
Ov,.  su.iiutior  is  2*6  to  3  times  lower  than  that  of 
j-""Uiic  ians  an':  Thei  sen  washers,  that  the  water  consump- 
tion is  only  one-fift't  to  one-sixth  of  the  corresponding  require- 
ments of  wefc-cloaning  plants,  and  that  the  dust  contents  in 
th©  purified  gas  is  below  0*0004  grain  per  cubic  foot,  or  15  to 
30  times  lower  than  in  the  purified  gas  obtained  with  the 
older  wet-cleaning  apparatus.  The  cost  of  operation  is 
furthermore  claimed  to  be  much  lower  and  the  cost  of  instal- 
lation only  a  little,  if  any,  higher. 

On  the  strength  of  the  satisfactory  results  obtained,  many 
blast 广 furnace  plants  in  the  Minette  district,  and  even  in 
Westphalia?  have  decided  to  install  gas  filtering  plants,  vary- 
ing in  capacity  from  17,500  cub.  ft.  to  140,000  cub.  ft.  of  gas 
p&r  minute.  One  manufacturing  concern  alone,  which 
acquired  the  rights  for  Germany,  had  in  the  month  of  July 
orders  for  installations  for  21  plants,  with  a  total  capacity  of 
825,000  cub.  ft.  of  gas  per  minute. 

The  other  new  system  of  gas  cleaning  makes  use  of  the 
" disintegrator "  principle  ；  two  well-known  concerns  in 
Germany,  specialising  in  gas-washing  apparatus,  have 
developed  this  system  on  somewhat  different  lines,  and  one 
of  thorn  claims  to  havo  on  hand  orders  for  disintegrator  gas 
washers  capable  of  purifying  1,750,000  cub.  ft.  of  gas  per 
minute.  On&  machine  only  is  used  for  preliminary  purifica- 
tion of  boiler  and  stove  gas  from  2  to  3  grains  per  cubic  foot 
to  0.088  to  0*175  grain  of  dust  per  cubic  foot,  with  a  water 
consumption  of  only  10  galls,  and  a  power  consumption  not 
excesding  0.072  h. p.  per  1,000  cub.  ft.  ；  for  gas  engine  pur- 
poses two  disintegrators  are  placed  in  tandem  which  causes 
the  power  consumption  to  increase1  to  0"13  h.p.,  the  water 
consumption  to  18  galls,  per  1,000  cub.  ft"  whereas  the 
amount  of  dust  in  the  gas  drops  to  0'0044  to  0*0088  grain  per 
cubic  foot. 

The  days  of  the  wasteful  bee-hive  coke  oven  are  for- 
tunately past,  and  the  highly  economical  by-product  cake 
oven  is  gradually  taking  its  place.  The  manufacture  of  coke 
entails  the  accumulation  of  large  quantities  of  coke  breeze, 
which  cannot  always  easily  be  disposed  of.  Successful 
attempts  were  recently  made  in  Europe  io  gasify  this  coke 
dust  in  special  gas  producers.  One  system  operates  with 
liquid  slag  very  much  on  the  order  of  a  blastfurnace,  whereas 
tho  other  adapts  a  well-known  European  producer  design 
to  the  special  requirements  of  gasification  of  very  fine  fuels. 
In  a  number  of  European  blastfurnace-  and  coke-oven  plants 
this  coke  breeza  will  be  gasified  in  such  producers,  and  the 
resulting  gas  of  about  150  B.T.U.  per  cubic  foot  admixed  to 
blastfurnace  gas  to  increase'  its  quantity  and  improve  its 
quality. 

Mixtures  of  industrial  gases  are  used  more  and  more  for 
nu't  alluruical  and  jiower  purposes  abroad  ；  in  one  ])lant  hi 
England  a  mixture  of  blastfurnace  and  coke-oven  gas  is  used 
for  all  heating  purposes  and  io  operate  gas  engines.  At 
first  glance  it  may  seem  difficult  to  obtain  a  sufficiently 
uniform  mixture  of  two  gases  so  different  in  specific  gravity, 
but  experience  has  shown  that  modern  blastfurnace  gas 
washers  of  the  revolving  type,  such  as  fans,  Theisen  washers, 
and  disintegrators  are  splendidly  adapted  for  this  purpose, 
and  that  changes  iu  the  quality  and  heat  value  of  the  mixed 


gas  of  even  considerable  magnitude  do  】iot  seriously  affect  the 
operation  of  gas  engines. 

Another  very  interesting  novelty  of  perhaps  great  im- 
portance for  future  gas  engine  application  is  in  operation, 
namely,  a  system  of  overloading  4 -cycle  gas  engines  25  to 
35  p&r  cent,  of  their  normal  capacity.  The  method  devised 
and  patented  by  one  of  the  foremost  gas  engine  manufa (- 
turers  in  Germany,  and  which  creates  an  almost  perfect 
analogy  with  the  condensing  plant  of  steam  engines,  consists 
in  scavenging  ordinary  4 -cycle  gas  engines  and  introducing 
the  fresh  mixture  under  a  pressure  somewhat  higher  than 
atmospheric.  This  is  achieved  by  raising  the  pressure  of 
the  combustion  air  and  gas  in  turbo-blowers  to  a  gauge  pres- 
sure of  a  few  inches  of  mercury  and  by  scavenging  the  spent 
gases  of  the  previous  power  stroke  with  a  blast  of  this  air, 
subsequently  introducing  gas  and  air  under  slight  pressure 
into  the  combustion  chamber.  By  utilising  the  waste  lieat 
of  the  gas  engines  for  raising  steam  in  suitable  waste-he-at 
boilers  and  driving  steam  turbines  direct  connected  to  the 
turbo-blowers,  the  power  requirements  of  the  auxiliaries 
can  amply  be  supplied  without  resorting  to  outside  sources 
of  power,  nor  detracting  from  the  increased  output  of  the 
gas  engine  generator. 

An  overload  of  35  per  cent,  was  attained  without  raising 
the  initial  pressure ~~ an  important  point ~ and  without 
appreciable  increase-  of  the  heat,  absorbed  by  the  cooling 
wat&r  ；  the  thermal  efficiency  of  the  scavenged  engine  was 
found  to  be  somewhat,  and  the  mechanical  efficienry  con- 
siderably better  than  that  of  the  non-scavenged  engine. 

In  another  steel  plant  two  tandem  engines  of  1,360  kw. 
or  2,000  b.li.p"  normal  rating  (at  651bs.  mean  effective  pres- 
sure), which  were  provided  with  generators  of  1,700  kw. 
capacity  in  anticipation  of  th©  overload  scheme,  can  carry 
loads  of  1,800  kw.  to  2,000  kw.  Before  the  changes  were 
made  in  April,  1912，  the  average  kilowatt  output  per  engine 
in  12  hours  as  ascertained  from  the  log-book  was  13,000  kw.- 
liours,  but  since  installing  the  scavenging  plant  the  average 
output  was  raised  to  18,000  kw. -hours  and  20,000  kw.-hours 
in  a  12-hour  run,  corresponding  to  an  average  increase  of 
approximately  40  p&r  cent. 

Regarding  the  financial  aspect  of  the  matter,  it  can  be 
shown  that  the  capacity  of  an  existing  gas  engine  plant  can 
be  increased  30  p&r  cent.,  provided  the  generators  are  large 
enough,  at  a  considerable  saving  compared  with  the  cost  of 
providing  for  this  increase  in  capacity  by  installing  additional 
non-scavenged  units. 

The  technical  press  lias  been  rather  silent  during  the  last 
year  regarding  the  Humphrey  pump,  but  according  to 
reliable  information  this  is  by  no  means  an  indication  that 
this  gas  pump  has  passed  out  of  existence  ；  on  the  contrary, 
one  of  the  largest  concerns  in  Germany  is  devoting  much 
time  and  effort  on  experiments  to  generate  electric  power 
with  such  a  pump  at  its  factory,  and  a  40，000，000  galls,  pump 
will  be  installed  in  England  on  which  a  coal  consumption  of 
lib.  per  effective  pump  hor&e-power  was  guaranteed. 


Examination  of  Engine  Drivers.  ―  Colonel  Yorke,  in 
his  report  on  the  railway  disaster  at  Ditton  Junction,  on 
September  17th,  when  15  persons  were  killed,  some  being 
burned,  and  30  others  injured,  attributes  the  derailment  and 
all  that  followed  to  the  misreading  of  the  signals  by  the 
driver,  consequent  on  his  lack  of  familiarity  with  the  road, 
and  considers  that  the  engine  was  not  efficiently  manned  for 
work  upon  such  a  busy  section .  The  real  cause  of  the  disaster 
was,  in  his  opinion,  due  to  the  lack  of  an  adequate  system  of 
ascertaining  and  testing  a  driver's  knowledge  of  the  road,  aud 
lie  suggested  that  a  responsible  officer  from  head-quarters 
should  be  appointed  as  inspector  for  the  purpose  of  examining, 
and  if  necessary  testing,  drivers  in  their  knowledge  of  the  roa-d. 
The  burning  of  the  wreckage  and  all  the  distressing  circum- 
stances connected  therewith  raised  once  more  the  question  of 
the  use  of  gas  for  the  lighting  of  railway  carriages.  So  far 
as  safety  is  concerned  there  cau,  the  inspector  states,  "  hardly 
exist  in  anyone's  mind  a  doubt  that  electricity  is  the  better, 
and  I  think  the  railway  companies  would  be  wise  to  recognise 
this  fact  and  adopt  electricity  as  the  standard  illuminant  on 
all  their  】nain  line  trains  before  they  are  compelled  to  do  so 
by  the  pressure  of  public  opinion." 
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during  its  passage  through  ill©  iron  storage  block,  need  not  1，" 
so  larger  I  n  t  he  Rit  t'('rsli:m. 、'- ii  appai-nt  us  t  Im-  t  ank  is  "nclw" 
in  a  non-conducting  jacket  8in .  thick,  a 1 1 ( 1  the  water  is 
admitted  to  the  tank  at  the  lowest  point,  under  a  j>erf orated 
(liapliragm,  wliicli  prevents  eddies  which  would  cause  the 
incoming  water  to  mix  with  the  hot  water.  The  lieating 
element  is  immersed  in  the  water,  near  the  hot  torn ,  hikI  is 
surrounded  by  a  circulating  tube,  which  causes  the  water  to 
rise  past  the  heating  element  in  a  steady  current  to  the  top 
of,  the  tank.  Thus  the  hottest  water  forms  a  layer  there,  and 
as  the  outlet  pipe  is  attached  to  the  top  of  the  tank,  a  supply 
of  hot  water  is  quickly  available  directly  the  heater  is  switched 
an.  If  the  water  is  not  drawn  off,  it  is  displaced  by  the  cir- 
culation and  slowly  sinks,  with  hotter  water  above  it,  until 
the  whole  of  the  tiank  is  full  of  hot  water,  when  a  relay 
actuated  by  a  tliermometer  cuts  off  the  supply  current .  It 
will  be  seen  (Fig.  3)  that  the  outlet  pipe  is  bent  downwards 
when  it  leaves  the  tank  ；  this  is  to  prevent  the  circulation  of 
waier  in  the  pipe,  which  would  cause  an  appreciable  loss  of 
heat;  similarly  the  inlet  pipe  is  always  in  contact  only  witli 
the  cold  layer  of  water  heneat i)  t  Ik-  jMM-i'oivilcd  fli;i! 山 r;i"'m，  ； un.l 
as  heat  is  conducted  througli  stagnant  water  only  very  slowly 
indeed,  no  loss  of  heat  takes  place  through  this  pij>e.  Tlic 
inventor  claims  that  this  device  possesses  great  advantages 
compared  with  other  methods  of  thermal  storage. 

The  latest  storage  lieater  is  one  devised  by  W.  R.  Cooper, 
and  made  by  Messrs.  Purcell  &  Nobbsj  it  is  illustrated  in 
section  in  Fig.  5.  The  apparatus  consists  of  an  inner  tank  A， 
containing  the  heating  element  enclosed  in  a  tube  B,  and  ； in 
outer  annular  cylinder  C，  separated  from  the  inner  tank  by  an 
air  spac©  D.  Cold  water  is  inirocluoed  at  E  in  the  ouU»r 
cylinder,  the  upper  portion  of  which  is  in  communication  witli 
the  inner  tank  by  stand  pipes  F  F,  wliicli  ent-er  tin-  liottom  of 
the  inner  vessel .  Hot  water  is  drawn  off  from  the  top  of  tlie 
latter,  and  is  replaced  by  warm  water  from  the  outer  tank  ； 
baffles  are  provided  as  shown  to  prevent  the  incoming  water 
from  mingling  with  the  hot  water,  so  tliafc  the  whole  of  tlio 
contents  of  the  tank  A  can  drawn  off  witli  out  entraining 
any  of  the  water  which  enters  from  C，  until  the  level  of  \  lie 
latter  reaches  the  top  of  A.  Tlie  purpose  of  the  out-er  cylinder 
of  water  is  to  trap  the  heat  radiated  from  the  inner  one,  and 
being  always  at  a  much  lower  temperature  than  the  water  in 


HEATING  WATER  BY  ELECTRICITY. 

Although  electric  heating  of  water  is  cost ly  hs  rmiii>;ir('(l 
with  coal  and  gas,  there  are  ('(M'taiu  advantages  in  i\w  way  of 
cleanliness,  canve-nience,  and  absence  of  »mell  and  noxious 
fumos,  t-liat  reoommend  its  adq)"oii  under  ;ip|)r()priale  condi- 
tions, and  where  cost  is  a  secondary  considci-at ion.  At  the 
present  time  there  are  quite  a  nurnhrr  of  tlewigns  of  d('r"  ir 
water  heaters  on  the  market,  several  of  which  are  desenhed 


Fig.  1.— Therol  Heateu.  Kk;.  -3.— Uiclknus 

Electric  Boiler. 


by  Mr.  A.  H.  Bridge  in  a  recent  issue  of  the  u  Electrical 
lieview  and  Wesieirn  Electrician,"  as  follows  ： ― 

The  first  system  placed  on  the  market  was  known  as  the 
Therol  '，  system,  and  was  introduced  by  Messrs.  Spagnoletti, 
Ltd.,  London;  the  principal  feature  of  this  ingenious  device 
was  the  u&e  of  a  block  of  iron  to  store  the  heat.  The  block 
was  cast  around  a  coiled  pipe,  and  was  thoroughly  well  lagged 
witli  heat-insulating  material,  so  that  an  efficiency  well  over 
90  per  cent,  was  attained ,  with  an  average  wait  of  eight  hours, 
tliat  is，  with  an  interval  of  eight  hours  between  the  storing 
and  the  utilisation  of  the  heat.  The  advantage  of  iron  was,  of 
course,  that  it  could  be  raised  to  a  red  heat,  if  necessary , 
withoyt  injury.  The  efficiency  was  greatly  improved  by 
enclosing  the  storage  block  within ?  bub  insulated  from,  a  water 
jacket,  which  trapped  and  retained  the  bulk  of  thei  heat  which 
escaped  through  the  lagging.  The  construction  of  the 
apparatus  is  shown  in  Fig.  1，  which  is  a  vertical  oross-s&ctional 
elevation  of  tlie  Therol  heater,  and  is  self-explanatory.  An 
iiiiportaiit'  fmtiiTO  of  the  device  is  a  mixing  tap,  which  enables 
cold  water  to  be  drawn  from  the  main  simultaneously  with  tlie 
hot  water  wliicli  passes  through  the  heater  from  the  jacket  ； 
thus  water  of  any  desired  temperature  from  cold  to  boiling 
can  be  drawn  off.  The  heat-er  illustrated,  consuming 
-H)0  watts,  and  taking  in  water  at  50°  Fah.,  gives  25  galls,  of 
water  per  day  at  a  temperature  of  110°  Fah. ― the  tempera!  ure 
oi'  a  very  hot  bath.  Smaller  quantities  can  of  course  be  d  raw  it 
oil'  at  higher  temperatures,  and  larger  quantities  at  lower 
tenn>eratures.  The  current  is  left  on  night  and  day,  and  ； is 
it  cannot  exceed  a  lixed  amount,  no  meter  is  neressarv  ；  the 
daily  consiinipt  ion  is  4*8  kilowatt-lnni rs.  In  t  he  lat  est 
patterns  the  iron  block  is  cored,  witli  screw  })lu^s  at  ilu1  <'inis. 
which  enable  the  block  to  be  drilled  out  again  it'  the  p;iw",'s 
become  choked  with  deposit  from  the  water,  as  fre<iuent  Iv 
happened  with  the  older  type.  The  heating  units  are  madv 
to  consume  from  75  to  1,000  watts,  for  different  sizes  aiul 
outputs. 

Another  storage  device  is  that  recently  introduced  by  A. 
Kittershausen,  in  、vlii('h  Iho  wnter  itself  is  hoai  ed  ；  tin-  tank, 
therefore,  has  to  b©  large  enoiigli  i(>  liokl  tin*  、vh (山' of  t  lir 
water  to  be  lieaied,  wliereas  Uio  Therol  apparatus,  wliicli 
stores  heat  at  a  higher  temperature,  aud  heats  the  water 
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a  water  space  ；  b  tank:  '•  m»n-con«hutm«  lay  it  :  Gl、、i  k 

(/  inlet  pijHJ  ；  ('  outlet ;  /  pt'itorated  diapluatiiii : 
'/  hratin^  (.'lenient  ；  /'  circulatinti  tube ；  i  outlet  pipe: 
k  thoriuomutcr  ；  t  relay. 

A,  it,  need  only  be  lagged  with  non-conduct ing  nuvlerial  in  tlio 
ordinary  way.    On  starting  the  heatw,  the  water  in  A 
l>eoomes  hot,  so  that-  it  can  be  used  witlnuit  a  long  wait  ；  if, 
however,  the  hot  water  is  not  drawn  off,  the  surplus  heat  is 
t  ransmitted  across  the  air  space  to  the  outor  jacket ,  mure  and 
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more  rapidly  as  the  temperature  of  the  waier  in  A  rises,  and 
thus  the  cylinder  C  serves  as  a  reservoir  for  heat  ；  it  contains 
about  twice*  as  much  water  as  the  inner  tank .  The  electrical 
input  being  suitably  proportioned  to  the  total  volume  of  water  ? 
l)oiling  is  not  likely  to  take  place;  but  as  a  measure  of  pre- 
caution, a  vent  pipe  is  attached  to  the  top  of  A,  and  is  led 
upwards  to'  a  sufficient  height  to  prevent  overflow. 

The  foregoing  heaters  are  all  of  the  storage  type  ；  there 
are,  however,  cases  in  which  an  immediate  supply  of  hot  water 
is  required,  in  unlimited  quantity,  at  short  notice.  For  this 
purpose  instantaneous  heateirs  are  used,  similar  to  the 
" geysers  ，'  heated  by  gas.  Necessarily  heaters  of  this  kind 
make  a  heavy  draught  upon  the  supply  mains.  Nevertheless 
there  are  circumstances  in  whicli  convenience  is  of  greater 
importance  than  economy,  and  the  fact  that  th@re  is  a  market 
for  such  apparatus  justifies  a  short  account  of  their 
construction. 

Fig.  2  shows  a  section  of  the'  Belenus  electric  boiler,  made 
by  Messrs.  Eastman  &  Warne  ；  it  consists  of  a  cast-iron  block 
of  cylindrical  shape,  corrugated  on  th©  inside  in  contact  with 
the  water,  and  deeply  grooved  on  the  outside.  The  heating 
elements,  which  consist  of  stout  wire  wound  on  refractory 
supports,  are  embedded  in  the  slot &，  and  are  insulated  from  the 
iron  by  pure  mica.  Being  practically  siurrounded  by  iron,  the 
elements  give  up  nearly  all  their  beat  to  the  latter,  and  they 
are  securely  protected  from  damp.  A  sheet-steel  cover  is 
placed  round  the  boileir,  tho  air  space  thus  enclosed  serving  as 
a  non-conducting  jacket,  and  th&  cover  can  be  further  sur- 
rounded with  sheet  lagging  if  desir'e'd,  to  secure  a  higher 
efficiency,  though  this  is  not  so'  necessary  as  in  case  of  storage 
heaters,  because  the  boiler  is  usually  heated  on*ly  for  short 
periods.    The  heating  element  is  divided  into  a  number  of 
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separate  circuits,  so  that  the  rat©  of  beating  can  bei  regulated, 
tlx©  maximum  power  taken  being  from  3  kw.  to  9  kw. ,  accord- 
ing to  the  size  of  the  boiler.  It  is,  of  course,  obvious  that  this 
boiler  can  be  used  in  conjunction  with  a  circulating  system 
and  a  hot-wateir  tank,  in  whicli  ca&e  the  current  can  bo  kept  on 
continuously  at  the  rate  of  250  or  500  watts. 

Another  device  similar  in  principle  to  the'  Beleiius  boiler  is 
made  by  Messrs.  Belling  &  Co.  ；  its  construction  is  shown  in 
Fig.  4.  The  body  of  the  apparatus  consists  of  two  castings, 
flat  on  one  side,  and  provided  with  fins  or  baffles'  on  the  other, 
as  shown  ；  when  the  flat  oovor  is  screwed  on,  thei  water  is  com- 
pelled by  these  fins  to  pass  to  and  fro  acrossi  the  fac©  of  the 
casting,  thus  coming  into  intimate'  contact  with  the'  metal. 
The  heating  element  is  a  sheet  of  resistanoei  material,  formed 
into  a  ribbon  by  suitable  alternate  slotting  so  that  it  has  no 
joints  or  bends.  This  sheet  is  clamped  betwe&n  the  two 
castings,  from  which  it  is  insulated  with  mica.  It  will  be  seen 
that  the  whole  of  the  lioat  evolved  in  the  heating  element  must 
necessarily  pass  into  the  metal  plates,  eoco&pt  a  very  slight 
amount  at  the  ends,  an  efficiency  of  95  per  cent,  being  claimed. 
A  special  feature  of  the  Belling  electric  geyser  is  th&  control, 
whicli  is  applied  simultaneously  to  the  water  and  the  electric 
current.  The  electric  switch  is  mechanically  interlocked  with 
the  water  supply  valve,  so  that  the  current  cannot  be  turned 
o"  before  the  water,  nor  can  it  be  left  on  when  the  water  is 
turned  off.  This  is  effected  by  an  ingenious  double  rack  and 
pinion,  with  a  free  motion  at  each  end  of  the  stroke.  The 
makers  state  that,  starting  with  cold  water,  this  geyser  in 
1  minute  40  seconds  yields  water  at  bath  temperature ~ about 
108°  Fall.  With  an  input  of  10  kw.,  it  gives  12  pints  of  hot 
water  per  minute,  or  3  pints  of  boiling  water  per  iniimte. 


AERONAUTICAL  ENGINES. 

At  a  recent  meeting  of  the  Institution  of  Automobile 
Eiiginears  the  subject  of  "  Aeronautical  Engines  ，，  was  dealt 
with  in  a  paper  by  Mr.  A.  Graham  Clark.  The  problems 
involved  in  the  design  and  construction  of  engines  used  for 
aeronautical  purposes  were,  lie  observed,  such  as  should 
make  a  direct  appeal  for  solution  to  the  automobile  engineer, 
not  alone  on  account  of  the  commercial  possibilities,  but 
because  the  practical  and  scientific  difficulties  experienced 
were  somewhat  akin  to  those,  which  had  b^en  overcome  in  the 
evolution  of  modern  car  engines,  and  because  the  production 
of  a  satisfactory  engine  would  go  far  to  eliminate  one  of  the 
chief  sources  of  danger.  Unfortunately,  with  comparatively 
few  -exceptions,  motor-car  manufacturers  had  not  ^iven  the 
subject  the  serious  attention  it  deserved,  but  had,  in  some 
case®,  endeavoured  to  obtain  a  high  power-weight  ratio  by 
r&ducing  the  dimensions  of  the  engine  parts  of  their  standard 
productions,  and  especially  those  of  the  cylinder  and  the 
crank  case.  It  could  not  be  too  strongly  emphasized  that 
the  conditions  of  service  were  not  less  arduous  than  those 
under  which  the  ordinary  car  engine  was  employed,  and 
therefore  any  sacrifice  of  strength  or  rigidity  should  not  be 
considered  for  one  moment. 

The  qualities  which  were  either  desirable  or  essential  in 
an  aeronautical  engine  were :  (1)  Reliability  ；  (2)  high  power- 
weight  ratio  ；  (3)  economy  in  fuel  and  oil  ；  (4)  low  air  resist- 
ance ； (5)  u  controllability  Jy  ；  (6)  freedom  from  vibration  ； 
(7)  accessibility  ；  (8)  silence  ；  and  (9)  cleanliness. 

The  need  for  the  first  requirement  was  obvious,  as  the 
failure  of  the  engine  might  be  attended  with  disastrous 
consequences.  High  power-weight  ratio  and  economy  in  fuel 
and  oil  consumption  were  desirable  on  account  of  the 
increased  radius  of  action  passible  with  an  engine  possessing 
these  qualities,  while,  in  addition,  the  presence  of  excessive 
quantities  of  oil  in  tlie  cylinder  was  a  fruitful  cause  of 
irregular  firing  and  consequent  falling  off  of  power.  The 
importance  of  air  resistance  became  more  marked  with 
increase  in  the  speed ,  as  the  power  absorbed  in  this  direction 
varied  as  the  cube  of  tlie  velocity.  Since  many  designers 
were  raising  the  speed  of  their  machines  for  the  purpose  of 
obtaining  greater  stability,  the  higher-powered  engines  wliich 
resulted  would  render  it  necessary  that  a  greater  amount  of 
attention  should  be  paid  to  the  question  in  the  future.  It 
might  b©  remarked  in  this  connection  that  the  horse-power 
required  to  propel  a  fiat  plate  3ft.  diam.  through  the  air  was 
increased  from  about  6  to  over  16  by  increasing  the  relative 
velocity  of  the  plate  to  the  air  from  50  to  70  miles  an  hour. 

Although  there  was  not  the  same  need  for  "  controll- 
ability " or  flexibility  as  with  engines  employed  on  auto- 
mobiles, it  was,  he  said,  none  the  less  desirable,  since  at  low 
speeds  of  rotation  the  propulsive  or  tractive  veffort  of  the 
propeller  was  insufficient  to  move  tlie  machine  aloug  the 
ground,  and  hence  the  pilot  would  be  able  to  start  u]>  without 
assistance,  if  necessary.  Further,  as  the  engine  was  not 
required  to  develop  its  full  power  during  horizontal  flight 
and  when  alighting,  the  ability  to  vary  the  speed  durinir 
descent  was  certainly  preferable  to  the  crude  method  of 
switching  the  ignition  off  and  on.  These  remarks  would 
apply  principally  to  aeroplane  requirements,  but  in  dirigible 
work  such  a  quality  would  be  an  advantage,  bet-aus?  of  the 
easy  acceleration  that  could  be  given  to  the  vessel  without 
undue  stressing  of  any  part,  as  well  as  on  account  of  the 
desirability  of  varying  the  speed  while  observations  were 
being  made. 

The  necessity  for  the  elimination  of  vibration  so  far  as 
possible  would  be  obvious  when  the  slender  nature  of  tlie 
supports  upon  which  the  engine  was  carried  was  realise 丄 
especially  as  vibrations  of  an  objectionable  character  mi^ht 
be  set  up  in  the  various  parts  of  the  machine.  Tlio  question 
of  convenience  of  accesss  was  frequently  overlooked,  or  dis- 
regarded. It  must  be  realised,  however,  that  from  com- 
mercial considerations  alone,  apart  from  the  addition  to  the 
time  during  whicli  the  machine  could  be  used ,  it  would  be 
an  advantage  to  be  able  readily  to  examine  or  dismantle  any 
part.  Silence  was  desirable,  especially  in  machines  intended 
for  emplojoiient  on  military  reconnaissance  duties.  Cleanli- 
ness was  in  the  nature  of  a  refinement,  but  it  was  none  the 
less  necessary. 

Reliability  might  be  regarded  from  two  aspects ― (1 )  the 
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absence  of  structural  weakness  of  any  kind,  and  (2)  an 
immunity  from  defective  lubrication,  cooling,  carl)uration, 
and  ignition.  The  first  entailed  a  consideration  of  the  ques- 
tion of  weight,  and  in  this  connection  il  should  be  remem- 
bered that  in  any  engine  lightness  must  be  achieved  by 
construction,  not  by  increasing  the  stress  or  by  reducing 
bearing  areas.  There  were  many  ways  in  which  ，'（'"u('timi 
in  weight  per  horse-power  might  be  made  without  t lie  sacrifice 
of  either  strength  or  rigidity,  the  chief  of  wliich  were  as 
follows  :  (a)  By  the  employment  of  materials  of  low  specific 
gravity  or  great  strength  ；  (b)  by  limiting  th&  volume  of  the 
material  ；  (c)  by  reducing  the  number  of  parts  subject  to 
stress  ；  by  the  more  economical  use  of  the  material  ； 

(r)  by  so  disposing  the  material  that  it  was  better  able  to 
resist  the  loads  which  it  was  called  upon  to  withstand  ；  (/*)  by 
the  use  of  the  simplest  construction  possible  ；  (,/)  by  the 
adoption  of  air-cooling  for  the  cylinders  ；  (//)  by  running  the 
engine  at  higher  speeds  and  gearing  tlve  propeller  down. 

As  regards  (a),  much  had  already  been  done  in  this 
direction  ；  aluminium  alloys  were  used  for  the  crank  case, 
alloy  steels  for  cranks  and  cam  shafts  and  connecting  rods, 
and  pressed  steel  for  pistons,  &c.，  until  the  further  reduction 
of  the  dimensions  of  these  parts  would  render  them  liable  to 
excessive  distortion.  When  proceeding  as  indicated  in  (b) 
the  pistons  might  be  reduced  in  weight  by  shortening  the 
length  of  skirt  ；  valves,  by  limiting  the  length  of  the  stem  ； 
water  jackets,  by  the  use  of  sheet  metal  ；  the  water  carried, 
by  having  narrow  water  spaces ；  the  bottom  halves  of  crank 
cases,  by  employing  sheet  metal  ；  entire  crank  cases,  by 
allowing  the  minimum  amount  of  clearance  for  the  working 
parts  ；  couplings,  by  removing  metal  where'  unnecessary  ；  and 
flywheels,  by  the  use  of  larger  diameters,  always  provided 
that  no  detrimental  effects  were  introduced  thereby.  If, 
however,  the  pistons  were  made  very  short  they  had  a  ten- 
dency to  tilt,  and  limitations  were  thereby  imposed.  Valve 
stems  must  be  long  enough  to  allow  of  sufficient  lift  to  give 
sufficient  area  for  th©  ingress  or  exit  of  the  gases  and  to 
afford  an  adequate  length  for  the  spring  and  guide.  Water 
jackets  of  copper  or  other  motal  were  permissible,  provided 
that  the  methods  of  jointing  to  the  cylinder  at  th©  ends,  at 
the  sparking  plugs,  and  at  th©  gas  apertures  were  satis- 
factory, and  that  the  jacket  was  free  to  expand  independently 
of  the  cylinder. 

One  method  in  which  (r)  was  effected  was  by  the  use  of  a 
single  cam  to  operate  two  inlet  valves,  as  in  some  Vee  engines, 
or  an  inlet  and  an  exhaust  valve  as  in  other  engines,  prin- 
cipally of  the  Voe  and  radial  type,  but  yet  in  many  designs 
long  push  or  pull  rods  actuated  the  valves  through  roc-king 
levers.  This  was,  in  his  opinion,  altogether  inferior  to  an 
arrangement  in  wliich  the  valve  was  directly  operated,  for, 
apart  from  the  greater  weight  entailed,  the  force  required  to 
actuate  the  gear  was  very  great  and  necessitated  the  use  of 
larger  cam  shafts  and  stronger  springs.  The  more  economic 
use  of  material  (d)  afforded  an  easy  way  of  acquiring  a  light 
construction.  By  far  the  greater  number  of  engines  now 
manufactured  were  of  the  Vee,  the  radial,  the  s&mi-radial, 
or  th©  rotary  type.  The  length  and  weight  of  the  crank  case 
and  shafts  might  thus  be  reduced  considerably,  but  unfor- 
tunately other  factors  were,  thereby  introduced  which  caused 
them  to  be  less  satisfactory  than  the  vertical  engine.  The 
use  of  hollow  shafts  and  rods,  H-section  connecting  rods,  &c.， 
and  the  care  taken  to  subject  parts  to  tensile  rather  than 
compressive  stress,  were  illustrative  of  the  methods  referred 
to  under  (e)y  and  these  might  be  widely  adopted  with  advan- 
tage wherever  practicable.  Great  care,  however,  must  be 
exercised  in  determining  the  proportions  of  the  parts  so  con- 
structed, in  order  to  ensure  that  there  should  be  no  risk  of 
collapse. 

The  relative  merits  and  demerits  of  air-cooling  was  next 
discussed.  Undoubtedly,  he  said,  the  weight  could  be  murli 
reduced  by  this  method,  and  the  absence  of  water  joints  and 
connections  tended  towards  simplicity,  but  it  was  well  known 
that,  in  general,  a  lower  brake  mean  effective  pressure  was 
obtained  with  this  type  of  engine  than  with  that  using  water- 
cooling,  largely  because  of  th©  greater  frictional  losses 
between  the  piston  and  the  cylinder  and  th©  reduced  charge 
of  gas  taken.  The  former  were  due  to  the  distortion  of  tiie 
cylinder  owing  to  the  unequal  expansion  which  resulted  from 
lack  of  uniformity  of  cooling,  as  well  as  the  higher  tempera - 
tures  at  which  these  engines  were  run,  while  the  reduction  in 


the  charge  taken  was  attributable  to  the  liigli  temperat  im's 
within  the  cylinder.  Furtlier,  the  additional  details  wliich 
became  necessary  to  ensure  sufficient  air  pa*SHin</  over  th" 
cylinders  should  receive  attention.  If  a  separate  fan  were 
(employed,  and  the  cylinders  were  closed  in  by  a  sheet-metal 
casing,  the  design  required  very  careful  development  to 
ensure  that  tiie  ultimate  results  achieved  were  even  equal  to 
those  obtainable  with  water-cooled  engines ~ in  fact,  in  most 
cases  the  weight  per  horse-power  was  greater  for  the  same 
sp©9cl  of  revolution  of  the  crank  sliaft. 

The  whole  matter  was  obscured  by  reason  of  the  fm  t  tliat 
many  of  the  most  successful  flights  had  been  rna<U*  w i 1 1 1  air- 
cooled  engines  of  tiie  rotary  type  ；  ind&ed,  it  could  not  I"' 
denied  that  but  for  the  advent  of  such  engines  aviation  would 
never  have  progressed  so  far  as  it  has,  because  water-cooled 
engines  at  that  time  derived  much  of  their  lightness  from  a 
reduction  of  the  factor  of  safety  employed  and  an  increase  in 
bearing  pressures,  with  th&  result  that  trustworthiness  was 
impaired.  Any  engine,  therefore,  that  could  give  equal 
results  with  a  reduction  in  weight  was  welcomed.  The 
author  was  of  opinion,  however,  that  the  large  amount  of 
power  absorbed  in  rotating  the  cylinders,  the  increased  air 
resistance  offered,  the  irregular  distribution  of  heat  in  tl"' 
cylinder  walls,  and  the  variation  in  cooling  effected  at  var vini; 
speeds  rendered  the  adoption  of  this  method  of  reducing 
weight  a  very  doubtful  expedient  for  obtaining  a 】ugli  effec- 
tive horse-power  per  unit  of  weight  now  tliat  trustworthiness 
had  assumed  such  an  important  aspect. 

With  regard  to  the  method  indicated  in  (//),  it  must  not 
be  forgott&n  that  the  increase  of  power  obtained  by  raising 
the  speed  of  revolution  was  not  an  entire  gain,  for  the 
weight  of  the  gearing  and  its  supports,  possibly  some  reduc- 
tion in  the  mean  effective  pressure,  and  certainly  the  loss  of 
power  through  transmission  by  gearing  would  cause  ilie 
ratio  of  weight  to  power  to  be  somewhat  greater  than  was 
indicated  by  tiie  increase  in  the  speed.  Also,  higher  speeds 
of  revolution  naturally  tended  to  increase  the  wear  of  the 
moving  parts  and  so  render  the  possibility  of  engine  failure 
greater,  since  few  engines  were  able  to  run  for  proloimetl 
periods  under  such  conditions.  Hence  su'-h  a  system  was  not 
recommended  for  general  adoption . 


ACTION  OF  CARBONISING  MATERIALS. 

In  a  paper  on  the  "  Action  of  Various  Commercial  Carbonis- 
ing Materials/'  presented  at  the  Cleveland  meeting  of  the 
American  Institute  of  Mining  Engineers,  Mr.  R.  R.  AW,''tt 
said  that  formerly  case-liardened  steel  was  held  in  more  or  less 
contempt,  since  it  was  considered  a  cheap  substitute  for  tool 
steel.  This  was  no  longer  the  case.  The  development  of  the 
motor-car  industry,  and  coincidentally  that  of  modern  alloy 
steels,  had  resulted  in  overcoming  many  difficulties  formerly 
experienced  in  case-hardening.  This  result  had  been  accom- 
plished by  increased  knowledge  regarding  the  analysis  of  the 
steel  which  would  respond  most  readily  to  case-hardening, 
and  by  more  careful  methods  of  treatment  of  the  carbonised 
steel. 

The  ordinary  method  of  carbonising  consisted  in  packing 
the  steel  with  th©  carbonising  material  in  cast-iron  boxes  and 
placing  them  in  a  furnace  at  a  temperature  of  from  1,500°  to 
1,900°  Fah . ,  for  a  time  sufficient  to  give  the  required  depth 
of  case.  The  steel  was  then  either  quenched  directly  from  tiie 
box,  or  was  allowed  to  cool  without  unpacking,  and  finally 
was  given  a  single  hardening  heat,  or,  for  special  work,  two 
or  three  heats.  The  carbonising  material  mostly  used  con- 
sisted of  granulated  bone.  Within  the  last  four  years  many 
manufactured  compounds  had  been  placed  on  the  market , 
consisting  largely  of  some  form  of  carbon  or  carbonaceous 
material,  with  or  without  the  addition  of  chemicals.  Steel 
would  absorb  carbon  placed  in  contact  with  it  at  the  tempe- 
rature of  the  atmosphere.  The  reaction  was  exceedingly 
slow ,  but  increased  rapidly  with  increasing  temperature. 
Below  1,500°  Fah.  the  absorption  was  too  slow  to  be  com- 
mercially important.  Various  causes  combined  to  make  it 
impracticable  to  carbonise  above  1,900°  Fah.  In  general, 
carbonising  was  carried  out  at  temperatures  ranging  from 
1,550°  to  1,750°,  and  higher  temperatures  were  used  onlv 
when  the  quality  was  not  as  important  as  the  cost.  Broadly 
shaking,  the  higher  temperatures  could  be  employed  for 
high-grade  work  when  proper  facilities  were  at  hand  for  a 
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careful  regulation  of  the  temperature,  and  a  knowledge  was 
possessed  of  the  correct  subsequent  hoat  treatment  of  the 
carbonised  product. 

When  steel  was  carbonised,  tho  carbon  did  not  penetrate 
in  a  gradually  decreasing  content  from  a  high  carbon  exterior 
to  the  uncarbonised  care,  but  rather  in  a  series  of  stops. 
Many  of  the  commercial  materials  behaved  differently  in 
carbonising,  and  even  under  exactly  the  same  conditions  of 
tim(>  and  terapeirature,  different  depths  of  penetration  or 
different  per  o&nts.  of  carbon,  or  both,  were  obtained.  In 
order  to  produce  good  results  in  case-hardening,  a  uniform 
material  must  be  used,  and  thei  fcreatmont  of  steel  subsequent 
to  carbonising  must  be  suited  to  the  nature  of  the  case 
produced. 

An  investigation  was  undertaken  to  compare  most  of  the 
important  commeTcial  carbonisers  as  to  cost  of  carbonising, 
rapidity  of  carbonising,  and  the-  nature  of  tho  resultant 
carbon  zones.  In  discussing  the  results,  Mr.  Abbott  stated 
that  the  use-  to  whicli  case-hardened  steel  was  to  be'  put  should 
be  the  deciding  factor  in  selecting  the  material  with  which  it 
was  to  be  carbonised,  and  also  to  a  less  exb&nt  the  temperature 
of  carbonisation  should  bo  determined  from  similar  considera- 
tions. Thei  question  of  carbonising  material  was  one  which 
usually  was  not  given  the  attention  whicli  ite  importance 
demanded.  A  few  sample  tests  conducted  under  intelligent 
direction  would  often  result  not  only  in  a  great  saving  of 
money,  but  in  increased  efficiency  with  regard  to  th©  product. 


INSTRUMENTS  FOR  TEMPERATURE  MEASUREMENT. 

Amongst  the  numerous  instruments  shown  at  the  recent 
Physical  Society  s  Exhibition,  tho  pyrometers  of  Mr.  Robert 
W.  Paul,  New  Southgate,  London,  were  of  striking  interest 
to  engineers.  One  form  of  pyrometer  shown  consisted  of  an 
icon-eureka  thermo-couple  mounted  in  a  bent  brass  tube, 
fitted  with  a  nipple  and  gland  for  screwing  into  steam  pipes, 
superheaters,  &c.  Pyrometers  of  this  construction  are 
employed  very  successfully  in  measuring  the  temperatures  of 
locomotive  superheaters,  the  indicating  instrument  being  of 
tlie  well-known  Paul  unipivo't  type.  Base-metal  thermo- 
couples were  also  shown,  suitable  for  boiler  flues,  &c,  of 
extremely  robust  form  to.  withstand  sever©  workshop 
conditions. 

Thermo-couples  of  platinum- rhodium  elements,  mounted 
in  tubes  of  quartz  and  steel  were  also  exhibited,  for  measuring 
higher  range's  of  temperature.  The  merits  of  the  unipivot 
indicators  for  these  thermo-oouples  are  now  so  well  known 
that  it  is  unnecessary  to  describe  their  construction  here  in 
detail.  The  mounting  of  the  moving  coil  on  o'n'ei  pivot  at  the 
centre  of  gravity  of  the  moving  system  presents  a  very 
sensitive  movement,  which  is  at  thei  same  timei  extremely 
robust  and  capable  of  withstanding  hard  usage.  This  fact 
has  been  amply  proved  in  their  long  and  successful  use  in 
measuring  tho  temperatures  of  locomotive  superheaters. 

A  new  feature  was  introduced  by  Mr.  Paul  at  th©  Exhibi- 
tion, in  connection  with  tho  abovo  thormo-couples,  namely, 
the  adoption  of  an  electrical  device  for  oompensating  for 
changes  in  the  "  cold- junction  "  temperature,  and  also  for 
producing  a  false  "  zero  ，，  on  the  indicator,  thereby  enabling  a 
much  more  open  soal©  to  be  secured . 

Other  new  instruments  in  temperature  measurement  con- 
sisted of  thermo-static  relays  for  the  oontrol  of  tempeiratures 
up  to  300°  C.  (570。  Fah.).  Two  types  were  exhibited,  the 
one  to  give  readings  up  to  550。  Fall.  (290°  C.)，  and  with  an 
electrical  contact  which  could  be  adjusted  to  ring  an  alarm2  or 
work  a  solenoid  control,  &c.，  at  any  required  temperature. 
Such  an  instrument  is  found  extremely  suitable'  for  japanning 
ovens,  electrical  cooking  stov&s,  &c.  The  second  instrument 
was  fitted  with  both  maximum  and  minimum  contacts. 

Resistance  and  radiation  pyrometers  were  also  on  view, 
and  each  form  has  its  own  special  points  of  merit.  One  main 
feature,  however,  which  struck  the  engino&r  in  all  the  types 
exhibited,  was  the  strong  mechanical  oonstruction,  combined 
with  accuracy  and  sensitivity  of  working. 


Electric  Safety  Lamps  in  Mines. ― Mr.  R.  A.  S.  Redmayne, 
Chief  Inspector  of  Mines,  in  a  rwent  report,  alludes  to  the 
subject  of  electric  safety  lamps  for  mines,  and  states  that  the 
lannber  in  use  had  increased  from  2,055  in  1910  to  4,298 
last  year. 


NOVEL  TYPE  OF  BLASTFURNACE  CONSTRUCTION* 

BY  J.   E.  JOHNSON,  JUN. 

The  general  construction  of  blastfurnaces  lias  undergone  no 
radical  change  in  more  than  a  generation.  When  the  old  style 
of  masonry  oonstruction  was  replaced  by  the  steel  shell,  the 
masonry  piers  were  simultaneously  replaced,  by  columns  never 
less  than  6，  and  frequently  12  or  16  in  number,  set  under  the 
mantel  ring.  The  furnace  itself  has  recently  been  the  subject 
of  radical  changes  ；  in  some  cases  the  thin-lined  construction 
has  been  adopt&d  for  tlie  whole  furnace,  and  in  other  cases  it 
has  been  adopted  for  a  zone  immediately  above  tlie  basli,  rais- 
ing the  mantel  several  feet  to  make  tliis  possible,  but  still  tlie 
style  of  construction  with  columns  set  immediately  under  t lif^ 
mantel  has  been  universally  followed. 

In  spite  of  the  apparent  permanence  of  tliis  type  of  con- 
struction, it  is  open  to  grave  disadvantages  from  the  operating 
point  of  view,  whicli  may  be  briefly  outlined  as  follows  ：  The 
bustle  pipe  is  necessarily  outside  the  columns,  as  the  slope  of  the 
bosh  and  size  of  the  crucible  are  such  as  to  leave  but  little  room 
inside  the  columns  for  the  necessary  water  piping,  &c.  ；  con- 
sequently, the  penstocks  have  to  pass  between  the  columns. 
Moreover,  the  hearth  jacket  requires  a  diameter  but  little 
smaller  than  the  circle  of  the  inside  of  the  columns,  and  as  a 
result  the  cooling-water  ditch  for  protection  against  breakouts 
is  exceedingly  limited  in  width. 

Still  another  result  of  this  construction  is  less  immediately 
disastrous,  but  leads  eventually  to  a  very  serious  condition. 
Tho  space  between  the  base  of  the  columns  and  the  hearth 
jacket  being  so  small,  the  whole  structure  is  necessarily  set  on 
one  foundation  and  the  continual  expansion,  which  all 
masonry  structures  undergo  from  continued  heating,  gradually 
pushes  the  column  bas&s  out. 

It  has  seemed  to  me  that  it  would  be  possible  t  o  avoid  these 
evils  by  building  a  framework  of  stmctural  material  strong 
enough  to  carry  the  weight  of  the  whole  furnace  and  to 
support  this  on  oolumns  set  at  the  comers  of  this  frame- 
work, which  would  throw  them  so  far  back  from  the  furnace 
proper  that  they  would  b©  safe  from  all  danger  from  breakouts 
or  other  accidents,  and  at  the  same  time  would  allow  room 
enough  around  tlie  furnace  for  necessary  access  to  all  parts 
with  great  safety 3  ease,  and  speed  in  all  necessary  work. 

When  re- designing  our  furnace,  we  first  laid  it  out  with  the 
idea  of  using  a  triangular  frame  of  girders  with  a  column  at 
each  angle,  and  in  order  to  get  the  girders  above  the  bustle 
pipe  wo  considered  using  the  thin-lined  construction  for  several 
feet  above  the  bosh  angle  and  letting  the  mantel  at  the  top  of 
this  thin  zone  rest  directly  on  the  girders.  On  further  con- 
sideration, however,  there  were  two  features  of  this  design 
which  we  did  not  like.  We  desired  to  use  the  steel  bosh  jacket 
construction,  cooled  by  external  sprays,  which  has  proven  so 
durable  and  satisfactory  at  many  plants,  and  which  avoids 
entirely  tlie'  stepped  bosh  wall,  almost  as  angular  and  rough  as 
a  flight  of  steps,  into  which  the  cooling  plate  coustmrt  ioti 
soon  wears. 

In  regard  to  tho  three-column  construction,  while  it  sets 
the  columns  back  further  from  tlie  furnace  than  they  。mie 
with  the  four-column  type,  in  the  event  of  a  serious  accident 
around  the  bottom  of  the'  furnace,  it  was  conceivable  that  one 
column  might  be:  sufficiently  affected  by  heat  to  yield,  and  with 
tlie  three-column  construction  this  would  throw  the  wliole 
furnace  to  the  ground.  With  the  four-column  construction  on 
tlie  other  hand,  if  anchor  bolts  to  hold  the  structure  down  to 
the  foundation  were  u&ed,  one  column  could  fail  complete] v 
and  the  two  adjacent  to  it  would  carry  the  structure  with  the 
assistance  of  the  oount-ei'weighting  action  of  the  column 
opposite  to  the  one  that  failed.  This,  of  course,  would  only 
be  true  if  the  columns  were  made  so  strong  that'  any  two  would 
carry  the  structure. 

Accordingly,  the  four-column  construction  was  adopted 
and  the  columns  were  designed  to  have  an  ample  factor  of 
safety  with  any  two  of  them  supporting  the  entire  weight  of 
the  furnace.  To  raise  the  girders  above  the  bustle  pipe  and  at' 
the  same  time  to  avoid  the  high  mantel  possible  only  with  the 
thin-lined  zone  above  the  top  of  the  bosh,  it  was  necessary  to 
support  the  shell  on  the  girders  by  brackets.    To  reduce  the 


*  Abstract  of  paper  presented  at  the  Cleveland  meeting  of  the  American  Institute 
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local  stresses  on  the  bottom  of  t-lie  shell,  clue  to  these  brackets, 
eight  of  them  were  used. 

It  is  obvious  that  the  mantel  plate  would  be  entirely 
unsupported  except  at  its  outer  edge  and  that  it  might  deflect 
at  the  iaiier  edge,  owing  to  the  weight  of  the  brickwork  ^  if 
some  provision  we're  not  made  to  prevent  this.  Th©  exteiil 
which  this  action  could  occur  in  view  of  the  brick  being  so 
firmly  supported  at  the  out&ide  by  the  heavy  angle  riveted  to 
the  she]],  is  problematical,  but  it  was  not  desired  to  take  any 
chances  and  a  cantilever  bracket  was  therefore  designed  to 
support  the  mantel  plat&  from  below  to  within  a  short  distance 
of  its  inner  edge.  The  angles  which  rivet  the  bracket  bo  the 
shell  continue  down  below  the  mantel  and  support  a  heavy, 
vertical  plate,  the  inner  end  of  which  projects  under  tlie 
mantel  plate,  while  the  outer  end  is  prevented  from  rising 
under  the  weight  so'  applied  by  heavy  angles  fastened  to  it, 
which  pass  up  outside  the  girder  ami  take  hold  of  the  outer  ond 
"I.  1  li^  sIibII  bracket .  In  order  to  prevent  any  possibility  "I 
deflection  o(  the  mantel  plat©  between  these-  brackets,  heavy 
channels  were  riveted  to  the  inner  ends  of  the  cantilevers  in 
such  a  position  that  the  centre  of  the  channel  comes  as  close 
as  desirable  to  thei  edge  of  the  mantel  plate. 

Four  independent  piers  of  concrete  were  provided,  as  shown 
in  tlie  accompanying  illustration,  and  these  were  set  back  at  a 
great  distance  from  the  foundation  of  tlie'  hearth  of 
the  furnace  proper.  These  piers  are  at  such  a  dis- 
tance from  the  foundation  of  tliei  hoarth  and  so 
entirely  separated  therefrom  that  it  soems  impossible 
there  should  ever  be  any  transmission  of  the  expan- 
sion of  the  hearth  through  the  soft  dirt  between  the 
two,  which  could  fore©  the  piers  out  of  position . 

Brackets  were  introduced  between  the  top  of  the 
column  and  the  bottom  of  the  girder  on  each  corner 
to  prevent  any  possibility  of  the  columns  failing  by 
leaning  all  in  the  same  direction  circumferentially. 
Across  the  corners  of  the  main  girders,  channels  were 
riveted  at  top  and  bottom  to  form  diagonal  braces. 
These  were-  latticed  togetlier  vertically  for  greater 
strength.  The  girders  were  so  located  that  tlie  inner 
edges  of  their  flanges  were  4in.  from  the  shell  at  the 
closest  point,  and  tlie  conifer  braces  were  put  7in. 
from  the  shell  at  the  closest  point,  thus  leaving  plenty 
of  access  to  the  shell  for  anything  that  may  be  neces- 
sary, even  behind  the  girders.  The  brackets  are  not 
riveted  to  the  girders  either  at  top  or  bottom . 

The  inward  thrust  at  the  top  of  the  bracket  comes 
on  the  seam  uniting  the  bottom  and  second  shell 
plates  and  throws  this  into  compression.  The  pro- 
porti  ons  of  the  bra  cket  are  such  th  at  the 
inward  reaction  from  each  one  is  relatively  slight  and 
the  probabilities  are  that  the  sheets  alone  would  be  able 
to  resist  it  without  deformation,  but  in  order  to  leave  no  doubt 
whatever  on  this  score,  a  heavy,  6in.  angle  was  run  entirely 
around  inside  the  shell  just  at  the  bottom  edge  of  the  second 
sheet  in  such  a  position  as  to  receive  the  full  thrust  from  tlie 
brackets. 

In  regard  to  the  strength  of  the  girders,  they  wore  designed 
to  be  safe  with  a  low  unit  stress,  assuming  tliat  the  weight  of 
the  shell,  top  rigging  and  top  house  lining,  back  lining,  bust  le 
pipe,  and  the  entire  charge  from  the  hearth  to  the  stock  line, 
were  supported  on  them .  This  last  condition  is  most  unlikely, 
but  it  is  conceivable  that  the  furnace  might  become  so  badly 
scaffolded  just  above  the  tuyeres  that  the  weight  of  the  whole 
charge  would  come  on  io  the  mantel  and  so  on  to  the  structural 
work.  We,  therefore,  provided  against  iliis  contingencv  in 
the  design  - 

The  general  appearaiu^1  of  t  lu*  l  urnarc  in  (>|H?i'ati(>n  is 
shown  in  the  illustration.  Two  men  st^ood  sIiouIcUm'  t '> 
shoulder  as  nearly  in  line  as  they  oould  be  placed  between  tlie 
wicket  on  th©  penstock  and  the  nearest  column,  in  order  to 
show  the  amount  of  room  available.  In  addition ,  tlie  tuvw 
is  not  in  line  radially  with  this  colunni  so  that  the  access  to  the 
tuyeres  is  even  more  unrestricted  tlvan  would  be  iiulicatetl  hy 
a  photograph.  This  could  have  been  made  even  better  than  it 
is,  except  that  the  hot  blast  main  was  so  located  as  to  prevent 
placing  the  columns  four-square  with  the  line  of  the  tapping 
hole.  The  columns  are  bricked  up  to  a  height  of  6ft.  to 
prevent  any  possibility  of  damage  to  them  by  fire.  We  con- 
sidered also  making  provision  to  keep  them  filled  with  waste 
water  for  several  feet,  but  this  was  found  not  to  he  neoessai'v. 


The  brickwork  surrounding  them  consists  of  lianl  firebrick 
in  cement  and  is  almost  indestructible. 

The  accessibility  of  the  furnace  for  work  of  any  kind  ia 
remarkable  and  I  do  not  t'liiiik  that  anyone  who  liad  worked 
around  a  furnace  of  Uiis  design  would  ever  (J*  ，in'  to  r**t  urn  to 
the  old  type  of  construction .  We  had  some  troulil^  with  the 
cinder  cooler  on  one  occasion,  since  the  furnace  was  blow n-in 
and  got  quite  a  little  iron  into  the  ditch  beneath  it.  It  ran 
a  round  the  furnace  a  distance  of  7ft.  or  8ft.  This  would  li;iv<* 
been  sufficient  to  tie  itself  behind  one  or  more  columns  with 
the  old  construction  and  would  have  been  very  difficult  to  get 
out.  As  it  was,  we  simply  tore  down  the  4 .Jin.  wall  t'roni  t  in* 
outside  of  the  ditch,  pulled  the  chunk  away  from  tin*  Ihmi  t  d 
jacket,  out  of  th©  ditch,  in  one  piece  and  replaced  the  4  Aiu. 
wall.  This  accessibility  is  also  a  great  advantage  in  working 
at  water  pipes,  and  especially  in  following  these  from  the  cocks 
o",  the  circle  pipe  to  the  cooling  member  1  liat  they  supply. 
The  very  slmr(>  and  (lim'f  connert  ion  I' rum  I  Ik-  l»u>t  \>\[>*-  to 
the  tuyeres  also  is  shown.  Ohjection  will  probably  l)e  made  1" 
this  construction  on  the  ground  of  cost ,  l>ut.  i  Im*  saving  in 

real  cost  over  the  standard  coiistinct ion  is  one  of  tlie  loal ures 
which  pleased  us  most. 

When  tlie  steel  bosh  jacket  is  used  with  tlie  ordinary  type 
of  furnace,  it  has   necessarily  to  be  fitted  up  an<\   rivets  I 


Method  of  Supporting  Entire  Weight  op  Blastp crn ace. 

together  in  several  sections  inside  the  columns,  ami,  in  tad  ,  it 
is  commonly  attached  to  tlie  edge  of  the  mantel  ring,  as  it  is 
put  together  with  the  necessity  of  a  great  deal  of  littiiig  of  tlie 
vertical  seams.  In  the  present  instance  the  bosh  ja<-ket  was 
built  entirely  independent  of  the  furnace  and  when  the  con- 
struction had  advanced  far  enough  to  receive  it,  it  was  simply 
shoved  in  through  the  columns,  hoisted  into  position  and 
riveted,  the  entire  job  taking  onlv  about  two  days  as  against 
two  weeks  that  would  have  been  required  had  it  been  built-up 
in  place  in  the  customary  way .  We  consider  that  we  made 
easily  a  saving  of  five  weeks  by  this  type  of  construction. 

It  is  customary  to  regard  charcoal  furnaces  as  insignificant 
in  size,  but  this  furnace  is  60ft.  high  and  of  a  size  tliat  woultl 
make  from  200  to  300  tons  per  day  with  mtxlerate  driving  on 
coke  iron.  Furnaces  liave  sucli  an  enormous  raparitv  for 
exerting  destructive  energy  that  the  temlcm'v  in  the  minds 
t'ainiliar  with  tliem  is  to  over-estimate  their  actual  weight. 
It  is  doubtful  if  the  weight  of  a  large  coke  furnace  figured  on 
the  basis  described  would  exceed  2,000  tons,  and  there  is  no 
difficulty  whatever  in  carrving  a  load  of  this  amount  with  a 
construction  of  this  kind. 

It  may  be  well  to  point  out  that  tlie  const nu-tion  lends 
itself  particularly  well  to  the  thin-lined  type  of  furnace, 
because  the  weight  of  the  lining  in  such  a  furnace 
is  an  insignificant  fraction  of  that  of  a  standard,  thick  lining, 
and  because  some  outside  structure  is  generally  necessarv  for 
supporting  the  platforms,  spray  apparatus,  a^v  ,  even  if  not  the 
furnace  top  proper.  This  can  all  be  done  with  great 
advantage  from  the  girder  frame  if  the  type  of  construction 
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here  described  be  used.  It  is  well  to  point  out  also  that  if  tlie 
cooling  plate  construction  of  the  heartli  is  used  so  as  to  form 
an  adequate  support  for  a  thin  lining  in  the  zone  immediately 
above  the  bosh,  then  the  high  mantel,  which  results  from  that 
construction,  may  be  directly  supported  on  t  lie  girders. 

A  furnace  designed  on  the  plan  described  is  not  only 
feasible,  but  a  safe  and  substantial  construction.  This  con- 
struction is  especially  well  adapted  to  the  thin-lined,  or  partly 
thin-lined  furnace.  Its  convenience  in  operation  is  so  much 
greater  than  that  of  the  older  type  of  furnace  that  there  is  no 
comparison  from  an  operating  point  of  view.  The  time  to  be 
saved  by  the  use  of  this  construction,  at  least  in  rebuilding,  is 
so  great  as  to  constitute  a  money-saving  of  far  greater  extent 
than  the  slight  excess  cost  of  this  construction  over  the 
standard. 


THE  USE  OF  ELECTRIC  POWER  IN  STEEL  MILLS. 

BY  STEWART  C.  COEY. 

The  increase-  in  the  us©  of  electric  power  in  steel  mills  has 
more  than  held  its  own  with  the  rapid  advance  of  the 
application  of  electric  power  in  other  lines  of  industrial  work. 
Electricity  was  first  used  in  ste-l  mill  work  for  lighting  pur- 
poses in  1881，  in  which  y&ar  the  first  Brush  series  arc  liglit 
dynamo  was  installed  at  the  Brown,  Bonnell,  &  Co.'s  plant 
in  Youngstown,  Ohio.  About  10  years  later  the  Edgar- 
Thomson  Company,  in  Bessemer,  Pa"  installed  a  50h.p.， 
250-volt  direct^current  generator,  and  this  machine,  which 
was  a  large  one  for  its  time,  was  used  to  furnish  power  to 
an  experimental  crane  over  the  soaking  pits  in  thei  blooming 
mill. 

From  1892  to  1902  the  development  of  the  electric  motor 
drive  was  carried  on  by'  the  us©  of  the  220-volt  direct-current 
system .  It  was  quite  generally  recognised  that,  due  to  the 
fact  that  steel  mills  are  of  necessity  spread  out  over  large 
areas  of  ground,  a  great  saving  could  be  accomplished  by  the 
distribution  of  power  by  means  of  electricity  for  driving  all 
auxiliary  apparatus.  However,  during  this  period  there  was 
a  constant  check  on  electrical  development,  as  there  were 
neither  motors  nor  control  apparatus  constructed  to  meet 
steel  mill  conditions.  At  the  end  of  the  period  a  power 
plant  of  500  kw.  capacity  was  considered  large  for  a  steel  mill. 

Within  the  last  10  years  a  number  of  the  points  that 
retarded  the  development  of  the  us©  of  electricity  in  steel 
mills  have  been  removed  by  the  general  advance  of  the  art 
and  by  the  development  of  special  apparatus  to  meet  steel 
mill  conditions.  'The  development  of  the  alternating-current 
system  of  generating  and  distributing^  electricity,  tlie  mill 
type  motor,  the  steam  turbine,  and  the  gas  engine  have  all 
be&n  big  factors  in  the  rapid  advance  of  the  use  of  electricity 
in  steel  mills  in  this  period. 

The  use  of  220  volts,  direct  current,  necessitated  the  use 
of  generating  units  that  were  large  in  size  and  high  in  cost 
per  unit  of  power  capacity.  These  generators  were'  driven 
by  reciprocating  engines  which  gave  economical  conditions  of 
operation  over  only  a  small  range  of  load.  The  economy  of 
reciprocating  engines  also  has  to  be  watched  closely  to  keep 
it  up  to  its  maximum  efficiency  of  operation.  In  distributing 
the  -electric  power  at  220  volts  it  was  found  that  about 
1,500ft.  was  as  far  as  power  could  be  economically  distributed 
at  this  voltage. 

The  development  of  the  alternating-current  system  of 
power  generation  and  distribution  made  it  possible  to  cen- 
tralis© the  generation  of  power  and  not  only  give  the  added 
advantage  of  o&ntralisation,  but  also  to  make  use«  of  the 
blastfurnace  gases  for  generating  power  for  use  in  all  parts 
of  a  group  of  steel-making  and  finishing  mills. 

When  alternating  current  was  first  used  in  steel  mills,  a 
voltage  of  2,200  was  adopted  in  a  number  of  the  plants. 
Later  developments  resulted  in  the  adoption  of  6, GOO  volts, 
3-phas©,  and  25  cycle's  as  the  standard  voltage  for  steel  mill 
work .  This  is  a  voltage  at  which  power  can  b©  economically 
transmitted  at  distances  up  to  about  6  miles,  and  it  is  also 
a  good  generator  voltage.  While  it  is  possible  bo  generate 
electricity  at  higher  voltage  than  this,  it  is  not  practical  to 
consider  higher  voltages  in  steel  mill  work,  as  the  large 
amount  of  dirt  and  gas  in  th©  air  makes  conditions  harder 
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than  for  ordinary  operation.  The  3-phase  system  has  become 
standard  on  account  of  its  good  electrical  properties  in  motor 
op&ratioii,  and  a  frequency  of  25  cycles  has  been  almost 
universally  adopted  in  st&el  mills,  as  comparatively  low  speeds 
are  desirable  in  a  large  percentage  of  the  motor  applications. 

The  typa  of  prime  mover  for  electric  power  generations 
that  is  best  suited  for  use  in  steel  mills  is  a  very  broad  sub- 
ject, and  in  the  majority  of  cases  it  is  a  problem  that  has 
bo  be  gon&  over  very  carefully  for  each  individual  plant. 
Wherever  possible  the  sources  of  energy  which  have  in  times 
past  been  allowed  to  go  to  waste  are  now  utilised  and  turned 
into  electrical  energy.  The  blastfurnace  gases,  which  are 
not  ussd  in  the  stoves,  are  now  either  used  under  boilers  to 
generate  st&am,  which  is  in  turn  used  to  operate  blowing 
engines  and  steam  turbines,  or  else  the  gas  is  used  directly 
in  gas  engines  as  a  means  of  generating  power.  The  problem 
as  to  which  of  the  two  methods  of  using  the  blastfurnace  gas 
should  be  adopted  is  very  complicated,  and  one  that  takes  in 
a  number  of  different  factors. 

On  a  theoretical  basis  the  amount  of  gas  necessary  to 
generate-  electricity  with  a  turbine  plant,  the  gas  being 
burned  under  boilers,  is  nearly  twice  as  much  per  kilowatt- 
hour  as  in  the  case  of  a  gas  engine  installation.  Commercial 
tests  indicate  that  this  figure  averages  on  existing"  installa- 
tions about  20,000  B.Th.U.  per  kilowatt-hour  for  the  gas 
engines  and  about  30,000  B.Th.U.  per  kilowatHiour  for  the 
turbine  installation  witli  gas  burned  under  the  boilers.  This 
is  a  very  important  item,  effecting,  as  it  does,  a  conservation 
of  energy.  However,  there  are  other  items  bo  be  taken  into 
consideration  that  are  very  greatly  in  favour  of  the  use  of 
turbine  plants. 

In  considering  the  final  cost  of  power,  the  saving  in  one 
item  may  very  easily  be  offset  by  tlie  increase  in  another 
item.  It  is  the  it-em  of  fixed  charges  t h at  runs  the  cost  of 
power  up  in  gas  engine  plants.  The  initial  cost  of  a  gas 
engine  installation  per  kilowatt  of  generating"  capacity 
installed  will  vary  with  the  conditions,  but  a  value  of  Sl*2r) 
per  kilowatt  is  very  close  to  the  average  condition.  In  the 
oas&  of  a  turbine  installation  with  gas- fed  boilers  this  figure 
will  average  about 眾 75  per  kilowatt. 

The  depreciation  of  gas  engines  is  very  much  higher  than 
in  the  case  of  turbine  units,  due  in  a  large  degree  to  the 
fact  that  in  the  gas  engine  there  is  a  rapid  variation  in  the 
stresses  on  the  engine  during  each  cycle  of  operation,  while 
in  the  steam  turbine  there  is  a  constant  torqua  applied.  A 
value  of  8  per  cent,  for  the  gas  engine  plant,  which  corre- 
sponds to  a  life  of  approximately  10  years,  and  5  per  cent, 
for  the'  turbine  plant,  which  corresponds  to  a  life  of  approxi- 
mately 14  years,  is,  if  anything,  in  favour  of  the  gas  engine 
plant. 

The  interest  on  the  initial  investment  can  be  taken  at 
6  per  cent,  in  each  case.  If,  as  is  often  the  case,  the  com- 
pany considering  the  installation  has  only  a  lijnit e<l  capital 
or  borrowing  capacity  and  could  us&  the  money  represented 
in  extending  portions  of  its  producing  plant  which  would 
net  larger  returns  on  the  money  than  6  per  cent.,  the  per- 
centage returns  which  this  extension  would  bring  should  be 
used  in  place  of  the  actual  interest  in  this  special  case. 

Experience  has  shown  that  the  maintenance  and  repair 
charge  is  more  than  double  in  gas  engine  plants,  for  the 
same  reasons  that  the  depreciation  charges  are  higher.  The 
op&rating  labour  is  also  higher  in  gas  engine. plants  than  in 
turbine  plants. 

If  vv©  neglect  thesa  two  items  and  use  simply  the  interest 
and  depreciation  figures,  with  1  per  cent,  for  taxes  and 
insurance  in  each  case,  we  have  a  total  fixed  charge  of  12  per 
cent,  on  the  turbine  plant  and  15  per  cent,  on  the  gas  engine 
plant. 

The  effect  that  this  fixed  charge  has  upon  the  cost  of 
power  depends  entirely  upon  the  load  factor.  If  the  load 
factor  of  the  Youngstown  Sheet  and  Tube  Company  is  taken 
as  in  a  measure  indicative  of  the  average  in  steel  mills,  we 
get  a  figure  considerably  lower  than  most  comparisons  are 
made  on.  The  total  present  capacity  in  this  plant  is 
9,000  kw.,  and  during  the  last  year  there  has  been  generated 
36,000,000  kw. -hours,  or  an  average  of  4,110  kw.  for  each 
hour  in  the  year.  This  is  a  load  factor  of  46  per  cent.,  and 
incidentally  it  is  well  to  note  that  this  plant  is  operating  with 
as  small  an  equipment  of  spare  apparatus  as  it  is  policy  to 
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operate  with  in  a  steel  mill.  Tliis  load  factor  would  mean 
that  the  fixed  charges  would  be  as  given  in  the  table. 

Comparing  Fixed  Charges  of  Gas  Engine  and  Turbine 
'        Installations  for  the  Same  Output.  - 


^-Per  kilowatt  of  capacity — 

Charges 

l>er 
kw.  hr. 

Fi  xvii 
CharKes 
per  cent. 

Plant 

Cost. 

Fixed 
Charge  k 

Power 
Geiioratod 
per  year, 
kw. 

(；, as  engine  installation 
Tui l>iue  installatioa … 

15 
12 

§125 
75 

t、  o 

4(KiO 
4030 

p  p 

lii  other  words,  the  fixed  charges  under  these  conditions 
are  0*24  cent  more  for  the  gas  engine  installation  i hau  for 
t  ho  t  urbine  installation.  . 

Commercial  tests  on  turbines  show  actual  operating  effi- 
firn.'ies  of  less  than  201bs.  of  steam  per  kilowattrhour.  Power 
for  operating  condenser  auxiliaries  adds  about  10  per  cent. 
to  tliis,  making  tho  operating  efficiency  221bs.  per  kilowatt- 
Injur  of  power  delivered.  The  cost  of  steam  generated  from 
r【）;il  determined  from  the  average  at.  the  Youngsbown  Sheet 
and  Tube  Company  is  10  cents  per  l，0001bs.，  including  boiler- 
house  auxiliaries  and  labour.  This  would  give  a  value  of 
0'22  cents  per  kilowatt-hour  as  the  value  of  the  steam  gene- 
rated from  coal  for  a  turbine  installation. 

From  the  foregoing  it  can  readily  be  seen  why  in  tliis 
special  case-  it  is  impractical  to  consider  the  use  of  gas  engines. 
If  t  he  value  of  the  gas  is  neglected,  a  turbine  installation 
iisiiig  coal  as  a  fuel  at  the  prices  prevailing  in  ihis  district 
would  generate  power  under  these  conditions  at  a  cost  per 
kilowatt-hoiu-  less  than  could  be  obtained  by  the  use  of  ^as 
engines.  Where  the  price  of  coal  is  high  the  cost  per  kilo- 
wattrhour changes,  and  this  cost  comparison  changes  in  a 
corresponding  degree. 

Leaving  aside'  all  cost  considerations,  the  main  arguments 
in  favour  of  th©  steam  turbine  are  the  reliability  of  its 
operation  and  its  good  operating  efficiencies  over  wide  ranges 
in  load.  Reliability  of  operation  is  a  factor  that  means  more 
in  steel-mill  op&ration  than  in  any  other  line  of  industrial 
work,  as  a  shut-down  in  the  power  plant  of  a  few  minute? 
is  liable  to  mean  a  big  tonnage  loss  in  oue  or  more  of  the 
various  departments. 

A  source  of  power  which  has  be&n  developed  in  late  years 
is  found  in  the  use  of  exhaust  steam  from  large  non-oon- 
densing  reversing  eaigines  which  are  quit©  common  in  a 
number  of  steel  mills  throughout  the  country.  This  steam 
is  collected  in  regenerating  tanks  and  used  to  produce  power 
by  means  of  low-pressure  turbines. 

At  the  Youngstown  Sheet  and  Tube  Company  there  is  a 
1,500  kw.  mixed-pressure  turbine  operating  on  the  exhaust 
from  the  blooming  mill  reversing  engine.  Tliis  installation 
furnished  during  the  last  year  5,000,000  kw.-hours  of  energy 
to  tlie  switchboard,  from  what  was  before  waste  energy. 
After  deducting  the  amount  of  power  represented  by  the 
extra  amount  of  steam  used  by  this  turbine  in  generating 
the  2,000,000  kw.-hours  which  it  generated  in  tliis  tim©  on 
high-pressure  steam  over  what  would  have  heen  u&ed  by  a 
turbine  designed  especially  for  high-pressure  steam  and  the 
energy  equivalent  of  the  added  back  pressure  on  the  reversing 
engine,  there  is  left  approximately  2,500,000  kw.-hours,  which 
represents  the  actual  amount  saved  by  ths  installation.  On© 
point  in  favour  of  this  type  of  an  installation  is  that  it 
requires  no  extra  boiler  capacity  and  tends  to  k&ep  the  load 
on  the  boiler-house  more  uniform,  as  the  machine  is  only 
taking  high-pressure  steam  when  the  mill  engine  is  down. 
The  ease  with  which  alternating-current  stations  can  be  run 
in  parallel  makes  it  possible  to  utilise  thes&  so-called  waste 
energy  sources  and  still  operate  the  various  sources  of  power 
in  electrical  connection. 

In  considering  the  problem  of  electric  power  generation 
and  distribution,  the  connecting  link  or  switchboard  is  likely 
to  bs  neglect-ed.  The  proper  design  of  the  switchboard  very 
often  determines  the  sucosss  or  failure  of  a  power  installation. 
It  is  only  due  to  the  development,  of  the  oil  switch  tliat  it  is 
possible  to  handle  large  alternating  currents  at  high  voltages 
with  safety.  . 

As  has  been  said  before,  the  standard  generator  volt  aire 
of  6,600  vol  is  is  eronoinical  for  transmission  purposes  up  to 
about  6  miles.    "Where  it  is  desired  to  transmit  to  greater 


distances  than  this  it  is  the  practice  to  use  step-up  trans- 
formers to  give  a  line  voltage  of  22, (XX)  volts  for  transmission 
purposes,  with  step-down  transformers  at  the  other  eiul  oi 
the  line  bo  give  6,600  volts,  or  whatever  voltage  is  de»ired  for 
distribution. 

After  getting  the  electricity  to  the  point  at  wlii'  h  it 
desired  to  use  it,  the  problem  of  the  proper  method  of  dis- 
tribution in  the  mills  presents  itself.  On  account  of  tlie 
insulation  problems  in  the  mills  proper,  it  has  become  cua- 
tomary  to  use  220  volts,  eitlier  alternating  (  mn'ht'  or  (linv't 
current,  for  all  mill  motors  except  the  very  largest  ones. 
Large  roll  motors  and  pump  motors  are  built  for  6,600  volts, 
but  it  is  not  generally  considered  good  practice  to  u.s*? 
6,600  volts  direct  on  motors  of  less  than  500  li.p.  For  use  on 
all  constant-speed  work,  the  alternating  current  motor  is 
desirable,  and  for  this  type  of  work  it  is  customary  to  use 
induction  or  synchronous  motors  depending  on  the  special 
conditions  of  service. 

Whether  alternating  or  direct  current  sliouhl  1>*'  on 
the  roll  tables,  cranes,  and  other  steel  mill  auxiliaries  is  a 
problem  that  has  been  discussed  very  seriously  ainon*:  st*-**l 
mill  electrical  engineers,  and  opinions  are  greatly  divided  as 
to  which  type  of  motors  it  is  advisable  to  use.  If  2 20- volt 
alternating  motors  are  used  it  is  necessary  only  to  use 
alternating-current  transformers  to  step  down  the  voltage 
from  6,600  to  240  volts,  but  these  transformers  have  to  be 
large  in  kilovoli-amp&re  capacity,  as  these  auxiliary  motors 
run  for  a  great  portion  of  the  time  underloaded,  giving  a 
poor  power  factor  for  the  combined  load.  If  220-volt  direct- 
current  motors  are  used,  it  is  necessary  to  use  motor  gene- 
rator sets  to  transform  the  alternating  current  into  direct 
current,  with  a  loss  of  power  at  this  point  of  about  12  per 
cent,  more  tlian  in  the  alternating-current  transformers, 
which  have  an  efficiency  of  about  98  per  cent. 

The  initial  cost  of  the  two  systems  is  about  the  same, 
being  if  anything  slightly  in  favour  of  the  direct-current 
system.  For  instance,  on  a  certain  contemplated  system,  the 
average  cost  of  alternating-current  motors  and  control  equij>- 
ni en t  was  found  to  be  §25  per  horse-power,  while  the  direct- 
current  motors  and  control  equipment  averaged  §21  per  horse- 
power, showing  a  difference  of  §4  per  horse-power  in  favour 
of  the  direct>current  equipment.  On  this  auxiliary  apparatus 
there  is  always  a  portion  of  it  that  is  working  under  light 
load  or  not  operating  at  all.  As  an  example,  in  a  blooming 
mill,  certain  tables  will  operate  at  various  points  throughout 
the  mill  as  the  steel  goes  through,  but  never  all  at  one  time. 

On  cranes  it  seldom  happens  that  all  the  various  motions 
are  called  into  action  at  one  lime.  As  a  matter  of  fart,  it 
is  found  that  this  auxiliary  apparatus  gives  a  load  in  kilo- 
watts that  is  approximately  one-quarter  of  tlie  total  rated 
horse-power  of  tlie  motors.  Motor  generator  sets  cost  about 
$14  per  kilowatt  of  capacity  more  than  transformers,  which 
figure  would  be  offset  by  $16  additional  cost  of  the  alteniat  ii!„r - 
current  motors  and  control  over  the  cost  of  the  direct-current 
motors  and  control,  as  it  is  ouly  necessary  to  have  1  kw.  of 
motor  generator  set  capacity  for  each  4  h.p.  of  auxiliary 
motors  installed.  The  main  point  wliere  the  alternating- 
current  motor  saves  is  in  the  elimination  of  the  commutator, 
but  tliis  is  offset  to  a  certain  extent  by  the  fact  that  the  air 
gaps  in  alternating-current  motors  must  of  necessity  be  less 
than  in  direct-current  motors.  An  actual  comparison  of  the 
air  gaps  in  a  comparative  line  of  alteniatin^-<_'urrent  and 
directr-current  mill  motors  shows  that  tlie  direct-<.'urrent  motor 
has  twice  tlie  air  gap  that  the  alternating-current  motor  has 
on  an  average. 

This  results  in  a  big  increase  in  bearing  trouble,  whicli 
offsets  to  a  large  extent  the  saving  obtained  by  the  elimina- 
tion of  the  commutator.  However,  the  point  on  which  the 
whole  quest-ion  hinges  is,  in  the  writer's  opinion,  the  fact  tliat 
fch©  control  of  the  directrcurrent  motors  lias  been  developed 
better  and  is  simpler  tlian  for  the  alternating-current  motors. 
By  the  developments  of  the  last  yea r  it  is  possible  to  us  * 
automatic  control  on  all  the  diwtn'urrent  auxiliary  motors 
at  about  the  same  cost  ps  manual  controllers  and  get  a  con- 
trol that  is  both  simple  and  effective.  The  saving  gained  by 
the  U99  of  automatic  control,  by  reducing  the  number  of 
breakdowns  both  electrical  and  mechanical,  was  the  deter- 
niininor  fact  in  causing  the  Youngstown  Sheet  and  Tube  l\>in- 
paiiy  to  continue  the  use  of  220-volt  dinxt-current  motors 
for  auxiliary  motors  in  the  uew  developments.    These  same 
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reasons'  apply  on  crane  motors,  with  the  additional  fact  that 
the  use  of  dynamic  braking  cannot  be  obtained  in  a  satis- 
factory manner  if  alternating-current  motors  are  used  on 
crane  hoists.  By  the  use  of  dynamic  braking  hoist  controllers 
； m(l  ilie  elimination  of  the  mechanical  brake  at  least  one-half 
(>i  t'lie  troubles  with  cranes  are  at  once  don©  away  with. 

The  use  of  direct-current  auxiliary  motors  also  allows  for 
the  correction  of  the  total  power  factor  of  the  plant.  This  is 
accomplished  by  designing  the  motor  generator  sets  to 
operate  with  a  leading  current  in  the  synrlironous  motors. 
This  reduces  the  losses  in  the  transmission  line  and  turbo- 
generators, and  compensates  to  a  large  extent  for  tlie 
increased  losses  in  the  motor  generator  sets  as  compared  to 
tlie  losses  in  alternating-current  transformers. 

It  is  quite  possible  that  a  simplified  system  of  control 
may  be  developed  in  the  near  future  for  alternating-current 
/ notors  that  will  offset  this  advantage  in  favour  of  the  us©  of 
direct-current  motors  for  reversing  and  crane  service.  Tlie 
rapid  developmemts  of  the  last  10  years  indicates  that  this  is 
only  one  of  the  minor  possibilities  of  the  developments  that 
undoubtedly  will  come  in  the1  use  of  el^cbricity  in  steel  mills. 


WILLANS  &  ROBINSON  S  VALVE  GEAR  FOR  INTERNAL- 
COMBUSTION  ENGINES. 

Tm':  accompanying  illustrations  show  two  arrangements  of 
valv"  geni-  for  internal-combustion  engines,  the  invention  of 
、l,'ssrs.  Willans  &  Robinson,  Ltd"  Victoria  Works,  Rugby. 
Tlie;  ai^angeauaiit  shown  in  Figs.  1，  2，  and  3  is  adapted  for 
engines  working  on  the  2 -stroke  cycle  and  for  driving  in  one 
direction  only.  In  Fig.  ]  A  is  an  eccentric  keyed  on  to  the 
crank  shaft,.  The  eccentric  strap  B  imparts  an  up  and  down 
and  also  an  oscillating  motion  to  the  rod  C.  This  rod  extends 
through  a  block  D  pivoted  to  a  slide  block  E  and  at  its  upper 
end  carries  a  roller  F.  Above  the^  roller  F  is  a  levor  G  having 
a  cam  projection  on  its  underside  for  the  roller  to  act  upon. 
H  is  a  lever  by  which  the  slide  block  E  can  be  moved  side'wise 
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Fig.  1,  Fig.  3. 

WlLLANS  &  KOBINSON'S  VALVE  GeAU  POU  iNTKUNAL-COatBUSTION  ENGINES- 

in  a  direction  parallel  with  the  lever  G.  In  Fig.  1  it  is  shown 
to  be  thus  moved  sidewise  into  a  position  in  which  the  roller  F 
as  it  rises  upwards  is  not  brought  against  the  cam  surface. 
For  normal  working  the  block  E  would  be  moved  to  the  left 
by  the  lever  to  bring  the  roller  F  into  a  position  in  which  as 


it  rises  it  strikes  against  the  cam  surface  and  gives  an  upward 
movement  to  the  lever.  The  cam  surface  is  arranged  to  give  a 
required  lift  to  the  valve  for  which  it  is  designed.  In  the 
illustration  it  is  shown  adapted  to  a  fuel  valve  of  the  "  Diesel  '• 
type.      By  moving  the  block  E  more  or  less  to  the  left  h 


Fig.  5.  Fig.  6. 

WlLLANS  &  KOIJINSON'H  VALVE  GeAW  FOH  INTEHNAL-COMBUSTION  l':N (； 1NK、 

greater  or  less  lift  may  be  obtained  to  suit  the  conditions  of 
running.  J  is  a  second  lever  at  right  angles  to  the  lever  G 
and  resting  at  its  end  on  the  top  of  this  lever  as  shown  in 
Fig.  2，  so  that  the  upward  movement  of  the  lever  G  imparts 
an  upward  movement  to  the  lever  J ,  which  in  turn  is  arranged 
to  lift  a  fuel  valv©  and  needle  J  of  a  Diesel  engine.  When  by 
a  further  movement  of  the  lever  H  the  roller  F  is  moved  still 
further  to  the  right  past  the  position  in  which  it  is  shown  in 
Fig.  1，  a  vertically  hanging  cam  lever  L  is,  by  interposed 
mechanism,  then  brought  into  position  for  its  cam  surface  to 
be  acted  upon  by  the  roller  F,  whilst  the  other  arm  of  the 
lever  is  brought  into  a  position  by  which  it  can  actuate  a 
starting  valve  as  shown  in  Fig.  3.  In  Fig.  3  the  axis  of  the 
bell  crank  lever  is  shown  to  be  carried  by  a  rod  M  to  which 
an  endwise  sliding  movement  can  be  given  to  carry  the  bell 
crank  lover  into  or  out  of  acting  position. 

Figs.  4  and  5  show  a  modification  adapted  for  2 -stroke 
cycle  reversing  engines.  In  this  case  a  double-ended  eccentric 
rod  C  is  used  carrying  two  rollers  N  and  O.  Two  starting 
cam  levers  P  aud  Q  are  also  carried  by  the  sliding  rod  M，  as 
shown  in  Fig.  5.  For  runuing  in  either  direction  tlie  roller 
O  or  N  acts  upon  the  cam  surface  of  the  fuel  earn  lever  G， 
the  starting  cam  levers  then  being  in  a  raid  position  clear 
of  both  rollers  as  in  Fig.  4.  On  pulling  the  roller  O  out 
of  gear  and  into  mid  position  as  in  Fig.  5，  the  rod  M  is 
drawn  along  to  bring  cam  lever  P  into  position  to  act  upon 
the  starting  valve  and  to  be  itself  acted  upon  by  the  roller 
N,  as  shown  in  Fig.  5，  thu&  giving  starting  jx>sition  for  oue 
direction  of  running.  A  further  movement  of  the  starting 
lever  H  causes  the  rod  M  to  be  moved  in  the  opposite  direction 
to  bring  cam  lever  Q  into  position  to  act  on  the  starting  valve 
and  to  be  itself  acted  on  by  the  roller  0，  so  giving  starting 
position  for  the  opposite  direction  of  mmiiug  and  finally  the 
rod  M  is  brought  back  to  the  central  position  and  the  roller 
N  is  brought  into  position  to  act  on  the  fuel  cam  lever  G  for 
continuous  running  in  this  direction.  Fig.  6  shows  how 
scavenge  air  valves  are  worked  from  a  point  R  on  the  eccentric 
rod  C.  If  two  sets  of  valves  are  used,  as  shown,  tlie  motion 
may  be  transmitted  by  a  freely  swinging  bar  S  through  rods 
T  and  U  to  suitable  levers  above  the  valves.  The  lift  of  oue 
set  of  valves  will  be  the  same  as  that  of  the  other  for  any 
position  of  R，  if  they  are  provided  with  equally  strong  closing 
springs,  since  the  bar  S  is  free  to  set  in  any  position  with 
regard  to  the  eccentric  rod  C. 

For  a  4 -stroke  cycle  engine  the  eccentric  may  be  driven 
from  a  half-time  shaft  or  the  gear  may  be  moved  away  by 
sliding  the  pivot-ed  block  D  by  a  suitable  half-time  ge^ir  every 
other  revolution. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Australian  Steel  Contract. —— T1k、  coniracl  lor  Ui,'  whole  "I  Ui,' 
structural  steel  work  ior  i ho  eiigimwi'ig  wmkslmps  ol'  tli*'  Vi'.- 
tori ;i  ii  State's  now  shipltuildinK  (vstablisliniont  at  Willijunstow  n 
has  recently  Iuhmi  au;'r(l''(l  to  M  cssi  s.  Doiinan ,  L<ui^;,  tV  ('".，  Ltd., 
of  Mid(ll(>sl>r()ugli,  in  J:"'('  ("•  sev<"'(、  conipetition  not  otil v  i Void 
the  United  Stntcs^,  Imt  i  rom  C'ontiiKMi  ( a  I  Ku 


Motor-cars  in  Australia. —— The  atitonioltilc  mik{  \ cliiclc  industry 
^nuMiilly  is,  ac(^ording  to  the  Aiii(M'i:'an  ('"iisiil  n L  Sydney,  U'iiig 
\i<4orously  carried  on  in  New  South  Wales  at  tl"、  jn'cseiil  time 
(':u's  ； i ro  hein^  registered  at  the  rate  ol"  almost  50  per  、、（、（>k，  ：m(l 
tlic  In  tost  returns  of  the  traffic  (Impart  mciit  show  that  tl"'r,'  ； i  vr 
5,225  registrations  of  automobile*  and  3,600  motor-cycles.  The 
chaufF(Mirs  registered  numb<、r  5,684.  There  are  200  motor  trucks 
i <  ^istored,  and  there  would  be  more  than  double  this  im" 山 if 
l^n^lish  manufacturers  could  fill  the  orders  of  local  agents. 

Coal  By-products. ―  A  consideral^e  number  of  the  larger  colliery 
conii);uiios  in  South  Wales  are  laying  down  ('xtnisi v,、  [>laut  for 
the  recovery  of  by-products.  Tho  Powoll  Duffryn  Company,  the 
h\'rii(l;ilc  Company,  and  tlu、  】{l;""i;u'("i  Comp;mv  intend  to  ei'ect 
plant  for  tlio  extraction  of  gas  tar  n nd  oils  from  coal  ；  wbilr 
Caiiilnian  Coml'ii"1,  in  tli(、  Hliondda,  has  just  sjxmiI  £ 厂) "/XX)  on 
plant  for  the  extraction  of  tar  and  ammonia.  The  new  plant 
consists  of  50  ovens,  and  ； i  large  perccnta^t1  of  tli(>  gas  ('r(、at<'d 
for  heating  the  ovens  will  be  available  for  lighting  the  town. 

British  Shipbuilding  Record. ― The  shipbuiklijig  returns  for  Ui(' 
I'liitcd  Kingdom  for  1912  show  another  reeoid  in  production. 
The  total  output  has  readied  tlie  unprecedented  figures  ol' 
2,125,833  tons,  as  compared  with  2,042,928  tons  last  year,  an  in - 
creaso  of  82,905  tons.  The  u  blue  riband  "  comes  to  the  Tyne 
for  the  second  successive  year.  The  four  leading  firms  and  the 
Minount  of  their  individual  production  are  as  follows :  Mt'N、'、. 
Sw  iUi,  Hun te r ，  &  W i gha m  R ich ard son ，  Ltd . ，  1 26, 1 52  tons  ； 
Messrs.  W.  Doxforcl  &  §ons，  Sunderland,  92,481  tons  ；  Messrs.  W. 
Gray,  West  Hartlepool,  90,272  tons  ；  Mf^ssi s.  Workmim,  ('l;u'k，  ;uitl 
Co.，  Belfast,  85,391  tons. 

Estimated  Output  of  American  Motor-cars  in  1913.  ―  According  to 
the.  11  Automobile  Trade  Journal, "  the  probable  output  of  ]>lt.'asure 
cars  by  United  States  maimfacturci's  in  1913  is  platvd  liy  a  con 
servative  estimate  at  (i27,(5oO,  or  more  than  twice  tho  cstimntcd 
output  (viz.,  250,000  to  285,000)  for  1912.  One  of  th*«  hw^t 
coni])anies  has  ariangwl  to  produce  200,000  cars,  as  a^ninst 
7 o, 0(H)  in  1912.  Althou*ili  some  of  the  most  exjxMisivf1  t.vj>('.、 （" 
vi\v  are  being  sold  at  an  iticreiise<l  price  owing  to  bettor  finish 
and  fittings,  there  are  a  groatof  miml"、r  ot"  inacliitu*s  now  sul(l  at 
rodiiced  prices. 

The  Use  of  Cobalt  in  Steel. ~ -  On  tho  iv(  ommt、iidat  i<m  of  the  I 
partnient  of  Mines,  the  Cinuulian  (JovcnniHMit  has.  according  to 
a  correspondent  of  tho  ' 'Birmingham  Post,"  appointed  Dr.  Her- 
bert Kalmas,  of  the  Kingston  School  of  Mining,  and  several  other 
experts,  to  undertake  an  exhaustive  investigation  into  the  pos- 
sibilities of  cobalt  oxide  for  use  instead  of  nickel  in  steel  alloys. 
Experts  of  the  Department  who  have  been  conducting  experi- 
ments are  satisfied  that  cobalt3  which  resembles  nickel  in  almost 
all  its  properties,  could  easily  be  used  instead  of  the  latter,  and 
should  their  contention  be  upheld  it  will  mean  the  addition  of 
another  almost  inexhaustible  source  of  Canada's  great  mineral 
wealth.  It  is  estimated  that  the  cobalt  obtained  from  the  Temis- 
kaming  district  of  Ontario  alone  exceeds  in  value  £2,000,000  per 
year 3  and  owing  to  the  present  limited  use  for  it  there  is  an 
enormous  accumulation, much  of  which  is  being  wasted.  Cobalt  Ix'in^ 
almost  essentially  a  Canadian  product,  very  little  investig;" imi 
of  its  merits  has  been  undertaken,  minors  and  prospectors  devot 
ing  their  attention  to  the  sea  roll  for  silver  and  otlier  iicttcr 
known  preoious  nu、t:ils. 

Residual  Gas  Products. ― Tli(、  report  has  just  Ikmmi  issurd  ('I  tl"' 
Joint  Select  Committee  of  the  two  Houses  of  Parliamont  on  (Jas 
Authorities  (Residual  Products).  Tho  Committee  are  of  opinion 
that  some  restrictions  should  be  imposed  upmi  g:is  uml*"'Ukiii;j>. 
but  are  not  prepared  to  grant  all  the  restrictions  asked  for  hy  t  lir 
chemical  mamifacturers.  In  addition  to  working  up  tlu、ii'  ow  n 
residuals  and  purchasing  the  necessary  materiuls  the  C'oinniittoi1 
further  consider  that  one  gas  undertaking  slioulcl  I »o  :ill。u。'l  t<> 
purchase  tho  residuals  of  other  undertakings  in  order  io  niaini 
facture  other  products  of  tlio  same  kiiul  as  the  purchasing;  iiiultM 
taking  is  manufacturing  from  its  own  rosifluals,  but  this 
is  subject  to  qualification.  Tlu\v  consider  that  gas  iiiitlor 
takings  should,  in  addition  to  huyinfj;  residuals  f  mm 
other  gas  undertakings,  he  authorised  to  Uuy  from  卜 
undertakings  or  elsewhere  the  materials  roquirod  to  work  up  the 
purchased  residuals.    They  consider,  howevor,  ihnt  s;)S  uiuliirt;ik 


iligs  should  not  h<^  :illm、''(l  to  rnaMiif';u  tiu»*  '•、' lii、"  ,'l.v 

iror ；1  materials  U 川^ lit  iroin  otln'r  than  unrln 

takings,  or  in  the  manufacture  of  which  tho  use  of  residuals 
prtxhuod  l>y  thomsolvos  or  bought  Croin  other  ^;is  ii"'!'.rtal《"^ 
is  moroly  subsidiary. 

Coal  Reserves  in  the  United  States.— The  known  coal  卜 <>i  tl" 
lriiit"(l  States  (Mnbrare  ;i  total  ar ('； i，  "cconlii^  to  tl"'  l'nit*-<l 
States  Geological  Survey,  of  :"0，2!,"  square  i"il's，  to  uliich  wa\ 
be  added  something  over  160,000  squ;iro  ,,1  uhich  Intl.- 卜 

known,  but  which  may  contain  、、ork:ibl"  roals  ； iikI  32,0<>0 
Ware  miles  where  the  coal  lies  under  heavy  cover  aih\  j、  not 
considered  available  under  pre 纏 t  oonditions.      Tl"'  supply 
coal     before     mining     began     is    estimated    to  •■     I,. . ,, 

3,076,204,000,000  short  tons,  of  which  l，922，979，O0O，000  tons  were 
considered  to  be  easily  accessible  and  1,153,225,000/JW  short  tons 
to  be  either  so  deep  or  the  beds  so  thin  that  they  :m.  ； "'('"、sil'|,' 
oiil.v  with  difficulty .  Classified  according  to  tho  rliar:i<  t.  r  o)  tli'- 
coal,  the  original  supply  consisted  of  21,000,000,000  short  tons  of 
anthracite,  1,661,457,000,000  tons  of  bituminous  coal,  W ，咖， f)。0 
tons  of  sub-bituminous  coal,  and  743,590,000,0^)  tons  of  U^tuU', 
th«、  supply  of  bituminous  coal  being  something  mm、'  tliaiTtliat 
of  all  other  grades  combined.  The  total  production  <,i  coal  Ut  tl"' 
(•las"  oi"  1911  lias  amounted  to  2,270,798,737  short  tmi、  >.]  ； m 
tlir:"  i"i  and  0,408,773,090  tons  of  bituminous  coal,  or  an  aggre- 
gate  of  8,739,572,427  tons.  This  total  productioi,  to  th.-  rl 二：  ot 
"，11  represents,  including  the  waste  of  coal  in  mining,  an  ex- 
haustion of  the  beds  equal  to  14,181,980,000  short  tons,  or  'sow 
what  less  than  0*5  per  cent,  of  the  original  supply.  The  :mmi:il 
rate  of  exhaustion  at  tho  present  time,  as  ivp'vs,', 山 '<1  l.\  tl": 
production  in  11)10  and  1911,  is  0  025  per  cont.  of  tlie  su]>j>ly. 

Opening  of  the  Enlarged  Assouan  Dam.  in;i\    m  tli' 

future  look  forward  to  increased  prosperity,  owiitg  to  the  w  ' ' 、、 
ful  completion  of  the  heightening  of  the   great   Nile  dam  at 
Assouan,  which  was  formally  opened  by  H.H.  tho  Kli«'(lm  on 
December  23rd.    Ihe  Assouan  dam  was  first  brought  into  opera- 
tion during  the  winter  of  1902-3，  having  taken  four  >«':ir.、  to 
construct,  and  the  original  outlay  has  already  been  t'arm'd  many 
times  over  hy  tlie  enhanced  production  of  crops.    It  is  ap|m'\i 
mately  li  miles  across,  and  its  wall  was  originally  82ft.  wide  at 
the  river  bed  at  the  deepest  points  and  23ft.  wide  at  tlie  top, 
the  dam  rising  approximately  128ft.  above  its  foimdations.    It  is 
pierced  by  140  culverts  23ft.  high  by  6ft.  7in.  ，,vi(k>，  and  40 
culverts  lift.  6in.  high  by  6ft.  7in.，  the  culverts  being  placed  at 
different  levels,  and  fitted  with  the  free-roller  "  Stoney  "  sluices, 
which  have  played  so  important  a  part  in  the  success  of  the  dam. 
These  were  designed,  manufactured,  ； uid  iiihtallccl    1>>  Messrs. 
Haiisomes  A:  K  a  pier,  of  London  and  Ip.sw  ich.    Th"  original  pros 
sure  against  the  deep-level  sluices  was  about  210  tons.    Tl">  in 
creased  storage  requironicnts  necessitated  an  additional  lieiglii  ot 
dam  of  some  16ft.  5iu.，  with  an  increased  tbicUnoss  of  wall  acrus.s 
the  top  of  about  13ft.  6in.,  tho  present  total  height  of  the  dam 
I'eiug  approximately  144ft.  at  the  deepest  points.    This  has  had 
the  effect  of  increasing  the  pressure  against  the  low  level  ^luic-us 
to  approximately  308  tons.    In  spite  of  this  enormous  load,  lim、 
ever,  the  sluices  can  easily  be  operated  by  one  man,  so  as  to  r.-u 
late  the  discharge  of  water  day  by  day. 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER 

Aluminium  ingot   95/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  112/-  „ 

，，        sheets        ，,  ，,   ,  120/-  ,, 

Antimony  £3S/-/—  to  £40/-/-  二  ton. 

Brass,  rolled    9d.  per  Jb. 

，, tubes  (brazed)   Hid. 

,，       ，,     (solid  drawn)   0\d. 

,,       ，，     wire   9d. 

Copper,  Standard   £ir>/il/ii  per  ton- 
Iron,  Cleveland   67/y 

―,, Scotch   73/9  " 

Lead,  English    £18/10/-  ,: 

." Foreign  (soft)    £18/1/.J  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ，，  "       medium   3/6  to  6/-  '， 

，，  "  "       large   7/6  to  11/- 

Quicksilver   £7/8/6  per  bottle 

fW^T   2^d.  per  oz. 

Spelter   £26/7/<>  per  ton. 

'I:!n,  block   £229/10/-  „ 

Tin  plates   15/3 

Zinc  sheets  (Silesian)   £29/17/(»  二 

,,  (Stettin  ；  VieiJle  Montague)   £30/5/- 
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NEW  PATENTS. 

Specifications  of  the  followijig  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
11  Mechanical  Engineer, "  58,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

J{(unov;il  of  wator  from  wet  carbonised  peat.  Kigby  &  Testi'up. 
24748. 

Sic.i in  pile  drivers.    Garvie.  25388. 

Water  discharge  or  steam  trap  for  use  with  steam-heating  systems. 

llaffensdorfer.  27336. 
Processes  for  extracting  metals  from  ores.    Mackay.    27342  and 

27345. 

8team-generator  furnaces.      Caddy  <fe   Co.    (Nottingham),  and 

Rickarcls.  27432. 
Carburetters  for  internal-combustion  engines.      Cross  and  Bain- 

brigge.  27442. 

Process  for  the  elimination  and  recovery  of  arsenic^  antimony, 
copper,  lead,  zinc,  sulphur,  and  other  undesirable  con- 
stituents of  ores  used  in  the  construction  of  iroiij  spiegeleisen, 
and  other  iron  manganese  products.    Brackelsberg.    27451 . 

Burners  for  heating  the  seams  of  tubes  to  be  welded.  Walljor. 
27472. 

Valve  mechanism  of  engines.    Roberts.  27504. 

Devices  for  regulating  the  speed  of  machinery.  Siemens  Bros. 
Dynamo  Works,  Ltd.  27588. 

Profiling  machines  for  metal.    Hanson  &  Grohmann.  27596. 

Conveying  apparatus.    Adkins  &  Lewis.  27682. 

Clamps  or  couplings  for  pipes,  rods,  and  shafting.  Barber.  27825. 

J  ii tvr mil - combustion  engines.    Carlton .  27833. 

Method  of  melting  metals  and  alloys.    Wile.  27836. 

Means  for  transmitting  rotary  motion.  JancUis  Arc  Lamp  and 
Electric  Company,  and  Jones.  27840. 

Process  for  producing  clean  or  deoxidised  metal  surfaces.  Hat- 
field &  Yates.  27949. 

Variable-speed  gearing.    Ravigneaux.  28034. 

Lubricating  arrangements  for  shaft  or  axle  bearings.  Spencer. 
28056. 

Treatment  "of  steel  turnings  and  shavings.    Vickers,  Ltd.,  Clark, 

and  Dickenson.  28057. 
Mechanical  ore-roasting  furnaces.    Parent.  28078. 
Bearings  for  mill  rolls  aud  pinions.    Davies.  28260. 
Manufacture  of  iron  from  scrap  metal.    Lake.  28279. 
Methods  of  and  apparatus  for  mining  coal.    Hoadley  &  Knight. 

28388, 

C  utting  tools  for  metal  and  wood.    Dobson.  28412. 

Annealing  pots  used  in  the  annealing  of  metallic  sheets.  Jones. 

Steam  steering  gear  for  ships.    Grieves.  28819. 

Closing  ferrules  for  sealing  steam  condenser  tubes.      Love  and 

Eugene-Browa.  28840. 
Gas-analysing  apparatus,    lugeniorsfirma  Fritz  Egnell.  29211. 

1912. 

Cunipouud  internal-combustion  engines.    Pearson.  73. 

Tool  for  truing  up  the  faces  of  the  bearing  blocks  or  carriages 

which  carry  the  crank  shaft  of  an  internal-combustion  engine. 

Austin.  117. 
Spanners  and  wrenches.    Robertson.  230, 
Pipe  couplings.    Taylor  &  Whyte.  836. 

Manufacture  of  silicon  or  other  steels.    Williams  &  Brymbo  Steel 

Company.  1293. 
Piston-valve  internal-combustion  engines.      Albion    Motor  Car 

Company,  and  Miu'iay.  1429. 
Means  for  operating  the  fuel  spraying  valves  for  interaal-coin- 

bustion  engines.    Blackstonej  and  Carter  &  Carter.  1827. 
Roller  bearings.    Appleby.  1882. 

Device  for  preventing  derailment  of  railway  vehicles.  Sche He- 
rich.  3022. 

Acetylene  generators.    Lucas  A:  P^ginton.  3810. 

Means  to  be  employed  in  the  casting  of  moulds  for  casting  ingots. 

Butler.  3872. 
Bolts.    Mayer  &  Daimler  Company.  4340. 
Sand-inoulcling  machines.    Strettles  <fe  Russell.  4565. 
Sand-moulding  machines.    Pridmore  &  l)ridmore.  4869. 
Construction  and  nu'thod  of  fixing  the  guide  blades  and  viuica 

of  turbines.    Morcom,  and  Belliss  &  Moroon"  Ltd.  51-55. 
Tnternal-combustion  engines.    Bellem  A:  Brogeras.  5243. 
Safety  devices  for  the  cages  of  lifts  or  hoists.    Mallott  &  Mallott. 

5611. 

】U)lling  mills.     Liulu  i^,  ； md  ]\l:u、i"'sm:mm'olm、ii  Worke.    hilM  I. 
Process  for  manufactu ring  bolts  ami  rivets  bv  moans  of  mnrlunos. 
Muller.  57(57. 


Pins  for  centring  and  guiding  flasks  and  moulds.    Valerius.  5799. 
Valve  mechanism  for  internal-conilnivstion  engines.    Harley.  5908. 
Means  for  starting  intenial-combustion  engines.      Edkins  and 
Edkins.  5915. 

Cliui>lf>ts  employed  in  moulding  boxes  for  casting  metals. 
Grace.  6424. 

Valves  for  internal-combustion  engines.    Hoist.  070(3. 
Screw  propellers.    I)i  Fcnile.  7070. 

Governing  mechanism  for  centrifugal  compressors  operating  in 
parallel.    British  Thomson- Hou-ston  Conipanv.  7303. 

Signalling  apparatus  for  use  in  screw-cutting  lathes.  Bennett 
and  Fo.sl)rookc.  748(3. 

Char^in^;  apparatus  for  shaft  furnaces.  Deutsche  Maschinoii- 
fabrik.  7900. 

Starting  or  reversing  means    for    internal -combustion  engines- 

Soc.  Anon.  Cantieri  Officine  Stu  oia.  8171. 
Milling  cutters.    Koch.  8537. 

Presses  for  working  metal.  Fried.  Krupp  Akt.-Ges.  Griifeon- 
werk.  102-32. 

Compressed  air  and  vacuum  brake  meehaiiism  particularly  for 
high-speed  railway  trains.    N'ielmetter.  10973. 

Gas  analysis  apparatus.    Siniuianco,  Abady,  &  Wood.  116(54. 

Safety  starting  device  for  internal-combustiou  engines.  Hilkm 
and  De  Wildt.  11917. 

Change-speed  gears.    Lancia.  12494. 

Reversing  means  for  internal-combustion  engines.  Vollmer.  12700. 
Variable-speed  gearing.    Ravigneaux.  12707. 

Treatment  of  metals  or  alloys  to  render  tliem  ductile  and  mal- 
leable. Westinghouse  Metallfaden  Gluhlainpenfal)rik  Gos. 
12869. 

Gas  producers.      Dowson  &  Mason  Gas  Plant    Company,  and 

Cunningham.  14894. 
Ratchet  wrenches  and  braces.    Geist.  Io2od. 

Machines  for  punching  plates.      Cameron,  and  John  Caiiioroii, 

Ltd.  16116. 
Elevator  safety  devices.    Mortenson.  16601. 
Acetylene  generator.    Arnold.  18185. 
Cooling  of  enclosed  gears.    Hennicke.  18315. 
Propelling  device  for  ships'  boats.    Aaron.  18411>. 
Dressing  of  tin-bearing  ores.    Bailey.  184UO. 
Nut  locks.    Edwards.  18831. 
Turbines.    Mos&op.  18868. 

Apparatus  for  starting  interiuil-combustion  motors.    Clossou  and 

Miessen.  19037. 
Tool  grinders.    Lumsdeii.  20439. 
Brakes  for  railway  wagons.    MacClure.    20491 . 
Continuous  lubricating  device  for  hearing  Implies.  Aktiebola^et 

Separator.  21483. 
Automatic  couplings  for  railway  vehicles.    Heuser.    2328 i. 
Luffing  cranes.    Imray.  24036. 
Valves  for  steam.    Kay.  24189. 

Means  for  raising  liquids  and  for  p umping  Huids  of  auy  kind. 

Duquenne.  25143. 
Turbine  blades.    Imle.  25281. 

Pressure  regulating  devices  for  ball  grinding  uiachiuos.  Deutsche 

AVaffeniuid  Munitionsfabriken.  2G5-5G. 
Smelting  operations.    Testrup  &  Rigby.  27150. 

ELECTRICAL,  19". 

Electric  furnaces.    Testrup  &  Rigby.  19923. 
Type-printing  electric  telegraph  systems.  Stoljes.  2<  H<  '0  iV:  2'  »107. 
Electrically-operated    time   indicating  devices.      A ron   A:  Har- 
rison. 20268. 

Means  for  and  niethods  of  clearing  faults  on  altoriiatiii^-currout 
systems.    Taylor.    27o(>( ). 

丄》 repayment  attachments  for  electric  current  limiting  devices. 
Nordfeldt.  27801. 

Electric  regulating  or  equalising  apparatus.  Kankin  A:  Chlorido 
Electrical  Storage  Company.  28913. 

Inter-i'ommunicatioii  telephone  systems.  Xash  tt  Western  Elec- 
tric Co  m  pa  ny.  290-7. 

Electric  ignition  apparatus  tor  interiial-eomUu^tion  eayiues. 
Cowcher.  2(J32G. 

1912. 

Arc  lamps.    Burkitt.  4417. 

Electric  insulators.    Bulk、i's，  Ltd.,  and  Tuiss.  C28G. 

:'Oiulonser.    A.  C.  Cossor,  Ltd.,  and  Stonning.  <51)87. 
Itcrnator.    Podlesak.  6988. 
Electric  incandescent  la  nips.    Weisse.  8058. 
Terminals  for  electric  conductors.    Anderson  &  Fritts.  13111. 
Devices  for  measuring  electric  resistances.    Siemens  Bros.  &  Co. 
15362. 

Elootrodos  for  use  in  arc  lamps.     Low.  17G78 

Kocciviiig  apparatus  for  electric  waves.    Sclmeidor.  18806. 
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=FLEXIBLE— 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Qas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 


Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  "PERFECT"  VISE 


E  Dept.       j.  PARKINSON  A  SON,  SHIPLEY,  YORKS 


JUST  PUBLISHED.  Second  and  Enlarged  Edition. 

The  METALLURGY  of  IRON  &  STEEL 

This  work  has  been  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
Metallurgy  of  Iron  and  £  tee  I* 

By  A.  HUMBOLDT  SEXTON.  F.I  C.,  F.C.S"  and 
J.  S.  G.  PRIMROSE,  A.G.T.C.,  A.I.M.M.,  M.I.M. 

Price  1  2/1  1  post  free. 

Contents  ― Sources  of  Iron ― Pig  Iron 一 Preparation  of  Materials  for  the 
Smelter— Chemistry  of  the  Blast  Furnace— Thermal  lhenomena  of  the  Blast 
Furnace— The  Blast  Furnace— Blast  Furnace  Accessories— The  Air  Supply— The  Hot 
Blasts-Blast  Furnace  Slag— Calculating  Charges— Blast  Furnace  Practice ~ Utilisa- 
t;ou  of  By-products— History  of  Pig  Iron— The  Foundry— Malleable  Iron— Puddling 
—Other  Methods  of  Preparing  Malleable  Iron— The  Forge  and  the  Mill— Steel- 
Production  of  Steel  direct  from  the  Ore  and  from  Malleable  Iron— Preparing  Steel 
by  Partial  Decarburisation  of  Pig  Iron— The  Bessemer  Process— Chemistry  of  the 
Bessemer  Process— Thermal  Conditions  of  the  Bessemer  Blow— Working  the  Besse- 
mer Process— Bessemer  Plant ~ The  Basic  Bessemer  Process— Plant  for  the  Basic 
Bessemer  Process— Modifications  of  the  Bessemer  Process ― Historical  Notes  on  the 
Bessemer  Process— The  Siemens  or  Open  Hearth  Process—The  Siemens  Process : 
Plantr— The  Basic  Open  Hearth  Process— Modifications  of  the  Siemens  Process- 
Appliances  Applicable  to  all  Processes— Working  Mild  Steel— Casting  Steel— After 
Treatment  of  Iron  and  Steel— Alloy  Steels— Structure  of  Iron  and  Steel— Testing 
Iron  and  Steel— Rusting  and  Protection  of  Iron  and  Steel,  &c.  &c. 


THE   SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  MANCHESTER. 


Telegrams:  ^Scientific,"  Manchester, 
Telephone  No.  H62S  Central. 


SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Anywhere  Abroad  ：  ~ 

17/6*  per  annum,  post  free.    Thin  paper  edition. 

21/-*  ，，  „  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  "1 
Fowler's  "  Mechanical  Engineers1  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  t  h<- 
Scientific  Publishing  Company,  and  forwarded  to  our  Manclic-t.  1 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  si" 川 M 
reach  our  Manchester  office  not  later  than  first  post  Tik*><1;i y 
morning,  and  small  prepaid  advertisements  not  later  th;i n  lii.M 
post  Wednesday  morning. 


Electrolytically  Deposited  Copper  Steam  Pipes. 

Although  destructive  explosions  of  boilers  on  board  ship  are 
comparatively  rare,  thanks  largely  to  the  stringent  super- 
vision exercised  by  the  Board  of  Trade  over  materials  and 
construction,  numerous  failures  of  9teara  pipes  and  connec- 
tions are  reported  from  time  to  time.  The  majority  of  these 
consist  of  fractures  so  trivial  in  themselves  that  on  land  thev 
would  pass  as  ordinary  incidents  of  wear  and  tear.  But  on 
board  ship  a  sudden  escape  of  high-pressure  steam  may  not 
only  imperil  the  engine-room  staff,  owing  to  the  confined 
space  of  engine-room  and  stokeholds,  but  if  weather  con- 
ditions are  bad  it  may,  by  interfering  with  the  propelling 
niachinerv,  jeopardise  tlie  safety  of  all  on  board.  For  this 
reason  special  importance  attaches  to  the  steam  connections, 
and  it  is  with  a  view  to  diminish  risk  of  failure  that  copper  is 
so  extensively  used  for  steam  pipes  in  marine  practice.  Its 
ductility  and  freedom  from  corrosion  certainly  appear  to  give  it 
an  advantage  over  steel ,  where  racking  stresses,  such  as  occur 
from  the  movements  of  machinery  on  board  ship,  are  ron- 
cerned,  but  the  numerous  failures  of  copper  pipes  since  th'、 
advent  of  high  pressures  have  tended  for  some  years  to  dis- 
credit the  use  of  copper  and  led  many  engineers  to  adopt  mil'! 
steel  instead.  Experience,  in  our  opinion,  justifies  this  i-hoice, 
though  probably  the  majority  of  9ea-going  engineers  still  pin 
their  faith  to  copper.  It  is  true  that  as  regards  corrosion  it 
is  less  susceptible  to  ordinary  wasting  influences  than  st«el， 
though  in  this  respect  it  is  not  so  immune  as  is  generally 
supposed.  The  brazed  joints  of  copper  pipes  are 
particularly  liable,  as  Prof.  Arnold  showed  several 
years  ago  in  connection  with  a  disastrous  explosion 
on  the  s.s.  "  Prodano/'  to  be  deteriorated  by  fatty 
acids  produced  in  boiler  or  steani  pipes  by  the  decomposing" 
of  organic  oils,  which  under  certain  conditions  effect  an 
electrolytic  change  in  the  materials  of  the  spelter  or 
solderino:  material,  the  copper  being  converted  into  a  spongy 
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mass  filled  with  oxide  of  zinc  and  possessing  a  very  low  teiusile 
strength.  Again,  pure  copper  is  liable  to  rapid  deterioration 
by  the  acid  ingredients  in  certain  forms  of  asbestos  covering 
if  it  gets  wet  with  sea  wat-er,  and  a  disastrous  explosion  on 
board  the  s.s.  "  Orizaba  ，，  traced  to  this  cause  shows  the 
importance  of  screening  such  covered  pipes  from  dampness  of 
this  kind.  Liability  to  corrosion  by  fatty  acids  is  not  the  only 
de-feci  to  which  brazed  joints  are  liable.  The  brazing  itself 
may  be  deteriorated  if  the  heat  is  not  skilfully  regulated  in 
the  brazing  process,  and  unfortunately  such  defects  are  not 
easily  detected ,  while  they  appear  to  develop  with  age  and  ser- 
vice, since  joints  which  have  withstood  a  severe  hydraulic  test 
and  been  carefully  inspected  when  new,  have  afterwards  failed 
without  warning  while  working  at  less  than  half  th©  test 
pressure.  The  use  of  solid  drawn  pipes  removes  the  risks 
incidental  to  a  brazed  joint,  but  oven  they  are  liable  to  have 
concealed  flaws  as  a  result  of  blow  holes  in  tho  billet  and 
are  not  very  suitable  for  bends,  owing  to  the  drawing  out  of 
the  material  on  the  outer  radius  when  being  formed  into 
shape.  Sometimes  copper  pipes  are  formed  by  a  process  of 
eleciro  deposition  on  a  mandrel  and  such  a  process  it  might  be 
thought  would  remove  all  possibility  of  latent  defects,  because 
electrically-deposited  copper  is  of  ■exceptional  purity,  but 
experience  does  not  support  this  view.  Simple  electro-deposi- 
tion, sls  a  matter  of  fact,  would  produce  a  material  quite  unsuit- 
able, because  copper  so  formed  has  little  or  no  tenacity.  This 
characteristic  is  only  secured  by  submitting  the  layer  of  copper 
on  the  mandrel  to  the  pressure,  of  an  agate  burnisher  which 
travels  backwards  and  forwards  along  the  mandrel  as  the  latter 
rotates  in  the'  depositing  bath .  This  motion  is  usually  so 
regulated  that  the  layer  of  deposit  never  increases  more  than 
about  Yoo^h  of  an  inch  without  coming  under  the  action  of 
the  burnisher,  wliich  imparts  a  high  tenacity  to  the 
copper.  Ordinarily  tlie  tenacity  so  produced  is  about  26  tons, 
but  specimens  have  been  so  produced  with  a  tenacity 
of  over  40  tons.  N o tw i th st a  11  d i ng  the  theoretical  perfection 
of  such  pipes,  many  have  failed  iii  practice.  A  recent 
example  is  furnished  by  Report  2,163，  just  issued  by  the 
Board  of  Trade,  on  the  bursting  of  an  electro-deposited  copper 
pipe  on  board  the  s.s.  "  Skipton  Castle."  The  pipe,  whicli 
was  5^in.  bore  and  '232in.  thick,  ripped  longitudinally  for 
a  length  of  about  20in.  without  warning.  Careful 
examination  after  the  disaster  revealed  a  number  of 
fine  cracks  which  penetrated  some'  distance  into  the  plate, 
while  photo-micrographs  showed  the  material  to  be  coarsely 
crystalline  in  structure  and  unsuitable  for  the  alternating 
stresses  to  which  pipe  connections  are  inevitably  subjected  on 
board  ship.  The  report  suggests  that  the  crystallisation  was 
due  to  the  material  having  been  subjected  to  too  high  a  tem- 
perature or  to  a  moderate  temperature  for  an  unduly  Ion; 
period.  That  such  treatment  may  produce  crystallisation  is  true 
― for  which  reason,  it  may  be  stated  in  passing,  copper  pipes 
should  never  b©  used  for  superheated  sieam —— but  there  was  no 
direct  evidence  it  had  been  so  treated,  and  those  who  bent  the 
pipe  when  ruew  in  1906  are  stated  to  have  subsequently 
annealed  it  and  tested  it  by  hydraulic  pressure  to  4001bs. 
on  the  inch  to  the  satisfaction  of  one  of  Lloyd's  surveyor &，  the 
working  pressure  being  1801bs.  It  is  impossible  to  say  haw 
long  the  minute  surface  cracks,  found  after  the  accident,  had 
existed,  but  it  is  difficult  to  think  the  crystJillisation  was  due 
wholly  to  working  conditions,  for  the^  bend  was  of  large  radius 
and  the  general  arrangement  of  the  pipes  satisfactory,  and 
as  an  alternative  explanation  we>  suggest  the  crystal- 
lisation may  have  been  caused  by  the  niauner  in  which 
the  pipe  was  made3  for  von  Hiibl  has  shown*  t'hat  the  char- 
acter of  electrolytically-deposibed  copper  depends  not  ouly  on 

*  Electro-MoUllurgy.  Messrs.  McMilltiu  aud  Cooper.    C.  Griffin  &  (Jo. 


the  buriiisliiug  of  the  deposit  on  the  mandrel,  but  also  on  the 
strength  of  tlie  electric  current  aud  the  strength  of  the  coj>]>er 
sulphate  solution  used.  With  weak  currents  the  deposit  is 
always  liable  to  be  coarsely  crystalline  and  brittle,  and  though 
tenacity  increases  with  tlie  strength  of  the  current,  tlie 
increase  is  accompanied  with  a  loss  of  ductility.  Tlius,  to  quote 
iliibl's  figures,  he  found  that  with  a  20  per  cent,  batli  of  copper 
sulphate  a  current  of  0.G1  ainjjeres  per  square  decimetre 
yielded  a  copper  which  broke  under  a  stress  of  18.0  tons  with 
an  elongation  of  27  per  cent.,  while  a  current  of  2'22  ami>eres 
per  square  decimetre  gave  a  metal  with  a  tenacity  of  23'6  tons, 
bub  an  elongation  of  only  16  per  cent.  The  metal  with 
greatest  elongation,  viz.,  33  per  cent.,  was  obtained  from  a 
15  per  cent,  solution  and  a  current  of  only  one  ampere  per 
square  decimetre,  but,  on  the  other  hand,  its  tenacity  was 
only  17'3  tons.  It  would  appear  from  these  tests  that  the 
character  of  elect rolytically-deposi ted  copper  may  be  affected 
considerably  during  formation,  unless  care  is  taken  to  main- 
tain th-e  current  and  strength  of  the  bath  constant.  In  this 
way  defects  of  manufacture  may  creep  in  whicli  it  is  practically 
impossible  to  detect  afterwards.  For  this  reason  alone,  it 
appears  to  us,  engineers  are  justified  in  viewing  electrolyti- 
cally  deposited  copper  steam  pipes  with  mistrust.  It  should, 
however,  be  stated  in  justice  to  the  pipe  that  failed  that  tensile 
t'ests  by  David  Kirkaldy  &  Co.  of  strips  cut  from  the  neigh- 
bourhood of  the  rupture  showed  it  to  be  of  satisfactory 
quality  originally.  Tliey  expressed  the  opinion  that  the 
surface  cracks  and  circumstances  of  failure  indicated  that  the 
crystalline  structure  revealed  by  the  micrograph  was  caused 
by  fatigue  during  service ~ a  view,  it  may  be  added,  in  which 
the  Board  of  Trade  Surveyor  who  investigated  the  cass 
concurs,  though  there  is  a  difficulty  in  reconciling  it  with 
the  evidence  of  the  engineers  on  the  vessel,  who  all  averred 
that  no  perceptible  vibration  was  discernible  even  in  heavy 
weatlier.  The  Report  states  that  such  vibration  is  inevitable, 
but  if  this  is  so  it  is  only  another  argument  against  the  use  of 
such  pipes,  and  the  logical  conclusion  is  that  the  Board  of 
Trade  should  refuse  to  pass  them.  It  does  not,  however,  take 
this  firm  stand,  but  contents  itself  with  pointing  out  that 
owing  to  tlie  frequent  failures  of  copper  steam  pipes  in  the 
past  "  lap-welded  wrought 广 iron  or  solid-drawn  mild-st-eel  steam 
pipes  have  largely  come  into  use  and  that  so  far  the  results 
have  been  good,"  adding  "  that  owing  to  the  increased 
strength  of  these  steel  pipes  the  cast- iron  valve  chests  and 
junction  pieces  require  to  be  of  ample  strength  to  resist 
expansion  or  vibratory  stresses/'  In  this  connection  it 
may  be  convenient  bo  point  out  that  pipes  even  of 
copper  are  much  stiffer  than  is  generally  supposed. 
The  deflection  of  a  pipe  with  diameters  D  aud  d  for 
a  given  load  when  subjected  to  bending  or  torsion  or  both 
combined  is  the  same  as  that  of  a  solid  bar  whose  diameter  is 
equal  to  the  \/  —  d4.  To  illustrate  this  with  a  concrete 
case,  if  a  pipe  is，  say  8in.  diam.  outside  and  7iin.  inside,  then 
as  regards  rigidity  it  is  practically  the  same  as  a  solid  bar 
about  5^in.  diam.,  and  such  a  bar,  it  is  needless  to  say,  would 
have  considerable  stiffness  even  if  of  copper.  For  this  reason 
bends  in  any  case  should  be  made  with  as  large  a  radius  as  pos- 
sible. The  effect  of  temperature  on  the  strength  of  copper  is 
also  a  point  that  is  sometimes  overlooked,  and  heuce  it  may  be 
worth  noting;  that  some  tests  made  at  the  National  Physical 
Laboratory  with  pieces  cut  from  the  burst,  pipe  showed  that 
for  an  increase  from  ordinary  atmospheric  temperature  to  that 
corresponding  to  a  steam  pressure  of  1801bs.，  viz.,  380。  Fah., 
tlie  tenacity  was  diminished  from  about  14  tous  to  about 
10-75  tons  per  square  inch,  and  attended  also  with  a  slight 
reduction  in  ductility. 


January  10，  1913] 


THE    MECHANICAL  ENGINEER. 


2:i 


The 


ELLIOTT'S  FEED-WATER  HEATER, 

feed-water    heater    illustrated    in    the-    ； icconipanyiiig 


sectional  views,  the  invention  of  Mr.  W.  S.  Elliott,  6,907, 
Susquehanna  Street,  Pitteburg,  Pa"  U.S.A.,  lias  1"'"" 
designed  to  provide  a  heater  having  a  plurality  of  heating 
compartments,  which  compartments  may  be  operated  simul- 
taneously, or  any  oompartment  may  be  shut  ofl'  for  cleaning, 
repairs,  or  for  varying  the  capacity,  without  interfering  with 
the  other  compartments. 

The  casing  is  provided  with  an  interior,  transverse  parti- 
tion extending  the  full  width  and  length  of  the  casing  and 
dividing  it  into'  the  two  oompartmonts  A  and  B.  The  casing 
is  provided  at  one  side  with  the  steam  entrance  chamber  C. 
From  this  chamber  a  port  opens  into  tlio  compartment  A，  and 
； in  other  port  opens  into  the  compartment  B.  Each  of  th^&e 
ports  is  arranged  to  b©  controlled  by  a  valve  D，  which  is 
mounted  in  a  suitable  valve  cage,  and  is  carried  by  a  stem  E 
which  extends  transversely  across  the  interior  of  the  casing 
and  througli  the  opposite  wall  thereof,  being  provided  at  its 
outer  end  with  a  hand  wheel  F.  The  sealing  face  of  each 
valve  is  provided  with  a  plurality  of  ribs  or  corrugations  G, 
which  act  as  separators  for  the  oil  and  other  foreign  matter 
entrained  in  the  entering  steam.  To  catch  this  separated  oil 
or  other  matter,  a  pocket  H  is  formed  below  each  valve, 
shown  in  Fig.  2，  and  having  an  outlet  at  its  bottom. 


discharge  into  a  receiving  pan  R,  which  has  a  Baw-toothed 
upiHT  edge.  Placed  below  this  receiving  pan  are  a  series  of 
two  or  more  relatively  shallow  trays,  Uie  uj>|>or  t  rav  rwiviiig 
the  overflow  from  the  saw-toothed  edge  of  t  lie  pan  R  and 
having  openings  therein  which  discharge  into  the  lower  tray. 
From  this  lower  tray  the  overflowing  water  passes  througli  tlie 
steam  filling  the  upper  portion  of  the  compartment.  The 
upper  portion  of  eacli  cornpartrnciit  is  provided  with  a  steam 
outlet  S  controlled  by  a  valve  T  actuated  by  a  stem  U，  and 
which  may  occupy  a  central  position  between  the  two  pa.ssa^s 
S，  or  which  may  be  moved  to  close  cit  Iht  oik*  of  t  liw  [»;i> -; t^-< 
Each  compartment  is  provided  with  an  outlet  port  V, 
opening  into  an  outlet  connection,  and  wliich  is  controlled  by 
a  sliding  valve  W  similar  to  the  valve  T  just.  dwt  iU''l .  I n 
order  to  prevent  back  flow  from  the  outlet  connection,  each 
port  V  is  provided  with  a  check  valve  X.  The  outlet  con- 
nections extend  from  outlet  chambers  Y，  each  of  which  has  an 
inlet  opening  below  the  water  line,  and  also  has  a  short  pipe 
extending  from  its  top  upwardly  into  the  compartment  above 
the  normal  water  line.  The  check  valves,  as  will  be  seen, 
assist  the  float^controlled  inlet  valves  in  maintaining  a  practi- 
cally equal  level  in  both  compartments,  since  tlie  water  from 
the  chamber  having  the  higher  water  level  will  tend  to  hold 
the  check  valve  at  the  outlet  of  tlie  other  chamber  closed  as 
long  as  any  difference  in  water  level  remains.  Each  com- 
partment is  also  provided  with  an  overflow  pipe  Z,  which 
extends  within  the  compartment  and  nearly  across  the  same, 
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Sectional  Views  of  Elliott's  Feed-water  Hf.atkh. 


Fig.  2. 


The  steam  enters  the  chamber  C  at  the  port  J，  and  when 
tlie  heater  is  used  in  connection  with  a  steam  heating  system 
there  is  placed  opposite  ihis  port  (see  Fig.  2)  a  baffle  plate  K 
having  a  corrugated  surface,  to  also  act  as  a  separator.  At 
the  lower  edge  of  this  baffle  is  a  pocket  from  which  leads  a 
discharge  pipe  L  which  discharges  into  a  pocket  at  the  bottom 
of  the  chamber  C.  When  not  used  in  connection  with  a  steam 
heating  system,  the  separator  plate  K  can  be  omitted.  The 
chamber  C  is  also  provided  with  a  passage  M  above  the  upper 
edge  of  the  baffle  K  and  leading  to  an  outlet  passage  N  which 
is  controlled  by  valve-  O.  When  the  heater  is  used  in  connec- 
tion with  a  steam  heating  system,  the  passages  N  will  connect 
to  such  system  ；  if  not  used  in  connection  with  a  heating 
system,  the  passage  will  lead  to  the  atmosphere.  The  valvo 
O  provides  means  for  regulating  the  amount  of  steam  which 
may  be  passed  into  the  heater. 

The  water  to  be  lieated  enters  the  compartments  A  and  B 
by  means  of  the  inlet  pipes  P,  one  of  which  eommunicates 
with  each  of  the  compartnientvS  at-  its  upper  end.  Each  of 
these  pipes  is  provided  witli  a  control  valve  whose  stem  has 
actuating  connections  with  a  pivoted  float  lever  Q  carrying  a 
float',  there  being  one  of  these  floats  in  each  of  the  compart- 
ments, and  each  float  controlling  the  valve  of  the  inlet  pi!"' 
for  that  compartment.    Each  inlet  pipe  P  is  arranged  to 


with  laterally  extending  branches.  The  portions  of  ihese 
outlet  pipes  within  tlie  compart ments  are  in  the  form  of 
troughs  having  openings  at  the  si(U's  U'l  u，'《eii  t  lie  cover  platos 
im mediately  above  them.  The  openings  into  these  troughs 
are  at  substantially  the  normal  water  level  of  tlie  compart- 
ments, which  level  is  maintained  by  the  action  of  the  float- 
controllecl  inlet  valves  in  combination  with  the  clieok  valve  X. 
These  troughs  form  a  means  for  removing  and  carrying  off 
scum  from  the  top  of  the  water.  The  operat  ion  、、- ill  he  n""lilv 
understood  from  the  foregoing  description.  It  will  he  seen 
that  eitlier  one  or  both  of  the  compartments  may  be  sinml- 
taiieously  in  use ；  or  that  either  compart nient  may  l>e  closed 
off  while  the  other  compartment  is  out  of  use  for  any  reason. 

Status  Prize  — The  Council  of  the  S。，'"'tv  of  Engineers 
(Incorporated)  may  award  in  1913  a  premium  of  books  or 
instruments  to  the  value  of  £10.  10s. ，  for  an  approved  essay 
on  "  A  scheme  for  the  registration  of  Engineers,  including 
particulars  concerning  the  registration  of  Engineers  in  British 
Colonies  and  foreign  countries."  The  Council  reserve  tlie 
right  to  withhold  tlie  premium  if  the  essays  received  are  not 
of  a  sufficient  standard  of  merit.  The  competition  is  open  to 
all,  but.,  before  entering,  application  for  detailed  particulars 
should  be  made  to  the  Secretary,  17,  Victoria  Street,  West- 
minster.   The  last  date  for  receiving  essays  is  May  31st，  1913. 
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LARGE  TURBO  UNITS.* 

BY  J.   P.  CHITTENDEN. 

The  lirst  practical  steam  turbine  driving  an  <ilectri(ral  generator 
was  built  by  the  Hon.  (now  Sir)  ('liarles  Parsons  in  1884. 
Although  this  inacliine  had  only  an  output  of  4  kw.，  with  the 
consumption  of  2001}>s.  per  kilowatt-hour,  it  may  be  considered 
the  start  of  the  steam  turbine  indust i-y  in  this  country,  as 
applied  to  the  generation  of  elect  ricit  v.  This  turbine,  work- 
ing under  non-condensing  conditions,  with  a  boiler  pressure 
of  601bs.  per  square  inch,  gave  an  efficiency  of  only  15  per  cent. 
To-day,  with  machines  of  similar  type,  but  of  a  more  elaborate 
construction  and  greater  output,  an  efficiency  of  over  70  per 
cent,  is  obtainable.  This  progress  is  no  doubt  due  primarily 
to  the  general  increased  demand  for  electrical  energy,  and  the 
natural  desire  for  greater  efficiency .  This  latter  demand  has 
led  to  the  introduction  of  larger  units  ；  as  it  will  be  seen  from 
Fig.  1，  curve  A，  that  in  the  ca&&  of  a  1,000  kw.  machine  the 
average  efficiency  is  only  about  57  per  cent.,  whereas  in  a 
machine  of  10,000  kw.,  or  over,  an  efficiency  of  70  per  cent,  is 
quite  a  reasonable'  proposition. 

For  many  years  the  question  of  large  output  from  the 
electrical  end  was  a  difficult  one,  but  now,  owing  to  improve- 
ments in  design  and  construction,  turbo-generators  of  large 
outputs  and  speeds  are  practicable.  It  is  not  more  than  four 
or  five  years  since  a  1,000  kw.  machine  at  3,000  revs,  per 
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Fig.  1. 

minute  was  considered  more  or  less  an  impossibility,  but  to-day 
electrical  generators  are  being  designed  and  constructed 
capable  of  developing  an  output  of  6,000  kw.  to  7,000  kw.  at 
a  speed  of  3,000  revs,  per  minute,  and  the  steam  turbine 
builder  is  now  in  the'  position  of  having  to  look  to  his  laurels 
with  regard  to  the  question  of  output,  especially  in  the  case 
of  turbines  constructed  on  th&  single-flow  principle,  for  witli 
the  materials  at  present  at'  lxis  command,  it  is  a  difficult 
proposition  to  build  any  type'  of  steam  turbine  developing 
over  6,000  kw.  at  a  speed  of  3,000  revs,  per  minute,  or  a 
machine  of  15,000  kw.  at  1,500  revs,  per  minute. 

Turbine  Efficiency, ― As  previously  explained,  the  question 
of  efficiency  is  of  vital  importance  in  the  case  of  large  power 
machines,  and  before  considering  a  few  of  tlie  best  known 
t ur b o-ge nerat i ng  sets  installed  in  various  parts  of  this  country, 
it  would  be  interesting  to  look  into  those-  points  of  design 
which  control"  the  over-all  efficiency  of  the  turbine  itself. 
There  are  two  principal  reasons  why  higher  efficiencies  are 
obtained  with  machines  of  large  output. 

The  first  reason  is  purely  a  commercial  one,  and  is  con- 
trolled by  the  question  of  the  price  obtainable  for  the  size  of 
unit  in  question.  It  will  be'  seen  from  the  Fig.  1，  curve  B， 
that  in  the  case  of  the  small  machines,  a  far  greater  p&rcentag? 
of  the  total  cost  is  taken  up  in  the  production  of  those  parts 
which  do  not  directly  affect  the  internal  efficiency  of  the 
machine,  that  is  to  say,  portions  of  the  turbine,  such  as 

*  Abstract  of  paper  read  before  the  Rugby  Engineering  Society,  J&u.  7,  1913. 


governor  gear,  thrust,  steam  range,  bearings,  &c.，  cost  a  good 
deal  more  to  produce  (compared  with  the  body,  rotor,  and 
blading)  in  the  case  of  a  small  machine  than  in*  a  large  one. 
It  will  be  seen  from  this  curve,  in  the  case  of  a  500  kw. 
macliine  the  percentage  of  the  total  cost  of  these  parts  is 
45  per  cent.,  whereas  in  a  10,000  kw.  turbine  the  percentage 
is  only  30  per  cent.,  and  from  this  it  follows  that  it  is  impos- 
sible to  manufacture  small  machines  of  high  efficiency  unless 
an  exceptionally  high  price  is  obtainable. 

The  second  reason  for  better  efficiency  in  the  larger 
machines  is  purely  a  technical  one,  and  to  understand  this,  one 
must  consider  tlie  fundamental  principles  which  control  steam 
turbine  design.  Taking  】lb.  of  steam  at  a  given  initial 
pressure,  there  is  a  definite  amount  of  stored-up  or  potential 
energy,  and  by  expansion  of  this  steam  to  a  lower  pressur? 
through  suitable  passages,  or  blade  rings,  a  certain  amount  of 
work  can  be  done  by  the  extraction  of  the  kinetic  energy  thus 
acquired.  This  is  due  to  the  change  effected  in  the  momentum 
of  the  steam  in  passing  through  the  blades,  and  this  change  of 
momentum  per  second  is  equal  to  the  force  necessary  to  pro- 
duce reversal  of  direction,  and  can  be  calculated  from  the 
following  formula  ： ― 

C  =  Exit  velocity  from  fixed  blades. 

n  =  Radius  of  application  fixed  blades. 

d  =  Exit  velocity  from  the  moving  blades. 

/；!  =  Radius  of  application  moving  blades. 

u  =  Constant  blade  angle. 

•r  =  Angular  velocity. 

]\T  —  Work  done  in  foot-pounds  per  second  in  moving  row 
per  pound  of  steam. 

W  = —— (C  x  Cos  o  x  w  +  Cr1  x  Cos  a  x  nx~n[  x  w) 
il  • 
Between  the  extreme  pressures  under  whicli  modern 
turbines  are  designed  to  work,  there  is  available  a  considerable 
amount  of  heat  per  pound  of  steam,  and  the  efficiency  of  the 
machine  depends  upon  the  manner  in  which  this  heat  is 
divided  up. 

To  obtain  the  maximum  efficiency  from  the  heat  available 
for  a  given  pressure  fall,  the  steam  velocity  must  bear  a 
certain  ratio  to  the  blade  velocity  ；  this  ratio  is  shown  from 
the  curves  given  in  Fig.  3  (A,  B，  C，  and  D),  and  varies 
according  to  the  type  of  blading  employed.  Curve  A  repre- 
sents a  one-row  or  simple  velocity  wheel  in  which  the 
maximum  efficiency  81  per  cent,  occurs  at  a  ratio  of  Cjn  2  0. 
On  curve  B  a  two- row  Curtis  or  velocity  compounded  wheel  is 
shown.  In  this  case  tlie  maximum  efficiency  67  per  cent .  is  at 
a  ratio  of  4'5.  The  three-row  Curtis  wheel  is  shown  by 
curve  C，  where  with  a  ratio  of  6*5  the  maximum  efficiency  is 
51+0  per  cent.,  and  lastly  the  curve  D  shows  the  imjmlse 
reaction  (or  perhaps  better  known  as  Parsons  blading),  w  lie  re 
a  maximum  efficiency  of  84  per  cent,  is  obtained  when  running 
at  a  ratio  of  steam  speed  to  blade  speed  of  14. 

From  this  one  can  see  that  if  the  maximum  efficiency  is 
desired,  the  steam  speed  must  bear  a  certain  ratio  to  the  blade 
speed  ；  and  with  a  given  number  of  revolutions  per  minute, 
number  of  stages,  and  total  pressure  range,  tlie  radius  of 
application  (or  mean  diameter  of  blading)  must  remain  con- 
stant, and  the  output  of  the  machine  is  dependent  directlv 
u])on  the  lengtli  of  blade. 

Taking  as  a  general  example  any  type  of  machine  should 
it  be'  found  necessary  to  have  a  blade  speed,  say,  of  300ft  -  per 
second  to  give  the  desired  efficiency,  and  a  blade  height  of  lin. 
for  an  output  of  1,000  kw.,  to  increase  this  output  to  5,000  kw. 
the  blade  height  will  be  approximately  5in.,  providing  that 
tlie  blade  angles  and  number  of  stages  are  constant  in  both 
cases.  This  applies  for  any  type  of  machine,  where  full 
peripheral  admission  is  used,  and  from  this  it  follows  that  for 
a  given  speed  and  efficiency  the  mean  radius  of  application, 
and  the  number  of  stages,  must  remain  constant,  no  matter 
what  the  output  of  the  machine  may  be.  So  that  for  a  turbine 
running  at  a  given  speed  there  is  a  certain  relation  between 
the  number  of  stages,  the  mean  radius  of  application,  and 
driving  force  to  give  tlie  required  blade  efficiency  ratio,  or  in 
other  words,  the  number  of  stages  (or  pressure  falls)  represent 
tlie  division  of  the  work  through  the  turbine  and 
f  x  X  x  r  =  constant 

where 

1  ―  force  applied  at  a  given  radius. 
A  =  number  of  stages  or  pressure  falls. 
r  =  the  radius  of  application. 
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Thus  it  is  possible  to  have  one  stage  with  a  large  radius,  <)r 
niany  stages  with  correspondingly  small  radii  of  application, 
and  still  keep  f  x  A'  x  r  constant. 

That  by  increasing  the  number  of  stages  is  beneficial  to  t  In- 
over-all  efficiency  is  shown  by  the  following  :  Compare  the 
case  of  a  single-stage  machine  to  a  two-stag©  rnachiiie,  with  an 
individual  blade  efficiency  in  eacli  case  of  70  p<'r  cent the 
one- stage  turbine  will   have  an  over- all  blade  efficiency  of 
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70  per  cent .,  whereas  in  the  case'  of  the'  two-stage  iiiacliin©  the 
over-all  blad«  efficiency  is  716  per  cent. 

Tlie  explanation  of  this  gain  in  over-all  efficiency  is  as 
follows  ：  Taking  the  case'  of  a  turbine  where  the  total  heat  at 
the  initial  pressure  is  1,200  heat  units,  of  which  300  are  avail- 
able for  useful  work  due  to  adiabatic  expansion  ；  with  the 
single-stage  machine  having  an  individual  blade  efficiency  of 
70  per  cent.,  210  of  these,  lieat  units  are  used,  and  90  heat 
units  are>  rejected,  giving  an  over-all  blade  efficiency  of  70  per 
cent.  But  in  the  case  of  the  two- stage  machine,  with  150  heat 
units  available  for  the  first  stage,  assuming  the  same  individual 
blade  efficiency,  105  are  effectively  used,  the  remainder  (45 
heat  units)  being  rejected  to  the  second  stage  (in  the  form  of 
carry-over  velocity  and  gain  due  to  superheating),  a  percen- 
tage of  these  45  heat  units  are  available  for  useful  work  in  the 
second  stage,  and  combined  with  the  150  heat  units  remaining, 
give  a  total  of  157  heat  units.  Taking  70  per  cent,  of  these 
as  being  effectively  used,  then  the  useful  work  of  the  second 
stage  equals  109'9  units,  and  the  over-all  blade  efficiencv 
equals  716  per  cent. 


TWO-STAGE  TUKBINE. 


150  X  70 

100 


105. 


First  Stage  ：一 

Heat  available  =  150.    Heat  used 

Heat  rejected  =  45. 
Second  Stage  ： 一 

Heat,  recoverable  from  first  stage  二  7.    Heat  available- 150. 
Total  heat  available  =  150+ 7  =  157. 

Heat  used=  I^IaI0  =  109.9  = 

Heat  used  in  first    stage  =  105 
，，         ，， second    ,，    =  109*9 


, overall  blade  efficiency  =  71 '6%. 


Total  =  2U-9 

. Heat  used  :M4  i 

' 'Heat  available  300 

Itj、vill  be  apparent  from  this  that  the  more  stag's  em- 
plc^ed，  the  greater  the  overall  blade  efficiem'v  of  the  turbine 
Wltllln  hmits,  dependent  upon  the  type  of  marlnne  and  the 
speed.  In  Fig.  2  curve  A  shows  the  overall  blade  efficiencv  wuli 
stages  varying  from  one  to  ten.  In  the  case  of  one"  st;u-> 
overall  efficiency  is  70  per  cent,,  and  with  ten  sta-es  an 
ethiuency  of  73  per  cent,  is  obtained  with  the  same  individual 


l)lade  efficiency.  As  seen  from  tliis  curve,  there  is  a  certain 
point  where  increasing  the  uuniber  of  stages  (loee  not  give 
sufficient  gain  in  economy  to  justify  the  increased  cost  in 
production,  so  that  in  designing  a  machine  to  give  the  maw 
mum  efficiency  within  commercial  limits  a  definite  number  of 
stages  are  used,  varying  according  to  the  type  of  madiine 
and  speed  at  which  it  is  run.  The  following  UU'*  tl", 
maximum  number  of  stages  for  various  types  and  speeds, 
bearing  in  view  both  the  commercial  and  technical  side  of  the 
question . 


Type. 

1.500  r.p.m. 

3,000  r.p.ui. 

Multi-stage  Simple  Impulse  … 

14 

to 

10 

8 

to 

10 

Multi-stage  Compound  Impulse. . . 

4 

to 

6 

2 

to 

3 

Multi-stage  Pure  Reaction*  ... 

70 

to 

80 

40 

to 

50 

*  Blade  couploa. 

Leaving  Losses. ― The  number  of  stages  liave  also  a  direct 
iiifluence  on  the  leaving  loss  at  the  last  row  of  blades,  as  it 
will  be  seen  from  Fig.  2,  curve  B  (assuming  a  constant  blade 
angle),  the  percentage  decrease  due  to  increasing  the  number 
of  stages  from  one  to  ten  is  10'5  per  cent.,  and  that  after  a 
certain  point  there  is  no  appreciable  reduction  in  the  leaving 
losses,  this  bearing  a  definite  relation  to  the  position  of 
maximum  overall  blade  efficiency.  The  miniirium  leaving 
loss  for  a  given  blade  velocity  can  be  obtained  from 
(U  x  Tan  af  ,  ， 

5000  x  H    =  Percen—  loss' 
Where  U  =  Blade  speed  in  feet  per  second. 
a  =  Angle  of  outlet. 

H  =  Total  B.T.U.'s  available  due  to  adiabatic  expan- 
sion from  initial  to  final  pressure. 

From  the  above  formula  it  will  be  seen  that  the  minimum 
leaving  loss  depends  upon  the  blade  speed  and  angle  of  out- 
let, and  is  irrespective  of  the  type  of  turbine.  Leaving 
losses  in  machines  of  large  output  should  not  exceed  2  per 
cent,  at  full  load  if  the  overall  efficiencies  given  in  Fig.  3， 
curve  A，  B，  C，  and  D，  are  to  be  obtained,  in  Fig.  4，  curve 
A,  B,  C，  are  shown  the  percentage  loss  of  various  blade  speeds 
and  outlet  angles. 

Blade  Losses.— The  internal  blade  losses  in  the  turbine  may 
be  divided  up  into :    (a)  The  friction  of  the  steam   in  the 
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steam  path  ；  (b)  angle  at  which  the  blades  are  set  ；  (c)  spilling 
and  shock  losses. 

The  first  loss  (a)  is  by  far  the  greatest,  and  depends 
largely  upon  the  velocity  at  which  the  steam  travels  across 
the  blades,  and  with  the  normal  range  of  steam  speeds  used 
this  loss  varies  from  10  to  20  per  cent.  This,  however,  may 
be  to  a  small  extent  reduced  by  the  finish  of  blade  surface, 
and  from  some  recent  experiments  a  highly-finished  blade 
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was  found  to  be  about  3  per  cent,  better  than  the  ordinary 
commercially-finished  blade. 

With  regard  to  the  width  of  blade  there  is  no  definite 
rule,  but  the  steam  path  should  be  kept  as  short  as  possible 
so  as  to  reduce  the  surface  friction  to  the  minimum.  This 
minimum  width  depends  to  a  large  extent  upon  the  mechani- 
cal construction  of  the  blade,  method  of  fixing,  and  unsup- 
ported length  of  blade  and  speed. 

With  regard  to  the  maximum  blade  length  for  a  given 
blade  width,  it  is  usual  in  practice  to  allow  a  ratio  of 

Blade  length      ^  «  , , ，. 

- ^-. ~~ ：  •  ，。，    =  y  tor  reaction  blading 

Blade  width  & 

and  12  for  impulse  blading. 

It  is  not  always  possible  to  work  with  this  ratio,  as  it 
would  entail  too  many  standard  blade  sections,  and  in  some 
cases  extremely  narrow  blades,  but  it  may  be  taken  rather 
as  a  ratio  not  to  be  exo&eded,  for  if  so,  there  is  a  likelihood 
of  vibration  being  set  up  in  the  blades  themselves,  and 
consequent  weakening  at  the  roots  and  shrouding. 

Tli©  second  blade  loss  (b)  is  that  of  the  angles  of  inlet 
and  outlet,  for  to  obtain  maximum  efficiency  it  follows  that 
there  must  be  complete  reversal  of  flow  in  the  blade  path, 
or,  in  other  words,  the  steam  must  enter  and  leave  the'  blade 
parallel  with  the  plane  of  rotation 一 this,  however,  is  im- 
possible, as  it  would  mean  a  blade'  height  of  infinite  lengtli, 
so  that  it  remains  to  determine  upon  the  smallest  angle  that 
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complies  both  with  the  oommercial  and  technical  con- 
siderations. 

It  has  been  found  by  D©  Laval  and  many  otb-er  experi- 
menters that  the  most  efficient  angle  of  exit,  no  matter 
what  type  of  machine,  is  approximately  18°  to  20°  both  for 
fixed  and  moving  blades,  and  any  advantage  to'  be  gained 
by  making  that  angle  less  is  neutralised  by  the  increased 
losses  due  to  crushing  of  exit  path,  extra  length  of  blade, 
&c.  The  inlet  angle  of  the  blade  is  not  such  an  important 
matter,  for  as  long  as  ample  provision  is  made  to  ensure  the 
steam  striking  the  inside  edge  of  the  blade,  and  an  angle  of 
shock  up  to  12°  may  be  given  without  a  detrimental  effect 
on  the  efficiency. 

Spilling  and  shock  losses  (c)  are  hardly  a  point  to  be 
raised  specially  in  tho  case  of  large  turbine-  designs,  as  they 
equally  apply  to  all  sizes  of  machines,  and  are  ifellv  a 
question  of  care  in  the  design  of  blade  heights,  clearances,  &c. 

Leakage  Losses. ― Leakage  losses  throughout  a  turbine  can 
be  reduced  to  a  large  extent  by  careful  design  and  workman- 
ship, but  in  many  cases  by  decreasing  these  losses  the 
reliability  is  affected.  The  parts  at  which  these  leakage 
losses  take  place  vary  according  to  the  type  of  machine;  in 
the  case  of  the  pure  reaction  machine,  the  principal  leakage 
lasses  are  those  due  to  the  clearance  which  must  necessarily 
be  allowed  at  the  blade  tips ^ fixed  and  rotating ~ and  in  the 
case  of  very  small  machines  tlie  clearance  area  is  a  consider- 
able percentage  of  the  total  effective  area. 


This  leakage  of  the  steam  through  the  clearance  spaces 
may  at  first  seem  to  cause  a  great  loss  in  efficiency,  but  as 
the  pressure  fall  across  the  blade  rows  is  very  small  (being 
卩 nly  lialf  of  that  of  an  impulse  macliine  with  a  correspond- 
ing number  of  rows),  it  follows  that  this  leakage  does  not 
affect  the  overall  efficiency  of  the  machine  to  any  extent, 
and  further,  any  steam  passing  through  the  clearances  enter 
the  succeeding  blade  row  in  the  form  of  useful  work.  The 
steam  passed  by  this  clearance  space  can  be  calculated  from 
the  following  formula  ： ― * 


W  =  68  AA\ 


Vx  {N  +  Ijxjer) 


Where 
W 
A 
N 


= Pounds  of  steam  per  second. 

= Areas  in  square  feet  through  the  labyrinth. 

= Number  of  baffles. 

Pi     i        ( P-t  Initial  pressure. 
r  =  ^~  where  {  nl        ，  r 

P2  [r2  riniu  pressure. 

Vx  =  Specific  volume  of  steam  at  P. 

C  =  Coefficient  of  discharge. 

With  regard  to  the  reduction  of  these  dearaiu'es  with- 
out impairing  reliability,  it  will  be  seen  from  the  formula 
given  that  the  leakage  varies  appi'oximatelv  inversely  as  the 
square  root  of  the  number  of  baffles,  so  that  tjy  increasing 
tlie  number  of  baffles,  and  th©  selection  of  a  suitable  ratio 
between  blade  height  and  clearance  space,  these  losses  can 
be  made  a  negligible  quantity. 

With  all  impulse  types  of  machines  tlie  steam  leakage 
takes  place  between  the  diaphragm  plates  and  turbine  shaft, 
and  as  the  number  of  stages  in  most  cases  is  considerably 
less  in  the  impulse  than  in  the  reaction  types,  the  pressure 
fall  across  these  glands  must  be  greater,  and  care  must  be 
taken  that  sufficient  number  of  labyrinths  are  employed  to 
compensate  for  this,  as,  of  course,  the  actual  clearance  must 
be  kept  the  same  to  obtain  the  same  reliability  as  on  the 
reaction  type.  To  overcome  this  difficulty  tlie  gland  is  often 
made  of  the  floating  type,  from  soft  bronze  or  Perkins  metal, 
and  a  series  of  12  or  more  V-shaj>ecl  grooves  turned  so  as  to 
form  the  labyrinth. 

Frictional  and  Mechanical  Loss. ― These  losses  depend  largely 
upon  the  internal  finish  of  the  machine,  and  although  it  is 
impossible  to  reduce  them  to  any  great  extent,  good  workman- 
ship will  cut  them  down  to  a  minimum,  especially  in  the  case  of 
the  impulse  type.  The  question  of  frictional  losses  due  to  the 
rotation  of  bladed  discs  in  steam  is  not  one  that  allows  of  an 
easy  solution,  as  it  not  only  depends  upon  tlie  finish  of  the 
disc  and  blades  themselves,  but  on  their  genera]  contour  and 
arrangement  of  clearance  spaces.  From  Prof.  Stodala,  Odell, 
and  many  other  experimenters,  it  was  found  that  the  steam 
friction  of  bladed  discs  depends  upon  the  surface,  density  ami 
temperature  of  the  steam,  and  speed  of  rotation.  The  per- 
centage loss  due  to  steam  friction  of  discs  may  he  found  from 
the  following : — 

F  =  Cxdxr^x^x  100 
B.H.P. 

Where 

C  =  constant  dependent  upon  steam  temperature,  <fec. 
d  =  density  of  steam. 
w  ―  angular  velocity. 
r  =  radius. 
E  =  percentage  loss. 

The  percentage  loss  due  to  the  blades  varies  directly  as 
their  length,  and  this  loss  can  be  obtained  from  the  formula  ： 

cxvxlxdxx/^x  100 
B.H.P. 

Where 

c  =  constant  dependent  upon  steam  temperature. 
v  =  mean  blade  velocity. 
I  =  blade  length. 
d  =  density  of  steam. 

=  mean  radius.  • 
e  =  percentage  loss. 

*  H.  Martins.    Formula  for  Labyrinth  Glands. 
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These  losses  may  generally  be  taken  in  well-d^si^iKMl 
machines  of  large  outputs  as  varying  from  2  to  3  per  ('("it  - ,  Imt 
are,  as  previously  explained,  controlled  to  a  large  extent  by 
t  he  conditions  under  which  Mio  turbine  has  to  work. 

With  regard  to  the  mechanical  losses,  these  may  1>b  divided 
intx>  (a)  losses  from  hearing  friction  which  a  1*0  dej>endent  upon 
s)>eod,  weiglii',  and  lubrication,  and  (h)  losses  clue  to  power 
ir<|uii'-exl  by  governor,  oil  syst^em,  & These  comljiiied  losses 
； m、  "  varying  pei'ctMii  ； i^c  of  (  lie  out  put ,  and  may  ]>v  i  ； 1  ken  as 
；; i-o  4  per  ceni. 

Generator  Losses,  — Wit  h  regard  t'(>  t.li"  gi>m'r;" ('r  losses, 
iheao  are  shown  iu  Fig.  I  ，  curve  L\  for  the  various  outputs. 

General  Design  and  Construction.  Turbines  of  large  output 
may  bo  divided  into  two  classes,  i t  hose  which  are  designed 


IMPORTANCE  OF  ATTENTION  TO  ENGINE  DETAILS. 

The  extent  to  which  serious  breakdowns  <>i  、i'  ;im  '*ng""'s 
spring1  from  the  failure  of  comparatively  insi^nifirant, 山' tails 
is  well  known  to  those  whose  duties  l>ring  t  liem  into  exten.sivo 
contact  with  failures  of  this  kind,  tliough  it,  is  not  、',  r'-M*'r;ill、' 
recognised  by  power  users  as  is  desirable,  an'l  ； 1  n  in>i  ructive 
illustration  of  the  need  for  constant  alertness  in  respect  to 
incipient  flaws  in  moving  parts  is  give"  in  tl"'  rm'n'nt  issue 
of  (<  Vulcan/'  the  official  organ  of  the  Vulcan  HoiUt  hihJ 
General  Insurance  Company,  which  we  take  the  liberty  of 
reproducing. 

The  hreakdowii  in  quest  ion,  which  waa  of  a  very  destruc- 
tive and  costly  character,  as  will  be  seen  from  tlie  views  on 


Fig.      Steam  Engine  Bhkakdown  from  Failuxie  of  Connkcting-uoi>  Stuap.   View  showing  Broken  Cylinde 


with  one  type  of  blading  throughout,  or  those  which  embody 
two  or  more  types.  The-  simple  types  are  either  built  on  the 
Parsons,  Rafceau,  Zoelly,  or  Curtis  principles,  and  the  com- 
pound types  usually  embody  a  combination  of  a  Curtis  disc 
ior  the  high-pressure  end,  together  with  Parsons,  Rateau,  or 
Zoelly  blading  for  the  low-pressure  portion  of  the  turbin*1. 

These  two  types  may  again  be  sub-divided  into  either  single 
or  double-cylinder  machines.  With  the  single  machine  the 
blading  is  arranged  all  011  one  shaft,  hut  in  the  case  of  the 
double-cylinder  machine  the  turbine  is  split  into  two  separate 
portions  which  are  placed  in  tandem  with  a  coupling  aiul 
bearing  between  the  high  and  low-pressure  】)ortions.  This 
method  of  construction  has,  up  to  the  present  time,  only  been 
employed  in  machines  of  the  simple  type,  where  the  output 
and  speed  have  heen  such  as  to  require  an  exceptional lv  large 
number  of  stages  to  give  the  necessary  efl&ciencv.  By  this 
arrangement  it  will  be  seen  that  double  the  number  of  stages 
can  be  used  without  impairing  the  reliability  of  the  machine. 
(To  be  continued.) 


this  and  the  following  pages,  was  due  primarily  to  the  failure 
of  tlie  strap  at  the  crank  pin  end  of  the  connecting  rod.  The 
engine  was  of  the  usual  c r oss- co m jx>u n d  type  with  cylinders 
of  24|in.  and  49in.  diam.  by  5ft.  6iu.  stroke,  running  at 
45  revs,  per  minute  witli  a  boiler  pressure  of  1201bs.  The 
high-pressure  cylinder  was  fitted  with  Corliss  trip  gear,  and 
the  low-pressure  with  circular  slides,  one  at  each  end  of  the 
cylinder.  The  power  was  transiintted  by  gearing,  and  111""" 
ordinary  working  conditions  indicated  about  700  li.p.  The 
failure  of  the  strap  ended  in  the  practical  wreckage  of  the 
low-pressure  side  of  the  engine.  The  released  connecting  rod 
was  struck  by  the  low-pressure  crank,  which  was  still  being 
carried  round  by  tlie  action  of  tlie  liigh-i»ivsMu  t>  side,  citul  tlie 
rod  was  thrown  into  a  vertical  position  hinging  upon  the 
crosshead  pin.  It  remained  in  this  remarkable  position 
unaided,  as  will  be  seen  in  the  photograph.  The  low-pressure 
ovlinder,  piston,  covers,  &c.，  were  broken,  the  bedplate  was 
damaged  at  t lie  ryliiuler  end,  tlie  crank  was  twisted  round  tiie 
shaft,  the  crank  pin  bent,  the  oonneoting  rod  damaged,  and 
considerable  other  minor  damage  was  done.  Examination  of 
the  connecting  rod  strap  showed  that  it  was  flawed  across  a 
section  pa&siug  through  the  hole  made  in  it  for  the  crank  pin 
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lubricator,  and  from  the  appearance  of  the  fracture  it  \v;is 
evident  that  the  flaw  had  been  in  existence  for  some  time.  In 
fact  on  one  side'  of  the  hole  it  had  so  completely  severed  the 
ae*ction  that  it  was  difficult  to  understand  liow  it  had  escaped 
detection  by  the  -engine  attendant  when  cleaning  tliis  part,  as 
he  must  have  done  hundreds  of  times.  The  breakdown,  our 
contemporary  observes,  shows  the  necessity  when  overhauling 
brasses  and  other  moving  connections  of  carefully  examiiiiiig 
all  straps,  bolts,  screws,  cotters,  &c.，  before  replacing  them,  to 
be  sure  that  none  of  them  are  flawed. 


MAKING  BASIC  OPEN-HEARTH  STEEL  FOR  CASTINGS.* 

BY  H.  F.  MILLER,  .TUN. 

For  some  years  i  lie  prejudice  against  basic  open-hearth  steel 
for  castings  has  be&n  gradually  decreasing.    Still,  manv  con- 


sumers and  engineers  cling  to  acid  steel  for  castings  because 
of  the  claim  made  that  the  castings  are  more  free  from  blow- 
holes and  sponginess.  Acid  sieel  has  been  used  for  castings 
for  a  much  longer  period  than  basic  steel  and,  therefore,  the 
melters  having  had  longer  experience  in  acid  practice  for 
castings,  had  it  well  in  hand  when  basic  steel  was  first  tried 
for  that  purpose. 

The  heat  should  bo  melted  down  as  speedily  as  possible  so 
as  to  prevent  excessive  oxidation.    The  hearth  of  the  furnace, 

*  Paper  presented  at  the  Cleveland  meeting  of  the  American  Institute  of 
Mining  Engineers. 


however,  is  a  decisive  factor  in  the  production  of  solid  castings. 
First,  the  manufacturer  should  know  the  size  of  the  heats  he 
intends  to  make  constantly.  Then  he  should  have  his  furnace 
built  for  that  size  heat.  The  hearth  should  be  of  dimensions 
different  from  those  of  a  furnace  making  ingot  steel,  that  is, 
the  bath  should  l)e  deeper  and  should  liave  less  surface  area. 
A  shallow  bath  permits  the  slag  to  come  out  soon  after  the 
steel  commences  to  flow  and  prevents  the  additions  from  going 
into  the  steel,  or  an  even  distribution  in  case  the  additions 
have  been  put  in  hurriedly. 

Under  this  head  comes  the  very  poor  practice  of  making 
small  heats  in  hearths  of  a  much  larger  capacity.  For 
example,  if  a  25  or  30  ton  furnace  is  in  use  and  only  12  to 
15  tons  of  metal  are  charged  per  heat,  the  proportion  of  heats 
that  will  be  wild  or  show  signs  of  wildness  sometime  during 
pouring  will  be  comparatively  large.  Wliereas,  when 
charged  to  capacity,  a  heat  show- 
ing signs  of  wildness  will  be  a  raro 
occurrence. 

The  nature  and  action  of  the 
slag  is  a  very  important  factor  in 
the  manufacture  of  quiet  steel. 
Slags  are  usually  roughly  classi- 
fied by  the  melter  according  to 
the  physical  appearance.  First  is 
tlie  dry,  heavy  slag,  occurring 
when  there  is  very  little  silica  pre- 
sent .  This  is  a  dangerous  slag  it 
not  carefully  worked .  The  burn- 
ing of  many  furnaces  is  due  to  this 
slag,  as  it  reflects  the  heat  to  the 
roof.  Another  danger  is  the 
addition  of  too  much  fluorspar. 
The  melter  being  deceived  in  the 
physical  appearance  of  the  slag, 
adds  an  excessive  amount  of  spar. 
This  results  in  a  badly  cut  ladle 
and  the  burning  off  of  the  stopper 
rod.  These  disastrous  results  can 
be  prevented  by  a  gradual  addi- 
tion of  spar  until  a  wet  slag  is 
created,  after  which  the  heat  may 
be  worked  down  as  usual.  Witli 
natural  gas  the  heat  will  foam  for 
some  time. 

The  second  slag  is  wet,  but 
lumpy.  This  is  a  good  slag  to 
work  with.  The  lumps  of  lime- 
stone should  be  broken  with  a  rod 
so  that  a  rocky  bottom  may  be 
avoided.  Iu  some  cases  the  un- 
broken lumps  will  choke  the  tap 
hole  while  tapping  out,  and  the 
slag  being  stopped ,  the  steel  is  left 
uncovered  until  tlie  tap  hole  can 
be  freed  of  the  lump  of  limestone, 
a  large  amount,  of  heat  being  lost 
from  the  steel  thereby.  A  lumpy 
slag  can  be  avoided  by  charging 
small  size  limestone. 

A  third  slag  is  the  very 
watery  variety,  usually  occurring 
when  heats  melt  high.  This  is 
due  to  the  presence  of  an  exces- 
sive amount  of  silica.  This  slag 
should  have  burned  dolomite  or 
raw  limestone  added  until  a  thick 
slag  is  made. 

If  a  heat  having  a  thin  slag  is  tapped,  the  slag  will  mix 
with  the  steel  and  a  wild  steel  will  be  the  result  .  The  ladle 
and  stopper  rod  will  be  badly  scorified  and  usually  some  tons  of 
steel  will  be  lost  in  the  pit  due  to  a  burned-off  stopper  rod. 

The  ideal  slag  is  heavy  and  wet.  with  no  large  lumps.  This 
slag  makes  an  easy  heat  to  work  and  gives  a  steel  low  in 
phosphorus  and  sulphur.  It  requires  but  a  small  amount  of 
fluorspar  to  put  this  slag  in  shape  for  the  ladle.  A  lieavv 
slag  of  this  nature  will  not  mix  with  the  steel  and  will 
generally  stay  in  the  furnace  until  the  steel  is  nearly  all  in 
\he  ladle.    It  also  has  the  good  quality  of  cutting  neither  the 
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stop[jer  rod  nor  the  ladle  brick.  The  mily  ol)jcc:t ion  is  that  it 
causes  a  dirty  bottom,  and  unless  a  washout  is  made  after  eacli 
heat  the  bottom  will  rise  to  the  sill  plate  level  in  every  few 
lieats.  This  result  shows  very  poor  practice,  and  no  time  is 
ultimately  gained  by  cliarging  wit hout  the  usual  washout.  If 
a  washout  of  20  to  3(J  minutes  is  made  at t <m-  cacli  Ileal  1  h'' 
furnace  will  work  fast  for  a  inucli  longer  time.  Also,  t  lie 
holes  that  occur  in  a  high  bottom  will  be  largely  avoided  if 
t  he  hott'Om  is  kept  low  and  clean , 

The  tap  hole  should  be  kept  large  and  low.  The  quicker 
the  steel  gets  into  the  ladle  the'  more'  heat  is  retained.  The 
shorter  the  spout,  the  better  it  is  for  ihv  same  reason .  Also 
a  tap  hole,  if  large,  will  not  clog  up  easily  if  rabbling  has  to  be 
done.  In  shutting  up  the  tap  hole,  magnesite  is  best  as  it  does 
not  l)urn  togetlier,  thus  making  a  hard  t ； ip.  Magnesit©  does 
not  l)oil  out.  as  is  the  danger  when  a  t a]>  hole  is  shut  with  grwi 
dolomite.  Hunied  dolomite  is  safely  used  tor  the  above 
|)urpo9e. 

These'  facts  are  j)rohably  known  to  inosi  melters,  but  unl"ss 
vigilance  is  constant  one  factor  is  apt  t o  overlooked.  For 
example,  the  bottom  may  be  low,  tap  hole  all  right,  but  tlie 
spout  not  being  made  up  smooth  at  the-  end  causes  the  stream 
to  spray  over  the  ladle,  thus 
losing  much  heat  and  causing  a 
skull  and  some  misrun  cast- 
ings. These  could  have  been 
avoided  if  the  spout  had  been 
made  carefully. 

The  addition  of  alloys  may 
be  made  in  the  bath  or  ladle. 
By  putting  the  alloys  in  the 
bath,  much  heat  is  saved.  This 
is  a  valuable  method  where  a 
furnace  is  working  cold  or  a 
heat  hrs  melted  low  and  there 
is  difficulty  in  getting  the  heat 
hot.  The  advantage  is  that  the 
additions  are  made  while  the 
flame  is  still  on  the  bath  and 
the  loss  of  the  heat  in  the  bath 
caused  by  dissolving  the  alloys 
can  be  regained.  The  objec- 
tions are  :  First,  that  a  larger 
amount  of  each  alloy  must  be 
added,  as  about  15  to  30  per 
cent,  goes  into  the  slag  this 
way.  Second,  that  the  silicon 
reacting  will  throw  back  the 
phosphorus  into  the  steel. 

The  second  method  of  put- 
ting the  additions  into  the  steel 
as  it  goes  into  the  ladle,  is,  in 
the  author's  opinion,  the  best. 
A  uniform  distribution  of  alloys 
is  attained  by  shovelling  the 
alloys  in  gradually.  If  the 
alloys  are  added  in  the  ladle  and 

they  are  first  raised  to  a  red  lieat,  the  steel  will  be  helped 
greatly.    This  is  especially  true  in  winter. 

After  the  heat  has  melted  and  the  limestone  boiled,  the 
heat  will  be  benefitted  by  allowing  it  to  soak  for  15  to 
30  minutes.  This  will  allow  any  slag  to  rise  and  also  much  of 
the  gases.  Ore  may  then  be  fed,  if  necessary,  or  if  the  heat 
is  ready,  it  remains  only  to  get  tlie  steel  liot. 

Sometimes  heats  will  melt  low,  and  if  one  is  hampe red  witli 
small  ladles  or  if  there  is  no  heavy  work  to  pour  it  iu,  it  is 
best  to  get  the  heat  ready  by  using  manganese.  This  will  not- 
add  much  metal  to  the  bath  and  it  is  a  good  substitute  for 
pig  iron.  Where  there'  are  large  ladles  tlie  writer  recoinnieuds 
working  the  heats  with  both  pig  iron  and  manganese.  Very 
little,  if  any,  ferro-silioon  should  be  used  instead  of  manga  m^f. 
as  the  silicon  mixes  with  the  slag  and  cuts  the  stopper  rod  off 
when  the  heat  is  being  poured.  Hot  metal  is  preferable  to 
cold  additions,  as  tlie  bath  is  not  then  chilled  by  the  addition. 

The  great  danger  in  working  stickers  is,  as  usual,  the 
working  of  the  slag.  The  slag  often  looks  thick  and  heavy, 
due  to  a  cold  bath .  The  mist  ake  is  made  constantly  of  adding 
too  much  fluorspar.  The  result  is  that  when  the  bath  begins 
to  pick  up  heat,  the  slag  turns  to  water.  Tf  the  heat  is 
t;i]>j>ed  with  the  slag  in  this  condition  and  it  takes  more  than 


30  minutes  to  pour,  the  steel  remaining  in  tlie  ladle  will  be 
lost,  as  the  stopper  rod  will  be  burnt  off  and  the  ladle  badly 
cut.  On  the  other  hand,  if  the  slag  is  watery  and  the  attempt 
is  made  to  thicken  it,  much  heat  will  be  lost  ami  〖nore  time 
consumed  before  it  will  be  ready  to  tap.  This  suggests  。"• 
rule,  "  add  fluorspar  sparingly  "  and  exj>en3ive  mistakes  will 
b©  avoided. 

If  the  slag  comes  too  quickly  and  the  additions  must.  1"、 
made  in  the  first  part  of  the  heat,  an  even  dist  ril>ul  ion  can 
be  obtained  by  rabbling  the  heat.  If  some  of  the  additions 
are  lost  in  the  slag  or  not  enough  have  been  put  in  tor  the  lieat, 
which  shows  signs  of  wildness,  a  simple  scheme  consists  of 
taking  a  number  of  sticks  of  aluminium  and  bending  a  tapping 
rod  around  them.  The  aluminium  is  then  thrust  to  tlie 
bottom  of  the  ladle,  stirred  around,  and  the  hat  li  ral>l>I^<l 
afterward  if  necessary.  There  is  hardly  a  lieat  that  cannot 
be  made  absolutely  quiet  by  this  means.  But  it  is  a  curat  ivr* 
treatmeni,  and  a  good  preventive  is  always  better. 

The  time  consumed  in  pouring  is  a  factor  in  determining 
the  size  of  the  heat.  Good  practice  demainl-  t  liat  a  lieat  oi" 
steel  should  be  poured  in  lees  than  60  minutes,  the  faster  t\\o 
better.    To  take  longer  than  that  length  of  time  results  in  a 
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reaction  between  the  steel  and  slag.  This  reaction  causes  ： 
(1)  Loss  of  silicon  and  a  gaiu  in  phosphorus  and  sulphur  in 
the  steel.  (2)  Steel  shows  wildness.  (3)  Skulling  of  ladle. 
(4)  Misrun  castings.  (5)  High  ladle  cost  due  to  cutting  of 
the  brick  by  the  slag.  (6)  The  stopper  rod  becomes  too  hot 
and  bending  causes  the  loss  of  the  remaining  steel. 

Again,  the  higher  temperature  required  to  pour  steel  from 
one  to  two  hours  causes  a  great  gain  in  occluded  gases  ami 
necessitates  an  increase  of  about  30  per  cent,  of  ferro-silicon  to 
mak 、？  it  as  quiet  as  when  a  lower  temperature  is  U9ed. 

Tlie  use  of  spar  seems  also  to  make  the  steel  less  responsive 
to  the  quieting  action  of  silicon  as  the  fluorine  seems  to  be 
absorbed  by  tlie  steel.  The  writer  has  noticed,  when  pouring 
a  test,  that  after  much  spar  has  been  used,  the  steel  gives  off  a 
smoky  gas  of  the  same  appearance  as  when  fluorspar  is  added 
to  the  bath.  If  this  is  true,  the  action  of  fluorspar  cannot  be 
beneficial  to  t he  steel  wlien  added  in  large  quantitios. 


Fatal  Explosion  on  a  French  Battle-ship. ― Through  the  burst- 
ing of  a  condenser  on  board  tlie  French  battle-ship  "  Massena 
at  Toulon  on  Monday  last  eight  men  were  killed  and  a  munWr 
of  others  injured. 
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DEVELOPMENTS  IN  MACHINE  TOOL  DESIGN. 

During  the  past  ten  y(';irs  considerable  clianges  have'  taken 
place  in  machine  tool  design,  due  mainly  to  the  introduction 
of  liigh-speed  cutting  tools.  An  interesting  review  of  the 
progress  made  during  tliis  period  is  contained  in'  the  report 
of  tli©  Sub-committ©&  on  Machine  Shop  Practice  appointed 
l>v  tlie  American  Society  of  Mechanical  Engineers,  which  was 
presented  at  a  recent  meeting  of  the  society,  and  of  which 
the  following  is  an  abstract. 

While  the  increased  capacity  of  machines  which  followed 
in  the  wake  of  the  application  of  high-speed  steel  was  directly 
instrumental  in  bringing  about  such  increases  in  th-e  weight 
of  machines,  the  result  has  been  beneficial,  not  only  in 
increased  production  but  in  accuracy  of  product,  because  of 
greater  rigidity  and  consequent  better  preservation  of  align- 
ment. Progress  lias  also  been  made  in  the  methods  of 
erecting  machinery.  Witli  large  size  machines  the  founda- 
tion plays  a  most  important  part  in  the  accuracy  of  the  work 
produced.  For  instance,  the  provision  of  a  massive,  well- 
built  foundation  for  large  planing  machines  is  imperative. 
When  not  provided,  the  weight  of  the  machine  and  work 
must  inevitably  cause  settling  and  springing  out  of  shape. 
Every  mechanic  knows  that  such  a  disturbance  of  the'  founda- 
tion affects  the  alignment,  which  means  that  the  work  pro- 
duced on  the  machine  will  be  inaccurate.  The  elimination 
of  defective  action  due  to  want  of  support  and  the  increased 
mass  and  rigidity  have  in  the  ca6©  of  planing  machines 
resulted  in  the  production  of  plane  surfaces  closely  approach- 
ing theoretical  planes  when  the  work  itself  affords  the  neces- 
sary rigidity  and  uniformity  of  section  -  Hence,  hand  scrap- 
ing to  perfect  alignment  is  not  so  necessary  as  it  was  a  few 
years  ago,  and  it  may  be  said  that  on  some  classes  of  work 
scraping  is  now  largely  more  of  an  ornamental  than  a  correc- 
tive process.  On  high-grado  machines,  however,  scraping  or 
grinding  probably  will  continue  to  be  necessary  to  correct 
inaccuracies  of  surface  and  alignment. 

The  subject  of  electric  motor  drives  was  given  much 
prominence  in  discussions  of  machine  shop  practice  a  few 
years  ago,  the  bias  being  generally  in  favour  of  individual 
motor  drive.  While  subsequent  experience  has  shown  that 
the  direct-connected  electric  motor  has  certain  limitations 
and  disadvantage's  for  some  classes  of  work,  it  has  also  shown 
that  the  same  results  and  efficiency  cannot  be  obtained  with 
the  group  system  of  driving  modern  designs  of  machine  tools. 
The  investment  in  motors  is  less  with  the  group  system,  but 
th©  flexibility  of  the  independent  drive  is  lost.  When  a 
machine  driven  by  an  independent  motor  is  properly 
equipped  for  easy  handling  increase  of  production  over  that 
of  the  same  machine  in  a  group  system  is  practically  ensured . 
One  machine  tool  builder  has  found  it  a  good  rule  to  apply 
independent  motors  wherever  the  power  requirement  is  5  h.p. 
or  more.  Hardened  steel  gears  in  the  driving  train  reduce 
gear  troubles  bo  a  minimum.  When  the  character  of  work  is 
constantly  changing  and  new  groupings  of  machines  are 
required  from  time  to  time,  the  individual  drive  is  a  great 
advantage. 

Progress  has  been  made  in  the  development  of  automatic 
and  semi-automatic  machines  for  the  production  of  duplicate 
parts  from  bar  stock,  iron  and  brass  castings.  Many  special 
fixtures  have  been  designed  for  automatic  screw  machines, 
which  have  widened  their  scoj>e  to  include'  a  great  vari&ty  of 
small  parts  on  which  a  number  of  operations  must  b©  per- 
formed before  cutting  off  from  the  bar,  such  as  small  spiral 
gears,  capstan  screws,  &c.  The  cost  of  production  is  so 
greatly  reduced  that  these*  machines  are  generally  applied 
where  the  quantity  of  work  to  be  produced  warrants  the  cost 
of  installation  and  tool  maintenance. 

The  turning  and  planing  tools  in  many  shops  are  now 
ground  to  standard  shapes  in  the'  tool  room  on  special  tool 
grinding  machines.  This  method  not  only  saves  the  time  of 
tlie  machine  tool  operator,  but  ensures  the  grinding  of  all 
tools  to  the  correct  form,  and  it  also  saves  what  is  of  greater 
value ~ the  loss  of  the  productive  time  of  the^  jnacliiiie  tool. 
The  stock  of  tools  required  for  a  shop  is  also  niucli  smaller. 

The  important  questions  of  speed  and  feed  in  connection 
with  machining  operations  have,  during  recent  years,  been 
carefully  studied  by  many  superintendents  and  foremen  who 
formerly  relied  entirely  on  the  judgment  of  the  workmen, 


which  was  sometimes  good  and  sometimes  bad.  Speeds  and 
feeds  are  fixed  in  the  planning  department  and  are  ba»e<J  on 
the  power  of  the  machine  and  character  of  the  metal. 

More  thought  is  now  given  to  the  selection  of  maciiine 
tools  for  various  classes  of  work.  A  few  years  ago  many  shop 
foremen  used  a  certain  type  of  machine  for  a  given  class  of 
work,  because  that  type  had  always  been  u&ed  for  that  pur- 
pose. It  seems  that  there  is  much  less  conservatism  to-day 
and  precedent  does  not  count  for  as  much  as  it  did  a  few 
year?  ago.  Tlie  tendency  is  to  design  the  machine  for  the 
work  instead  of  adapting  the  work  to  the  maciiine  equipment. 

Machine  parts  are  now  carefully  inspected  in  many  shop's 
by  an  independent  inspection  department,  whereas  formerly 
the  only  check  on  the  accuracy  of  machined  work  was  in  the 
erecting  department ~ if  everything  could  be  assembled,  the 
work  was  considered  satisfactory.  The  more  exacting  require- 
ments of  recent  years,  however,  made  necessary  the  general 
adoption  of  a  rigorous  system  of  inspection.  Thorough  inspec- 
tion and  testing  are  necessary  features  of  interchangeable 
manufacturing  methods  ；  tools  and  systems  have  become  highly 
specialised.  Another  improvement  in  shoo  practice  worthy 
of  mention  is  the  more  generous  use  of  cooling  mediums  on 
cutting  tools,  and  the  provision  of  distribution  systems  from  a 
central  reservoir. 

The  up-to-date  foreman  or  superintendent  has  come  to 
realise  that  the  efficiency  of  his  shop  depends  largely  on  tlie 
amount  of  attention  given  to  the  little  things.  The  furnishing 
of  proper  clamps  and  bolts  to  machine  tool  operators  is  a  case 
in  point.  Poor  bolts  and  warped  clamps  around  a  machine 
often  double  the  time  required  for  setting  up  work.  At  the 
present,  most  shops  are  equipped  witli  proper  clamping 
facilities  and,  in  many  cases,  clamps  of  the  right  shape  and 
bolts  of  the  right  length  are  furnished  for  each  particular  job, 
along  with  the  other  tools,  such  as  cutters,  reamers,  &c. 

More  attention  is  given  to  the  relative  location  of  tools  in 
the  shop  in  order  that  all  machining  operations  can  be  per- 
formed with  no  unnecessary  handling  of  the  work,  the  aha 
being  to  finish  parts  by  advancing  them  from  one  tool  to 
another  in  a  direct  line  without  any  see-sawing  or  useless 
movements.  Shops  are  constructed  so  that  the  light  will  be 
properly  diffused,  which  makes  it  easier  for  the  machinist  to 
do  accurate  work  and  reduces  the  amount  of  spoiled  work.  The 
physical  comfort  of  the  workmen  is  also  receiving  more  and 
more  attention. 

High-speed  steel  has  been  substituted  for  carbou  steel  in 
the  manufacture  of  twist  and  flat  twist  drills  with  marked  im、 
provenient  in  capacity.  The  speed  of  driliing  has  been 
increased  two  or  three  times,  if  not  more.  The  drilling  】na- 
chine,  the  most  common  machine  tool,  has  been  re-designed 
to  meet  the  new  requirements,  and  so  rapid  are  some  of  the 
most  highly  developed  machines  on  the  market  that  holes  can 
be  drilled  in  boiler-plate  quicker  than  they  can  be  punohe<l. 
Multiple  drilling  machines  with  2  to  50  or  more  drills  in 
operation  simultaneously  have  been  developed.  Inverted 
drilling  】iiacliines  with  which  the  capacity  of  drills  is  increase<l 
largely  because  of  the  rapid  clearing  of  chips  from  the  holes 
are  being  used  with  satisfaction,  also  】miltiple  drilling  ma- 
chines working  in  several  planes  siinultaneouslv,  making 
feasible  the  drilling  and  reaming  of  all  holes  in  machine  parts 
such  as  automobile  cylinders  at  one  operation.  Another 
development  is  the  rotary  table  semi-automatic  drilling  ma- 
chines which  relieve  the  operator  of  lifting  and  lowering  the 
spindle  and  engaging  and  disengaging  the  feed. 

A  minor  improvement  of  inacliine  shop  equipment  which 
has  increased  the  productive  capacity  of  single-spindle  drilling 
machines  is  the  so-called  roller  grip  drill  rlixick  which  enables 
the  operator  to  insert  and  remove  drills,  reamers,  counter- 
bores,  and  other  tools  without  stopping  the  spindle.  These 
chucks  are  useful  for  certain  kinds  of  work  requiring  drilling, 
reaming,  and  counterboring  operations.  In  tlie  same  connec- 
tion, mention  should  be  made  of  tapping  altarhments,  stud 
setting  cliucks,  drill  speeders,  and  similar  attachments  whioli 
improve  the  working  range  of  drilling  iiiacliines. 

The  need  of  the  old  st  \  le  reversing  coimtersliaft  has  1>een 
oliiniiiated  from  drilling  inarlunes  bv  autoni.itir.illv  reversing' 
tapping  attachments,  antoinatically  opening  stud -setters,  and 
many  screw-tbreading  operations  are  now  performed  on  drill 
presses  with  special  forms  of  automatically  opening  dies,  at  a 


January  10,  1913] 


THE    MECHANICAL  ENGINEER. 


great  saving  over  the  former  method  of  churking  the  work  on 
a  turret  lathe. 

The  i»nprovenienis  in  lathes  liave  been  chiefly  in  matters  oi 
strength,  power,  and  details  of  construction.  Spiiidles  nve 
made  larger  and  are  supported  in  longer  bearings,  improve- 
ments have  been  made  in  carriages,  tailstocks,  tool  rests,  apron 
mechanism,  stops,  ways,  spindle  noses,  gear  boxes,  change 
gear  and  feed  niechanisins,  &c.  Three-stop  cone  pulleys  and 
double  back  gear  headstocks  have  been  widely  adopted  for 
higli-power  rapid  reduction  lathes,  this  construct  ion  providing 
a  wide  range  of  speeds  with  simple  and  eflicient  mechanisiii. 
Quick  cliange-gear  mechanisins  which  enable  the  selection  of 
gear  combinations  for  screw  thread  cutting  to  be  made  practi- 
cally instantaneous  have  been  generally  provided  by  latlie 
builders. 

A  remarkable  increase  of  efficiency  has  been  made  in  loco- 
motive driving  wheel  and  car  wheel  lathes.  Ten  years  ago, 
turning  tlie  tyres  of  two  pairs  of  drivers  was  a  good  clay's  work, 
and  most  railway  shops  did  much  less.  High-speed  steel  has 
worked  perhaps  on©  of  its  greatest  triumphs  in  this  field.  Tyre 
turning  lathes  have  been  developed  to  equal  the  capacity  of 
the  best  steels  and  the  productive  capacity  has  been  increased 
to  eight  or  ten  pairs  of  drivers  a  day.  The  increase  of  capacity 
of  steel  tyre  car  wheel  lathes  is  even  more  marked,  having  been 
raised  from  five  or  six  pairs  to  18  or  20  pairs  a  day. 

A  weak  feature  of  planers  and  a  serious  limitation  to  the 
power  of  large  planers  is  the  common  shifting  belt  reversing 
mechanism.  On  small  planers  even  the  shifting  belts  are 
objectionable  because  of  slipping  and  the  characteristic  squeak- 
ing noises,  but  on  large  planers  their  fault  is  of  more  serious 
nature.  Wide  belts  necessary  to  transmit  the  required  power 
at  practical  speeds  cannot  be  shifted  from  the  tight  to  the 
loose  pulleys  and  vice  versa  quickly.  Clutches  of  various 
designs  are  used  with  varying  degrees  of  success.  The,  revers- 
ing electric  】notor  direct  connected  to  the  planer  drive  haa 
been  developed  to  the  point  that  makes  its  success  assured. 
Probably  this  change  of  drive  is  the  most  marked  improvement 
in  planers  made  in  recent  years.  Many  details  have  been  im- 
proved and  the  greater  strength  and  rigidity  of  the  modern 
planer  coupled  with  excellent  workmanship  ensures  accurate 
work. 

A  change  in  the  machines  for  producing  plane  surfaces  has 
been  going  on  gradually  but  surely.  Planers,  shapers,  and 
slotting  machines  are  being  displaced  by  various  types  ot 
nulling  machines  in  manufacturing  plants.  As  plants  change 
from  a  building  to  a  manufacturing  basis  the  superiority  of 
the  milling  machine  as  a  manufacturing  machine  gives  it  the 
preference.  The  development  of  coarse-pitch  teeth  milling 
cutters  and  of  face-milling  machines  are  two  of  the  marked 
improvements.  Single-pulley  drive  with  which  the  maximum 
power  capacity  of  a  given  width  belt  can  be  transmitted  to 
the  machine  irrespective  of  the  work  spindle  speed,  and  geared 
speed  boxes  giving  a  wide  range  of  positive  speeds  are  other 
important  changes  in  design.  The  vertical  spindle  milling 
machine  has  been  developed  to  a  high  plane  of  efficiency, 
especially  for  small  work.  Rotary  table  machines  with  quick 
action  clamping  devices  revolving  continually  while  the 
operator  places  the  work  in  position  and  removes  the  finished 
parts，  are  coming  into  extensive  use. 

The  boring  mill  has  taken  a  commanding  place  as  a  ma- 
chine tool  for  both  light  and  heavy  work.  When  equipped 
with  turret  heads  and  a  proper  complement  of  tools  its  produc- 
tive capacity  has  been  made  second  to  none.  Convenience  of 
operation,  economy  of  floor  space,  compactness  of  design, 
adaptability  to  use  of  lubricants  on  cutting  tools,  are  some  of 
the  advantages  of  this  machine  which  have  been  emphasized 
in  the  new  designs  brought  out  iii  recent  years.  The  horizontal 
boring  machine  of  the  bed  and  carriage  type  which  has  been 
developed  practically  within  the  past  10  years  partakes  of  the 
characteristics  of  the  lathe,  milling  machine  and  boring  mill, 
and  in  the  improved  designs  is  superior  to  any  one  for  certain 
classes  of  work.  One  of  many  uses  to  which  it  is  devoted  is 
that  of  boring  jigs  and  fixtures  for  interchangeable  produc- 
tion. But  not  only  is  it  useful  for  jig  making,  but  it  is 
peculiarly  well  suited  for  manufacturing  machine  parts  inter- 
changeably without  the  use  of  jig?.  This  important  fact 
enables  machine  tools  and  similar  high-grade  machines  to  he 


economically  produced  on  tlie  intenhangeahle  plan  during  tho 
very  active  period  of  developing  the  design. 

Magnetism  For  holding  stcol  and  iron  |"ii，，  ！'  i  二 'rimlm 二'， 
planing  and  turning  operations  has  been  made  useful, 
especially  for  thin  parts  that  are  easily  sprung  out  of  shape 
by  ordinary  clamping  means.  Magnetic  grinding,  planiu"', 
； uul  lathe  chucks  have  come  into  common  use  in  [>lants  ha vin^ 
up-to-date  equipment. 

The  surface  grinder,  especially  the  vertical  spindle  type, 
has  made  great  strides  in  the  last  few  years.  The  improve- 
ments in  cylindrical  grinding  methods  are  also  worthy 
of  mention,  especially  the  use  of  the  heavy  duty  griii'"'r 
for  removing  stock  formerly  removed  by  a  second  or  finisliin^- 
cut  in  a  ]  at  lie.  Grinding  stock  from  t  lu»  rou^li  as  in  the 
finishing  of  drop  forged  crank  shafte  is  also  a  good  exam 
pie  of  modern  practice.  The  stage  has  been  reached  in 
cylindrical  grinding  practice  which  places  the  cylindrical 
grinding  machine  on  a  co-ordinate  basis  with  the  lathe  as  a 
tool  for  finishing  cylindrical  work. 

A  feature  of  cylindrical  grinding  machines  which  has 
greatly  increased  productive  capacity  in  multiple  diameter 
work  is  the  stop  bar  or  semi-automatic  measuring  attachment 
which  enables  sliouldered  sliafts,  ^vc,  to  be  duplicated  without 
measurement.  Machines  for  internal  grinding  of  non-revol- 
ving work  with  planetary  spindles  provides  for  tlie  economical 
and  accurate  sizing  of  engine  cylinders  and  other  parts  difTi- 
oult  to  rotate.  Vertical  grinding  machines  and  rotary  work 
tables  utilising  magnetic  chucks  or  other  quick  action  clamp- 
ing means  for  quickly  securing  and  releasing  the  parts  to  be 
ground  have  come  into  extensive  use  for  high-grade  inter- 
changeable manufacturing.  The  development  of  the  disc 
grinder  from  a  mere  smoothing  machine  to  a  place  as  a  power- 
ful machine  tool  of  great  capacity  for  finishing  plain  and 
curved  castings  from  the  rough  is  one  of  the  most  interesting 
phases  of  modern  practice. 

The  development  of  jigs  and  fixtures  for  interchangeable 
manufacturing  has  been  remarkable.  The  expansion  of  auto- 
mobile manufacture  has  been  enormous,  and  most  of  the  lead- 
ing concerns  employ  jigs  and  fixtures  exclusively,  thus  ensur- 
ing interchangeability,  low  production  cost  and  systematic 
production.  Many  improvements  have  been  made  io  the  way 
of  clamping  devices,  standarisation  of  bushings,  handles, 
levers,  frames,  &c.，  too  numerous  to  mention  specifically.  Tool 
making  has  been  developed  on  manufacturing  lines,  and  in 
fact  several  concerns  specialise  on  the  making  of  tools,  jigs, 
fixtures,  punches,  and  dies,  and  produce  them  exclusively  for 
manufacturing  plants. 

The  demands  of  automobile  users  for  quiet  running  gears 
have  imposed  on  gear  makers  conditions  very  difficult  to  meet. 
The  limits  of  error  in  shape  and  spacing  of  teeth  have  been 
greatly  reduced  and  coupled  with  the  necessity  of  making 
highly  accurate  gears,  often  has  been  that  of  producing  them 
from  tough  alloy  steels  heat  treated  after  cutting  the 
teeth.  Hardened  and  case-hardeiied  gears  are  also  demanded 
with  minimum  limits  of  error.  The  planing  process  has  been 
generally  substituted  for  milling  in  the  manufacture  of  liiijli 
grade  bevel  gears,  thus  producing  theoretically  correct  tooth 
shapes  instead  of  the  approximation  possible  only  by  the 
former  milling  cutter  process. 

Gear  bobbing  machines  have  been  widely  adopted  for 
cutting  spur  and  spiral  gears,  because  of  the  greatly  increased 
capacity  and  simplicity  of  operation.  Machines  and  methoils 
of  cutting  the  teetli  of  integral  herringbone  gears  cheaply  liavo 
been  developed,  thus  making  this  form  of  gear  available  for 
machinery  generally  in  which  it  has  not  been  commonly  used 
because  of  high  cost  of  the  two-part  type.  The  demand  of 
automobile  users  for  noiseless  gears  has  led  to  grinding  the 
teeth  of  gears  after  hardening  to  correct  form  and  form  grin<I- 
iug  generally,  including  splined  shafts  for  automobile  change 
gear  shafts  and  similar  parts.  Progress  has  been  effected  in 
the  making  of  gears  by  the  hot  rolling  process,  producing  them 
thus  with  a  niinimum  waste  of  material  and  of  exceptional 
physical  characteristics. 

The  design  and  manufacture  of  small  tools  have  been  im- 
proved principally  in  details.  There  has  been  a  tendency  to 
decrease  the  number  of  teetli  of  milling  cutters,  making 
possible  heavier  roughing  cuts  with  proportionately  less  ex- 
penditure of  power.  While  the  extreme  coarse  spacing  of  the 
teeth  advocated  by  some  leading  engineers  has  nob  been  gene- 
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rally  adopted,  all  】nanufacturers  of  milling  cutters  have  to 
some  extent  modified  the  tooth  spacing  of  their  cutters. 
Several  special  milling  cutters  with  inserted  teeth  have  also 
been  proposed,  and  to  some  extent  adopt&d.  The  tendency  has 
been  towards  the  design  of  easily  adjusted  removable  blade 
type  reamers,  and  several  satisfactory  designs  have  been 
brought  out.  The  flat  twisted  high-speed  steel  drill  has  been 
commercially  developed  and  several  modifications  of  it  have 
been  placed  on  the  market.  The  main  progress  in  tap  making, 
perhaps,  has  been  towards  a  more  satisfactory  shape  of  the 
flute,  and  several  tap  makers  have  made  experiments  in  this 
direction. 

In  general  there  has  been  an  attempt  to  design  inserted 
cutter  tools  to  a  greater  extent  than  formerly.  This  activity 
has  been  prompted  largely  by  the  high  price  of  high-speed 
steel  whicli  lias  ltiade  it  necessary  to  make  the  cutters  only  from 
this  material,  while  the  body  and  shanks  of  the  tools  are  made 
of  machine  steel.  Many  experiments  have  been  made  to  find 
the  steels  best  adapted  for  a  given  service  and  the  best  heat 
treatment  for  the  selected  steels.  Improvements  have  been 
made  in  the  tangs  of  twist  and  flat  drills  adding  strength  suffi、 
cient  to  enable  them  to  stand  up  to  the  requirements  of  high- 
speed drilling  and  drilling  machines. 

During  the  past  10  years  the  micrometer  has  become  a 
measuring  tool  of  general  use.  Many  shops  supply  them  from 
the  tool  rooms  on  the  workman's  checks.  As  the  result  of  the 
general  use  of  the  micrometer,  T^Lnin.  has  become  the  unit 
of  measurement  for  fixing  limits,  and  a  limit  of  0-00025in.  is 
not  uncommon  in  grinding  operations.  Not  only  is  there  a 
great  advantage  in  the  matter  of  accuracy  in  the  use  of  micro- 
meters over  the  old  style  of  calipers  set  to  a  scale,  but  there  is 
a  considerable  saving  in  time  through  their  use,  both  in  the 
matter  of  setting  to  size  and  in  eliminating  the  element  of 
uncertainty,  permitting  the  workman  to  proceed  with  his  work 
with  greater  confidence. 

The  changes  in  brass  working  are  principally  in  the  develop- 
ment of  automatic  and  semi-automatic  machines  for  machin- 
ing standard  parts  made  in  large  quantities.  Some  of  the 
machines  have  effected  great  reductions  in  cost,  cutting  in 
some  cases  the  labour  cost  to  one-fifth  or  less  of  that  before 
the  change  was  made.  Carbon  steel  tools  still  have  the  call  in 
some  plants  in  preference  to  high-speed  steel  tools  ；  carbon  steel 
holds  a  keener  edge  and  is  generally  more  satisfactory  for 
working  the  brass  used  in  the  manufacture  of  globe  valves, 
cocks,  &c.  It  is  claimed,  however,  that  much  of  the  difficulty 
experienced  in  using  high-speed  steel  on  work  of  this  character 
is  due  to  improper  heat  treatment  of  the  high-speed  steel,  and 
this  contention  seems  to  be  borne  out  in  practice,  as  certain 
shops  doing  brass  work  of  this  character  are  using  high-speed 
steel  exclusively. 

Chucks  operated  by  compressed  air  have  made  a  great  im- 
provement in  the  operating  efficiency  of  brass  lathes.  The 
work  can  be  chucked  and  removed  without  stopping  the  work 
spindle,  thus  saving  the  time  and  strength  of  the  operator. 
The  development  of  the  air  chuck  has  taken  place  chiefly 
within  the  past  few  years,  and  it  is  one  of  the  principal  im- 
provements made  in  hand-operated  turret  lathes. 

Press  working  machines,  punches,  dies,  and  other  tools 
have  developed  to  an  extent  not  generally  realised  by  engi- 
neers in  lines  not  effected.  Here  again  the  development  of 
highly  specialised  methods  of  manufacturing  automobiles  has 
had  a  marked  influence.  Crank  presses  of  1,000  tons  capacitv 
are  in  use.  Pressed  metal  forms  of  large  size  are  a  common- 
place. But  not  only  has  the  development  been  remarkable 
in  point  of  size,  but  also  in  detail  of  manipulation.  Parts 
requiring  several  operations,  for  example,  are  turned  out  by 
multiple  plunger  presses,  one  finished  piece  being  formed  at 
every  stroke. 

An  interesting  feature  of  press  work  is  that  shapes  are 
produced  impossible  of  duplication  by  any  other  known  pro- 
cess. In  this  respect  press  work  differs  from  most  other  machin- 
ing processes }  it  is  possible  to  duplicate,  lor  example,  lathe 
or  planer  work  by  hand  tools,  but  not  so  many  drawing  and 
forxiiiiig  operations  in  daily  use.  A  branch  of  press  work  libtle 
known  is  the  extrusion  of  shells,  tubes,  collapsible  tubes,  &c.， 
of  copper,  brass,  and  alloys.  Extrusion  of  bars  in  many  shapes 
used  in  manufacturing  locks,  small  machines,  &c"  has  become 
a  large  industry  which  has  been  largely  developed  in  recent 
years.    The  possibilities  of  extrusion  are  practically  unlimited, 


and  this  process  in  common  with  other  metal  working  methods 
extensively  used  has  an  important  effect  on  the  practice  of 
shops  using  the  shapes  in  their  products. 

Finishing  processes  are  important  in  giving  attractiveness 
to  manufactured  goods.  Hand  methods  are  slow  and  costly 
and  the  natural  tendency  is  to  use  automatic  mechanical 
methods  for  finishing  as  well  as  for  making  One  process  of 
considerable  interest  because  of  its  simplicity  and  effectiveness 
is  the  steel  ball  burnishing  method,  consisting  essentially  of  a 
tumbling  barrel  partly  filled  with  the  articles  to  be  finished 
and  a  mass  of  hardened  steel  balls  of  various  sizes. 

The  development  of  oxy-acetylene  and  oxy-hydrogen  weld- 
ing and  cutting  torches  has  given  the  industrial  world  truly 
remarkable  tools  for  building  up  or  cutting  apart.  The 
welding  of  sheet  metals  is  accomplished  with  speed  and  even- 
ness hardly  possible  by  any  other  process,  and  the  cutting  of 
steel  or  wrought  iron  is  done  close  to  the  line  and  with  such 
rapidity  as  to  equal  or  exceed  the  performance  of  any  ma- 
chine tool  adapted  for  the  same  work.  Recent  improvements 
make  possible  the  cutting  of  all  manner  of  shapes  from  steel 
plates  up  io  6in.  thickness  so  close  to  the  outline  of  the  pattern 
that  a  light  finishing  cut  suffices  to  transform  the  piece  into  a 
finished  die. 

Time  and  space  will  not  permit  going  much  more  into 
detail,  and  the  following  are  enumerated  without  elaboration  ： 
Introduction  of  ball  bearings  in  the  construction  of  machine 
tools,  effecting  a  saving  of  power,  increasing  the  efficiency  of 
operation  and  capacity  through  reduction  of  bearing  widths  : 
development  of  cam  grinding  machinery  and  attachments 
making  possible  the  rapid  and  economical  production  of  cam- 
shafts having  cams  integral  with  the  shaft  :  development  of 
the  dynamic  balancing  and  the  general  recognition  of  the  need 
of  dynamic  balancing  for  high-speed  revolving  parts  ；  artifi- 
cial production  of  highly  efficient  abrasives  or  cutting  particles 
for  grinding  wheels  and  improvements  in  grinding  wheel 
manufacture  ；  development  of  improved  lubricating  systems 
for  machine-tool  bearings  :  development  of  machine  tools  to 
their  utmost  capacity  by  providing  means  for  working  the 
tools  all  the  time,  employing  extra  men  to  prepare  work  and 
also  by  tooling  the  machines  to  bring  them  up  to  their  high* 
est  productive  capacity  ；  development  of  spline  milling  ma- 
chines for  cutting  keyways,  key  slots,  drift  holes,  cam  grooves, 
recesses,  &c.  ；  finishing  square,  hexagon  and  other  shape  holes 
by  the  broaching  process,  ensuring  intercbaiigeability  and 
rapid  production  at  low  cost. 


Corrosion  of  Monel  Metal. 一 According  to  experiments  made 
at  the  laboratory  of  the  Board  of  Water  Supply,  New  York 
City,  Monel  metal  possesses  about  the  same  resistance  to 
corrosive  action  as  the  better-known  bronzes,  while  in  these 
tests  it  had  the  additional  advantage  that  it  presented  the 
least  change  in  appearance  as  a  result  of  the  corrosive  action . 
Specimens  of  several  bronzes,  Monel  metal,  and  steel  were 
weighed  and  embedded  in  rich  earth,  which  was  kept  wet  for  6 
months  by  periodical  additions  of  very  dilute  solutions  of 
corrosive  salts.  At  the  end  of  the  test  period,  all  of  the 
specimens  were  taken  out,  scrubbed,  dried,  and  weighed  to 
ascertain  the  comparative  loss  from  corrosion .  The  results 
in  percentage  of  loss  were  as  follows  ：  Phosphor-bronze,  0*09  ； 
Tobin  bronze,  0*11 ;  Monel  metal,  0'12  ；  Parsons  mangauese- 
bronze,  0*12  ；  Muntz  metal,  0*33  ；  and  steel,  1*04. 

American  Society  of  Mechanical  Engineers  to  Visit  Germany. ― 
Arrangements  have  been  made  for  the  American  Society  of 
Mechanical  Engineers  to  hold  a  joint  meeting  with  the 
Verein  Deutscher-Ingenieure  in  Germany  during  the  coming 
summer.  The  American  visitors  will  arrive  in  Hamburg  on 
June  21st,  and  after  inspecting  the  shipyards  will  proceed  to 
Leipzig.  There,  at  the  formal  opening  of  the  meeting,  two 
addresses  will  be  given,  one  by  a  representative  of  the 
German  and  the  other  by  a  representative  of  the  American 
Society,  on  general  subjects,  such  as  the  history  of  engineer- 
ing, the  relations  of  capital  and  labour,  and  the  effect  of 
technical  education  on  industry.  On  the  following  day  tech- 
nical papers  will  be  discussed.  The  party  will  then  start  on 
a  tour  lasting  about  a  fortnight  through  industrial  Germany, 
the  places  to  be  visited  iucluding'  Dresden,  Berlin,  Diisseldorf, 
Cologne,  Frankfurt  a/M.，  Niirnbersr,  and  Munich.  It  is 
expected  that  the  Krupp  works  at  Essen  will  be  opened  for 
their  inspection. 
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USE  OF  COMPRESSED  AIR  IN  FOUNDRY  PRACTICE.* 

HY  ARTHUR  K.  MURHAY. 

It  is  not  the  purpose  of  this  paper  t'o  present  a  scienliiic 
treatise  on  compressed  air,  or  a  mass  of  figures  as  to  costs  of 
operation  and  resultant  savings.  These  ；) re  so  depfMident  (m 
indiviHual  conditions  that  figures  drawn  from  general  st;"('- 
ments  would  be  of  little  value.  I  shall  merely  attempt 
to  outline-  the  uses  to  which  compressed  air  is  put  by  t  ho 
wide-awake  foundry  man.  It  may  be  well  to  list  the  more 
important  uses  for  compressed  air  in  the  foundry-  friicy 
include :  Air  hoists ；  pneumatic  elevators  ；  pneuinatic  cuj>ola 
charging  machines ；  fuel  oil  systems  ；  core  carriage  hauling 
devices  ；  core  sand  preparalioii  (pneumatic  riddles)  ；  co re- 
making machines  ；  moulding  machines  ；  pneumatic  rammers  ； 
pneumatic  moulding  sand  sifters  or  riddles  ；  blow  guns  ； 
spraying  devices  ；  pneumatic  cliippers;  sand  blasts,  high  or 
low  pressure  ；  sand  blast  tumbling  barrels. 

The  air  elevator  is  u&e<l  frequently  in  place  of  lli" 
hydraulic  elevator  for  sand  pits  or  other  places  where  the 
hydraulic  elevator  would  require  tlia  installation  of  long 
lines  of  large  piping,  expensive  pump  installations,  and 
troubles  from  freezing.  It  is  simple,  cheap,  and  effective, 
although  not  to  be'  recom mended  for  t  lie  continuous  service 
of  the  cupola  stage.  Where  the  lift  is  long,  indirect  air 
elevators,  similar  to  the  indirect  hydraulic  elevators  used  in 
office  buildings,  are  frequently  employed. 

A  great  many  foundries  use  fuel  oil  for  skin  drying, 
Tiielting  furnaces,  core'  ovens,  &c.  Tlie  air  displacement 
system  is  a  simple  means  of  transporting  this  from  the  place 
of  sfcorag©  to  the  place  of  use'.  In  this  system  air  is  not 
applied  directly  to  the  storage  tanks,  but  alternately  to  two 
small  pressure  tanks  winch  receive  tlieir  supply  of  oil  by 
gravity  from  the  main  storage  tanks.  Simple  cross-over 
valves  are  used,  and  are  changed  over  once  or  twice  a  day, 
usually  by  hand,  but  sometimes  automatically. 

The  core- room  is  often  a  neglected  part  of  an  otherwise 
up-to-date  plant.  Therefore,  opportunities  for  savings  are 
usually  good.  If  core  costs  can  bei  sufficiently  reduced,  tlie 
entire  moulding  practice  may  be  radically  changed,  coring 
taking  t\w  place  of  difficult  pockets,  loose  part  work,  or 
multiple  part  flasks.  Jolt  machines  for  making  cores  are 
meeting  with  increasing  favour.  For  success  on  cor©  jolt 
machines,  boxes  must  be  substantially  built  or  they  will  be 
knocked  to  pieces.  But  the  cost  of  a  well-built  core  box  is 
little  more  than  that  of  a  poorly  built  one,  and  tlie  use  of 
core  jolt  machines  will  reduce  most  core  costs  25  to  50  per 
cent. 

One  of  the  most  remarkable  changes  in  foundry  practice 
during  the  past  five  years  has  been  caused  by  the  general 
adoption  of  the  jarring  machine,  jolt-rammer,  bumper,  or 
bouncer,  as  it  is  variously  termed  by  makers  and  users.  No 
other  single  type  of  moulding  machine  is  applicable  to  as 
wide  a  range  of  work,  or  requires  as  little  special  pattern  and 
flask  work. 

One  of  the  most  essential  requirements  for  the  profitable 
operation  of  jarring  machines  is  efficients  crane  service. 
Nothing  will  show  up  the  crane  service  like  the  presence  of 
a  good -sized  jarring  machine  on  the  moulding  floor.  Tneffi- 
rient.  crane  service  in  a  hand-moulding  foundry,  of  i'。urs('， 
"leans  idle  time  for  the  moulder,  but  he  will  usually  not  make 
nnu'li  of  a  row  about  that.  When  the  jarring  machine 
comes  in,  the  foreman  and  manager  are  watching  it,  and 
delays  caused  by  the  crane  are  quickly  noted.  In  properly 
operating  the  jarring  machine,  moulds  are.  set  up  on  the 
floor,  clamped,  picked  up  by  tlie  crane,  carried  to  tlie 
machine  and  rammed,  picked  up  again  and  turned  over,  ami 
then  carried  to  the  finishing  floor  by  tfie  crane.  In  (•(>! 卜 
，it'  ti(m  with  the  jar-ramming  machine  in  our  foundry,  I 
have  found  it  profitable'  to  install  5-ton  in(lepen<l('nt  high- 
speed  auxiliary  hoists  on  each  of  the  two  60ft.  travelling 
cranes,  as  well  as  in  a  2 -ton  electric  jib  crane  and  an  8in. 
air  hoist . 

The  jarring  machine,  though  covering  a  wide  range  of 
work,  is  not  a  universal  panacea  for  high  costs  and  poor 
castings.  For  speciality  work  the  plain  hand  squeezer  、vit'i 
vibrator  attachment  is  widely  used.    For  this  same  class  of 
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work  the  ramming  is  sometimes  done  by  hand  or  on  n  plain 
squeezer,  and  the  pattern  drawn  by  a  sucker  with  vibrator 
attachment. 

The  subject  of  sand  blasting  is  so  broad  that  it  can  only 
be  treated  adequately  in  a  separate  paper.  However, '力 m 
pressed  air  is  used  extensively  for  cleaning  castings.  ，  For 
cleaning  small  castings  that  are  not  fragile  the  sand  blast 
tumbling  barrel  renders  excellent  service.  There  are  a 
number  of  machines  built  on  the  principle  of  a  rotating 
barrel  with  one  or  both  heads  stationary.  A  nozzle  or  nozzles 
from  a  regular  sand  blast  machine  is  inserted  through  open- 
ings in  these  heads.  Most  of  these  machines  operate  on  the 
low-pressure  system.  Some  return  the  sand  to  the  machine 
by  a  suction  system  and  some  by  gravity.  They  all  operate 
inside  of  an  outer  case  dosed  by  sliding,  swinging,  or  rolling 
door,  and  coinifM't^d  to  an  exhaust  system . 

An  efficient  sand  blast  or  sand  blast  tumbler,  either  of 
the  high  or  low  pressure  type,  will  remove  sand  and  scale, 
and  will  leave  castings  better  looking  than  either  a  plain 
rumbling  machine  or  the  emery  brick,  wire  brush,  ami 
pickling  tank.  Castings  have  been  cleaned  and  their  cores 
cut  out  in  less  than  an  hour  each  with  the  sand  blast  that 
r(ml(l  not  be  cleaned  by  hand  in  two  days.  I  know  of  one 
plant  where  a  sand  blast  tumbling  barrel  replaced  a  pickling 
tank,  with  the  result  that  shipments  could  be  made  at  least 
one  day  earlier  than  before.  The  product  required  gal- 
vanising, and  was  sand  blasted  and  put  in  the  galvanising 
bath  the  day  after  it  was  cast,  instead  of  losing  a  day  in  the 
pickling  vat.  Th©  casting  now  being  clean,  the  fins,  &c.，  are 
chipped  off  with  a  pneumatic  chipping  hammer.  One  man 
chipping  with  a  chipping  hammer  is  as  good  as  two  or  three 
with  hand  chisel  and  sledge,  and  the  work  looks  better  and 
smoother.  A  skilled  chipper  will  quickly  remove  fins  or 
bunches  so  tliat  they  appear  scarcely  to  have  existed. 

A  few  words  about  the  care  and  upkeep  of  pneuiiKit  i« 
tools.  Before  attaching  a  tool,  blow  out  tlie  air  line  and 
squirt  oil  into  the  valve.  Do  not  use  an  air  hammer  all  day 
long  without  oiling  it.  If  the  hammer  has  not  been  used 
for  some  time,  squirt,  a  little  kerosene  or  benzine  into  it, 
connect  up  the  hose,  operate  the  machine  for  a  few  strokes, 
then  disconnect  and  squirt  a  light  machine  oil,  or  sewing- 
machine  oil,  into  the  hammer.  Several  of.  the  large  oil 
refiners  now  supply  a  special  pneumatic  tool  oil,  which 
should  be  used  if  possible.  New  hammers  are  always  fur- 
nished with  a  gauze  strainer.  This  should  be  kept  in  good 
condition,  as  rubber  particles  and  rust  from  hose  and  pipes 
are  liable  to  clog  valve  passages  if  allowed  to  get  into 
hammers.  It  is  a  good  plan  to  suspend  the  hammers  over 
night  in  a  bath  of  kerosene  to  clean  them  out  and  to  prevent 
rusting  from  moisture  in  the  air.  They  must  then  be  lubri- 
cated before  using,  as  the  kerosene  leaves  them  dry.  There 
are  a  number  of  makes  of  automatic  oilers  on  the  market  to 
be  attached  to  the  air  line  a  few  feet  from  the  hammer.  If 
non©  of  these  is  used  the  hammer  should  be  oiled  several 
times  a  day.  Chisels  should  be  kept  in  shape,  and  in  general 
the  liammer  should  be  treated  as  if  it  were  a  piece  of 
machinery  rather  than  a  piece  of  scrap  iron. 

Piping  should  be  as  direct  as  possible,  with  no  undraine*l 
]>ookets  or  loops  where  moisture  can  a'vumulate  and  where 
freezing  can  occur  in  cold  weather.  Separators  should  be 
installed  at  low  points  on  the  line.  These  may  be  either  the 
ordinary  type  similar  to  steam  separators  or  they  may  be  air 
receivers.  It  is  a  good  plan  to  locate  a  steel  receiver  of 
25  cub.  ft.  to  50  cub.  ft.  capacity  at  points  where  there  are 
large  fluctuations  in  compressed  air  demands.  This  combines 
the  action  of  separator  and  equaliser,  although  it  will  not 
sustain  the  service  if  the  compressor  shuts  down.  Fitting 
should  be  of  the  long-turn  type  and  all  shut -off  valves  of  the 
gate  type.  All  shut-oflF  cocks  on  taps  should  be  of  heavy 
pattern  and  good  quality.  The  piping  should  be  installed 
with  care  to  ensure  a  tight  line,  and  should  be  well  supported 
so  that  the  joints  cannot  shake  loose.  A  single  Jin.  orifice 
will  deliver  21 '2  t-ub.  ft,  of  free  air  per  minute  at  801  bs 
pressure.  Hose  should  be  heavy  and  preferably  armoured 
Quick-acting  couplings  should  be  supplied  at  both  ends  of  the 
hose  to  prevent  the  reprehensible  practice  of  twisting  it 
before  screwing  it  into  a  tool  connection. 

After-coolers  and  reheaters  are  usually  unnecessary  with 
foundry  outfits,  but  where  there  is  a  plentiful   siip]>ly  of 
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cooling  water  the  us©  of  a  properly  proportioned  after-cooler 
will  remove  nearly  all  the  moisture  from  the  air  before  dis- 
charging the  air  into  tlie  pipe  line. 

The  average  jobbing  foundry  requires  a  compressor  of 
300  cub.  ft.  to  500  cub.  ft.  per  minute  displacement.  Large 
foundries  may  use  up  to  1,500' cub.  ft.  or  2,500  cub.  ft. 
Specialty  foundries  frequently  require  small  machines  of 
50  cub.  ft.  to  100  cub.  ft.  displacement.  In  selecting  a 
foundry  compressor,  price  should  not  be  considered  so  much 
as  service.  The  foundry  compressor  should  b'e  as  nearly  dirt- 
proof  and  fool-proof  as  possible.  Machines  that  would  give 
perfect  satisfaction  wlien  operated  in  connection  with  a 
power  plant  and  in  charge  of  skilled  engineers  frequently  go 
to  pieces  when  installed  in  a  foundry  where  skilled  meclianics 
are  not'  available,  and  where  dirt  and  dust  abound.  These 
remarks  refer  not  so  much  to  the  large  foundry  which  main- 
tains a  power  plant  either  for  itself  or  jointly  witli  oilier 
departments  of  the  works,  as  to  the  independent  jobbing 
foundry  which  produces  a  large  percentage'  of  our  total 
fouiulry  product. 


THE  STASSANO  ELECTRIC  FURNACE. 

In  the  original  design  of  the  Stassano  electric  furnace  the 
suspension  of  the  furnace  chamber  was  effected  by  mounting 
the  casing  which  surrounds  the  chamber,  by  means  of  a  pair 
of  pivots,  on  a  ring  which  in  turn  was  mounted  on  fixed 
supports  through  tlio  agency  of  a  second  pair  of  pivots 
positioned  at  90°  with  r&spe'ct  to  the  first-named  pivots.  This 
arrangement'  has,  liowever,  l)e'en  attended  with  difficulties,  and 
to  obviate  these  Mr.  Stassano,  of  17,  Via  Bogina,  Turin,  Italy, 
has  designed  and  patentted  the  method  of  suspension  illus- 
trated, by  moans  of  which  a  simple  oscillatory  movement  of 
the  furnace  chamber  gives  rise  to  a  complete  stirring  of  the 
molteai  mass  contained  in  the  chamber. 

Referring  to  the  illustrations,  the  casing  A，  which 
envelopes  the  furnace  chamber,  carries  two  fixed  stirrups  B, 
constituting  at  th eir  upper  parts  supports  C  for  the  reception 
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of  the  pivots  D  on  th©  end  of  a  cross  member  E  having  on  it's 
sides  other  pivots  F  situated  at  right  angles  to  pivots  D  and 
mounted  in  bearings  G  which  are  carried  by  an  upper  cross 
member.  The  suspension  device  thus  comprises  a  single  bar 
provided  with  two  pairs  of  pivots,  one  pair  being  at  its  ends 
and  one  pair  on  its  sides.  An  oscillatory  or  turning  movement 
may  be  communicated  to  the  chamber  by  means  of  the  gear 
wheel  H,  which  carries  a  part  J  adjustably  mounted  and  pro- 
vided with  a  projection  K  that  engages  into  a  socket  fixed  to 
tlie  bottom  of  th©  casing  A.  The  wheel  H  is  actuated  by  a 
pinion  L  driven  by  a  suitable  motor. 


AXIOMS  CONCERNING  MANUFACTURING  COSTS, 

BY  HENRY  It.  TOWNE. 

Three  factors  enter  into  the  cost  of  each  and  every  article  of 
manufacture,  viz.,  materials,  labour,  and  expenses.  These 
constitute  a  tripod,  a  three-legged  stool,  which  cannot  stand 
if  one  of  these  legs  be  omitted.  They  may,  and  do,  vary  in 
dimension,  but  all  three  are  invariably  present,  and  a  "  cost  " 
which  omits  any  one  of  them  is  incomplete  and  fallacious. 
The  formula  is 

L  +  M^E  =  C 

i"  which  L  represents  labour,  M  materials,  E  expenses,  and 
(， cost.  In  this  primary  division  the  item  "  labour  "  includes 
all  labour  entering  directly  into  the  product,  the  item 
" material  "  all  material  entering  direct  ly  into  the  product, 
and  the  item  u  expenses  "  (often  called  overhead  charges,  or 
simply  overheads)  all  other  labour,  material,  and  expendi- 
tures of  every  kind  whatsoever. 

A  xiom  1    Every  cost  mcludes  three  f  undamental  factors  : 
labour,  material,  expenses. 
In    most    cases,  however,  the   expenses,  or  overheads, 
divide    naturally    into    two    groups :     (a)  Manufacturing 
expenses,  those  incident  to  the  operation  of  the  factory  or 
mill  ；  that  is,  those  incurred  in  utilising  productive  】abom' 
ami  material,  and  in  bringing  the  product  up  to  the  point 
，li?re  it  is  ready  to  be  sold,    (b)  Commercial  expenses,  those 
incident  to  the  commercial  department    of    the  business, 
including    administration,  salesmen,   advertising,  office  ex- 
penses, &c.  ；  that  is,  i  lios©  incurred  in  distrilxiting  and  selling 
tlie  finished  product.    It  is  highly  expedient  that  tliese  two 
should  bo  segregated,  so  that  eacli  may  be  studied  separately. 
Axiom  2    The  expense  factor  s/ioitld  he  split,  info  /〃■" 
parts :  manufacturing,  commercial t 
Letting  the  symbol  Me  represent  the  former,  and  the 
symbol  Ce  the  latier, 

L  +  M  +  Me-\-Ce  =  (1 

But  a  more  couvenient  and  indicative  form  of  presenting 
these  elementary  facts,  one  which  the  writer  has  used  for 
many  years,  is  th©  following  : —— 
L     =  productive  labour. 

M   =  productive  material. 

PC  =  prime  cost. 

Me  =  manufacturing  expenses. 

SC  —shop  cost. 

Ce  =  commercial  expenses. 

AO  =  actual  cost. 
If  preferred,  the  foregoing  farts  may  be  expressed  l>y  t  he 
following  formulae: — 

L  -\-  M  =  l?C  or  inimt  cost. 
PC  4-  Me  =  SC  or  skop  cost. 
SO  +  Ce  =  A  (1  or  actual  cost. 
Axiom  3    A  viamifacturing  cost  has  three  phases!:  prime 
cost,  shop  cost,  actual  cost. 
On  th-e  appreciation  and  intelligent  use  of   these  facts 
hang  all  the  laws  of  good  business  and  the  profits,  for  no 
business  can  long  be  operated  successfully  without  a  correct 
knowledge  of   costs,  nor  can  that  be  had  without  a  clear 
grasp  of  fundamental  principles.    The  competitor  most,  to  be 
feared,  while  he  lasts,  is  one  who  does  not  know  his  costs, 
nor  understand  liow  to  obtain  them . 

Axiom  J/     Accurate  cost  information  /'.、'   vital  to  good 
management . 

Simple  as  are  these  elementary  principles,  their  correct 
application  in  each  given  case  is  difficult. ，  and  calls  for  great 
care  and  intelligence.  To  draw  correctly  the  line  between 
productive  and  non-productive  labour  and  material,  through 
each  of  the  successive  stages  of  a  productive  industry,  requires 
the  combined  skill  of  the  expert  manufacturer  and  the 
expert  industrial  accountant  ；  the  former  knowing  accurately 
all  the  details  of  the  manufacturing  or  productive  processes, 
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and  the  latter  knowing  equally  the  proper  metlio<ls  of  com- 
bining and  using  th©  recorded  facts  to  yield  the  desired 
information.  For  example,  what  <'("isi.it  u"'s  productive 
labour?  In  the  case  of  a  machinist  operating  a  lathe,  clearly 
it,  includes  his  wages  while  his  lathe  is  turning  out  product 
and  also  while  it  is  standing  still  during  the  time  he  is 
dressing  the  tool  to  do  tlie  work  properly.  Bufc  if  the  tool- 
dressing  is  done  for  him,  as  it  is  under  good  modern  prac- 
tice, how  shall  the  t'ime'  and  wages  of  the  tool-dresser  be 
classified  ？  So  as  to  productive  material,  shall  the  tool,  the 
file,  tlie  waste,  the  oil  which  are  consumed  or  used  up  in 
making  the  product  be  classified  as  productive  or  as  non- 
prcxluctive  material  ？  The  answers  to  these  questions  depend 
on  the  surrounding  facts  in  each  case,  and  are  as  varied  ； is 
the  cases  are  infinite  in  number  and  variety.  The  writer  is 
not  attempting  hero  to  answer  such  questions,  but  merely  to 
point  out  and  emphasize  underlying  principles.  This  much 
is  clear,  that  every  individual  item  of  expenditure,  large  and 
small,  must  ultimately  classify  under  one  of  the  three  great 
heads  above  referred  to,  labour,  materials,  or  expenses,  and 
t.hat.  profit,  or  loss,  is  tlie  diflFerence  between  actual  cost  and 
the  net  price'  realised. 

Axiom  5  Accurate  costs  imply  the  correct  chtssiftrat'tou 
of  every  expendittt^e. 
Tlie  distribution  of  actual  costs  among  these  heads,  or. 
preferably,  into  the  four  groups  or  divisions  indicated  above, 
varies  widely  in  different  industries  and  with  different  pro- 
ducts. This  is  illustrated  by  the  following  table,  relating  to 
four  distinct  lines  of  actual  product,  in  which  the  several 
elements  have  be-en  reduced  to  terms  of  the  actual  cost  of  the 
prcxluct  when  finished  and  sold. 


Nos. 

3 

L  =  productive  liihour  ...  ... 

28 

17 

29 

1!) 

M  =  productive  material  ... 

38 

33 

25 

37 

PC  =  prime  cost     …  ... 

66 

50 

54 

56 

aMc~  tnaiuifact  tiring  ox  pi' uses  ... 

24 

20 

28 

22 

SC  =  shop  cost        …  ... 

90 

70 

82 

78 

Ce=  commercial  cxpi'iisos  ... 

10 

30 

18 

22 

AO  =  actual  cost     …  ... 

100 

100 

100 

100 

'Total  fxj)cnses  (that  is,  Me  +  Ce) = 

34 

50 

46 

44 

The  figures  in  the  above  table  illustrate'  the  hopeless  state 
of  mind  of  manufacturers,  some  of  whom  still  survive,  who 
delude  ttiemselves  by  the  belief  that  the  sum  of  labour  and 
materials  (prime  cost)  represents  the  actual  cost  of  the  pro- 
duct, and  that  the  difference  between  that  and  th©  selling 
price  is  profit.  They  show,  on  the  contrary,  that,  in  the 
four  examples  to  which  th©  figures  relate,  the  prime  cost 
constitutes  only  from  one^lialf  to  two-thirds  of  the  actual 
cost,  and  that  the  expenses,  or  overheads,  incident  to  con- 
ducting the  business  and  marketing  the  product,  contribute 
from  one-third  to  one-half  of  the  total  or  actual  cost.  It 
seems  probable  that,  if  the  facts  concerning  all  manufac- 
turing industries  could  be  ascertained  and  averaged ,  tli3 
" three-legged  stool  ，'  would  be  found  to  stand  nearly  level, 
its  three  legs  being  approximately  of  equal  length,  although 
(Ufferiiig  widely  in  individual  cases. 

All  cost  accounting  should  aim  to  segregate  charges 
wli^fever  Litis  can  be  done  Hccuratflv.  Thus  1  liv  m;ij。r  pari 
of  the  items  constituting  productive  labour  and  matcri-il 
can  and  should  be  charged  directly  to  their  respective 
accounts,  h  and  J/. 

- 1  'torn    G      Ever\i    proditctirr    ex  pr  ntlff  are    slum  hi  he 
charged  directly  to  its  pro  per  account. 
All  other  items,  however,  which  cannot  be  so  segregated 
must  be  aggregated  into  on©  or  several  groups  and  their  total 
apportioned  among  the  proper  accounts  on  some  carefully 
determined  but  necessarily  arbitrary  basis. 

A xwm  7  All  iion- productive  expt ndittires  should  be 
pro  perl  )j  f/rouped  for  final  distrihutf<m. 
Manufacturing  expenses  may  be  apportioned  as  a  ratio 
or  percentage  of  labour  L、  of  inat^erial  J/,  or  of  labour  and 
niaterial  Z  + J/.  The  usual  bases  are  either  L  or  L  -  M . 
The  writer  believes  that  in  most  cases  the  closest  conformity 
to  actual  facts  will  be  attained  by  distributing  manufacturing 
expenses  in  the  ratio  of  productive  labour,  hand  and  machine, 
because  usually  tlie  volume  of  indirect  expenses  of  works 
operation  will  be  far  more  influenced  bv  the  pay-roll,  that 


is,  by  the  number  ami  kinds  of  employes,  t liau  by  tlie 
materials  bill,  tliat  is,  the  amount  ])aid  for  tlie  material  of 
production.  Moreover,  the  former  is  relatively  sta ble,  while 
the  latter  fluctuates  with  market  (  lian"'e«.  Therefore  it  is 
advisable  tliat  Mt  should  be  a  finict  ion  of  /,，  t  liat  niaiMi- 
fact.uring  expenses  should  be  apport  as  ； 1  |,*'r'  ''i。：t""'  '，f 

productive  labour,  although  in  soni**  '  ;is«'s  t  liny  may  |,r''|*;'rl\ 
he  a]>j)ort ioned  j>er  max'liine,  or  per  unit  of  floor  sp;"  '• 

Axiom  8  The  normal  basis  for  r/ish  thi/fittr/  nutn u/or- 
furing  expenses  is  productive  laho  nr. 
Commercial  expenses  may  also  be  apportioned  as  a  per- 
csnbage  of  Ly  of  M ,  or  of  L-\-  M ,  and  frequently  are,  but 
more  properly  they  should  be  apjM>rtionf'<i  on  t  he  l>a.-i>  <>\ 
shop  costs, 人 十.! /  +  Me.  The  reasons  fo"  this  are  conclusive. 
Production  and  soiling  are  two  separate  and  distinct  pro- 
cesses. The  former  brings  the  product  to  the  ]>onit  where  it 
is  completed  and  ready  for  sale  ；  the  latter  then  takes  it 
over  and  effects  the  sale.  The  expanses  incurred  in  each 
process  are  for  its  us©  only,  and  have  no  natural  relation  to 
the  needs  and  uses  of  the  other.  To  illustrate  this,  take  the 
case  of  a  manufacturer  of  cotton  cloth  who  sells  liis  Mitir" 
product  througli  a  com  mission  liousa  or  broker.  C'learlv  liis 
whole  coin mercial  expense  account  is  covered  by  tlie  <  < ) m 
mission  lie  pays  to  his  selling  a^ent ,  and  this  hea  rs  a  '"'fiiii"' 
ratio  to  his  shop  cost,  that  is,  to  the  cost  of  his  product 
ready  for  sale.  Now,  take  the  case  of  another  manufacturer 
of  cotton  cloth,  who  maintains  his  own  selling  organisation 
and  through  it  distributes  his  product.  Clearly  his  com- 
mercial expenses  offset  the  commission  paid  by  his  competitor, 
and  equally  bear  a  definite  ratio  to  his  shop  cost.  Both  are 
most  accurately  stated  and  apportioned  as  a  i，，'r<','iit of 
the  shop  cost,  tlie  cost  of  the  product  ready  for  sale.  Tl'er"- 
fore  commercial  expense®  Ce  should  be  distributed  as  a  per- 
centage of  shop  cost,  L  +  M  -f  Me. 

Axiom  0  The  normal  basis  for  distrtljut i nrj  //'//•'  '"/ 
expenses  is  shop  cost. 
When  the  product  is  simple  hikI  homogeneous,  for 
example,  such  as  pig  iron  or  cotton  clotli,  one  account  may 
suffice  for  all  manufacturing  expanses  and  one  other  for  all 
commercial  expenses,  but  when  it  is  diverse  or  complex  each 
of  t'hes&  should  be  sub-divided  into  one  for  each  depHrtment 
or  for  each  distinct  class  of  product.  In  <  fTVvt  sucli  a  1川. 、卜 
ness  is  an  aggregate  of  several  businesses,  some  of  which 
may  yield  better  results  than  others,  or  may  fluctuate  more 
widely,  and  a  proper  accounting  system  should  show  the 
results  of  each  sub-division  or  department  separately,  as 
well  as  the  combined  result  of  all.  Hence  arises  in  many 
cases  great  complexity  in  cost  accounting,  and  corresponding 
need  and  opportunity  for  the  skilled  industrial  accountant. 

Axiom  10  An  accounting  system  should  show  results 
both  by  dejiartments  and  by  totals. 
In  some  cases  the  entire  product  consists  of  a  single  staple 
article,  or  group  of  articles,  for  which  there  is  a  constant 
demand  and,  at  some  price,  a  sure  sale,  such  as  pig  iron, 
window  glass,  cotton  cloth,  &c.  In  other  cases  the  pnxhirt 
must  conform  to  the  specifications  of  the  customer,  and 
therefore  ("imiot  be  made  up  in  advance  of  orders,  as  in 
shipbuilding,  carbuilding,  and  the  construction  of  buiKlin^s. 
The  former  is  coinmonly  designated  as  a  stock  jn-oduct .  and 
the  latter  as  contract  work .  Tlie  (lifFereme  l>et ween  these 
may  Be  expressed  as  follows,  viz.  :  A  stock  product  is  one 
wliicli  is  made  first  and  sold  afterwards  ；  a  contract  product 
is  one  which  is  sold  first  and  made  afterwards.  Cost  account 
ing  is  usually  more  complex  and  difficult  in  the  case  of 
contract  work  than  in  that  of  a  staple  or  stock  product. 

Axiom  11    A  n"ifn"'f  profltfct  moy  require  a  m o/v  '•'〃/'- 
ph.r  avvouiituitj  st/sftrn  fhan  a  sfoch  putd net  for  thr 
(u'ciu'ftte  dttvrmhuition  "f 
The  expenses  nf  general  administration  overlap  the  maiui- 
fa^turing  and  t\v>  commercial    divisions    of    an  industrial 
business.    Many  items  can  and  should  be  definitely  charged 
t(>  one  or  the  »>t her.    Ot hers  mav  ； trhit  rdi  ilv  he  ai>]x>rtioneil 
between  them  ；  as,  for  example,  the  salary  of  an  official  who 
devotes,  say,  70  per  cent,  of  his  time  to  one  and  30  per  cent, 
to  the  other.      All  others  must  be  aggregated  into  groups 
for  distribution  by  the  methods  atlopt^d,  as  above,  for  dis- 
tributing such  expenses  ；    as，  for  example,  bv  percentages 
of  productive  labour  or  of  shop  costs.    Expenditures  of  this 
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kind  are  infinite  in  size,  kind,  and  number,  and  call  for 
"r(';it  skill  and  good  jud^nnetit  in  tlicii-  <'lassilicat.io]i,  which 
should  be  determined  in  advance  by  a  clearly  flefnied  codo, 
not  left  for  liapliazard  decision  by  subordinates.  Such  a 
code,  based  on  intimate  knowledge  of  the  business,  on  a 
dear  perception  of  the  information  of  the  code  is  designed 
to  yield,  and  on  sound  accounting  principles,  is  an  indis- 
pensable prerequisite  to  the  accurate  determination  of  costs, 
ainl  equally  to  the  iiitvlli^cul  ('mi 山 irt  of  any  inaiiufacturin^ 
business. 

A xiom  12  An  accounting  sy stein  should  be  embodied  in 
a  code  of  instructions,  for  the  guidaiwc  of  thont 
responsible  for  'its,  operation. 

For  best  convenience  a  cod©  should  provide  symbols  to 
represent  the  various  accounts  and  their  many  combinations. 
For  this  purpose  the  writer  for  many  years  has  used  a  system 
of  letters  and  numbers  which  possesses  great  convenience. 
Letters  are  used  to  designate  important  departments  and 
accounts,  the  significance  of  each  letter  depending  on  its 
place,  as  in  decimal  notation,  in  the  symbol.  Thus,  the  first 
letter  may  indicate  a  department,  the'  second  a  sub-division 
of  it,  and  the  third  a  room  or  smaller  unit.  Stated  numbers 
are  used  t-o  indicate  accounts  relating  to  expenses  of  the 
various  kinds  or  groups.  Such  a  symbol  is  shown  by  the 
following  example,  viz. : — 

BAC  10 

in  which  B  represents  the  department,  or  the  class  of  pro- 
duct, against  which  the  item  is  io  be  charged  ；  A  the'  shop 
in  which  the  work  is  done  ；  C  the  job,  or  machine,  by  which 
it  is  done  ；  and  10  the  kind  of  expense  to  which  the  charge 
relates,  such  as  repairs  of  the'  machine,  foreman's  wages, 
&c.  These  symbols  and  an  explanation  of  their  meaning  and 
use  are  printed  in  a  small  book  of  pocket  size,  copies  of 
which  are  furnished  to  all  concerned.  In  this  way  a  correct 
classification  of  every  charge  i&  made  at  the  time  of  original 
entry,  after  which  tabulation  and  aggregation  of  original 
charges  fallow  automatically  in  accordance  with  the  pre- 
determined plan. 

A  xiom  IS  Symbols  are  better  than  titles  for  recording 
charges  in  an  extensive  accoimting  system. 
In  any  business  certain  expenses  or  losses  occur  from 
timei  to  time  which  are  unusual  or  abnormal.  These  may  be 
termed  "  extraordinary  expenses,"  and  require  special  con- 
sideration. As  examples  of  these  may  be  cited  a  serious  loss 
by  fir©,  a  curtailment  of  product  by  a  strike',  an  abnormal 
loss  through  bad  debts,  an  increase  or  decrease  in  value  of 
land,  &c.  The  loss,  or  profit,  thus  arising  must,  of  course, 
be  covered  into  tliei  treasury,  but  this  may  better  be  done 
through  a  debit  or  credit  to  the  surplus  account  than  through 
a  charge  to  the  profit  and  loss  account  of  the  current  year, 
for  the  latter  plan  would  distort  the  statistical  record  of  the 
year  by  including  in  it  items  not  common  to  normal  years. 
The  best  plan  is  to  charge  to  the  account  of  each  year  only 
the  items  which  are  normal,  and  to  charge  those  which  are 
abnormal  to  the  surplus  account.  The  proper  purpose  of 
the  annual  account  is  twofold,  (a)  to  show  the  results  of  the 
year's  operations,  and  (b)  to  contrast  these  results  with 
tliose  of  preceding  and  succeeding  years.  On  the  other  hand, 
all  extraordinary  gains  or  losses  must  be  accounted  for,  and 
this  in  ay  best  be  done  through  the  surplus  account.  In  this 
way  bot-li  purposes  are  accomplished. 

. I  xiom  /  j  Extraordinary  gains  or  losses,  in  order  not 
fa  //isfort  ihe  statistical  value  of  the  anmutl  profit 
and  loss  record,  should  be  covered  info  the  .^itrpJt/s 
(iccoiint  between  the  closing  of  the,  books  for  the  old 
year  and  the  opening  of  the  books  for  the  new  year. 

Interest  on  borrowed  capital  is  a  distribution  of  profits, 
not  an  expense,  although  often  erroneously  treated  as  the 
latter.  To  illustrate  this,  suppose  tb©  case  of  two  manu- 
facturers, A  and  B,  each  having  £40,000  invested  in  his 
business  and  each  realising  10  per  cent.,  or  £4,000，  net  profit' 
available  for  dividends  on  a  year's  business,  all  of  J's  capital 
being  contributed  in  cash,  wliil©  B  has  only  £20,000  of 
cash  capital,  and  another  £20,000  of  borrowed  capital,  on 
wliicli  lie  pays  5  per  cent,  interest.  At  the  close  of  the  year 
-4  is  in  a  position  to  pay  £4,000  in  dividends  to  his  stock- 
holders, a  10  per  cent,  return  on  their  investment,  but  B, 


after  paying  £1,000  as  interest,  is  in  a  position  to  pay  £3,000 
in  dividends  to  his  stockholders,  a  15  per  cent,  return  on 
tlieir  investment.  Evidently  the  actual  profits  from  the 
operations  of  the  year  are  the  same  in  each  case,  only  the 
ownership  of  the  capital  invested  and  the  distribution  of  the 
profits  being  diiTerent.  The  accounting  system  should  show 
the  actual  profit  realised,  regardless  of  its  distribution  to 
the  owners  of  the  capital  invested  in  the  business.  On  the 
other  hand,  it  is  expedient  that  interest  on  temporary  loans, 
and  on  time  purchases  if  availed  of,  rebates  and  discounts 
of  (  ustomers，  notes,  should  be  treated  as  current  expenses, 
normal  to  the  conduct  of  the  business.  In  like  manner 
discounts  earned  by  cash  payments  should  be  treated  collec- 
tively as  part  of  the  current  earnings  of  the  year,  or  else  be 
covered  into  the  net  costs  of  purchases. 

Axiom  15  Interest  on  borrowed  capital  should  not  be 
treated  as  an  operating  expense^  hnt  should  be 
charged  direct  to  the  profit  and  loss  arcoi/nf  of  the 
year. 

Interest  on  all  capital  invested  in  a  business  may  or  may 
not  be  deducted  before  stating  the  final  profits  of  the  year. 
Here  no  principle  is  involved,  but  merely  convention  or 
individual  preference.  Usage,  however,  has  practicallv 
determined  that  it  shall  not  be  deducted  ；  that  the  final,  or 
net，  profit  should  indicate  the  return  on  capital,  the  amount 
which  capital  has  earned.  Stated  thus,  it  can  readily  be 
compared  with  what  the  same  capital  would  earn  if  invested 
otherwise  ；  as,  for  example,  in  Government  or  railroad  bonds, 
in  mortgages,  &c.  If  interest  is  deducted  at  all,  as  is  done, 
for  example,  under  some  profit-sharing  plans  before  allotting 
anything  to  the  beneficiaries  of  tlie  plan,  it  should  be  com- 
puted on  the  total  capital  invested  in  the  business,  including 
therein  the  surplus  account;  that  is,  surplus  profits  of  pre- 
vious years  retained  in  the  business  and  invested  in  plant  or 
merchandise. 

A  'if""  16  Final  profits  properly  signify  the  amount 
earned  by  the  capital  investefl.  If  interest  on 
capital  is  deducted  this  fact  should  be  stated,  and 
interest  should  be  corn  pit  ted  on  the  total  capital 
employed. 

Wher©  a  business  is  divided  into  several  or  many  depart- 
ments it  is  very  desirable  that  the  accounting  sysiem  should 
show  the  profit^  or  earnings  of  each  of  them  separately,  aiul 
this  is  usually  feasible,  except  as  to  annual  depreciations 
and  as  to  interest  charges.  In  some  cases  either  or  both  of 
these  items  can  accurately  be  distributed  among  the  several 
departments,  and  if  so  they  should  be  so  treated.  Wher? 
they  cannot  be  so  distributed  they  should  be  deducted  in  w 
lump  from  the  sum  of  departmental  profits,  and  in  t.his  ca9e 
it  becomes  convenient  to  adopt  terms  to  designate  clearly 
the  profit  account  at  its  various  stages.  For  this  purpose  the 
writer  has  found  the  following  terms  satisfactory  : — 

Gross  profits:  the  aggregate  profits  of  all  departments, 
prior  to  deducting  depreciations  and  interest. 

Net  earnings :  the  gross  profits  after  deducting  deprecia- 
tions. 

Net  profits :  the  net  earnings  after  ded  noting  interest  on 
borrowed  capital. 
In  comparing  the  results  realised  in  two  or  more  com- 
parable concerns  or  businesses,  it  is  essential  to  cont  rast 
profits  at  the  same  stage  iu  each  case,  and  to  employ  terms 
which  are  mutually  understood  as  to  their  prec  ise  meaning. 
No  standard  as  to  these  terms  has  yet  been  established.  The 
proper  basis  of  comparison  usually  is  that  indicated  above 
by  the  term  net  earnings,  which  eliminates  the  variations 
due  to  the  employment  or  non-employment  of  borrowed 
capital . 

Axiom  17    Terms  used  to  designate  profits  s/touhl  in/licafe 
clearly  the  stage  of  profits  to  which  they  rtferf  and 
should  be  nt  ntjuilly  in^fratood. 
Inventory  valuations  are  an  important'  factor  iu  deter- 
mining profits.    Usually  an  actual  inventory  is  taken  only 
once  a  year.      The    niercliandise    inventory    includes  raw 
materials,  stock  in  process,  finished  goods,  and  general  sup- 
plies.   A  standard  basis  of  valuation  for  each  of  these  groups 
should  be  adopted  and  maintained  from  year  to  year.  Raw 
materials,  such  as  pig  iron,  raw  sugar,  baled  cotton,  ingot 
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capper,  &c.，  are  often  subject  to  wide  iluctuations  in  market, 
values  or  costs,  and  tlie  question  thus  arises  as  to  i\w  pr')|"'r 
inventory  valuation  of  them,  whether  at  cost,  at  mark<*l 
value  at  date  of  inventory,  or  on  somo  arbitrary  basis.  It 
the  effect  of  such  fluctuations  is  negligible,  that  is,  is  snudl 
in  ratio  to  the  annual  total  of  the  account,  eitlier  of  the 
first  two  methods  above  stated  may  be  used.  If  the  fln<-t  ua- 
(ions  nro'  large,  however,  either  in  range  or  in  tlieir  vi}'^<\ 
on  t  ho  annual  total,  that  is,  if  they  materially  influence 
t\w  profit  and  loss  account  of  the  year,  some  arbitrary  plan 
of  accounting  for  them  should  be  adopted.  In  devising  t  liis, 
tlie,  twofold  purpose  of  the  annual  account,  the  operative  and 
th,e  statistical,  should  be  kept  in  view.  If  the  effect  of  the 
fluctuations  is  moderate*  in  its  ratio  to  the  annual  account  a 
sound  method  consists  in  taking  the  mean,  either  of  market 
prices  or  of  actual  purchase  prices  for,  say,  three  or  five 
years,  as  the  basis  for  inventory  valuations,  and  also  for  us© 
in  the  compilation  of  costs,  thus  conforming  to  the  average 
trend  of  market  values,  but  avoiding  frequent  and  tem- 
porary changes.  If,  however,  the  effect  of  these  fluctuations 
is  serious  or  vital  in  detiermining  the  results  of  the  business, 
a  new  factor  is  brought  into  the  accounting  problem,  namely, 
that  of  trading  or  speculating  on  the  market.  In  the  case 
of  a  sugar  refinery  or  a  cotton  mill,  for  example,  largo  profits 
or  losses  may  result  from  market  changes  in  the  price  of 
raw  sugar  or  of  baled  cotton,  or  from  the  operations  of  the 
purchasing  department.  Obviously,  such  gains  and  losses 
are  totally  unrelated  to  the  economy  and  efficiency  of  the 
productive  department,  and  to  include  them  in  its  accounting 
might  so  distort  it  as  to  destroy  its  usefulness  and  its 
statistical  value.  In  such  cases  a  separate  trading  account 
should  be  established,  through  which  to  ascertain  the  profit 
or  loss  of  th©  year  in  operating  on  the  market  for  tlie  raw 
material,  the  latter  being  charged  to  the  manufacturing 
department  at  a  constant  price,  conformed  from  time  to 
time  to  average  market  conditions,  this  price  being  used 
also  for  inventory  and  cost  purposes.  In  other  words,  the 
results  of  speculation  on  the  market,  however  legitimate  or 
necessary,  should  be  segregated  from  the  results  of  the  normal 
operations  of  the  plant. 

Axiom  18    Speculative  profits  and  losses  shuuh]  he  scf/rt- 

(jated  fro m  those  due  to  tlie  normal  operations  of 

a  business. 

The  inventory  valuation  of  stock  in  process,  that  is,  of 
stock  in  a  partly  manufactured  condition,  should  be  such  as 
to  cover  th©  prime  cost  of  the  material,  and  of  the  productive 
labour  already  expended  upon  it,  plus  a  ratable  charge  for 
manufacturing  expenses.  The  inventory  valuation  of  finished 
stock,  that  is,  of  stock  completed  ready  for  sale,  should 
be  on  the  basis  of  shop  cost,  not  of  actual  cost,  because  the 
latter  includes  the  cost  of  selling,  and  this  has  not  yet  been 
incurred.  A  paradox,  apparent  but  uox^  real,  is  created 
when  the  cost  of  a  product  is  substantially  reduced,  because 
thereby  the  inventory  value,  and  therefore  the  piofit  of  the 
year,  is  reduced.  If  the  inventory  value  at  the  beginning 
of  the  year  were  £200,  and  if  during  the  year  tlie  cost  were 
reduced  10  per  cent. ,  obviously,  if  the  quantity  on  hand  at 
tlve  close  of  the  year  wero  the>  same,  the  inventory  value 
would  be  £180,  thus  showing  a  shrinkage  of  £20.  In  tho 
following  year,  however,  this  apparent  loss  would  be  con- 
verted into  an  actual  profit. 

A xiom  19  A  reduction  in  cost  //// plies  a  corresp<nuhnit 
reduction  in  inventor tj. 
Tlie  annual  inventory  may  properly  include  as  assets 
certain  items  previously  classified  as  expenses.  One  example 
ot  Jhis  kind  is  the  premium  on  unexpired  insurance. 
Another  is  the  cost  of  a  trade  catalogue  intended  to  serve ,  sav, 
for  five  veal's.  To  charge  the  wliole  of  important  expendi- 
tures of  this  kind  into  the  current  expense  account  of  the  year 
in  which  they  are  incurred  would  tend  to  distort  its  stat  ist  ii-al 
accuracy,  and  hence  would  be  bad  accounting.  The  ]>ro|HM- 
t real ingjit  of  such  expenses  is  to  tleterniiiie  the  ptM-iod  t \\ey 
applv  to,  and  to  charge  ofT  a  ]>ro]>(>rt  ionate  part  in  earh 
month  or  year  during  that'  periotl,  carrying  tlie  reinaindcr 
in  the  iiivontory. 

*  I  I'totn  JO     Exptndit  ///■'  .、•  ///  on r  t/tttr  〃'//  irli   <  o  r*  r  th  t 
reqmremtnts  of,  scrt  ntf  t/rnrs  should  ht  /fistrilttttt  J 
over  the  years  to  "'/〃•(•//  thnj  fairly  a p ply. 
The  inventory   valuation   of   all   property  other  than 
merchandise  should  be  on  the  basis  of  its  fair  value  iu  the 


business  as  that  of  a  going  concern,  wlii'  li  iimuiII v  is  llto  cont 
to  replace,  witli  due  allowance  for  wear  and  tear.  An  hii nual 
inventory  of  all  j>roj>erty,  by  actual  enumeration  and  count, 
is  iii(lisj)ens;il)lo  to  the  proper  conduct  of  any  inaiiut'aci  urin^ 
l)usiness,  and  in  some  cases  m(m'  I'l  ^qiHMit  i m 、  '  iit h -、  ot'  1  Im- 
merchandi»e  stock  are  expedient.  Wit liont  s，i<  li  annual 
inventories  no  deterrninatioii  of  annual  results  is  山， or 

of  much  value. 

Axiom  21    A n  annual  〃〃,'〃〃"',/  of  〃〃  /'/'〃〃////  ts  /•〃〃',、. 

ptnmblt'  to  accurate  k/to irlnhjr         f"  ,j',<>fl  〃〃〃〃/'〃 

merit. 

The  question  of  depreciation  of  fixed  property  <* liters  into 
all  industrial  accounting,  and  should  be  treated  in  coiiwt  i (川 
with  the  inventory.  In  this,  as  in  all  discretionary  matters 
of  accounting,  the  aim  sliould  be  to  find  and  follow  tho 
median  line,  the  mean  between  ultra-conservatism  and 
radicalism.  All  fixed  property,  excepting  land,  depreciates 
and  tends  to  become  obsolete.  Normal  repairs  and  in;n n 
tenance  should  of  course  be  charged  to  current  operating 
expenses,  not  added  to  cost  or  value,  and  these  should  fairly 
be  considered  in  fixing  the  ratio  of  depreciation.  Where  a 
building  or  a  machine  is  maintained  in  perfect  condition 
obviously  it  depreciate®  more  slowly  than  one  which  is 
neglected.  A  building  may  be  so  maintained  as  to  depreciate 
little  or  not  at  all.  Tlie  pro]>er  rate  of  depreciation  for  each 
class  or  kind  of  fixed  property  is  a  matter  of  good  judgment, 
for  which  no  rule®  can  be  laid  down.  It  may  be  as  low  as 
1  per  cent,  per  annum,  and  in  exceptional  cases  may  be  as 
high  as  20  per  cent.  Usually  it  ranges  from  2\  to  10  per 
cent.  When  profits  are  abnormally  large  the  allowance  for 
depreciation  may  wisely  be  larger  than  when  they  are  merely 
normal,  but  the  normal  allowance  should  be  made  even  wlien 
no  profit  is  realised.  Under  average  conditions  it  usually 
ranges  between  10  and  15  per  cent,  of  the  annual  profits. 
A  revaluation  of  all  fixed  property  by  outside  experts  or 
appraisers,  at  intervals  of  five  or  ten  years,  is  expedient  and 
usually  worth  its  cost.  Abnormal  increases  or  decreases  iu 
the  value  of  such  property,  as,  for  example,  an  increase  in 
the  value  of  land,  or  the  loss  due  to  the  demolition  of  an 
obsolete  building,  should  be  covered  into  the  surplus  account, 
not  into  the  profit  and  loss  account  of  the  year. 

A xiom  22    Valuations  of  fixed  property  should  be  suh- 
jeet  to  annual  review  and  to  fair  depreciatio?t. 

Finally,  the  aim  and  object  of  every  accounting  and  cost 
system  should  be  to  afford  true  and  accurate  information  as 
to  facts.  It  is  based  on  facts;  it  should  embody  and  present 
facts,  and  naught  else.  To  exaggerate  facts  and  to  show 
fictitious  profits  and  values,  is  no  worse  than  to  depreciate 
facts  and  to  conceal  true  profits  and  values. 

Axiom  23    An  accountinfj  systevi  should  prtsi-nt  fact1*, 
wit  ft  out  huts  in  aivy  chrrvtlon . 

Accounting,  in  its  application  to  general  business  affairs, 
has  long  been  a  highly-develoj>ed  science,  but  is  comparatively 
a  new  one  iu  its  specialised  application  to  modern  inclu、tr〉  . 
with  its  vast  and  complex  development.  The  creation  of  a 
correct  science  of  industrial  accounting  and  costs  should 
be  the  desire  and  aim  of  a】l  who  are  concerned  with  industrial 
management.  To  accomplish  this,  three  tilings  at  least  are 
needed  :  (a)  Clear  uuderstanding  of  fundamental  principles. 
(h)  Definite  terminology,  generally  understood  and  accepted . 
(c)  Free  interchange  of  the  data  of  practice,  whereby  tlie 
adoption  of  sound  principles  may  be  promoted,  the  experience 
of  each  may  be  available  to  all,  the  best  methods  may  become 
established,  and,  above  all,  a  standard  system  may  ultiinat^lv 
be  created. 

The  accomplishment  of  these  results,  by  affording  com- 
plete and  accurate  knowledge  of  the  essential  facts  pertaining 
to  industrial  efficiency,  and  to  tlie  costs  of  production,  will 
tend  greatly  and  permanently  to  promote  the  development  of 
an  industry,  and  to  aid  it  in  securing  its  full  share  of  the 
markets  of  the  worltl. 


Miners*  Wages  Advanced.  At  a  m ，-, 'tiw  of  the  Coal  Con- 
ciliation Board  for  the  federateil  clistrirts  of  En^lantl  an.] 
Wales  lield  in  Lontlon  on  Moiulav  last  it  was  to 
advance  tlie  wages  in  tlie  fe<leratv<I  area  "v  jhm-  rent  .  t  Iu* 
advance  to  be  paid  to  underground  workmen  and  those 
engaged  on  the  pit  bank  and  screens  manipulating  coal.  The 
advance  will  take  effect  from  the  second  makiug-up  day  iu 
January. 
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MELTING  IRON  IN  THE  CUPOLA  FURNACE.* 

BY  RICHAKD  MOLDENKE. 

Uni.ikk  the  smelter  and  t  he  blastfurnace  for  the  reduction  of 
oivs  a-icl  production  of  mattes  and  metals,  the  foundry  cupola 
furnace  has  only  melting  to  do.  While  this  looks  simple 
enough  and  the  development  has  progressed  through  centuries 
by  cut-and-try  methods,  there  is  still  much  to  be  learned ,  and 
it  takes  a  metallurgist  to  seek  for  the  reasons  underlying  the 
production  of  defective'  castings  when  melting  high-grade 
materials. 

There  are  still  other  differences  to  consider.  The  smelter 
is  run  continuously^  tlie  cupola  rarely  so.  In  the  smelter 
t  here  is  some  chance  for  experiment,  as  rich  slags  can  be 
ret ii rned  again,  while  in  tlu1  cupola  t he  metal  must  be  good 
for  casting  purposes  from  the  first  tap  to  t he  drop  of  the 
bottom,  otherwise  heavy  damage  will  result.  In  the  smelter 
the  one  object  sought  is  the  production  of  metals  or  mattes 
with  a  minimum  loss  in  tlie  slag,  whereas  in  the  foundry  a 
variety  of  castings  of  different  compositions  must  often  be  run 
from  the  same,  heat,  one  after  tlie  other. 

Experience  with  the  cupola  has  shown  that  it  is  necessary 
to  have  the  melting  done  at  on©  place  throughout  the  heat  - 
This  is  the  place  of  maximum  t/eniperature'  and  is  readily 
noticed  on  looking  at  the  lining  by  the  heavy  cutting  action  of 
the  slag  and  iron  oxide  during  the  melting  operation.  The 
design  and  operation  of  the  cupola  must,  therefore,  conform  to 
the  point  above'  mentioned.  Onoe' this  has  been  attained,  the 
other  considerations  resolve  themselves  into  details  of  con- 
struction which  will  give  the  least  trouble  for  repairs,  with 
the  smallest  expense. 

The  very  high  temperatures  required  to  melt  iron  and  steel 
in  the  cupola,  and  have  the  metal  sufficiently  overheated  for 
casting  purposes,  render  it  inadvisable  to  u&e  water-jackets  in 
the  construction  of  the  furnace.  It  is  always  possible  to  patch 
the  lining  at  the  melting  zone  between  daily  heats.  The 
balance  of  the  lining  is  seldom  affected  enough  by  abrasion  and 
chemical  action  to  require'  replacement  oftener  than  ono&  in 
nine  months . 

The  cupola  is  practically  a  shell  of  steel  lined  with  a  refrac- 
tory material  of  the  proper  kind,  and  provided  with  a  set  of 
tuyeres  to  allow  air  to  ba  driven  into  the  fuel  and  the  charges 
to  b©  melted .  It  should  have  the  same  diameter  throughout  , 
as  there  is  no  reduction  of  ore  and  consequent  change  in  bulk 
of  material  to  hold.  The  tuyeres  are  to  be  of  an  almost  con- 
tinuous type,  as  it  is  important  to  keep  the  belt  of  maximum 
temp&ratur©  above  them  practically  leve】.  The  tuyeres  are 
placed  at  a  point  to  permit  of  slagging-off  below  thenn - 

In  cupola  melting  it  is  necessary  to  burn  the  fuel  as 
completely  as  possible',  in  order  to  attain  the  maximum  avail- 
able temperaturo.  That  is  to  say,  the  carbon  of  the  coke  or 
anthracite ~~ whichever  happens  to  be  used ― must  be  converted 
to  carbon  dioxide  with  as  little  subsequent  change  to  carbon 
monoxide  as  may  be  possible.  If  this  desirable  condition  is 
effected  at  the  point  where  the  metal  charge  has  been  placed, 
melting  under  the  most  favourable  conditions  ensues.  The 
molten  iron  is  superheated  properly,  and  thei  chances  of  oxida- 
tion in  melting  are  reduced  to  a  minimum. 

There  follows  from  the  above  that  in  order  to  get  the 
conversion  of  the  fuel  into  the  maximum  amount  of  carbon 
dioxide,  not  only  must  the  bed  stop  at  the  point  where  this  is 
produced  and  no  more  fuel  allowed  over  it,  but  the  proportion 
of  air  blown  into  the  cupola  and  the  diameter  of  tlie  cupola 
must  stand  in  some  fixed  relation.  It  is  well,  therefore,  to 
study  the  rationale  of  the  process  of  combustion  which  takes 
place  in  a  cupola.  Let  us  suppose  that  a  given  cupola  has  had 
the  bed  charged  and  well-burned  through,  the  first  metal 
charge  has  been  put  o'n，  and  then  tlie  sucoeeding  intermediate 
charge  of  ooke  which  is  intended  only  to  replace  that  portion 
of  the  bed  burned  away  in  melting  the  first  metal  charge. 
The  second  metal  charge  is  then  put  on,  then  coke,  then  metal, 
and  so  on.  It  is  desired  to  start  melting.  The  blast  is  put  on, 
and  this  is  what  happens:  As  the  air  enters  through  the 
tuyeres  into  tlie  fuel,  ©very  molecule  of  oxygen  that  touches 
the  incandescent  fuel  picks  up  enough  carbon  to  make  a  mole- 
cule of  carbon  dioxide,  which  travels  upward  through  tlie 
incandescent  bed.  Some  of  the  molecules  of  this  carbon 
dioxide  must  naturally  b©  changed  to  other  molecules  of 
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carbon  monoxide  by  their  contact  with  more  incandescent 
coke,  but  as  there  is  a  lot  of  free  oxygen  present,  not  to  speak 
of  the  nitrogen  molecules  in  great  abundance,  which  serve  to 
protect  the  finished  COz  from  becoming  CO,  it  would  take 
some  time  and  space  to  travel  through  to  change  the  bulk  of 
the  C02  to  CO.  As  a  matter  of  fact,  the  maximum  proportion 
of  C02，  under  ordinary  conditions,  is  reached  at  18in.  to  24in. 
above  the  tuyeres,  tlie  bed  being  sufficiently  thick  to  allow 
this.  If  more  incandescent  fuel  is  above  this  then  the  change 
from  C02  to  CO  is  rapid,  and  the  poor  melting  results  quickly 
noticeable. 

While  the  above  described  process  is  going  on  it  will  be 
seen  that  it  is  quite  easy  for  some  free  oxygen  to  reach  a 
considerable  distance  up  into  tlie  charge  before  being  used  uj) 
in  the  combustion.  In  fact,  tests  on  this  point  by  the  Unite<l 
States  Bureau  of  Mines  have  shown  conclusively  that  there  is 
no  place  in  the  cupola  absolutely  free  from  uncombine<l 
oxygen .  It  was  further  found  that  a  lot  of  the  air  practically 
escaped  unchanged  along  the  lining,  where  it  is  just  in  the 
right  place  to  become  oxidised  as  it  gets  into  the  melting  zone. 

A  further  interesting  point  proved  by  the  investigations  of 
the  Bureau  of  Mines  is  tb.at  there  is  a  central  cone  in  the  fuel 
bed  of  the  cupola  above  the  tuyeres  in  which  there  is  a  forma- 
tion of  CO  only,  showing  that  no  combustion  goes  on  at  all 
there,  which  indicates  that  as  the  air  is  blown  into  the  cupola 
it  curves  upward,  and  some  of  it  does  not  reach  the  centre 
directly  opposite  the  tuyeres.  The  smaller  the  amount  of  air 
going  into  tlie  same  diameter  cupola  the  higher  this  cone  will 
naturally  be,  and  if  it  should  extend  beyond  the  original 
height  of  the  bed,  after  melting  for  some  time,  by  catching 
accumulations  from  the  subsequent  coke  charges,  there  will  be 
a  diversion  of  the  metal  charges  outward  from  the  centre  as 
they  descend,  and  the  melting  done  in  the  cupola  will  be 
considerably  less  than  the  normal  amount,  besides  forcing  the 
cupola  to  melt  in  a  very  uneven  manner.  On  the  other  hand, 
the  more  air  blown  into  the  same  diameter  cupola,  the  shorter 
becomes  this  cone,  and  it  disappears  altogether  when  the  air  is 
forced  straight  through  the  bed.  This  is  about  the  ideal 
condition,  and  any  further  forcing  of  the  air  by  using  larger 
quantities,  will  unduly  increase  the  melting  capacity  of  the 
cupola,  compelling  the  raising  of  tlie  coke  bed. 

This  somewhat  involved  explanation  shows  why  the  amount 
of  air  blown  into  a  cupola  should  bear  a  certain  relation  to  the 
diameter  of  the  furnace.  Practice  is  the  best  guide  to  this. 
For  instance,  the  ordinary  cupola  with  a  diameter  of  54in. 
inside  the  lining  takes  a  little  less  than  30,000  cub.  ft.  of  air 
to  melt  a  ton  of  iron.  Under  the  best  conditions  of  practice 
this  cupola  has  been  found  to  give  10  tons  an  hour,  hence  we 
must  provide  300,000  cub.  ft.  of  air  to  go  into  that  cupola,  and 
see  that  it  really  goes  in.  It  is  possible  to  get.  good  results 
with  less  air,  but  then  the  melting  rate  drops  and  this  is  bad 
foundry  economy .  On  the  other  hand,  it  is  possible  to  get 
11  or  even  12  tons  an  hour  from  the  cupola,  but  this  means 
blowing  in  the  corresponding  amount  of  air,  with  consequent 
chances  for  bad  working. 

There  is，  therefore,  a  safe  rate  of  melting  for  each  diameter 
of  cupola.  If  a  giveu  cupola  does  not  perform  in  accordance 
with  this  rate  and  the  amount  of  air  blown  in  has  been  found 
to  b©  the  correct  one,  then  the  trouble  must  be  looked  for 
elsewhere.  As  the  blast  goes  through  the  fuel  bed  the  gases 
become  hotter  and  hotter  up  bo  the  point  of  maximum  pro- 
portion of  C02，  and  this  may  be  about  3，000°  Fall.,  theoreti- 
cally. At  this  point,  which  is  from  18in.  to  24iu.  above  tlie 
tuyeres,  the  hot  gases  should  find  the  charge  of  metal  to  melt. 
If  there  is  fuel  still  above  this  point,  by  originally  charging 
too  much  fuel,  the  conversion  to  CO  takes  place,  with  conse- 
quent reduction  of  the  temperature.  It  will,  therefore,  be 
seen  that  from  the  actual  entrance  of  the  air  into  the  bed  tliere 
is  a  rapid  increase  in  temperature  upward  until  the  maximum 
is  reached,  and  then  a  decrease.  Experience  shows  that 
melting  iron  is  possible  for  a  distance  of  about  1ft.  below 
this  place  of  maximum  temperature,  and  perhaps  2ft.  above  it, 
if  the  bed  were  allowed  to  be  so  low  or  so  high  through 
improper  charging.  This  effect  can  be  readily  understood 
when  it  is  remembered  that  the  melting  poiut  of  white  iron 
runs  as  low  as  2，000°  Fah"  while  that  of  the  grey  irons  is 
several  hundred  degrees  higher.  The  iron  melts,  but  in  the 
case  of  too  low  a  bed  it  will  be  insufficiently  overheated, 
besides  having  been  exposed  to  free  oxygen  with  all  the 
troubles  this  brings  about.    In  the  case  r>f  too  】iigh  a  bed  the 
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metal  has  not  Ixh'M  oxitliscd ,  l>id'  i,s  sij  r(>U  that  <'v"ii  (lr (屮 |mi"' 
through  a  hoi  t  cr  port  imi  of  t  he  IkmI  will  tioi  ^\ve  it  t  In-  propci- 
temperature  for  casting. 

Experience  has  taught  us  liow  to  find  the  proper  height  of 
bed.  This  height  is  not  a  function  of  the  weight  of  the  fuel, 
hut  of  the  amount  of  travel  t  Inougli  it.  t  hat  the  air  lias  to 
perforin  until  the  maximum  C'O^  lias  resulted.  It  has 
observed  that  when  conditions  in  t  lie  cu|)()la  are  just  ri^lit  for 
tli e  blast  to  go  on,  that  is  to  say,  wlien  tli©  bed  is  well  burned 
through,  and  the  cupola  charged  to  near  the  top  with  the 
metal  heating  up  satisfactorily,  it  should  take  between  8  ami 
10  minutes  f'roin  the  commencenient  of  hlowing  until  enough 
iron  rims  from  t  lie  spm"'  to  necessitate'  closing  up  tlie  tap  I" 山' 
The  melt  in^  iron  dropping  by  the  peep  lioles  in  the'  wind  hox 
will  be  oliserved  in  ahout.  ft  minutes  after  t  lie  blast  is  on,  hut  il 
t  akes  a  little  longer  to  have  enough  metal  to  begin  ruimiiig 
out .  li\  under  t  hesve  condit  ions,  t  lie  metal  conies  in  less  t  lian 
8  minutes  the  bed  is  too  low,  and  should  be  iiicivast'd  l»v 
charging  a  little  more  fuel  between  the  metal  charges  in  order 
to  bring  it  up  properly  at  the  time  this  was  observed,  and  1  he 
next  day  the  b'ed  should  he  made  higher.  If  it  takes  longer 
than  10  minutes  the  bed  is  too  high  and  should  be  correspond- 
ingly reduced . 

Looking  at  the  actual  condition  of  the  bed,  we  find  t  liat 
every- portion  of  it  below  the  tuyeres  is  simply  so  much  filling 
intended  to  give  storage  space  between  tlie  lumps  of  incan- 
descent coke  for  the  molten  metal.  Above  the  tuyeres  we  find 
t  he  chemical  reactions  of  combustion  going  on  which  result  in 
maximum  temperature  conditions  at  a  given  point  and  at 
wliich  melting  should  be  done.  It  further  will  appear  1  hat 
only  the  upper  few  inches  of  this  bed  will  be  of  the  maximum 
temperature,  and  below  this  the  bed  is  cooler  and  contains  the 
dreaded  free  oxygen .  Henoe  the  metal  charge  should  be  so 
proportioned  that  it  is  melted  down  completely  by  the  time 
about  4in.  of  the  bed  have  be&n  consumed.  The  correctness  of 
this  statement  can  be  observed  at  any  time  in  looking  into  the 
interior  of  a  cupola  the  morning  after  a  melt.  In  a  well- 
regulat-ecl  shop  the  scoring  of  the  lining  is  confined  to  a  belt 
of  from  4in.  to  Gin.  In  a  shop  where  the  reverse  conditions 
exist,  the  belt  of  affected  cupola  lining  may  be  3ft.  high.  The 
latter  condition  shows  a  shifting  of  the,  melting  zone  up  and 
down,  according  as  the'  bed  has  been  allowed  to  burn  away 
before  the  succeeding  charges  of  coke  cam©  down  to  replace  it, 
or  the  bed  had  b&an  allowed  to  run  by  charging  too  much  coke 
between  the  charges  of  metal. 

The  inferences  that  must  he  made  from  the  above  are  that 
the  smaller  the  charge  of  metal  and  the  oftener  repeated ,  the 
less  the  shifting  of  the  melting  zone  up  and  down  in  the  cupola 
and  that  it  is  a  serious  mistake  to  adopt  the  almost  universal 
rule  followed  in  the  United  States  to  make  the  first  charge 
twice  as  heavy  as  the  succeeding  ones.  Where  this  is  done,  it 
is  patent  that  double'  the  amount  of  coke  must  have  l>ecn 
burned  away  from  th©  top  of  the  bed,  only  half  of  this  bein^ 
re])laoed  by  the  intermediate  charge  of  coke,  and  from  tlie 
second  charge  of  metal  the  melting  is  don-e  at  a  lower  point  in 
tlie  cupola.  It  is  difficult  to  instil  this  point  into  the  minds 
°t  ('upola  men  and  even  chemists.  They  seet  a  big  pile  of  coke 
go  into  the  cupola  for  the  bed,  and  of  necessity  hold  that  a 
big  lot  of  iron  should  go  on  it,  forgetting  that  only  the  very 
iq>!>er  portion  of  the  bed  does  the  work  whether  the  bed  is  big 
or  little.    European  practice  is  more  rational  in  this  respect, 

not  only  are  cupolas  of  small  diameter  used  with  con- 
sequent effective  penetration  of  blast,  but  tlie  charges  are  very 
small  and  there  is  no  large  first  charge. 

Wliile  tlie  weight  of  the  coke  for  the  bed  is  not  essential, 
it  is  a  very  important  factor  for  the  intermediate  charges. 
That'  is  to  say,  once  the  proper  height  of  the  bed  has  been 
found  for  a  given  coke,  the  replacement  of  what  is  burned 
aw，y  in  melting  each  charge  is  a  definite  function  of  its  com- 
position and  somewhat  of  its  cellular  structure.  Everv  time 
the  brand  of  coke  is  changed  it  is  necessary  to  try  out  the 
nielting  time  for  first  iron,  in  fact  in  well-regulated  shops  this 
is  done  every  day,  unless  the  shop  cusiom  is  to  keep  the  breast 
dose-  during  the  burning  through  and  blast  on,  when  it  is 
sufficient  to  make  the  above  described  time  trial  onoe  a  week. 
It  is  also  necessary  that  the  fuel  for  tlie  bed  should  be  per- 
fectly dry,  though  this  is  not  essential  for  the  upper  charges, 
provided  due  allowance  is  made  for  the  water  in  weighing,  as 
the  carbon  content  is  required  in  the  right' proportion. 

Tt.  is,  therefore,  well  to  use  another  experience  figure  for 


tli©  weight  of  the  intermediate  (  liarp's  of  iiu^l.  This  is 
oiie-ttMith  the  weight  of  the  metal  clia r^d  ahov**  it  atul  wliich 
it  is  to  melt .  A  good,  lii^h-lixed  en  rlx>n  cok<*  r  an  nielt  more 
thay  10  times  its  weight,  or  tlu*  ratio  is,  sav,  ]  Ill's,  of  i,"'t;il 
to  】lb.  of  coke,  while  a  high-asli  roke  、v(  rks  tlu*  ot  Ikt  way. 
Hence  we  have  got  to  the  point  whw  in  t  rving  out  the  ""'It 
coiulitions  required  for  ； t  cupola,  the  first  iron  is  wautfnl  ；", 
say,  8  minuter,  the  first  cliarge  of  metal  as  small  as  all 
others,  and  the  charges  of  cok^  lx*t  \v*m*ii  tl"w  met  ;i  I  '  l"ir_','、 
one- tenth  in  weight.  1 1  now  remains  to  fix  the  size  of  the 
charges  of  metal. 

Since  about  4in.  of  the  coke  bed  only  should  I>h  l,m 
away  in  melting  the  metal  charge  above  it  before  the  next 
coke  charge  comes  down,  it  is  apparent  iliat.  the  ]>ro|»^r  si'/i' 
of  the  metal  (charge  should  be  10  times  the  wri^lit  of  4 in 
thickness  of  coke  in  the  cupola.  The  l>est  way  ">  ； w'rtam 
this  weight  is  to  lay  a  ring  of  cupola  blocks  or  firebrifk  on 
the  cupola  charging  floor,  of  t lie  diameter  of  the  cupola,  m\<\ 
-lin.  higli.  Fill  this  space  with  cok©  and  weigh  it.  Ten  times 
the  weight  is  t\\e>  amount  of  metal  to  be  charged. 

Inasmuch  as  during  the  course*  of  a  melt  the  cupola 
becomes  hotter  and  the  upper  charges  well  heateel,  less  coke 
is  required  between  the  charges,  and  here  the  experience  of 
the  foundry  men  comes  into  play.  The  easiest  method  of 
determining  this  question  is  to  observe  the  rate  in  melting. 
That  is  to  say,  if  a  given  cupola  melts  10  tons  an  hour  for  tlie 
first  hour,  and  only  9  tons  the  second  hour,  a  gradual  and 
slight  reduction  of  the  intermediate  charges  of  coke  is  in 
order  until  the  melting  rate  is  restored  and  even  ； ir(  »' 卜 -  I 
Continued  observation  quickly  overcomes  this  difficulty. 

Oxidised  iron  is  very  difficult  material  with  wliirli  to  obtain 
good  castings.  It  seems  that  when  the  melting  iron  gets  into 
portions  of  ,the  cupola  where  free  oxygen  is  present,  it  is 
affected  thereby,  and  the  result  is  a  higher  freezing  point. 
The  metal  loses  its  life  and  cannot  safely  be  held  for  any  time. 
Moreover,  it  contains  gases  which  oome  out  at  the  moment  of 
set,  with  the  result  that  the  castings  show  evidences  of  pin- 
holes, heavy  shrinkages,  and  even  cracks  from  loss  of  power  to 
accommodate  themselves  to  internal  strains  while  the  metal  is 
setting.  And  still  worse,  the  pin-lioles  often  do  not  appear 
until  the  skin  of  the  castings  is  removed  by  machining.  Tlie 
reason  for  this  is  that  when  the  mould  is  poured,  the  metal 
immediately  in  contact  with  the  sand  sets  first,  and  in  doing  so 
passes  it's  contained  gas  through  it.  Once  this  skin  lias 
formed,  further  gases  attempting  to  get  out  are  shut  off,  risa 
to  the  top,  and  will  remain  just  under  the  skin  of  the  cope. 
Metal  of  this  kind  always  shows  defects  when  the  cope  portion 
is  planed  off.  Since  this  condition  is  entirely  due  to  the 
oxidation  of  the  metal,  it  is  important  that  the  charging  ot' t  lie 
cupola  be  done  very  evenly  and  regularly  and  not  to  cli:u  i:、' 
the  pigs  around  the  lining  and  the  scrap  in  the  cent  re. 

The  subject  could  be  extended  still  further  by  giving  inanv 
and  varied  examples  from  actual  experience,  but  enough  has 
been  said  to  indicate  that  the  cupola  is  by  no  means  the  simple 
contrivance  that  it  is  supposed  to  be,  and  that  there  are 
refinements  in  practice  which  take  into  account  peculiarities  in 
fuel,  metal ,  and  even  the  air  used  for  combustion  purposes. 

In  summing  up  the  subject,  the  following  conditions  should 
be  observed  : — 

That  the  proper  amount  of  air  gets  into  the  cupola  for  its 
capacity. 

That  the  bed  coke  is  dry  and  well  lighted  before  charging. 

That  the  bed  is  of  proper  height  to  give  ii i>l  iron  in  from 
8  to  10  minutes. 

That  the  metal  charges  are  of  equal  weight. 

That  the  metal  charges  are  no  larger  than  that  requiring 
coke  enough  just  to  cover  the  metal  below . 

Tliat  the  coke  charges  are  so  adjusted  to  tlie  metal  charges 
that,  throughout  the  heat,  the  melting  zone  remains 
stationary  and  at  the  riglit  point. 

That  the  blast  volume  (not  pressure)  never  chains 
throughout  the  heat,  since  anv  variation  will  immediately 
change  the  position  of  tlie  m&lting  zone. 

That  the  charges  are  evenly  distributed:  First,  the  pig 
iron  over  the  entire  bed,  then  scrap  also  over  the  entire 
bed,  then  coke.  If  steel  is  used,  put  it  on  before  tlie  pig. 
Never  use  thin  scrap  steel . 

That,  only  on©  row  of -tuyeres  be  used,  and  these  should  be 
of  sufficient  size.  If  a  second  row  is  available,  open  onlv  a 
very  few  of  them,  so  as  not  to  disturb  the  position  of  tlie 
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molting  zone,  while  giving  extra  air  to  bui  n  tlic  CO  that  may 
J'oriu  in  tlio  furnace. 

That  the  rnel ting  rate  be  watched  and  the  i ni-cniKMliat t- 
cake  charges  adjusted  accordingly. 

Tiiat  the  charging  of  very  large  pi ('''•、、 （" 川 *'t  ;i j  l>e  avci'l' '卜 
since  these  very  often  deflect  the  gas  currents  and  ))i*ing  al)oul 
an  uneven  burning  of  the  fuel. 

llt'avy  coke,  with  small  ])en*ent.a.gcs  of  rcli  space,  ran  sl;ind 
l;i  W  clui  rges,  antliracibei  ooa]  being  t  lie  <»xt  rcine'  in  t  his  con 
licet  ion.     Jji^ht  rokes,  witli  large  iiei'i'cutages  oi*  r"ll  space, 
must  ltave  very  small  charges  to  got  best  results. 


SULZER  S  TURBINE  PUMP. 

\\r l ;  illustrate  herewith  a  design  of  horizontal  turbine  jrniiip, 
tlio  invention  of  Messrs.  Sulzer  Bros. ，  Wint^rtliur.  The 
lower  part  A  of  the  casing  which  oonstitutesi  the  suction 
branch  is  bifurcated  at  its  junction  with  the  upper  part  B， 
two  branches  D  and  E  being  thus  formed,  between  which  is 
arranged  the  bearing  F  for  the  shaft  G  of  the  rotor  wlieeJ. 
Tlie  parts  A  and  B  are  connected  togetlioi*  by  bolts  passing 
t  lirough  a  horizontal  flange  H.    The  rear  part  C  is  connected 


SULZER  S  Tt'RllINE  PUMP. 

to  the  parts  A  and  B  by  means  of  a  vertical  continuous  flange 
J  which  surrounds  this  member.  Th-e  water  from  the  annular 
chamber  K，  after  having  passed  through  the  suction  conduit 
L，  passes  into  the  rotor  wheel  M，  and  thence  into  the  pressure 
branch  C  through  the  pressure  or  outlet  conduit  N.  Owing 
to  the  division  of  the  casing  above  described,  it  is  possible  to 
remove  the  parts  separately,  or  to  obtain  access  to  the  whole 
interior  of  the  pump,  by  lifting  off  the  upper  part  B  of  tlie 
casing  without  it  being  necessary  to  remove  the  pressure  or  the 
suction  branch.  Moreover,  owing  to  tlie'  bifurcated  shape  of 
the  suction  branch,  tbe  bearing  next  to  the  rotor  wheel  can 
be  brought  quite  close  to  the  rotor  wheel,  so  that  if  the  wheel 
is  supported  only  on  one  side'，  the  ])iuiip  spindle  overhangs  or 
projects  only  a  short  distance  beyond  the  bearing.  Finally, 
the  construction  of  the  pressure  branch  in  tlie  form  of  an  axial 
extension  of  the  pump  casing,  proven ts  disturbing  currents 
from  being  set  up  when  the  water  passes  into  the  pressure  pipe. 


THE  INSTITUTION  OF  ELECTRICAL  ENGINEERS  AND 
RESEARCH  WORK. 

The  committee  of  the  Institution  of  Electrical  Engineers 
appointed  to  consider  the'  question  of  research  recently  sub- 
mitted a  report  on  their  work .  This  report  has  now  been 
adopted  by  the  Council.  After  considering  the  scope  and 
scale  of  the  research  work  which  might  be  undertaken  by  the 
Institution,  tlie  commitbe-e  are  of  opinion  tliat  it  is  desirable 
to  avoid  overlapping  the  work  of  oilier  su<-iei  ies,  surh  as  tlie 
British  Association,  the  Royal  Society,  and  otlier  similar 
luMlies  ；  t  liev  th-erefore  sug^'st  i  Itat  i  hf  、vork  o!'  \  1  nsi  it  u 
lion  be  confined  as  far  as  ]>ossil>le  1o  ilie  following  lines : 
{a )  The  organisation  and  c< n  iolai  ion  of  rcscai'di  work  iti  <*lec- 
tii'ical  engiiu'erin^  ；  (/>)  tlie'  originat-ion  and  supervision  of 
3j)ecific  researches  in  subjects  connected  with  the  electrical 
industry,  and  the  allocation  of  grants  in  aid  of  the  same.  The 


urgaaisation  and  correlation  of  ilie  researdi  work  carried  on 
within  the  sphere  of  influence  of  the  Institution  should  include 
the  following  :  (1)  The  estahlislnneiit  of  a  general  committee 
for  research  to  which  investigators  would  be  invited  to  send 
particulars  as  to  the  subject  and  character  of  the  researches 
they  are  undertaking.  Members  of  the  Institution,  especially 
those  connected  with  the  manufacturing  side  of  the  indusiry, 
would  also  be  invited  to  communicate  to  this  curinnitiee  any 
special  difficulties  iliey  had  encountered  which  called  for 
investigation,  and  to  make  suggestions  for  subjects  for 
research .  The  general  committee  would  thus  act  an  a  specie« 
of  "  clearing  house  ，，  for  research  topics,  receiving  suggestions 
I'roin  various  sources  and  sending  them  on  after  consideration 
to  the  most  suitable  quarters.  (2)  The  collection  and  publica- 
tion of  particulars  of  plant  available  for  special  testing  and 
investigation  work  in  tlie  various  laboratories,  together  with  a 
list  of  the  subjects  in  which  researches  have  been  carried  out-. 
(3)  The  compilation  and  publication  of  bibliographies  of 
specific  fields  of  research.  The  committee  consider  that  it  is 
desirable  tliat  the  Institution  should  originate  and  direct 
ct-";i  i-clu's  in  <LTt  ain  suhj+'rts,  and  su^^f^t  that  1  lie  O  ?)«jr;il 
Researcli  Committee  should  have  power  to  apjx)int  sub- 
conimifctees  of  experts  to  deal  with  researches  in 
selected  subjects.  In  the  first  instance,  a  series  of 
investigations  might  be  initiated  on  "The  Electrical 
Properties  of  Materials,"  which  would  deal  with  such 
matters  as  magnet  steel,  copper,  carbon,  paper,  rubber, 
mica,  porcelain,  oils  and  varnishes,  &c.，  on  all  of 
which  fuller  data  are  required. 

NICKEL-BRONZE  MIXTURE  FOR  HYDRAULIC  CASTINGS. 

The  making  of  bronze  castings  to  stand  hydraulic 
pressure  is，  says  "  The  Brass  World,"  a  matter  wliicli 
often  perpl&xes  a  brassfounder.  He  may  be  able  to 
make  good  castings  with  a  fine  surface,  but  when  tlie 
castings  are  tested  leakage  results.  It  has  been  found 
that  a  special  mixture  is  better  for  hydraulic  castings 
than  the  ordinary  composition  or  the  well-known 
88-10-2  bronze.  A  casting  which  has  a  good  super- 
ficial appearance  may  not  stand  the  pressure,  and  for 
this  reason  a  mixture  which  has  the  necessary  close- 
ness of  grain  is  required.  It  is  not  a  question  of 
tensile  strength  iu  the  castings,  as  this  has  been 
found  less  important  than  the  grain  of  the  metal  ； 
and  thei  patterns  will  be'  found  of  sufficient  thickness  to  stand 
the  pressure.  Those  who  design  such  patterns  kuow  well  that 
there  is  nothing  to  be  gained  in  making  the  walls  too  tliiii, 
and  it  is  invariably  the  case  that  a  sufficient  thickness  is  given 
them .  The  problem,  then,  is  on©  of  mixture  and  good 
foundry  practice.  Even  with  the  mixture  herewith  given, 
poor  foundry  work  cannot  be  tolerated. 

The  following  mixture  for  making  hydraulic  castings  has, 
according  to  our  contemporary,  been  in  use  for  some  time 
in  one  of  the  large  foundries  in  the  United  States  and  has 
proved  very  satisfactory  for  this  purpose.  It  has  been  used 
on  castings  which  had  to  stand  a  pressure  of  3，0001bs.  to  the 
square  inch  hydraulic  pressure  and  for  this  purpose  was  found 
excellent.  The  mixture  is  as  follows :  Copper,  831bs.  ；  tin, 
51bs.  ；  zinc,  51bs.  ；  lead,  51bs.  ；  nickel,  21bs. 

The  nickel  in  th«>  mixture  is  the  metal  that  produces  the 
good  qualities  for  hydraulic  work .  To  make  the  mixture  the 
nickel  should  be  put  into  the  crucible  with  a  small  amount  of 
the  copper  and  the  two  melted  together.  Make  sure  the 
nickel  is  melted  and  keep  well  covered  with  charcoal  wliile 
the  melting  is  going  on.  Then  add  tlie  rest  of  the  copper  and 
melt  in  the  usual  manner,  afterwards  adding  the  ziiic,  tin, 
and  lead.  Stir  well  in  order  to  thoroughly  mix  tlie 
ingredients.  The  metal  is  poured  at-  about  the  same 
temperature  as  composition. 


Fatal  Gas  Producer  Explosion. ―  An  intjuest  was  held  at 
Rothei'hani  on  the  3rd  inst.  relative  to  the  death  of  a  gas- 
man, who  was  fatal! v  burne<l  at  tlie  works  of  Steel,  Peeoh, 
and  Tozer,  Ltd.,  on  December  24tli.  The  man  was  employed 
in  connection  with  :i  gas  producer  in  the  steelworks,  and  on 
Christmas  Eve  was  engaged ,  along  witH  another  gasman,  in 
li^rlit iiii;  a  gas  producer,  when  an  expUx^ion  (xvm'red  and 
deceased  was  so  badly  burned  that  lie  died  a  week  afterwards. 
The  jury  returned  a  verdict  of  l(  Aceideutal  death," 


January  10,  1913]  THE   MECHANICAL  ENGINEER. 


41 


COPPER  ALLOYS  FOR  MOTOR-CAR  SERVICE  * 

IiY  W.   H.  IUKR. 

In  offering  a  papor  on  copper  alloys,  one  ； ii>【>r();"'lies  a  subject 
of  such  magnitude  that  it  can  only  b©  treated  briefly,  in  a 
manner  that  may  prove  of  interest  and  service  to  automobile 
engineers.  Tlie  basic  ingredients  of  bronze  and  copper  alloys 
are,  of  course,  copper,  tin,  zinc,  and  lead,  and  we  will  consider 
these  metals  from  a  viewpoint  somewhat  unusual. 

In  bronze  and  brass  alloys,  copper  is  the  predominant 
metal,  being  the  olement  with  which  we  oan  best  alloy  smaller 
quantities  of  other  metals.  The  essential  characteristics  of 
copper  are  to  impart  strength  and  toughness,  and  in 
ornamental  work,  varying  degrees  of  rich,  red  colour.  It  is 
the  best  conductor  among  the  metals  of  both  heat  and 
electricity,  slightly  excelling  silver  in  the  latter  respect . 
Chemically-pure  silver  was,  for  years,  believed  to  have  the 
highest  electrical  conductivity  of  all  the  metals,  and  accord- 
ingly was  the  basis  for  the'  100  per  cent,  standard.  Recently, 
however,  copper  has  been  produced  in  so  excollent  a  state  of 
purity  as  to  indicate  an  electrical  conductivity  of  104  per  cent. 
The  specific  gravity  of  copper  is  8*82  ；  and  the  melting  point 
1，981'5°  Fah.  The  tensile  strength  varies  with  the  physical 
conditions,  producing  thei  following  results  ：  In  cast  copper, 
the  tensile  strength  is  26，0001bs.  per  square  inch  ；  in  bolts, 
34,0001bs.  ；  and  in  wire,  55，0001bs.  The  tempering  of  oopper 
lias  for  years  been '  con  si  dered  a  lost  art,  but  among  the,  latter- 
day  scientists,  the  unity  of  opinion  is  that  this  climax  of  th© 
art  never  existed. 

Tin  is  a  white  metal  with  a  distinctly  yellowish  tinge,  and 
can  be  rolled  into  very  thin  sheets,  but  its  low  tenacity 
prevents  it's  being  drawn  into  wire.  Its  specific  gravity  is 
7'29  and  its  melting  point  449.4°  Fah.  It  has  a  distinctly 
crystalline  structure  and  emits  a  peculiar  crackling  sound  on 
being  bent  back  and  forth ,  due  apparently  to  tho  rubbing  of 
the  crystals  on  each  other.  The  smelting  is  a  comparatively 
simple  operation,  as  tli©  oxide  is  readily  reduced  by  carbon  at 
a  red  heat.  The  purest  metal  is  obtained  from  reverb eratory 
furnaces.  This  is  further  refined  by  liquation,  which  consists 
in  subjecting  the  metal  to  a  low  temperature  on  a  sloping 
hearth,  where'  the  tin,  having  a  low  melting  point,  runs  out, 
leaving  the  impurities  behind. 

Tin  produces  a  decided  tempering  effect  in  combination 
with  copper,  varying  in  proportion  as  it  is  us&d.  Above 
25  per  cent,  tin,  the  alloy  is  too  hard  and  brittle  for  use.  The 
true  bronzes  are  alloys  having  t-liese  two  element's  as  their  main 
constituents.  Up  to  about  10  or  12  per  cent,  tin  the  material 
is  not  affect-sd  by  quenching.  Above  that  percentage  quench- 
ing to  the  proper  temperature  renders  the  alloy  softer  than  if 
slowly  cooled,  being  directly  opposite  the  effect  which  such 
treatment  has  on  steel.  'Tin  also  has  a  high  colouring  effect, 
on  oopper,  a  very  small  quantity  being  distinctly  discernible. 
Tin  in  oombinaiion  with  the  brasses  or  copper-zinc  alloys,  when 
resent  in  small  amounts,  renders  the  alloy  more  sound,  more 
fusible  and  capable  of  taking  a  better  polish. 

Zim'，  commercially  called  spelter,  is  th©  next  important 
me't'al.  It  is  of  a  bluish-white  colour,  of  a  decided  crystalline 
nature,  and  at  ordinary  temperature,  quiie  brittle.  Between 
250°  and  300°  Fah.,  however,  it  is  malleable  enougli  to  permil 
of  rolling  into  thin  sheets  and  drawing  into  wire.  Zinc  is  not 
found  in  a  free  metallic  state,  but  is  obtained  from  its  ores, 
which  are  chiefly  sulphide  of  zinc  and  carbonate  of  zinc.  The 
conoentraiion  of  the  ore  is  attended  with  considerable  diffi- 
culty, as  the*  associated  impurities  are  generally  of  about  the 
same  weight  as  the  ore.  The  specific  gravit\*  of  rast  zinc 
is  6*87,  and  its  melting  point  786'9°  Fall.  It*  is  ； i  ]M"xn-  con- 
ductor of  botli  heat  and  electricity. 

Of  the  different  metals  thai,  we  are  coiisitleriii^,  /.inc  is  t  lie 
only  one  that  can,  of  itself,  properly  he  called  a  hearing  metal. 
Used  unalloyed  for  bearings  where  strength  is  not  essent  ial 
and  its  brittleness  is  not  objectionable,  there  is  probably 
nothing  superior  to  it  for  wearing  qualities. 

Zinc  in  combination  with  copper  produces  the  brasses. 
Very  small  additions  of  zinc  render  copper  suitable  for  casting. 
Larger  additions  cause  gradually  increasing  hardness,  but  not 
to  as  marked  an  extent  as  tin.  Nearly  50  per  cent,  zinc  rati 
be  added  before  an  alloy  too  brittle  for  use  is  obtained .  With 
increasing  zinc  contents,  tlie  strength  and  elongation,  as  well 
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as  the  fusibility  of  tho  alloy  increases.  The  colouring  effect  of 
zinc  on  copper  is  not  as  immediate  as  that  caused  by  tin. 

In  the  high  copi>er-t in  bronzes,  zinc  is  used  in  hiii;i11 
quantities  of  about  1  or  2  per  cent.,  mainly  for  a  cleansing 
effect .  It  improves  tlie  fluidity  of  the  metal,  thus  making 
sharp,  clean  castings,  free  from  blow-holes.  With  a  higher 
percentage,  the  hardness  and  strength  of  the  bronze  decreases, 
and  the  bra^s-like  qualities  thereby  imparted  become 
apparent. 

The  specific  gravity  of  lead  is  1 135，  melting  point 
621°  Fah.,  and  the  tensile  strength  2,0001bs.  per  square  inch . 
Lead,  in  combination  with  copper,  is  exceedingly  difficult  to 
introduce  in  its  best  form  and  remains  undissolved  as  inter- 
crystalline  material.  It  is,  therefore,  not  an  alloy,  but  rather 
a  mechanical  mixture.  The  action  of  th©  lead  in  combination 
with  a  copper-tin  bronze  acts  as  a  lubricant,  the  small,  free 
globules  of  lead  in  a  bearing  being  very  beneficial.  Although 
lead  makes  the  alloy  den&e  and  malleable,  it  has  a  decidedly 
weakening  effect  in  that  its  globules  break  up  the  continuitV 
of  the  crystals.  A  liigh  lead  bronze,  10  per  cent,  and  more, 
when  broken,  will  show  a  grey  fracture  as  a  result  of  breaking 
through  the  weaker  lead  globules  and  not  through  the 
crystals  of  the  oopper-tin  mixture.  The  same  fracture,  if 
finished  and  polished,  will  show  the  proper  red  colour  of  the 
particular  alloy.  In  brass,  lead  also  acts  as  a  lubricant  and 
prevents  fouling  of  th©  tools  in  working. 

Some  elements,  such  as  arsenic,  antimony,  and  sulpliur, 
have  a  detrimental  influence  on  bronze,  but  there  is  one  wliidt 
has  a  decidedly  beneficial  effect,  and  that  is  phosphorus.  Thf 
function  of  phosphorus  on  a  bronze  is  that  of  a  deoxident.  It, 
cleans  the  metal  from  oxides  of  copper  and  tin,  and  if  the 
correct  amount  is  used  for  this  purpose,  none  remains  in  \ho 
finished  alloy.  By  the  removal  of  these  oxides  tlie  bronze  is 
rendered  more  fusible  and  better  castings  are  possible. 
Larger  additions  of  phosphorus  harden  the  metal,  but  at  the 
expense  of  toughness.  Th©  production  of  various  qualities  of 
phosphor-bronze  depends  more  upon  the  proper  proportioning 
of  the  various  ingredients  than  upon  the  quantity  of 
phosphorus.c 

One  of  the  problems  which  must  be  contended  with  by  the 
sales  department  of  a  brass  foundry  is  the  lack  of  information 
about  phosphorus,  which  results  in  ridiculous  specifications, 
often  asking  for  a  phosphorus  content  as  high  as  10  per  cent. 
The  specification  of  phosphorus  can  with  safety  be  left  onlv  to 
the  metallurgist,  insiead  of  the  ordinary  brass  found rv 
foreman,  who  usually  relies  entirely  upon  guesswork . 
Phosphor-bronzes  should  be  secured  only  from  companies  of 
reputation,  who  make  a  speciality  of  their  manufacture. 

High  copper  alloys,  as  related  to  motor-oar  construction, 
may  be  divided  into  four  classes  :  Soft,  phosphor-bronze,  liard 
phosphor-bronze,  red  brass,  and  yellow  brass. 

Soft  bronzes  in  general  are  low  in  phosphorus  atul  lii^h  in 
lead,  the  former  being  used  solely  as  a  purifying  or  deoxitiisiw 
agent.  This  class  of  bronze  can  only  be  considered  for 
bearings 久 the  high  percentage  of  lead  reducing  the  tensile 
strength  of  tlie  alloy,  so  as  to  make  it  unsuitable  for 
strains.  Under  this  head  may  be  mentioned  one  of  the 
standard  alloys,  80  copper,  10  tin,  and 】0  lead.  This  com 
bination  is  generally  used  throughout  all  motor-car  const rur- 
tion,  and  present  practice  among  the  best  makers  finds  use 
for  the  alloy  in  a  number  of  places.  Tt  is  difficult  to  recom- 
mend this  or  any  other  alloy  to  render  tlie  heM  service  in  anv 
part  of  a  motor-car  without  the  specific  knowledge  of  con- 
ditions covering  its  use.  Before  making  an  intelligent 
selection  it  is  necessary  to  know  tlie  l>earing  pressure,  char- 
aether  of  lubrication,  and  amount  of  vibration,  as  well  as  tlio 
nature  and  quality  of  the  st^el  wliicli  is  use<l  in  the  rotating 
piece. 

Those  pi  l  ospl  i  or  -  b  ron  zes  connnonlv  (Iwril>ed  as  hard  a  ro 
generally  liigli  in  both  phosphorus  and  tin,  and  low  in  leail 
(環 tents.  In  tliose  cases  where  tlie  phosphorus  content  runs 
as  】iigh  as  H  per  cent.,  the  tin  content'  is  necessarily  uiulor 
12  per  cent.,  or  the  alloy  would  be  too  brittle.  The  reverse  is 
also  the  case  and  where  alloys  contain  a  mixture  of  approxi- 
mately 80  copper  and  20  tin,  the  phosphor  contents  sliould  not 
be  over  0*5  per  cent.  An  alloy  of  this  character  is  used  to 
withstand  heavy  pressures  and  has  no  place  in  motor-car 
construction. 

Among  tlie  high  copper-tin  bronzes  may  be  classed  the 
gear  bronze  most  generally  used,  consisting'  of  88  or  90  copper, 
and  from  12  to  10  tin.    A  few  prominent  manufacturers  of 
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bronzes  have  their  own  special  formula,  which  in  some  cases 
may  be  superior  to  a  formula  of  88-12,  or  its  approximate. 
The  composition  of  90  copper  and  10  aluminium  has  proved 
one  of  the  most  successful  gear  bronzes  on  the  market,  having 
an  average  tensile  strength  of  60，0001bs.，  often  reaching 
65，0001bs.  per  square  inch.  It  has  wonderful  bearing 
qualities.  It  has  not  been  generally  used  owing  to  the  diffi- 
culties encountered  in  its  manufacture,  only  one'  or  two  makers 
having  solved  the  problem  of  producing  perfect  castings.  The 
alloy  of  88  copper,  10  tin,  2  zinc,  fills  many  requirements  most 
satisfactorily  and  for  all-round  use  is  hard  to  improve. 

Red  brass,  commonly  known  as  composition,  contains  a 
maximum  of  85-86  per  cent,  copper.  In  this  way  it  can  be 
differentiated  from  th©  bronze  class.  Too  often,  red  brass  is 
only  an  excuse  for  a  visit  to  th©  scrap  pile  on  the  part  of 
mediocre  brass  foundrymen,  where  the  scrap,  selected  with 
varying  degrees  of  care,  depends  largely  on  what  the  customer 
will  accept.  Fortunately,  this  condition  is  being  remedied , 
and  that  type  of  brass  foundryman  is  being  eliminated, 
through  tlie  demand  by  automobile  engino&rs  for  a  brass  of 
uniform  colour  and  texture.  One  alloy  which  has  given 
excellent  satisfaction  is  85  copper,  5  tin,  5  lead ,  and  5  zinc. 
This  alloy  has  an  excellent  colour  and  may  be  used  in 
motor-car  construction  w】iere  severe  bearing  necessities  or 
great  strength  is  not  a  requirement. 

Yellow  brass  may  be  sub-divided  into  two  classes,  one  being 
the  type  of  brass  used  generally  for  ornamental  purposes. 
The  other  is  manganese-bronze,  in  which  the  percentage'  of 
copper  and  zinc  runs  close  to  yellow  brass.  Its  tensile 
strength  and  other  remarkable  properties  are  brought  about 
by  the  use  of  small  quantities  of  iron,  manganese',  aluminium, 
and  tin,  in  varying  proportion.  Manganeses-bronze  being  very 
generally  used  eith&r  for  experimental  or  permanent  construc- 
tion, should  not  b©  passed  without  comment.  If  it  is  the 
intention  to  us©  the  casting  wherei  rigidity  is  required,  the 
manufacturer  should  be  so  advised.  By  slightly  changing  the 
composition  of  manganese-bronze,  it  is  possible-  to  alter  its 
rigidity  and  consequently,  its  ductility,  to  a  marked  extent. 
In  specifying  for  manga nese-b ro n ze  castings,  it  is  wise  to 
adhere  to  established  brands,  particularly  where  the  work  is 
being  done  by  your  own  or  a  local  foundryman  who  perhaps 
lacks  tlie  metallurgical  knowledge  necessary  to  produce  or  even 
judge  a  good  ingot  metal .  Mangane&e-bronz-e  may  be  used  for 
practically  all  brackets,  foot  leve>rs,  radiator  braces,  and  all 
external  parts  requiring  strengih  in  tlie  body.  This  covers 
the  brakes,  lugs,  levers,  hubs,  spider,  steering  yokes,  fan 
pulley,  dust  covers,  plates,  brake  lugs,  windshields,  handles, 
supports,  hinges,  buttons,  latcli,  foot  adjustment,  quadrant, 
and  any  parts,  not  including  bearings,  which  require  the 
strength  of  high-grade  steel  or  drop  forging. 

The  correci  and  practical  solution  of  the  severe  bearing 
requirements  on  the  modern  high-speed  gasoline  engine  is  of 
the  utmost  importance.  In  designing  engine  bearings,  there 
are  two  important  conditions  that  must  be  taken  into  oon- 
sideratioii.  First,  the  selection  of  a  proper  alloy,  having  the 
requisite  anti-frictional  qualities,  and  secondly,  the  selection 
of  a  metal  having  the  necessary  physical  properties  as  regards 
strength  and  resilience.  The  latter  property  is  the  on©  too 
oft&n  neglected  -  A  soft  babbitt  may  have  the  anti-frictional 
requirements  necessary  for  gasoline  engine  service,  though 
owing  to  its  plastic  nature,  its  physical  properties  render  it 
unsuited  for  the  work .  On  tho  other  hand,  a  bearing  made 
entirely  of  steel  would  have  the  necessary  strength  and 
resilience,  but  would  not  b©  anti-frictional.  These  anti- 
frictional  qualities  are  so  obviously  imperative  that  in  nearly 
every  case  these  have  been  considered  at  Uie  expense  of  the 
mechanical  or  physical  properties  of  the  bearing.  Soft 
babbitts  have'  been  discarded,  and  for  the  reason  stated,  harder 
babbitts  have  been  substituted  ；  in  many  cases,  die- cast  bear- 
ings have  become  generally  used  as  crank  bearings  in  some 
classes  of  motors. 

In  the  light  of  the  foregoing  facts,  it  is  nut  a  difficult  task 
to  design  the  ideal  bearing,  for  it  resolves  itself  into  combining 
the  best  anti-frictional  qualities  with  the  highest  physical 
strength  and  resilience.  The&ei  qualities  have  not  been  found 
in  any  one  metal  or  alloy  now  known.  It,  therefore,  becomes 
necessary  to  unite  these  characteristics  in  a  bearing,  and  this 
is  done  by  adopting  the  old-fashioned  babbitt-lined  bronze 
shell  of  a  modified  design.  For  the'  bearing  surface  require- 
ments, we  select  a  high  tin,  so-called  genuine  babbitt,  con- 


taining about  90  per  cent,  tin,  and  approximaiely  5  per  cent, 
each  of  antimony  and  copper.  This  alloy  adheres  readily  to  the 
bronze  shell  and  in  its  formula  is  close  to  several  well-knowu 
brands.  A  variation  of  1  per  cent,  in  any  of  the  constituents 
will  not  materially  affect  the  result.  For  the  necessary 
physical  property,  we  select  a  copper-tin  bronze  having  high 
strength  and  resilience.  The  constituents  of  this  bronze 
sliould  be  so  proportioned  that  upon  cooling  from  the  molten 
to  the  solid  state  there  is  no  eutectic  form€>d,  that  is,  no  small 
portion  of  the  alloy  may  have  a  lower  melting  point  than  the 
greater  part  of  the  mass. 

The  alloy  should  possess  perfect  homogeneity  ,  and  it  should 
not  deteriorate  when  subjected  to  alternating  mechanical 
strains  and  changes  of  temperature,  as  would  an  alloy  which  is 
not  free  from  one  or  more  eutectics.  Furthermore,  strength 
should  not  decrea&e  with  an  increase  of  temperature.  It 
should  be  strictly  a  resilient  metal,  in  that  it  should  have  the 
least  tendency  for  crystallisation  under  shock  and  mechanical 
strains. 

The  bronzerbabbitt-lined  shells  are  naturally  adapted  to 
the  construction  of  the  highest  class  of  motors,  in  that  their 
rigidity  makes  them  less  conformable  bo  a  lower  grade  of 
workmanship,  since  they  must  be  machined  accurately  in  order 
that  they  may  give  the  highest  possible  service.  On  the  other 
hand,  the  genuine  babbitt,  die-cast  bearings  are  suitable  for 
fairly  high-class  motor  construction,  as  thev  lend  themselves 
more  readily  to  the'  construction  of  a  moderate-priced  motor, 
where  the  necessity  for  the  superlative  degree  of  accuracy  of 
machine  work  and  design  does  not  exist.  It  may,  therefore, 
be  concluded  that  the  use  of  the  die-cast  babbitted  bearings 
are  adapted  for  motors  of  moderate  price,  and  the  bronze- 
babbitt-lined  shells  for  the  very  highest  class. 

The  permanently  successful  use  of  bronze  or  brass  in  any 
form  can  only  be  maintained  by  those  engineers  wlio  recognise 
the  necessity  for  improved  and  scientific  methods.  Within  a 
comparatively  short  time  the  metallurgist  and  the  laboratory 
have  become  recognised  factors  in  brass  foundry  practice. 
From  the  standpoint  of  the  automobile  engineer  it  would  seem 
that  the  same  detailed  attention  should  be  given  to  the  non- 
ferrous  alloys  in  motor-car  construction  as  is  given  to  steel 
products  and  appliances.  Too  often  tlie  decision  as  to  wliat 
brass  or  bronze  may  be  used  is  left  to  the  purchasing 
department,  where  price  alone  usually  governs  the  selection . 


METHOD  OF  ROTATING  SHAFTS  OF  MACHINE  TOOLS. 

The  accompanying  illustrations  show  an  arrangement  recently 
patented  by  Messrs.  Alfred  Herbert,  Ltd.,  Coventry,  for 
rotating  the  shafts  of  machine  tools  by  hand,  particularly 
where  thei  shaft  is  also  at  times  rotated  by  power,  as  iu  the 

case  of  milling  machines, 
&c.    To   enable  delicate 


adjustments  of  the  shafts 
to  be  obtained  it  is  desirable 
that  a  hand  wheel  be  fitted 
to  the  shaft,  and  for  quick 
winding  a  crank  with  a 
handle  is  preferable.  In 
the  arrangement  illus- 
trated, the  crank  is 
mounted  outside  the  hand 
wheel  and  the  handle 
moves  axially  to  engage 
the  hand  wheel.  To  the 
shaft  A  is  fixed  a  hand 
wheel  B,  the  rirn  of  which 
is  provided  with  a  num- 
ber of  notches  or  holes 
C.  On  the  shaft  is 
loosely  mounted  a  crank 
i  handle  F  which  can  be 


Arrangement  for  Rotating  Shafts  of 
Machine  Tools. 


E,  the  outer  end  of  which  carries 
caused  to  engage  with  the  notches  in  the  rim  of  the  hand 
wheel  by  the  actuation  of  a  sliding  pin  H  contained  within 
the  handle  grip  and  pushed  into  place  when  the  handle  grip 
is  slid  towards  the  crank.  It  will  be  &een  that  directly  the 
grip  is  released  the  catch  becomes  disengaged  and  the  handle 
is  freed  from  the  wheel,  which  may  continue  to  revolve  or  not. 
The  wheel  is  always  ready  for  operation  to  engage  for  minute 
adjustments  and  the  effort  required  by  the  operator  is  very 
small . 
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THE  BLAIR  REMOVABLE  SLAG-POCKET. 

In  tlie  usual  operation  of  an  optMi-lieart  h  t'urnficc  for  ihv 
manufacture  of  steel,  the  resultant  filling  of  the  slag-]>ockets 
with  sla^  necessitates  pei'iodically  stopping  the  operation  of 
the  furnace  for  cleaning  out  these  pockets.  This  cleaning  is 
not  only  destructive  of  the  brick  work  of  t  he  pockets  and 
expensive  in  that  way,  l>ut  the  necessary  int erruption  in  pn)- 
duction  by  the  furnace  augments  t  lie  expense  by  the  conse- 
quent loss  of  product.  This  expense  is  particularly  heavy  in 
the  operation  of  basic  furnaces.  To  meet  the  i>rol)lerii  a 
slag-j>ock€t  structure  as  a  removable  portion  or  section  of  t  lie 
furnace  structure  has  been  developed  by  i  he  Blair  Eiigim'。rmy 
Company,  New  York  and  Chicago,  wherel>y  it  may  he  readily 
and  relatively  speaking  quickly  removed  when  filled,  and  as 
readily  replaced  by  an  enqit y  one.  The  accomj)an vin^  illus- 
trations, for  which  we>  are  indebted  to  Tlie'  Iron  Age/'  show 
a  longitudinal  vertical  section  of  one  of  the  two  similar  ends 
of  an  oneii-hearth  furnace  provided  with  this  improvement 


another,  whereupon  the  spaces  are  again  hr"'k<'<J  up.  The 
joint  in  the  walls  may  he  made  by  placing  a  layer  of  gaiiist*  r 
on  top  of  t  he  sla^-pockel  walls  rind  shoving  t  his  wliolf*  hox  up 
tight  against  the  upper  portions  of  the  walls  \>y  mwis  of  four 
screws  at  the  corners  of  the  carriage,  blo<-kin^  it  in  position 
means  of  wedges  or  supports  at  the  bottom  of  the  carriage. 
In  this  case,  where  the  amount  of  the  lift  is  so  small ― say  an 
inch  or  two ~ and  where  the  operat ion  occurs  only  once  in  t  wo 
or  three  months,  tlie  screws  are  simpler  and  lx*t ter  than  a 
hydraulic  ram  for  the  purpose.  This  would  make  the  opera- 
tion similar  to  putting  t lie  hot t om  on  a  Bessemer  roiiv,'r，''r 

Instead  of  requiring  in  time,  for  effecting  t lie  n'"i(,val  of  t lie 
slag  aurl  rebuilding  the  slag-pockets  and  down-takes,  as  here- 
tofore, from  a  week  to  10  days,  with  the  attendant  loss  of  tli'' 
product  of  the  furnace  and  that  due  to  the  expenditure  of  a 
very  considerable  amount  of  labour  and  fuel  to  bring  the 
furnaces  back  to  melting  temperature,  the  whole  operation  of 
removing  the  slag  and  restoring  the  slag-pocket  equipment  in 
a  furnace  in  accordance  with  this  improvement  may,  it  is 
stated,  be  accomplished  in  a  few  hours,  thus  enabling  a  large 


and  a  sectional  view  of  the  furnace  at  one  end .  The  drawings 
also  show  the  furnace  equipped  with  Blair  ports. 

The  slag-pocket  structure  consists,  in  its  preferred  form,  of 
a  wheeled  carriage  for  convenient  moving  on  a  track  provided 
in  the  proper  position  at  each  end  of  the  furnace.  It  has 
metal  posts,  suitably  braoed,  rising  at  intervals  from  the 
carriage  bed  to  provide  a  framework  for  the  brick  walls  form- 
ing the  slag-pockets.  The  lower  ends  o i'  the  port  clown-takes 
are  provided  with  suitable  metal  binding  for  supporting  the 
slag-pocket  arches  at  the  lower  ends  of  the  down-takes, 
whereby  these  arches  are  separate  from  the  slag-pocket  walls 
and  not  dependent  on  them  for  support.  Tlie  dimensions  of 
tlie  structure  are  such  as  to  adapt  it  to  fit'  under  the  down- 
takes  of  the  flues,  registering  its  pockets  therewith  to  receive 
the  slag  produced  in  the  operation  of  the  furnace  and  filling 
out  the  structure  of  the  latter,  as  when  the  slag-pockets  are 
formed  integral  therewith  in  the  usual  way. 

On  placing  a  slag-pock-et  carriage  in  position  a  narr')\v 
opening  is  left  between  the  top  of  the  pocket>walls  and  the 
down-take  walls  and  a  similar  opening  between  the  wall  of 
the  flue  leading  to  the  regenerative  cliamhers  and  the  ； i(ljar;'tii 
wall  of  the  pocket-structure.  These  spaces  are  thtMi 
temporarily  closed  by  broking  t  hem  up  to  form  tight 
joints  connecting  the  slag-pockets  with  the  port  down- 
takes  and  with  the  regenerative  chambers.  When  the  slag- 
pockets  are  filled,  the  bricks  are  knocked  in  to  destroy  the 
hond  between  the  carriage-walls  and  the  permanent  furnace- 
walls,  and  without  disturbing  any  other  part  of  the  furnace- 
st nicture,  the  slag- pot  carriage  is  withdrawn  to  be  replaced  by 


portion  of  the  heat  of  the  furnace  to  be  retained,  so  that  tlie 
furnace  may  be  got  back  to  normal  working  conditions  with 
very  little  delay  and  expenditure  of  labour  and  fuel. 


Machine  Tool  Design. —— At  ； i  recent  tmi:  "  t  (  lev" 
land  (Ohio)  Engineering  Society,  Mr.  E.  P.  Bullard,  jiuir.. 
President  of  the  National  Machine  Tool  Builders*  Association, 
delivered  on  address  on  "The  New  Era  in  Machine  Tool 
Design.''  There  was  not,  he  said,  the  difference  between  the 
machine  tools  of  to-day  and  the  machine  tools  of  10  years 
ago  that  there  should  be.  They  had  not  in  all  cases  kept  \i|> 
with  the  times.  Many  of  the  machine  tools  were  identical  in 
detail  with  what  they  were  10  years  ago.  Firms  building 
machines  of  that  kind  could  not  hope  to  keep  up  their  trade. 
The  machine  tool  of  today  must  meet  the  conditions  of  to-day. 
Control  was,  he  considered,  the  essence  of  machine  tool  design, 
and  played  the  largest  part  in  the  production  of  work .  The 
machine  tool  must  not  merely  be  started  and  stopped  ；  it 
should  be  started  precisely  at  the  right  time  under  perfect 
control  and  should  be  stopped  exactly  at  the  right  time  and 
should  stay  stopped  until  it  was  again  started.  The  machine 
tool  should  do  the  work,  and  the  operator  should  use  his 
energy  solely  in  directing  it.  He  should  not.  be  called  upon 
to  spend  his  valuable  time  or  his  mental  energv  in  using  an  oil 
can  around  on  50  or  100  different  holes  which  were  supposed 
to  be  oiled.  He  should  not  be  called  upou  to  shift  dangerous 
belts  or  move  heavv  parts.  That  could  be  done  by  power. 
He  believed  that  five  years  from  now  forced  lubrication  would 
be  adopted  on  all  machine  tools. 
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MODERN  STEEL  FOUNDRY  PRACTICE.* 

BY  SAMUEL  R.  ROBINSON. 

In  acid  practice  the  general  oonstruction  has  changed  but 
little  from  the  furnace  of  ten  years  ago.  In  building  tlie 
usual  25 -ton  furnace  it  is  now  customary  to  put  three  rows  of 
brick  on  the  bottom  plates  and  18in.  of  brick  over  the-  chill 
plates.  The  corners  are  not  left  square,  but  are  "filleted," 
i.e.,  they  are  filled  up  with  brick  to  prevent  a  breakout  at 
this  point.  Charging  machines  are  used  on  all  the  later 
furnaces  from  20  tons  upward.  If  space  will  not  permit  their 
use  the  furnace  is  served  by  a  charging  crane.  The  checkers 
are  independent  of  tlie  furnace  ；  that  is,  they  do  not  support 
the  weight  of  th-e  furnace.  All  furnaces  ar©  built  entirely 
above  ground  with  the  top  of  the  flues  on  a  level  with  the 
ground. 

The  us©  of  50  per  cent,  electro  ferro-silicon  in  place  of  the 
11  per  cent,  alloy  is  general  now  ；  preferably  in  the  furnace, 
but  quite  often  in  the  ladle.  The  writer's  opinion  is  that  all 
additions  should  be  made  in  the  furnace  as  far  as  practicable, 
as  the  furnace  is  the  proper  place  to  make  the  steel  and  not 
the  ladle. 

Fuel  oil  is  used  extensively,  in  most  cases  being  atomised 
with  air  at  a  pressure  of  451bs.  of  oil  and  301bs.  of  air.  The 
usual  plan  is  to  have  the  pressure  on  tlie  oil  storage  tank  - 
Steam  as  an  atomising  agent  is  very  seldom  used,  as  it  is  now 
generally  known  as  a  mistake  to  think  that  there  is  a  gain 
in  heat  through  its  dissociation. 

Small  open-heartli  furnaces  are  coming  into  more  general 
use;  that  is,  from  5  to  10  tons  capacity.  Twelve'  thousand 
pound  heats  are  now  being  mad©  in  this  type  of  furnace, 
making  140  openings  of  the  stopper  and  requiring  1  hour  to 
pour.  The  life  of  such  a  furnace  should  be  500  heats  without 
repairs. 

The  latest  development  in  small  open-hearth  furnaces  is 
tlie  Carr  furnace,  of  about  2  tons  capacity,  with  the  entirely 
now  principle  of  pouring  directly  from  the  furnace  into  tlie 
moulds.  On  account  of  the  high  temperature  obtained  this 
furnace  allows  of  the  manufacture  of  castings  of  thin  section 
and  intricate  design.  The  metal  is  very  pure,  as  there  is  no 
contamination  except  from  the  flame,  which  is  usually 
natural  gas,  although  of  course  producer  gas  or  oil  can 
be  used. 

The  accepted  side  blow  practice  consists  in  th©  use  of  a 
lower  silicon,  say,  from  1^  to  1^  per  cent.,  with  a  blast  pres- 
sure of  2^1bs.  to  31bs.  to  the  square  inch.  This  is  found  to 
give  quieter  blows  and  hatter  metal. 

The  biggest  factors  in  successful  converter  operation  are  ： 
(1)  clean  hot  iron  from  the'  cupola,  and  (2)  fast  working.  Do 
not  skimp  on  coke,  and  arrange  to  run  so  fast  that  it  will  not 
be  necessary  to  shut  thei  blast  off  the  cupola.  The'  practice 
quite  often  now  is  to  "  cut  the  flame'  short  "  ；  that  is,  to  turn 
tlie  vessel  down  just  before  the  drop  of  the  final  flame  and 
then,  without  any  final  addition  of  iron  from  the  cupola, 
adding  lumps  of  wet  ferro-manganese  to  the  converter,  and 
50  per  cent,  ferro-silicon  to  the  ladle. 

The  old  firebrick  tuyeres  have  been  replaced  by  ordinary 
iron  pipes,  which  are  rammed  up  in  position  with  ganister 
and  are  left  in  during  blowing  ；  when  they  burn  off  they  are 
simply  shaved  further  in  and  a  new  piece  of  pipe  placed  on 
the  back  end.  The  vessel  is  usually  lined  with  silica  brick, 
using  9in.  brick  on  the  bottom,  side^arch  up  to  the  tuyeres, 
wedge-brick  up  to  the  dome,  and  key-brick  for  the  dome. 
Ganister  is  .sometimes  used,  being  mixed  with  a  small  amount 
of  fireclay  and  rammed  around  a  form.  The  cupola  is  lined 
with  brick  and  usually  patclied  with  mica-schist  or  sandstone. 

Chill  pig  iron  is  not  used  to  advantage  in  cupolas  under 
42in.  inside  the  lining.  For  tlie  smaller  size'  cupolas  it  is 
better  to  us©  sand  pig  broken  into  four  pieces  if  possible.  The 
charge  usually  consists  of  70  per  cent,  pig  and  30  per  cent, 
scrap  steel,  although  50  per  cent,  scrap  is  carried  regularly  in 
some  shops.  In  using  50  per  cent,  scrap  th©  metal  has  io  be 
liandled  very  rapidly  as  it  has  not  much  life  in  the  ladle. 
Eleven  per  cent,  ferro-silican  is  used  in  the  cupola  at  times 
to  bring  up  the  silicon  wlien  tlie  percentage  of  silicon  in  the 
pig  is  low.  In  fact,  it  is  possible  to  melt  and  convert  a  charge 
of  all  scrap  and  11  per  cent,  ferro-silicon  without  any  pig 
whatever. 

*  Abstract  of  paper  read  before  the  American  Foundrymen's  Association. 


Lip  pouring  is  the  usual  practice  with  converter  steel, 
although  bottom  pouring,  in  a  green  sand  moulding  shop 
using  matchboards  and  ramming  up  all  work  on  the  floor  in 
regular  rows,  has  many  advantages.  The  usual  practice  is  to 
use  the  same  ladle  with  the  original  nozzle  as  often  as  possible, 
using  a  new  stopper  each  time.  As  many  as  six  blows  can  be 
poured  through  one  nozzle  at  times.  In  some  shops  the 
nozzle  is  changed  as  well  as  the  stopper  after  each  blow. 

The  Stock  oil-fired  converter  does  away  with  the  cupola 
altogether,  melting  the  charge  of  pig  and  scrap  in  the  vessel 
direct  with  an  oil  flame,  and  when  at  the  required  tempe- 
rature, blowing  the  heat  as  in  regular  side-blow  practice. 
Very  few  people  realise  the  loss  in  the  cupola  as  ordinarily 
conducted.  The  saving  of  heat  by  not  having  to  transfer  the 
iron  from  the  cupola  to  the  converter,  also  the  reserve  of 
heat  left  in  the  converter  from  a  previous  blow,  must  be  quite 
an  item.  The  metal  can  be  made  very  hot  and  it  is  very 
pure,  as  there  is  no  contamination  from  the  flame.  The 
inventor  of  this  process  claims  that  a  charge  of  2\  tons  can  be 
melted  and  converted  in  1】 hours  with  a  fuel  consumption  of 
70  galls,  of  oil  and  a  power  consumption  of  50  kw. 

The  greatest  improvement  has  been  in  the  direction  of  a 
more  refractory  sand  for  facing  by  a  careful  selection  of  good 
silica  sand  and  pure  fireclay.  Drying  the  moulds  is  watched 
more  closely  and  a  continuous  record  of  the  oven  temperature 
is  kept  at  all  times.  Recording  thermometers  for  core  ovens 
are  now  in  general  i】se  also. 

All  shop  inspection  should  be  in  the  hands  of  competent 
men  and  all  castings  should  be  checked  against  the  blue  print 
and  inspected  for  imperfections  before  they  are  put  up  to  the 
customer's  inspector.  The  manufacturer  has  a  fear  of  some 
present-day  inspection,  and  consequently  does  not  go  after 
business  that  he  otherwise  would  if  he  had  the  information  at 
hand  that  would  show  him  just  what  he  had  to  look  out  for. 


CORRESPONDENCE. 
Condenser  Design. 

lo  the  Editor. 

Sir, ― Referring  to  the  instructive  article  on  page  802  of 
your  issue  of  December  27th,  and  as  the  subject  of  main- 
tenance of  high  vacuum  is  always  of  interest  to  practical 
engineers,  I  think  the  following  report  will  be  read  with  inte- 
rest by  your  readers,  especially  in  relation  to  the  information 
contained  in  the  diagram,  Fig.  5.  In  June,  1911，  my  com- 
pany supplied  for  an  air  pump  manufactured  by  Messrs. 
W.  H.  Bailey  &  Co.,  Ltd.,  of  Manchester,  some  air  pump 
valves,  wliich  were  put  into  work  at  Messrs.  Martineau's 
sugar  refinery,  Whitechapel,  in  November,  1911.  The  pump 
is  now  undergoing  its  annual  inspection,  and  the  valves  have 
been  taken  out.  They  have  been  re-measured,  and  it,  is 
found  that,  although  the  pumps  have  been  maintaining  a 
vacuum  of  over  29in,  night  and  day  for  11  months,  the  valves 
have  worn  on  one  side  less  than  ^Tin.,  and  I  have  everv 
reason  to  believe  that  a  period  of  at  least  twice  as  long  as 
they  have  already  lasted  will  elapse  before  they  are  worn  out 
and  unfit  for  use.  The  good  result  attained  has  been  to  a 
large  degree  due  to  the  fact  that  the  valves  were  fitted  with 
the  patent  Anchor  bush,  whicli  absolutely  eliminat-es  any 
tendency  of  enlargement  in  the  central  hole,  th as  maintaining 
a  higli  vacuum,  avoiding  expense  of  early  stoppage  of  machi- 
nery, and  the  possibility  of  spoiling  the  material  in  process 
^{  manufacture.  The  natural  corollary  is,  therefore,  if  a 
high  vacuum  and  freedom  from  breakdown  are  wanted,  use 
Dennatine  valves,  fitted  with  the  patent  Anchor  bush.  - - 
Yours,  &c.，  C.  R.  C.  Haut. 

Managing  Director. 

Dermatine  Company,  Ltd . , 
95,  Neate  Street, 

Camberwell,  London,  S.E. 


Electric  Lighting  Provisional  Orders. ― The  official  list  of 
applications  for  Provisional  Orders  deposited  with  the  Board 
of  Trade  under  the  provisions  of  the  Electric  Lighting  Acts, 
1882-1909,  show  that  47  applications  were  made  in  1912，  the 
majority  of  these  dealing  with  urban  districts. 
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USE  OF  OIL  FUEL  IN  THE  NAVY.* 

KY  ENGINKEH-IN-CHIEP  H.  I.  CONE,  U.S.N. 

y„K  advantages  of  oil  over  coal  as  a  fuel  for  naval  vessels 
;irc  ：  An  evaporation  per  pouiul  of  fuel  in  the  ratio  of  about 
14  to  9，  and  per  square  foot  of  heating  surface  in  about  th** 
ratio  of  10  to  8,  Fuel  can  be  taken  aboard  more  rapidly, 
without  manual  labour,  and  without  interruption  to  the 
routine  o(  the  ship.  The  problem  of  fueling  at  sea  is  solved. 
Strain  for  full  power  can  be  maintained  as  readily  as  for  lower 
power.  A  vessel  burning  oil  is  capable  of  runs  at  full  spct'd 
limited  in  duration  only  by  the  supply  of  the  fuel.  There  is 
no  reduction  in  speed  due  bo  dirty  fires  or  to  difficulty  in  trim- 
ming coal  from  remote  bunkers,  or  to  exhaustion  of  the  fire- 
rooin  force.  There  are  no  cinders,  and  tlie'  amount  of  smoke 
can  be  controlled.  A  considerable  reduction  in  personnel  is 
possible.  The  weight  and  space  required  for  boilers  is  reduced  ： 
First  by  the  reduction  in  heating  surface  required,  and, 
second,  by  the  shortening  of  fire-rooms.  Consequent  on  the 
reduction  in  heating  surface  is  a  decrease  in  weight  and  cost 
of  boilers.  Coal  and  ash-handling  gear  is  eliminated.  This 
renders  unnecessary  the  piercing  of  the  hull  for  coal  trunks 
and  discharges  from  the  ash  expellers  or  ash  ejectors.  The 
stowage  and  handling  of  oil  is  much  easier  than  of  coal,  and 
will  result  in  a  much  cleaner  ship,  with  consequent  increase 
in  time  available  for  drills.  The  mechanical  supply  of  fuel 
to  the  boilers  gives  a  prompt  and  delicate  control  of  the  steam 
supply,  permitting  more  sudden  changes  in  speed  than  with 
coal,  which  is  a  tactical  advantage.  The  nature  of  fuel  oil 
permits  utilisation  of  remote  portions  of  the  ship  and  of  con- 
stricted space  for  its  stowage. 

These  advantages  have  long  been  recognised  by  the  Navy, 
and  there  have  been  experiments  with  liquid  fuel  dating  back 
as  far  as  1867.  All  these  experiments  have  confirmed  the 
belief  in  the  considerable  military  advantages  which  will 
accrue  from  its  use;  but  until  recently  it  has  been  imprac- 
ticable to  use  it  extensively  on  account  of  the  uncertainty  as 
to  the  adequacy  of  its  supply  and  the  sufficiency  of  its  distri- 
bution among  the  seaports  of  the  world.  We  are  now  assured, 
however,  as  regards  the  supply. 

Since  1907  all  U.S.  torpedo-boat  destroyers  contracted  for, 
of  which  there  are  29,  bum  oil  exclusively,  and  the  battle- 
ships " Delaware,"  "  North  Dakota,"  "  Florida,"  "  Utah," 
" Wyoming/'  u  Arkansas/'  "Texas,"  and  "New  York,"  con- 
tracted for  during  this  period,  are  fitted  to  burn  oil  as  auxi- 
liary to  coal,  each  of  these  vessels  carrying  about  400  ions  of 
the  liquid  fuel,  to  be  burned  at  full  power  after  the  coal  fires 
become  dirty,  or  when  it  becomes  difficult  to  trim  coal  from 
tb©  bunkers  into  the  fire-rooms.  In  the  case  of  these  battle- 
ships the  advantages  of  the  oil  have  so  appealed  to  the  per- 
sonnel that  oil  alone  is  burned  to  a  great  extent  in  port,  and 
to  some  extent  while  cruising,  although  the  installation  of 
the  oil-burning  equipment  did  not  coubemplat©  those  uses. 

The  "  Nevada "  and  Oklfihoma,"  the  two  battle-ships 
\vhich  have  recently  been  contracted  for,  will  burn  oil  exclu- 
sively. This  is  perhaps  the  most  radical  development  in  naval 
engineering  since  the  advent  of  the  turbine.  It  has  permitted 
m  the  case  of  these  vessels  a  reduction  in  boiler  weights,  which 
lms  made  possible  the  use  of  heavier  armour  than  has  hitherto 
been  employed.  The  reduction  in  the  length  of  boiler  com- 
pai-tments  has  permitted  the  grouping  of  all  boilers  under  one 
smoke  pipe,  which,  of  course,  clears  tho  upper  deck  con- 
siderably, and  permits  more  extensive  arcs  of  fire  for  the 
turrets. 

Aside  from  the  use  of  oil  as  fuel  under  steam  boilers,  it 
now  seems  probable  that  within  coniparati\  elv  few  years  oil 
us—  in  internal-combustion  engines  will  furnish  the 
principal  fuel  for  all  naval  vessels.  This  is  in  con- 
sequence of  the  recent  reniarkuble  development  of  heavv- 
o|l  engines  of  the  Diesel  type  in  Europe.  Hit  herto 
oil  engines  have  not  merited  much  consideration  for  large 
naval  vessels  on  account  of  the  limited  power  that  could 
be  developed  in  a  single  cylinder.  An  installation  of  any 
considerable  power  required  a  "uiltiplicity  of  cylinders.  Now, 

ri  *  Abstract  of  paper  presented  at  the  Eighth  Iutevnatioual  Ccmta.c"  of  Ai  、l 


Iiowever,  we  are  cre<lil>ly  iiil、"  im'(l  t  h;ii  I  ,< "  h '  h.p.  lias 
developed  in  a  cylinder  about  33in.  diain.  with  a  stroke, 
at  150  revs,  per  minute,  in  a  2-cycle  ma  rim-  I  、'|'"  readily 
reversible  engine.  This  eiigine  has  a  speed  cont  rol  t  lial  i、 
satisfaclxjry,  and  an  economy  of  fuel  (ronsuniption  prrjbahly 
twice  tliat  of  a  steam  engine. 

In  the  U.S.  Navy,  heavy-oil  engines  built  or  so  lar  pro 
jecfced  are  limited  to  a  number  of  subTiiariiu-  vossols  and  t  o 
mother  ships  for  submarines.  Gasoline  is  used  as  I' no  I  I'or  ； ill 
of  our  earlier  submarines  and  for  a  large  iiuiiiI^t  of  smalt 
power  boats  carried  by  warships.  Its  use  is  likely  U>  l>c  (lis 
coniiuued  entirely  as  soon  as  suitable  heavy-oil  iiKjtors  for  the 
small  power  boate  are  developed. 


PRESENTATION  TO  MR.  HAROLD  REDDAWAY. 

To  celebrate  the  coming-of-age  of  Mr.  Harold  lleddaway,  the 
only  son  of  Mr.  Frank  Reclclaway,  the  founder,  chair;n;ni,  ami 
managing  director  of  Messrs.  F.  Reddaway  &  Co"  Ltd., 
Pendleton,  Manchester,  the  well-known  firm  of  belting  himhh 
facturers,  a  social  gathering  of  the  employes  of  the  firm  was 
held  on  Christmas  Eve  afc  the  Co-operative  Hall,  Pendleton. 
An  interesting  feature  of  the  proceedings  was  the  present  ;i 
tion,  on  behalf  of  the  employes,  of  a  valuable  dressing  case 
to  Mr.  Harold  Reclclaway,  who,  in  acknowledging  the  gift, 
said  he  would  regard  it  as  one  of  his  most  treasured  posses- 
sions, and  it  would  recall  to  his  mind  the  happy  occasion  that 
liad  brought  about  their  meeting  together  that  night.  Mr. 
Frank  Reddaway,  in  the  course  of  a  speech,  said  his  son  had 
passed  through  his  college  experiences,  which  were  doubtless 
very  pleasant  and  agreeable,  and  now  he  was  coming  riglit 
down  to  them  in  this  smoky  corner  of  the  Empire,  and  would 
begin  to  learn  the  business,  which  he  hoped  his  son  would  be 
able  to  manage  and  direct  as  successfully  as  he  had  done. 
He  held  that  unless  a  man  knew  his  own  business  thoroughly 
lie  could  not  direct  it  successfully  or  direct  those  who  were 
connected  with  it.    With  that  end  in  view,  early  in  the  New 
Year,  his  son  would  be  amongst  them,  and  he  was  sure  he 
would  do  his  utmost  to  learn  quickly  everything  that  was 
necessary  in  connection  with  the  business.      He  was  sure, 
from  the  way  in  which  they  had  given  expression  to  their 
feelings,  that  when  his  son  came  amongst  them  they  would  all 
do  their  best  to  help  him  on  his  way.    Since  the  business  was 
established  40  years  ago  it  had  made  a  great  advance.  They 
had  very  large  mills  in  Russia,  where  they  employed  1,500 
or   1,600  people  in  the  summer.    In  America  they  had  a 
small  mill  which  was  so  excellently  managed  that  he  had 
seldom  need  to  visit  it.      Wherever  he  went  amongst  his 
workpeople,  wliether  in  Pendleton  or  in  Russia,  he  felt  that  he 
was  never  received  in  a  hostile  spirit  or  with  looks  of  envy, 
but  always  with  a  smile  of  welcome.    It  had  been  his  aim 
and  endeavour  to  win  tlie  confidence  of  all  around  him,  and 
that  could   only  be  achieved  by  being  absolutely  just  as 
between  man  and  man.    He  was  very  proud  to  be  with  them 
on  this  occasion,  and  the  manner  in  which  the  presentation 
had  been  evolved  had  afforded  him  especial  satisfaction,  as 
it   was  a   presentation    that   had   come   solely   from  the 
workpeople  themselves. 


Novel  German  Ferry  Boat. ― Au  America n  Consular  Report- 
says  an  unusual  type  of  ferry-boat  has  just  been  completed 
for  the  port  of  Hamburg,  and  as  a  sister  ship  is  being  con- 
structed, it  is  evident  that  the  authorities  are  satisfied  with 
the  type  of  vessel  that  has  been  developed.  The  essential 
feature  of  the  new  vessel  is  a  movable  deck  with  a  lifting 
power  sufficient  to  provide  for  an  elevation  of  16'4ft.  with  a 
load  of  six  freight  cars,  three  on  each  side.  The  vessel  itself 
is  of  470  tons  gross  measurement,  and  is  116,'47ft.  long, 
50-85ft.  in  breadth,  1246ft.  deep.  It  has  two  triple- 
expansion  engines  of  640  i.h.p.  The  lifting  of  the  deck  is 
made  possible  by  a  high  steel  suj>erstructure,  on  the  top  of 
which  is  the  officers '  bridge,  from  which  point  all  t lie  opera- 
tions of  loading,  unloading,  aiul  navigation  can  he  carried  on. 
A  ferry  service  of  this  cliaraoter  is  now  necessary  because  of 
the  great  extensions  beiug  made  to  the  port  of  Hamburg. 
The  berth  in  which  the  vessel  enters  aiul  receives  its  load  is 
completely  enclosed,  so  that  it  is  not  influenced  by  the  current 
of  the  river,  or  the  movements  of  passing  steamers. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Cumberland  Furnacemen's  Wages.—  T!i。  (inartci-ly  a.socrtainmf nt 
under  the  sli<lin^  scmIc  (>i,, 'rating  in  ('m"l"'i  l:md  show  s  thai  the 
:i、*'i.W  soiling  price  of  hematite  iron  unrrnnts  was  81s.  Hd.  p，'r 
ton,  conipart'd  with  76s.  9d.  in  the  previous  quarter.  Cumlier- 
land  fu i-i iaco inon 's  wa^-s  arc,  1  licrci orr,  i ix-D-ascd  I'.v  (； ]>cr  cent., 
and  are  24 J  per  cent,  higlier  tlian  tlic  (orrt'spoiKliiig  ((uarter  last 
yonr,  or  52 J  per  cent,  above  the  standard. 

Shipyard  Combine. ~~  An  arrangement  h;is  just  boon  ooneliKlcd 
l"'lu,'("i  Messrs.  Swan,  Himt'or,  Ar  William  Uicliardson,  l't(l.,  s  1 1 i 1 1- 
lniildt'i  s  a  lid  cii^iiKM'rs,  W:ills''ii(l  :m,l  \Valk,'r  uii  T.viic,  :md 
M t  ssrs.  relay,  Curio,  A:  Co.,  Ltd.,  sliiplmihlcrs  ;ind  cii^i nn  rs, 
ol'  W'hitt'itich,  Glasgow,  、v1i,mvI、v  ;\m  (i\cli;in^t>  of  shares  is  «、HV(.tr(l 

Prices  per  Ton  of  Cleveland  Iron,  July  to  December,  1912. 
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and  a  community  of  interests  is  ensured.  The  management  of 
the  respective  companies  will  remain  unclianged. 

New  L.  &  N.-W.  Locomotives.— Orders  have  heen  received  at  Crewe 
Railway  Works  to  build  a  larj^、  hiuiiIkm-  of  loeoinoti 、- (、s，  which, 
when  completed,  will  be  the  most  powerful  in  the  country.  They 
Have  been  designed  especially  to  draw  maximum  loads  at  high 
speeds,  and  will  he  of  tlio  four  cv Under  type-  The  distribution 
of  steam  will  I"'  liy  a  new  piston  valve.  The  engines  Avill  have 
ten  wheels,  of  which  the  six  drivers  will  be  6ft.  6in.  di;un.  Tlioy 
will  cost  approximately  £5,000  ench. 

Personal.—  Kii  、VilIi;ini  K.  Smitli,  C.U.,  n  (lirer'tm'  of  na\al  con- 
struction to  the  Admiralty,  lias,  we  tiiidersta nd,  joinecl  the  Bonrd 
of  Directors  of  Messrs.  Armstrong,  Whitwortii,  &  Co"  Ltd.  Sir 
William  has  lieen  ujt  to  the  present  ,v«"u'  supwiiitt'mlpiit  of  con- 
struetioii  accounts  and  contnu't  work  at  the  Admiralty,  a  posi- 
tion lie  held  for  tan  years.  Previously  he  had  U、('ii  an  Admiralty 
naval  constructor.  He  lias  also  Ikh-m  an  instructor  in  nnval  archi- 
tecture at  the  R.N.  College,  Greeinvicli.  He  is  a,  vice-president  of 
t ho  Ijistitution  of  Naval  Arohitccts. 

Tin-mining  Areas  in  Nigeria.— Tlic  tin-nnnin^  :uv:is  in  Nigeria 
are  to  he  systematically  surveyed,  and  the  Colonial  Office  states 
that  no  more  exclusive  licenses  to  prospect  "  ill  be  issued^  and  no 
more  mining  leases  will  be  granted,  until  that  survey  is  well  ad- 
vanced, except  ("  i"  the  case  of  applicants  for  eNclusive  licenses 
to  prospect  who  have  on  or  l>otore  Octol)er  16th  already  left  for 
Xi^M'ia,  and  to  whom  refusal  to  gnuit  it  would  cause  hardsliip  ； 
and  (2)  in  the  case  of  applicants  tor  mining  leases  who  ； ilreadv 
possess  exclusive  licenses  to  prospo'ct  wlticli  entitle  them  to  niiiiing 
leases. 

The  Japanese  Mercantile  Marine— In  191  1  the  ""、rr:iuti"、  marino 
of  Japan  consisted  of  31,600  vessels,  of  which  2,550  steamships 
are  of  an  aggregate  tonnage  of  1，100，000  ;  6,400  sailing  vessels 
and  22,650  junks.  Compared  uitli  the  previous  yea r,  this  shows 
;i n  iiKToase  in  the  nunil)er  of  170  steam  and  4oo  sailing  vessels. 
Japan  possesses  two  steamers  of  over  10,000  tons  burden  each, 
one  of  9,500  tons,  and  six  of  between  8,000  and  9,000  tons. 
Tw(Mity-four  linos  of    stoa mors    iv(vh、、    sul )、'、'"  ""is    from  tlio 
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engaged  in  foreign  trath1,  、、； is  (i  l,.)99,26(i  tons,  or  two  and  a  half 
million  tons  more  than  in  1!U(>.  Franco  roceiv*Ml  ovim-  ten  and  a 
quarttM'  liiillion  tons,  Italy  nearly  nine  a nd  a  quarter  millions, 
Germany  nearly  nine  millions,  SwodtMi  nearly  four  millions.  Rus- 
sia nearly  three,  Argentine  over  three  and  a  quarter,  Etrypt  and 
Spain  over  three,  Denmark  over  three-quarters  of  a  million,  and 
the  Notliorlands  nearly  two  and  a  quarter  millions.  The  total 
quantity  of  coal  wliich  loft  tho  country  was  over  87  million  tons、 


Government.  The  fleets  of  four  of  the  most  important  of  these 
lines  represent  a  total  tonnage  of  upwards  of  hail  a  million. 

Floating  Dock  for  the  Argentine  Navy.— Tli('  (o'itr;"t  for  a  new 
floating  dock  for  the  Ar^(»iitine  Republic  has  been  awarded  to 
Messrs.  Vickers,  of  Barrow-in-Furness.  The  dock.  、、hi(h  will  l>e 
(]oul>le-si(lod,  of  the  Clark  &  Standfields  '•  box  type,  having  a 
length  oi*  :JfKJft.,  breadth  60ft. 3  and  a  width  at  the  entrance  of 
45ft. ，  is  intended  for  tho  accoinniodation  of  torpedo  boat  destroyers 
and  light  craft  genprall'v  up  to  Kitt.  draught.  Tlio  (look  will  Juu  o 
:i  lifting  capaoitv  of  1,5<X)  tons.  There  will  1"'  complete  and  self- 
contained  pumping  and  electric  lighting  installations.  The  trials 
:vro  to  Im»  air vlvd  out  by  the  A rgoiitino  Naval  Commission  in  Kn^ 
l.i iul,  and  tlie  dock  (""i 、、- red  at  Hiumios  Ayres  Avitliin  iiiiic  months. 

The  Science  Museum:  Advisory  Council  Appointed.  - Tli('  (  sidmt 
of  tho  Board  ot  Kduc-alion  annouiic(is  ho  lias  appointed  an  Ad- 
\  isory  Council  tor  the  Science  M  uscuni.  Yho  (oimril  will  1"'  ask<Hl 
t(>  :"lvis"  tl"'  Ho.ird  on  <|iu»stion.s  of  principle  and  policy  :msiiig 
from  time  to  time,  ； uul  to  mako  an  annual  report  on  thoir  pro' 
cooclings  to  tho  B(>:ml,  t(wtli('r  u  ith  ； my  ohsorvations  on  tlic  con 
dition  and  noods  of  tho  niiis;Miiii  u  Jiicli  tli(、v  may  think  fit  to  mak(^. 
Tho  first  iiii'inlnTs  ot  tlic  council  w  ill  he  Sir  H  u^h  Bdl  (cliainnaii ), 
Air.  H.  Elliott  Cooper,  Dr.  J.  J.  I> (山 1,".，  Mr.  \V.  Duddell,  Mr. 
E.  B.  Ellington,  Sir  Maurice  Fitzmaurice,  Sir  Arcliil>ald  (； *'ikit'. 
Dr.  R.  T.  Glazebrook,  Sir  Alfred  Keogh，  the  Right  Hon 
William  Mather,  Sir  John  Murray.  Sir  Willia ni  Ramsey, 
Right  Hon.  Sir  Henry  E.  Roscoe,  and  Sir  William  H.  White, 
secretary  will  be  Captain  H.  G.  Lyons,  of  the  Science  Museum. 

Birmingham's  Electricity  Supply— The  Eloctric  Supply  Connnittee 
ir  niin^ham  City  Council,  a  ceo  in  j)  a  n  i  (hI  l»y  their  engineer 
jm(l  secretary,  will  shortly  visit  London^.  Ne\vcastle-on-Tyne,  Glas- 
gou,  and  Liverpool  to  inspect  the  most  modern  power  stations 
before  finally  deciding  upon  the  details  of  the  equipment  of  the 
new  Nechells  depot,  the  erection  of  which  was  recently  resolved 
upon.  It  will  l>e  remembered  that  at  their  meeting  on  Deoeinlter 
12th  the  committee,  subject  to  the  approval  of  the  City  Council, 
decided  upon  their  scheme  for  the  extension  of  the  electric  supply 
undertaking  necessitated  by  the  steady  increase  iii  the  output  of 
electricity.  The  scheme  provides  for  the  construction  of  a  new 
electricity  generating  station  on  the  land  acquired  from  the 
Draina^1  Board  at  Nechells.  Tlie  idea  is  eventually  to  erect 
buildings  and  plant  for  the  production  of  100,()()()  k\v.;  but  at  the 
outset  the  committee  will  only  erect  buiklings  and  lay  down  plant 
tor  2'5，000  k、v"  and  the  cost  of  this  portion  of  the  w  ork  and  equip- 
ment is  estimated  at  £2o03000. 

British  Coal  Output.— Part  III.  of  tlie  ("""'. -d  Report  of  Minos 
and  Quarries  for  1911，  dealing  with  output,  and  issued  by  the 
Home  Office  on  the  3rd  inst.，  shows  that  the  total  value  of  minerals 
raised  for  the  yea r  amounted  to  —£124,379,313，  an  increase  of 
nearly  two  and  a  half  millions  as  compared  with  the  previous  yeai'. 
The  total  output  of  coal  \>  as  271,891,899  tons,  and  thv  \  i\\w 
£1 10,783,^82,  showing  an  increase  of  7?4o8;871  tons  and  ot 
4*2,40(),I  lo  respectively.  The  quantity  of  coal  exported,  exclusive 
of  coke  and  maiiufactiired  fuel,  and  of  coal  shipped  for  steaniprs 

Prices  per  Ton  of  Standard  Copper,  July  to  December,  1912. 
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s" 、； un  a\ixiliarios,  however,  to  provide  for  low-flow  periods  in  rivers 
fed  from  glacial  sources.  In  tho  fiscal  year  H)l()-l<Hl,  IDs 
tric  power  plants  were  completed  and  placed  in  op(、i';、tion.  On 
aroount  ot  the  importance  ;i nd  givat  value  of  (  l"、ap  ,'lt'('trir  pmw'r 
to  the  Swiss  people,  the  Swiss  Ftnleral  Government  has  imposed 
ii v  restrictions  to  its  exportation  to  lieighhourinK  countries. 
The  Government  holds  no  monopoly,  however,  over  its  rivers  and 
streams  for  power  purposes.  It  is  estimated  that  Swiss  waters 
are  capable  of  i'urnisliin^  energy  to  t\w  extent  ot  2,000,000  lup.. 


Hydraulic  Stowage  in  Mines. ― The  recent  n-port.  on  mines 
and  quarries  states  that  hydraulic  stowage  has  for  the  first 
time  been  tried  in  this  country.  This  method  is  increasing 
in  Westphalia,  and  it  is  considered  that  the  majority  of  coal 
mines  will  be  obliged  to  adopt  the  system.  Where  sand  can 
be  used  as  the  material  the  method  is  cheap,  and  it-  is 
tained  that,  expenses  for  pit  timber  are  reduced  and  the  coal 
output'  increased. 


as  against  HI!  millions.  The  amount  of  coal  rcmniuin^  1'or  homo 
(onsumption  、、  ； is  1K4,H10/>I  7  tons,  or  I,07M  tons  per  lic;ul  o\'  tin- 
population. 

A  Large  Hoisting  Cable. ― Th('r''  was  r(M'i"itlv  tosted  iti  Ui"  laboi-u- 
tory  at  tht»  Lehigh  University  what  is  claimed  to  be  the  largest 
hoisting  cm1>Io  ovov  constiuctcd.  Tt  wns  niiinntaciurcd  l).v  J.  A. 
Rooblings  S,"is，  A-  (、）.，  to  tlt(、  ordor  of  the  Sp;u"sl 卜 A inrri(';m  Iron 
(company,  lor  use  in  a  min(、  in  ('ul):i.  During  tl"、  test  it  took  a 
I 川 11  of  3(i4  tons  to  break  the  (  :ihle，  which  consists  of  six  sinuuls, 
o;h-1i  ol'  11)  win's,  twisted  nround  i\ n  ind(»p^iulent  \vii*e  rope  c<Mitio, 

Prices  per  Ton  of  English  Lead,  July  to  December,  1912. 
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:in<l  of  this  aniouiit  olM),000  h.j).  to  7'"'，（"M,  卜 now  li.irncsM  fl 

and  in  actual  uso.    The  tot;"  "1  ',、  "，  l"':"l  tr  :iiismi、、i"i»  \'hu*h 

was  o\er  I, (KM)  miles  last  year. 

Canadian  Method  of  Preventing  Strikes.     I  n  ；, 卜'. m  p..       l,、  、|, 
\V.  J'.  M.  Kinji,  tlio  author  r('"»nv(l  to  tli<-  mi'thrxl    ;ulopt<*<l  in 
Canada  for  tl"'  prevention  of  strikes.    Th(»  ( ':' i,:"li:ui  I !irln^tii;il 
Disputes  Invcsti^iition  Act,  p;i、、'',l  m  、、  ：,、，  lie  -aid,  -'I 

primarily  to  protect  the  j)iih!ic  jiuainst  ;i  ic|>ctit,ion  of  "  f 
lamint'  can  sod  by  a  striko  of  coal  inim'r、.  I  d  |》r"""iiig，  li(，、i  <•、  ,'r. 
niachiiKM'y  ； it  tlio  cxpf*nso  ot  tl"'  state  to  aid  in  tlx*  prevention  ot 
strikes  and  lockouts,  tho  statute*  was  mnrlc  in  iiiHiid'.  miri''、  rail- 
ways, and  street  railways,  st'»jim、lii|>、，  t' 小 :m(l  山 'ph"，i，* 
lin<vs,  gas,  H('rtric  li^lit,  u  atci*  a  nd  pow  <m*  works.  IJcl  on-  >,  sti  iko 
or  lockout  can  take  place  the  parties  ji^^iicvod 川 u、t  ； i|>plv  to  tin* 
(")v('rnm*'nt  foe  ； i  lionrd  o\    lm'f'、lig;iti("i,  putty  to  H<"  t  :i 

n'prt's(>nt;»Uv(、，  and  tli(、s<、  two  ； i  cliiiirin;i n,  oi-,  t:iiling  U"'ir  w 
mont,  tlu'   (iov<M*nm(int  to  a ppoint  n    fliaintiiiti.     Tin-   Ho:ii<l  is 
oxpectod  to  try  ('mu  iliiitio",  ;i，i(l，  tli;i t  failing  a  s"Ul"m，'nt，  t',  pr<H 
<-o(»d   rorninlly.     Its    f'm 山 ngs，  、'- 1 U'  m*'iit ,  U'。（,m<.  i\w 

ofHcial  uttoranco  tlnoii^h  w  liicl)  piil)li(-  opinion  is  、lm|,,'(l  and 
ln*on^lit  to  l"、:u'.  It  t\w  parties  n 小'、 t  tli<*  finding  tl"'v  may  strike 
or  iockout.    1  ii  other  words,  conipnlsory  :iri/itr: 山 ""， ns  iiml'  r 

Prices  per  Ton  of  Block  Tin,  July  to  December,  1912. 
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in  Australasia,  was  not  viewed  with  favour,  ami  was  not  nia'h'  a 
part  of  the  Canadia  n  plan.  W'liit  w  t>  havo  is  <onipul、or.v  in、,、u- 
fiation  and  compulsory  publicity.  In  practice  no  compulsion  tins 
proved  necessary,  except  that  of  public  opinion.  In  tlio  five  and 
a  half  years  there  have  been  132  applications  for  boards,  of  win.  ii 
53  were  in  railways,  40  in  foal  mining,  and  tho  i-est  in  sc\  oral 
other  occupations.  Out  ot'  the  132,  strikes  、、  ，'r"  ;i\  ci  umI  in  alt 
save  15.  There  have  been  only  four  raihvav  strikes.  Prior  to  tlio 
Act  not  a  year  passed  without  a  street  railway  、trike ;  sinco  tl"、 
Act,  there  lias  boon  just  one  in  all  Canada.  Hence,  Canada  h;i< 
enjoyed  iov  nearly  six  years;  nil  but  coinplete  ininminty  from  lock- 
outs and  strikes  on  all  l"'r  importatit  nw"(  i'  、  ,'i  t ran、p"rt:"io" 
and  communication.  To  the  public  tho  Act  has  been  of  ，v;il  、，- r- 
vice,  and  is  appreciated.  The  railw ay  ooinpani«is,  wliich.  at  t\w 
outset,  were  inclined  to  view  with  suspicion,  if  not  alai  in,  tho  wide 
power  of  a  board  to  search  their  r，'">r(l、  :m<l  <|'i,'、tion  tl"、ir 
officials,  now  without  oxcoption  ondorso  it. 


this  centra  having  six  strands  of  19  wires  each,  twistod  around  ； i 
honij)  core.  The  finished  cable  was  7,810ft.  long,  and  、v("gl"'(l 
12r,,a()(Hbs  Cars  witli  a  capacity  of  100,()()01bs.  of  ore  are  lowered  by 
in("ms  oi*  tli is  cable  down  an  incline  plane  o, 800ft.  long. 

Time  Required  to  Build  Dreadnoughts.  ~ -Accoi-diiifj;  to  a  printed  replv 
by  Mr.  Churcliill  to  Mr.  Hicham,  the  time  occupied  in  building 
ships  of  the  Dreadnought  type  that  have  already  been  conipU'ttHl 
in  Great  Britain  has  varied  from  one  year  and  five  months  to  tliree 
years  and  four  months  from  the  date  of  ordering.  In  the  case  of 
Germany  the  times  elapsing  before  the  completion  of  trials  have 
varied  from  two  years  and  nine  months  to  three  years  and  six 
months. 

Swiss  Hydro-Electric  Power  Developments. ―  The  past  15  years  have 
witnessed  a  remarkable  advance  in  hydro-electric  power  develop- 
ment in  Switzerland,  says  the  American  Vioe-Consiil  at  Zurich  in 
a  recent  report,  and  stations  for  the  production  of  electrical 
energy  have  sprung  into  existence  in  all  parts  of  the  country, 
following  the  rapidly-increasing  use  of  electricity  and  the  domand 
for  cheaper  power.  In  1911  there  were  783  electric  power  plants 
in  operation  in  Switzerland  that  furnished  central-station  service  ； 
in  addition  there  were  many  small  isolated  plants  not  included 
in  these  remarks.  Of  the  783  plants  referred  to,  473  belonged  to 
corporations  that  did  not  generate  electrical  energy,  hut  merely 
l>ou^ht  from  larger  plants  and  resold  to  retail  customers.  Of  the 
310  generating  stations,  233  were  wholly  or  nearly  wholly  hydro- 
electric plants  and  only  77  were  steam  or  gas-driven  plants,  all 
of  theso  heintr  small.    Several  of  the  hydro-eleotrie  stations  h;u*' 

Prices  per  Ton  of  Silesian  Zinc  Sheets,  July  to  December,  1912. 
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MECHANICAL,  1911. 

IN  odiict  ion  of  moli\  r  ])o\v(ir.  22!.' 1 2. 

I  ntfi  nul  (-(milnistion   (Mi^incs.  山， W,'l('li,  tV' 

Ltd.  25379. 
Kot;i r\-  ^hs  oii^iiios.     B*'i'lii"'r.  25442. 
I  ,"(-'>m(，t  iv,'  lioilcrs.     Al  a  rks.  28019. 
A pjmratus  ior  purifying  water.    Paiorson.  7!). 
Coating  of  steel  or  wrought  iron  with  chilled  cast  iron. 

28184. 

Kl.ving  machines.    Stephen.  28266. 
Centrifugal  pumps.    I'aylor  A:  Weil.  28326. 
Motor-propelled  ro:，<l  voliiclcs.    Ai'li-r  、V.  Alter.  28327. 
Driving  meclianisin  for  powor-clrivcn  vehicles.    Al  irl\o\  .    k2X;i (；: i. 
Vaporisers  for  internal-combustion  engines.     Houghton.  *」S:i!':i. 
Chitclios.    Jardine  &  W;it('hor〕i.  28415. 

-Mt 、： i lis  ("'  driving        ndinji;  wheels.      W(>l、('l''.v   Sii(n'i)  Shearing 

Machine  Compiiny,  und  Walton.    28 4. '!•">. 
Carburettors  for  internal-conilmstioii  engines.    Grove.    28551 . 
Smokeconsinning  devices    for    furnaces.    Lupfcon    <fe  Annita^c 

28627. 

Hoi.stiiig  or  winding  gea r  for  arc  lamps.    Worsley.  28G68. 
Carburetters.    Williams.  28716. 

T\A'o-cycle  internal-combustion  engines.  Nielsen  &  Nielsen.  28866. 
Dynamometer.    Stott.  28884. 

Hydraulic  safety  gear  for  presses.    Thos.  C.  Fawcett,  Ltd.,  and 

Fawcett.  28891. 
Hydraulic  lifts  and  cranes.  R.  Waygood  A:  CV>.,  and  Carey.  29275. 

1912. 


Pearson.  240. 

Molien  &  British   Mannesman  Tube  Company. 


Rotary  pumps. 
Pipe  couplings. 
1666. 

Transmitting  power  from  w  indniills.    Jack.  1903. 
Compensating  luffing  cranes.    Sir  W.  G.  Armstrong,  Whitworth, 

and  Co.,  and  Right.  2758. 
Two-stroke  cycle  intern al-oombustion  engine.    Lancaster.  2905. 
Expanding  pulleys  for  light  motor  vehicles.    Cairns.  3383. 
Distributing  gear  for  internal-combustion  engines.    Lafitte.  3851 . 
Two-stroke  internal-combustion  engines.    Samain.  4225. 
Internal-combustion  engines.    Peel.  4443. 
Couplings  for  colliery  trams  or  corves.    Hughes.  45G0. 
Furnaces.    Atherton.  4578. 

Steam  superheating  tubes  for  locomotive  boilers.    Howell.  4640. 

Point  levers  for  use  on  railways.    Vellere.  4981. 

Flues  and  smoke-tubes  for  steam  boilers.    Hounjet.  5419. 

Method  of  extracting  vanadium  from  ores.    Saklatwalla.  6118. 

Iiitei'nal-conihustion  engines.    Hall.  6389. 

Piston  rings.    Patrick.  6973. 

Hydraulically-moved  circular  saws  for  cutting  metals.  Gelsen- 

kirchener  Bergwerkes  Akt.-Ges.  7436. 
Centrifugal  compressors.    British    Thomson-Houston  Company. 

8245. 

Starting  systems  for  internal-combustion  engines.    Beil.  9139. 
Locking  devices  for  nuts.    Bolton.  9408. 

Axle-boxes  and  bearings  for  railway  vehicles.    Parkes.  9844. 
Furnaces  for  the  treatment  of  metalliferous  ores,  coking  coal，  <fec. 

Benjamin.  9986. 
Automatic-block  signalling  systems  for  railways.    White  (Cn rson). 

10208. 

Non-continuous  girder  for  swing  bridges.    Orrell.  10900. 

Valve  mechanism    for    four-stroke    internal-combustion  engines. 

Guitton.  11042. 
Ti 山 e-casting  moulds.    Hayes.  11186. 
Differential  or  baliuice  gearing.    Cake.  11320 
Pulley  blocks.    Parkinson.  13664. 
Air  brakes.    Christensen.  13794. 
Motor  vehicles.    West.  14106. 

Jlailway-car  couplings.    Sole,  Farley,  &  Mackle.  14861. 
Pistons  for  revolving  cylinder  engines.    Berliner.  15068. 
Lubrication  of  explosive  engines.    Mead.  15597. 
Rotary  explosion  engines.    Coanda.  15855. 

l>ower-transmissi')n     nwliniiism.    Soc.    Anon.    <!'>s  Antomohilos 

I).'l;iiiuay-Be]lovilli«.  1A8G3. 
Power  machine  plant.    All^onioiiic  Kh'ktricitiits  Ges.  KioiT. 
Auxiliiirv   air   valves  for    carburetters    of  internal-combustion 

engines.    Stewart.  16672. 
Process  for  lorming  a  protective  coating  on  metals.  Toaiet.  1767G. 
InteruaI-conii)iistion  turbine  engine.    Pope  &  Robertson.  18415. 


Arrangement  of  nozzles  for  steam  or  gas  turl)iiifs.  Akt.-Ges. 

Brown,  B 曙 ri，  et  Cie.  20060. 
iMochaiiisni  for  tran.st'orniiiig  rotary  liiovoiiieiit  int^i  reciprocating 

movement.  Albert.  20502. 
Slew  mj4  cram's.    Imray.  23702. 

Operating  mechanism  of  single  c-haiii  grabs.    j$iu  gdori.  24014. 

ELECTRICAL,  1911. 

Klcctric  cotiductors.     Kallmami.  28459. 

Voltam?  regulation  of  direct  ourrent  generators.  AUt.  ("'s.  JJnnvn, 

Hovcri,  &  Co.  28486. 
Storage  hattery  separators.    Taylor.    28858  ana  28859. 

1912. 

apparatus. 


Wireless 


minals  sucli  as  contacts  and  olectixxlos  in 
British  rl  homsoii-Houstoii  Company.  060. 

tele^ra]>h    receiving    apparatus.    -、  lai(oni， 
TelcK'apli  Company,  and  Round.  3055. 
Klectric   distribution   systoms.     Brit  isli   friioinson  Houston  Com 

pany，  Taylor,  Wliittakt'r,  a nd  Sporborg.  :i'"i32. 
D\  iiamos.    British  Tlionisoii  Houston  Company,  and  (jJarton.  1-VJ!». 
Turl>ine  dynamo  plant.    Warwick  M;u'hiii('rv  Company  (1908). 
7497. 

Vapour  electric  devices.  British  Tliomson-Hotiston  Conipany.  7775. 
Terminals  for  electric  batteries.    Lucas  &  Jackson.  9278. 
Speed  regulation  of  asyiiehronous  motors.    Bergraanu  Elektrici- 

tats  Werke  Akt.-Ges.  12134. 
Excess  consumption  meter  for  electric  circuits.  Sehuppisser.  136U2. 
Combination  electric  lamp  bulb  and  (lift'UM  i..    Frenot.  13796. 
Electric  switches.    Men'iam.  14752. 
Telephones.    Ramdohr.  16241. 

Production  and  wireless  transmission   of  electrical  oscillations. 

Heinicke  &  Jasper.  18632. 
Igniting  current    distributors    for    internal-combustion  motors 

Siemens  &  Halske  Akt.-Ges.  19""". 
Electric  wire  terminal  plugs.    MoAvrer.    23oG4 . 
Plug  for  electrical  plug  contacts.    Stotz  &  Coiiipagnit*  Elektrici- 

tats  Ges.  23877. 

Devices  for  adjusting  the  length  of  the  spark  gaps  between  elec- 
trodes.   Imray.  26457. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  7th. 

Aluminium  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  112/-  ，， 

，，        sheets        ,,  ，，   ,  120/-  ，， 

Antimony  £38/-/-  to  £40/-/-  per  ton. 

Brass,  rolled    9d.  per  lb. 

，， tubes  (brazed)   10^d. 

，，       ，，     (solid  drawn)   Did. 

，，       „     wire   9d. 

Copper,  Standard   £70/2/(i  per  ton. 

Iron,  Cleveland   67/9  ,, 

―,， Scotch   73/9  ,, 

Lead,  English    £18/10/-  ，， 

，， Foreign  (soft)    £17/13/9  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ，，  ，，       medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver   £7/13/6  per  bottle 

Silver   29Jd.  per  oz. 

Spelter    £26/7/0  per  ton. 

Tin,  block   £22*)/-/-  ，， 

Tin  plates   15/9  ,， 

Zinc  sheets  (Silesian)   £29/17/0 

，，  (Stettin  ；  Vieille  Montagne)   £30/5/-  ,, 


Water  Transportation  in  the  United  State*. ― A  report  by  Mr. 
Luther  Conant,  the  Federal  Commissioner  of  Corporations,  on 
water  transportation ,  says  that  railway  companies  and  steam- 
ship combinations  conirol  the  regular  domestic  steamship  lines 
of  the  United  States,  and  have  destroyed  much  competition. 
The  water  lines  on  the  Atlantic  and  Gulf  coasts,  he  says,  are 
largely  auxiliaries  and  subsidiaries  of  tlie  railways.  The 
railways  are  declared  to  own  important  througli  passenger 
and  package  freight  lines  to  the  Great  Lakes,  while  the 
important  hard  coal  fleets  on  tlie  Atlantic  coasts  are  reported 
as  being  owned  by  a  few  great  autliracite  railways.  Kail- 
ways  also  control  90  per  cent,  of  the  mileage  of  private  canals, 
and  have  caused  】nauy  such  waterways  to  be  abandoned.  The 
Commissioner  concludes  with  a  recommendation  for  an  exten- 
sion of  the  Federal  regulation  of  joint  rail  and  water  traffic. 
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The  man  stood  on  the  boiler  top,  whence  all  bnfc  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  ••  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 

NONLEAK  Jointing 

l、UI、LtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


TESTING  SAMPLES. 


FREE  FROM  LEAD  I 

tMPROVES  WITH  AGE  I 

wilIj  neveb  blow 


r,  SOAIiE,  OR  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  C0.，  Ltd.,  ^ 隐附, Bradford,  YorkS 
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Second  and  Enlarged  Edition. 
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Water  Softening  and  Purification:  Some  Recent  Developments. 

The  question  of  water  softening  and  purification  is  one  that  is 
often  presented  in  some  form  or  another  to  engineers,  manu- 
facturers, and  local  authorities.  When  used  for  boiler  pur- 
poses the  presence  of  certain  dissolved  salts  seriously  affects 
its  suitability,  sometimes  011  account  of  its  corrosive  proj>er- 
ties,  but  more  frequently  on  account  of  the  scale  or  deposit 
which  is  formed  and  whicli  in  some  case®  may  be  troublesome 
to  remove  and  involves  periodic  stoppages  for  the  purpose,  or 
in  others  leads  to  serious  risk  of  overheating  of  the  plates 
owing  to  interference  with  the  trausmission  of  heat.  To  many 
manufacturers  a  copious  supply  of  pure  soft  water  is  a  great 
desideratum  of  their  business,  since  the  presence  of  dissolved 
lime  salts,  as  in  the  bleaching  and  dyeing  trades,  involves  a 
serious  expense  for  soap  owing  to  the  hardening  effect  wliicli 
such  impurities  have  upon  the  water,  while  for  a  similar 
reason  governing  authorities  have  frequently  to  treat  t  lit' 
whole  of  the  available  supply. 

When  impurities  consist  solely  of  suspended  mat""., 
filtration  is  a  comparatively  easy  remedy,  but  in  the  majority 
of  cases  this  does  not  remove  all  the  objectionable  qualities. 
The  presence  of  carbonates  or  sulphates  of  lime  or  magnesia 
causes  "  temporary  '•  or  "  j>ermanent  "  hardness,  according  as 
the  hardness  is,  or  is  not,  removed  by  boiling.  "  Teinporarv 
hardness  is  due  to  the  presence  of  the  carbonates,  while  ti»e 
presence  of  chlorides,  nitrates,  or  sulphates  (generally  the 
latter)  constitutes  what  is  known  as  "  pei'inaiwt  "  liar 山 i，'s、、. 
The  two  kinds  of  hardness  may  exist  together  in  the  same 
water  and  each  requires  different  treatment .  In  tlie  earlv 
days  of  steam  a  wonderful  variety  of  remedies  were  tried  for 
scale  and  deposit  troubles  in  boilers,  from  bags  of  potatoes  to 
carcases  of  pigs,  or  doses  of  treacle,  s«i\vtlust .  or  glue. 
Although  relief  was  t'ouiul  in  some  rases  h  om  t  \\e>e  noM  nuns, 
general  experience  was  disapjK)inting,  and  it  came  \<>  U1 
recognised  that  rational  chemical  treatment,  based  on  a 
scientific  tma lysis  of  the  water  to  ascertain  tlie  nature  ot  its 
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impurities,  was  the  only  satisfactory  remedy,  though  there  are 
some  steam  users  who  still  seek  relief  for  their  troubles  in 
what  are  little  better  than  quack  remedies. 

It'  was  Cavendish  who  discovered,  so  far  back  as  1766,  thai 
the  carbonates  could  be  precipitated  by  treatment  with  lime, 
t  lum^h  a,  lo])^  ]Xkri(nl  olapscd  l>oforo  tlio  discovery  was  put  tu 
inucli  practical  use,  because  tliese  salts  may  b©  precipitated 
hy  heat ing  in  t.he  boiler ?  and  few  boiler  users  recognised 
the  desirability  of  treatment  outside  it  until  higher  prossures, 
liiglier  rates  of  combustion,  and  general  boiler  -economy  com- 
pelled greater  attention  to  the  subject,  and  led  to  a  gradual 
rei'o^iiitioii  of  tlie  fact,  that,  m(vliaiik';d  contrivances  and  patent 
ii(tst rums  which  deal  only  wibli  troubles  imported  into  the 
boiler  are  a  poor  substitute'  for  independent,  well  designed 
water-softening  apparatus.  The  bulk  of  the  impurities,  viz., 
carbonates  and  sulphates,  can  he  cheaply  and  practically  dealt 
with  by  lime  or  caustic  soda，  as  was  first  shown  by  Porier  and 
Clark  some  40  odd  years  ago.  The  disadvantage  of  their 
apparatus  was  that  it  was  cumbrous  and  sometimes  unsatis- 
factory owing  to  the  length  of  time  required  in  somei  cases  for 
the  separation  of  the  precipitated  impurities,  but  this  treat- 
ment still  forms  tho  basis  of  the  water-softening  plant's  of 
to-day,  though  great  improvements  have  been  effected  in  tlie 
designs  of  the  apparatus  with  a  view  to  diminishing  theii'  size 
and  increasing  their  speed  of  separation  of  impurities. 

During  tba  last  few  years  attention  has  been  directed  to 
one  or  two  new  suggestions  for  dealing  with  the  hardening 
impurities  of  water.  In  our  issue  for  March  10th,  1911，*  we 
drew  attention  to  the  extraordinary  effects  that  were  claimed 
to  be  produced  by  merely  allowing  water  to  flow  over  a  sheet 
of  aluminium,  and  poiuted  out  tlie  utter  lack  of  reliable  evi- 
dence to  justify  the'  claims  made,  and  w©  have  not  since  seen 
any  records  of  tests'  or  evidence'  that  warrant  us  in  modifying 
the  opinions  we  then  expressed  regarding  this  system. 

Another  system  of  water  softening,  however,  which,  in  this 
country  at  all  events ,  is  comparatively  new,  and  at  present 
has  here  only  received  limited  application,  deserves  attention 
on  account  of  it's  ingenuity  and  potentialities.  We  refer  to 
what  is  termed  the  "  Per mu tit  "  waier - so f  ten i ng  process.  Tho 
process,  like  mauy  other  chemical  inventions,  is  due  to  the 
ingenuity  of  a  German,  though  its  origin  lies  in  certain  facts 
that  have  been  familiar  to  agricultural  chemists  for  over  60 
years,  viz.,  that  certain  minerals  in  soils  containing  silicates 
of  aluminium  and  soda,  and  termed  li  zeolites/'  possess  tlie 
property  of  exchanging  their  alkaline  base  for  a  calcimn 
equivalent,  without  being  in  the  ordinary  sense  soluble.  The 
action  has  an  important  bearing  on  the  nourishing  of  plants, 
and  its  discovery  led  to  a  good  deal  of  investigation  subse- 
quently from  this  point  of  view.  This  doe©  not,  however, 
concern  us  here,  though  it  eventually  led  Dr.  Gans,  of  Berlin, 
to  conduct  a  research  that  culminated  in  the  artificial  pre- 
paration of  zeolites,  capable  of  many  industrial  uses.  These 
compounds,  on  account  of  their  special  capacity  to  effect 
chemical  change,  lie  terms  "  permutits  ，，  ("exchangers").  The 
one  most  generally  used  for  water  purification,  ]>ei*nmtit  of 
sudiuin,  is  a  double  silicate  of  aluminium  aud  scdiuni.  Its 
chemical  formula  is  somewhat  long  (2Si02  A1203，  Na20, 
6H20),  but  this  need  not  trouble  the  general  reader,  since  an 
intelligent  idea  of  its  action  may  be  gathered  without  sj>ecial 
chemical  knowledge.  Briefly,  and  .without  going  into  details, 
the  process  consists  in  slowly  passing  the  water  to  be  purified 
through  a  bed  of  "  permutit',"  with  the  result  that 
the  carbonates  or  sulphates  of  lime  or  magnesia  with 
which    the    water    may    b©    impregnated    become  con- 

•  See  " &h3clianical  Engineer"  v,  279,  Vol.  XXVII. 


verted  into  carbonates  or  sulj>hat-cs  of  sodium,  wliich  are 
】iigld)，  soluble,  and  may  be  passed  into  the  boiler  direct  with- 
out fear  of  lonniiig  scale  or  deposit.  This  action  continues 
until  all  the  soda  base  of  the  "  j^rinutit f'  is  exclian^<l  for 
a  calcium  base.  At  this  stage  the  "  permutit  ，'  becomes 
inert  as  regards  its  influence  upon  the  i'eed  waier,  but ~ aud 
herein  lies  the  ingenuity  of  the  process ― the  "  permutit  "  may 
be  again  regenerated  by  passing  t Iirou^li  the  bed  a  solution 
of  common  sa】t,，  or  sodimn  chloride,  1  lie  calciurii  in  the  "  per- 
mutit " being  now  exchanged  for  t he  sorliuni  in  t he  salt  solu- 
tion, and  the  substance  brought  bark  to  its  original  condition, 
the  calcium  during  iliis  process  being  of  course  rejected.  No 
liltration  is  necessary  in  the  process,  nor  is  any  fresh  supply 
of  the  "  permut'it/'  required  beyond  tliat  far  the  minute 
percentage  wliich  is  carried  away  iiierlmnirally  in  tlie  wa^liing 
processes.  The  only  cluMiiiral  material  i quired  is  tlie 
sujjplv  of  salt  for  the  regenerating  operation.  Tlie  liianipii- 
lation  of  t-lie  apparatus  involves  no  more  than  the  opening 
and  closing  oi  certain  taps  at  stated  ]>eriods,  and  its  suj>er- 
vision  can  be  undert-aken  by  an  ordinary  workman  witli  very 
little  instruction. 

The  relative  advantages  of  the  "  j>eri"u"t  ''  pivjeess  as 
compared  with  the  soda-lime  process  dej>ei]d  on  circum- 
stances. In  tlie  latter,  for  each  degree  of  "  t^eniporarv  liard- 
n ess, M  (i.e.  one  part  of  hardening  salt  j>er  100,000  parts  of 
water),  about  2'5ozs.  of  lime  per  1 ,000  gallons  is  required, 
and  for  each  degree  of  "  permanent'  liardiiess  ''  a  similar 
quantity  of  scxla.  There  is  a  material  difference  in  the  cost 
of  these  two  re-agents?  and  speaking  rou^lilv  it  may  be  said 
that  the  removal  of  a  degree  of  "  permanent  hardness  "  by 
the  soda-liitie  process  costs  3 A  to  4  times  as  inucli  as  the 
removal  of  a  degree  of  "  temporary  hardness/'  Tliere  is  one 
disadvantage  of  this  process,  however,  wlien  softened  waier 
is  used  for  washing  purposes,  namely,  that  it  is  not,  prac- 
tically speaking,  possible  to  remove  all  the  liardness  from  the 
water,  and  2  to  3  degrees  nearly  always  reTiiain.  For  boiler 
purposes  this  may  be  negligil)le,  but  wlien  it  is  borne  in 川 "id 
that  21bs.  of  soap  are  required  to  reinovo  one  degree  of  lianl- 
ness  from  1,000  galls,  of  water,  it  is  -easy  to  see  that  wlien 
water  is  used  on  a  large  scale,  as  in  wool  washing  and  similar 
industries,  a  hardness  of  3  degrees  may  entail  a  serious  daily 
loss  from  the  use  of  soap.  The  advantage  of  the  "  per"mt'it  '， 
system  lies  in  the  fact  that  the  ]>rocess  permits  of  川 plete 
removal  of  the  liardness,  but ,  unlike  t  lir  lime-soda  pror«*s， 
"temporary  hardness  ,y  is  tlie  inoro  cost  ly  to  rcinove,  and 
entails  about  40  per  cent,  greater  ex]>en*liture  in  salt  solution 
than  tho  "  ]>er»naii<'nt  liardness.*'  Altliough  salt  is  h  cheap 
renovating  nmt-erial,  its  cost  d(H\s  impose  limits  in  the  <  nmpe- 
tition  between  i  \\v  Iavo  processes,  and,  as  ； i  ntattor  <»f  tact , 
it  is  hardly  advantageous  to  apply  tlio  ''  permutit  "  ]>ruce«s 
if  the  water  possesses  more  than  about  14  degrees  of  hardness. 
In  many  oases,  of  couree,  the  degree  of  liardiress  is 
great  lv  in  excess  of  this,  anil  it  is  v;»sv  to  se<、  111  at 
it  nu\ v  in  home  circumHtaiu-es  pav  to  itdiovo  t  he 
major  part  of  tlie  hardness  by  means  of  tlie  soda-liinc 
process  and  to  finish  the  wft-ening  l>y  moans  of  "  lVnm"".，、' 
The  presence  of  sodium  carbonate  or  sodium  "il! 山"" 、 
although  iliev  are  very  soluble,  may  cause  trouble  if  1lu\v  arc 
jnesrnt  in  excess,  and  lieuce,  、vha"、v，'r  s"l"'"i"g  proems  is 
ado]>trd  a  certain  ainount  of  blowing  oiT  in  l，(、ih">  is  desirable 
where  there  is  a  risk  of  this,  as  otherwise  trouble  is  lial'k'  to 
arise  with  brass  fittings  or  through  ^lipiit  weej>ing  and 
incrustatiuii  at  the  seams  of  rivets  below  the  wntor  level.  、、'o 
are  informed,  however,  th;»t  in  this  rosjuvt  '  IVimutit 
showb  tu  advantage,  siuce  the  wuipkti:  bui'tciiing  it  cll'ccls 
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appears  to  flimi"isl'，  at-  anyral<>,  tlio  Iroul.le  I'rmii  \v(、('|>iii" 
at  tlio  seams,  prolmhlv  mviii"'  to  thoi  al)»en<^  ol'  tlit'  «*arlnm;it  cs 
which  aro  t  Iirovvn  down  l>v  w>n(larv  *l<kl>»»sii  ion  wIkmi  tli'' 
soda  lime  process  is  adopted.  The  filtration  of  these,  it  is 
well  known,  is  very  trm 山 lesome  ami  tbe  nu'tliods  of  efYectin^ 
it,  constitute  to  a  large  extent  the  difTerences  in  (let  in  t  lie 
various  wat'nH ening  ;i|>|»aratus  t  liai  at  "  iti  \isf.  We 
havr,  however,  seen  some  inlercsi  in<( 山、 mmist  n"  imis  which 
show  t  IkiI  t  his  well  known  t  ronhlo  niay 】"' nvercoino  in  i\ 
remark; 山 lv  cliea[>  and  simple  way.  We  aro  not.  ； i(  liberty  lo 
disclose  t  he  details  of  this  discovery,  hui  as  it  iiiuy  l^t'oiTi  lon^ 
he  inado  pufiiic  it  is  interest""  to  know  t  liai  hy  the  addition 
of  a  hannless  reagent  in  very  miiu"'e  quantity  the  precii>ita- 
tion  of  t  lie  c;irh{)ii;iies  can  ()e  elTect-ed  in  an  exf  raordina riiy 
rapid  w;iy,  and  l)y  so  doing  material ly  improve  tlie  efficiency 
of  ordinary  water-softening  planls. 


DANGERS  OF  PHOSPHORUS  AND  SODIUM. 

TiY  0.  VICKERS. 

Phosphorus  is  considered  the:  most'  dangerous  chemical  used 
in  I'oiuulry  operations,  on  account'  of  its  liability  to  spon- 
taneous combustion,  and  there  is  little  doubt  but  tliat  it  has 
been  responsible  for  many  myst  erious  fires  tliat  have  occurred 
in  brass  foundries.  The  exercise  of  a  little  common  sense, 
however,  is  all  that'  is  necessary  to  guard  against  danger  from 
this  source.  Phosphorus  must  be  kept  stored  under  water  at 
all  times,  otherwise,  at  ordinary  shop  t&mperatures,  it  will 
inflame  in  about  seven  minutes.  The  fact  that  water 
evaporates  should  never  be  lost'  sight  of,  also  tliat  iron  con- 
tainers are  liable  to  rust  and  leak,  leaving  tlie  phospliorus 
exposed  to  the  atmosphere.  The  best  plan  is  to  use  two 
receptacles,  one  inside  of  the  oilier,  for  the  storage  of  this 
dangerous  chemical.  The  outer  vessel  should  be  a  strong  keg 
and  the  inside  container  may  be  the  original  can  in  which  tlie 
phospliorus  was  received .  The  keg  should  be'  filled  with 
water,  so  that  the  can  is  totally  immersed.  The  keg  should 
be  stored  where  it  is  always  visible,  and  either  sliould  b©  left 
uncovered  or  an  employe  should  he  held  responsible  for  the 
maintenance  of  the  water  level.  In  iJie  event  of  the  keg 
leaking,  water  would  remain  in  tlie  can  and  would  preserve 
the  phosphorus  until  the  condition  of  the  keg  was  observed . 

Regarding  the  handling  of  the  phosphorus  after  it  has  been 
removed  from  the  water  for  addition  to  the  metal,  much  has 
been  written,  which  may  be  summed  up  in  the  statement 
that  vigilance  and  care  are  the  price  of  safety.  It  is  not 
necessary,  however,  in  these  days  of  rich  alloys  to  use  the 
yellow  variety  of  phosphorus,  as  phosphor-copper  and 
phosphor-tin  afford  a  much  more  convenient  means  of  using 
phosphorus,  in  all  ordinary  foundry  operations. 

Another  dangerous  element  sometimes  used  in  brass 
foundries,  is  metallic  sodium.  This  metal  is  t.h©  dii'eci, 
opposite  of  phosphorus  as  regards  ireatment  in  storage,  as  it 
must  be  kept  away  from  wabei%  contact  with  it  causing  it  to 
inflame,  consequently,  it  should  be  stored  in  a  dry  place  and 
should  be  kept  covered  to  exclude  moisture.  It  is  in  some 
cases  stored  under  naphtha,  but  this  is  not  necessary,  as  when 
exposed  to  the  air  the  surface  of  the  cut  metal  rapidly 
oxidises  and  beconves  covered  with  a  protective  coating  of 
caustic  soda.  Its  addition  to  bronze  is  more  difficult  than 
phospliorus,  as  the  latter,  when  tossed  on  to  the  surface  of 
tlie  molten  metal,  has  sucli  an  affinity  for  the  latter  that-  ii  is 
to  a  large  extent  absorbed .  This  may  he>  observed  easily  by 
taking  two  pieces  of  phosphorus  of  equal  size  and  igniting  one 
on  the  floor,  while  tlie  other  is  tossed  on  to  the  surface  of 
molten  metal . 

, The  piece  on  the  floor  will  continue  to  burn  long  after  iho 
piece  added  to  the  metal  lias  entirely  vanislieJ ,  lluis  sliowin^ 
tliat,  it  has  been  absorbed  largely  bv  the  metal .  Sodiun、， 
however,  will  float  on  the  metal  and  burn  awav  without  pro- 
ducing any  useful  effect,  and  the  copper,  wheii  oast,  will  be 
just  as  spongy  as  if  never  treated,  because  tlie  sodium  lias  noi 
entered  the  metal.  It  is  not  as  convenient,  therefore,  as 
phosphorus  for  foundry  use,  although  it.  is  an  ^xcellont 
deoxidiser,  and  will  produce  a  metal  in  some  respects  superior 
to  phosphor-bronze  when  the  sodium  is  properly  added.  It 


oxi 山 ae«  out  of  tlie  metal  at,  eacli  remelti ng  to  such  an  extent 
tliat  fresh  addit ions  have  to  be  made  every  time  the  metal  is 

H'llirlt 

Metallic  sodium  is  used  in  the  rnanufacturo  of  aluuiiniun). 
and  is  sometimes  shipj>e<l  in  large  quantities  to  be  used  for 
that  purpose.  When  carried  by  water  the  danger  that  may 
arise  from  its  j>eculiar  affinity  for  that  element ,  and  t  ik'(  ，':s 
sity  for  its  enclosure  in  strong,  water-tight  containers  is 
illust  rai  ed  l>v  t  ho  loss  of  the  sf(':mi''i  ll:ir 小,'  tn  L)"'*-n 山'' r 
nl"  hisi  voar.     "  The  Fouiulrv. " 


THE  CORROSION  OF  AUTOMOBILE  RADIATORS 

Nearly  all  automobile  radiators  are  now  made  of  brass,  and 
while  satisfactory  as  far  as  heat  conductivity  and  durability 
are  concerned,  there  is  always  more  or  less  difficulty  ex- 
perienced by  makers  on  account  of  corrosion  occurring  in 
the  winter.  This  is  the  time  of  year  when  one  would  expect 
less  corrosion  to  <x'cm'  on  account  of  the  fact  that  chemical 
action  is  retarded  by  the  cold.  The  fact  is,  however,  that 
sucli  corrosion  is  not  produced  by  any  defect  in  the  radiator 
hut  in  the  solutions  used  in  them.  It  is  necessary,  in  order 
to  prevent  tlie  freezing  of  the  water  in  the  radiator  and  en- 
gine jackets  of  an  automobile  during  the  winter,  to  use  some 
liquid  in  them  which  will  not  freeze  at  the  temperature  of  the 
coldest  winter  night.  Drawing  off  the  water  has  been 
found  impracticable.  It  is  in  the  use  of  this  solution  that 
the  difficulty  is  experienced,  although  a  few  automohilo 
owners  know  of  the  fact,  and  it  is  finally  laid  at  the  door 
of  the  radiator  manufacturer  who,  in  turn,  may  attempt  to 
force  it  upon  the  maker  of  the  brass  sheet. 

There  are,  says  "  The  Brass  World,"  many  so-called 
" anti-freezing  '，  solutions  which,  as  far  as  their  free- 
dom from  freezing  is  concerned,  are  quite  satis- 
factory, but  when  it  comes  to  the  corrosion  of  tlie 
radiator  are  not.  Calcium  chloride,  conunon  salt,  and  similar 
substances  are  exceptionally  bad  and  attack  the  brass  rapidly. 
Glycerine  is  quite  extensively  employed  in  coiuwti"ii  w  it  ii 
alcohol,  and  is  not  to  be  reconunended  as,  unless  pure,  tho 
glycerine  decomposes,  forming  compounds  which  attack  the 
brass.  Conunon  glycerine  is  not  suitable  and  pure  glycerine 
is  quite  expensive.  The  glycerine  mixtures,  in  addition  to 
attacking  the  brass  to  a  greater  or  less  extent,  are  not 
favoured  on  account  of  their  action  on  the  rubber  connections, 
and  their  sticky  nature.  Wood  alcohol  is  not  attended  with 
satisfaction,  when  mixed  with  water  in  the  proportion  needed 
for  the  prevention  of  freezing,  as  it  contains  many  foreign 
substances  which  have  an  injurious  action  upon  the  brass.  Tn 
addition,  wood  alcohol,  in  presence  of  the  heat  and  air, 
generates  formic  acid  which,  of  course,  attacks  brass  readily. 

The  best  material  for  use  in  automobile  radiators  is  grain 
alcohol  (ethyl-alcohol)  and  by  varying  the  proportions  of 
water  and  alcohol  any  desired  freezing  temperature  may  be 
obtained.  For  example,  20  per  cent,  alcohol  and  80  per  cent, 
water  freezes  at  aboufc  10°  above  zero.  A  mixture  of  30  per 
cent,  alcohol  and  70  per  cent,  water  freezes  at  about  5°  below 
zero.  If  tlie  mixture  is  made  of  40  per  cent,  alcohol  and 
60  per  cent,  water  it  will  not  freeze  above  20°  below  zero, 
while  50  per  cent,  alcohol  and  50  per  cent,  water  freezes  at 
about'  35°  below  zero.  De-natured  alcohol  can  be  used  with 
equally  as  good  results  as  tlie  pure  grain  alcohol  anil  is  very 
much  cheaper. 

The  Smoke  Problem  in  Manchester. ― An  iinpitrtanT 
towards  the  solution  of  the  smoke  problem  was  taken  by  tlie 
City  Council  of  Manchester  on  the  8th  inst.,  when  it  unani- 
mously decided  to  establish  an  Air  Pollution  Advisory  Board, 
wliich  will  investigate  and  report  upon  the  causes  of  the  smoke 
evil  and  tlie  best  means  of  curing  or  minimising  it.  It  is  to 
include  representatives  of  the  chief  committees  of  the  Cor- 
poration and  experts  from  oi^tside.  It  will  be  the  first  ofln  ial 
body  of  the  kind  in  the  country.  An  analysis  of  a  mixture  of 
Manchester  soot  made  by  Dr.  Kneoht,  of  the  Manchester 
School  of  Technology,  si i owed  tliat  it  comprised  ammonium 
sulphate,  10*7  per  oeut.  ；  mineral  matter  (ash),  19  6  per 
cent.  ；  acid  constituents,  109  per  cent.  ；  benzine  extract 
(hydrocarbons),  13  0  per  cent.  ；  difference  (probably  carbon), 
45*8  per  cent. 
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LARGE  TURBO  UNITS.* 

BY  J.  r，  CHITTENDEN. 

(Concluded  from  page  27). 

Reaction  Type,  ―  Taking  the  simple  types  of  machines,  per- 
haps the  best  known  is  that  of  the'  u  Parsons  n  or  reaction 
turbine,  which  has  been  in  commercial  use  for  nearly  28  years, 
during  which  time  some  hundreds  of  machines  have  been  built, 
both  on  tho  single  and  double-cylinder  principle.  Of  the 
former  system,  the  section  in  Fig.  5  shows  a  good  example  of 
the  general  design  of  a  single^cylinder  machine  of  large  output, 
and  differs  only  slightly  from  the  original  Parsons  design 一 the 


 ^1!! 

、 , 



Fig 


PtjAin  Reaction  Thbhtne. 


main  difference  being  the  arrangement  of  steam  balance 
pistons 3  and  tlie  method  of  governing. 

The  rotor  and  steam  end  shaft  are  mad©  from  one  forging ― 
the  exhaust  end  being  separate,  and  held  in  place  by  means  of 
T-headed  bolts.  The  rotor  consists  of  thro©  steps  or  stages  in 
th©  proportion  of  1  :  ^/  2  ：  2.  On  this  rotor  are  mounted  65 
rows  of  reaction  blading,  divided  up  into  35，  15，  and  15  rows 
respectively .  The  blading  is  carried  in  foundation  rings, 
built  up  in  lialf-segments  complete  with  shrouding  ；  the  seg- 
ments are  then  secured  in  grooves  turned  in  the  casing  and 
rotor  by  means  of  caulking  strips  (Fig.  6).  This  m-ethod 
differs  slightly  from  thei  usual  reaction  blad©  fixing,  where 
separate  blades  and  distance  pieces  are  employed . 

The  casing,  or  turbine  body,  is  of  cast  iron ,  and  lias  nine 
increasing  diameters  to  allow  for  an  even  expansion  of  steam 
through  the  turbine.  The  steam  thrust,  due  to  varying 
pressure  throughout  the  turbine,  is  balanced  by  means  of  three 
labyrinth  pistons,  which  are  so  arranged  as  to  give  perfect 
steam  balance  at  all  loads, 七 he'  thrust  block  at  the  steam  end 
only  being  used  to  set  th©  position  of  th©  rotor  relative  to  the 
casing.  The  governor  gear  consists  of  a  double^beat  throttle 
valve  direct  coupled  to  the  main  governor  by  a  lever  with  a 
fixed  fulcrum,  and  is  arranged  to  control  all  loads  up  to  25  per 
cent,  overload  by  means  of  throttling  ；  loads  beyond  this  are 
obtained  by  opening  up  by-pass  valves. 

Two-cylinder  Type,  Pure  Reaction. 一 An  excellent,  example  of 
the  2-cylinder  type  of  pure  reaction  machine  is  that  of  one 
of  the  six  sets  installed  at  Lots  Road  Station  some  few  years 
ago  by  Messrs.  C.  A.  Parsons  &  Co.  As  previously 
explained,  this  type  consists  of  two  separate  casings  and 
rotors,  forming  high  and  low-pressure  portions.  The  normal 
rating  of  this  machine  is  6,000  kw.  with  1851bs.  square  inch 
pressure,  with  superheat  of  140°  Fah.  and  28in.  vacuum, 
under  which  conditions  a  consumption  of  14'01bs.  per  kilowatt' 
was  obtained. 

Tlie  general  construction  is  similar  to  that  of  a  single- 
cylinder  machine,  with  the  exception  of  the  high-pressure 
rotor,  which  is  one  complete  forging-  Tho  governor  gear  is 
of  the  steam  relay  type  which  is  standard  for  all  Messrs. 
Parsons'  machines,  and  differs  from  the  ordinary  relay  system 
in  that  a  floating  lever  is  not  used .  This  gear  consists  of  a 
lever  with  a  fixed  fulcrum,  to  which  is  coupled  on  one  end 
the  main  governor  sleeve,  and  at  the  other  the  piston  valve 
controlling  the  pressure  on  the  under-side  of  the  relay  piston 
of  the  main  throttle  valve.  This  piston  is  not  coupled  to 
the  governor  lever,  but  is  held  down  by  a  spring  on  tlie  top 

*  Abstract  of  paper  read  before  the  Rugby  Engineering  Society,  Jan.  7,  1913 


of  the  piston,  which  keeps  the  main  throttle  on  its  seat. 
Steam  is  admitted  to  the  under-side  of  this  piston,  so  that 
when  the  speed  of  the  set  falls  the  piston  valve  closes  and  an 
excess  pressure  takes  place  on  the  under-side  of  the  piston, 
which  lifts  the  main  throttle  valve  off  its  seat  and  allows 
more  steam  to  enter  the  turbine.  On  the  speed  of  the  tur- 
bine rising  an  opposite  action  takes  place,  and  the  spring 
returns  the  throttle  valve  to  its  seat. 

In  Table  I"  Nos.  1  to  7,  are  given  various  steam  con- 
sumptions and  efficiencies  obtained  with  the  pure  reaction 
type  turbine. 

Impulse  and  Reaction  Type. — The  impulse  and  reaction  type, 
perhaps  better  known  as  tlie  "  disc  and  drum  "  turbine,  is 

illustrated  in  Fig.  7，  which  is  that 
of  a  3,000 kw.  at  3,000  revs,  per 
minute.  As  will  be  noticed  from 
this,  the  turbine  is  a  combina- 
tion of  a  2-row  Curtis  disc,  and 
the  low-pressure  portion  of  a  re- 
action machine.  This  arrange- 
ment has,  like  all  other  compound 
types,  the  great  advantage  of 
low  working  pressures  and  tem- 
peratures in  the  turbine  proper, 
and  that  there  are  no  glands, 
&c"  subject  to  high-pressure 
steam  and  consequent  heavy  leak- 
age losses.  The  steam  is  ex- 
panded from  initial  to  atmo- 
spheric press u re  in  tlie  nozzles, 
and  after  having  given  up  part  of  its  kinetic  energy  in  tlie 
disc,  the  steam  is  gradually  expanded  from  this  pressure 
tli rough  tli©  reaction  blading  until  the  final  or  exhaust  pres- 
sure is  readied.  The  general  design  of  the  low-pressure  end 
differs  in  no  way  from  standard  reaction  practice,  and  has 
the  usual  balance  piston  and  arrangement  of  thrust  adjust- 
ment. The  high-pressure  disc  is  fitted  with  two  rows  of 
impulse  blading,  with  a  normal  blade  speed  of  560ft.  per 
second.  These  blades  are  made  from  drawn  bronze  section , 
cut  to  length,  and  milled  to  form  the  dove-tail  root  and  pip 
for  shrouding.  The  reaction  end  consists  of  36  rows  of  fixed 
and  moving  blades  which  are  attached  to  body  and  rotor 
as  shown  in  Fig.  6. 

With  regard  to  the  lower-speed  inacliines,  two  drums  of 
reaction  blading  are  employed,  so  as  to  keep  the  diameter 
of  the  impulse  disc  within    i*easona})]e    limits—  tlie  steam 


sXS，f^_flkOy>  direction 


Fig. 


ROTOR 

- Willans- Parson  s  Reaction  Blading. 


pressure  at  the  beginning  of  the  reaction  portion  beiug 
increased  to  suit  these  conditions.  A  machine  of  this  type 
is  shown  in  Fig.  8，  which  is  that  of  an  8,000  kw.  turbine  at 
750  revs,  per  minute,  working  with  1801bs.  B.P.  180°  super- 
heat and  2 Sin.  vacuum,  and  capable  of  carrying  a  continuous 
overload  of  12,000  kw.  by  means  of  nozzle  adjustment.  The 
turbine  is  designed  to  suit  a  four-bearing"  arrangement,  and 
fitted  with  a  flexible  coupling  between  it  and  the  generator 
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bearings.  Particulars  of  test  results  of  tliis  type  of  macliine 
are  given  in  Table  I.，  Nos.  20-23. 

Zoelly  Type. ― A  machine  const  nu  t  cd  on  t  lie  pure,  Zocll  v 
principle  was  built  by  Messrs.  Howdcn  iV  ( 'a. ,  (j! las^ow,  for 
the  Mancliest'er  Corporation,  test  result's  of  which  are  given 
in  Table  I.,  No.  12.  The  macliine  consists  of  17  simple 
velocity  wheels,  11  of  which  form  t  lie  high-pressure  and  six 
the  low-pressure  end,  these  wheels  carrying  tire  standai'd  type 


Fig.  7.-3,000 】 


Disc  and  Drum  Turbine. 


Zoelly  impulse  blades,  tho  material  being  5  per  cent,  nickel 
steel.  In  this  type  of  machine  there  is  no  balancing  arrange- 
ment, as  the  expansion  of  the  steam  takes  place  entirely  in 
the  fixed  blades.  The  pressures  each  side  of  the  discs  are 
equal,  and  any  slight  out  of  balance  is  taken  up  by  the 
thrust  block.  The  governor  is  oil  relay  operated,  the  oil 
supply  being  taken  from  a  small  gear-driven  pump  working 
at  a  pressure  of  801bs.  per  square'  inch.     Particulars  of  the 


As  will  be  seen  in  Fig.  9，  the  machine  com  si  sis  of  a  2-row 
Curtis  disc  and  10  simple  Rateau  wheels,  this  being  tli'， 
usual  number  of  stageH  for  large  machine  oi  tins  t、'pe  when 
running  at  1,500  revs,  per  minute.  Tl",  si^jim 
from  initial  pressure  down  to  about  501bs.  per  square  inch 
absolute  in  the  nozzles  before  the  Curtis  dis' ，  mid  after 
having  partly  given  up  its  kinetic  energy  in  tliis  j>ortion,  a. 
gradual  expansion  takes  place  in  t  lie    smwfli "乂  Rat-eau 

nozzles  until  the  final  pressure  is 
readied. 

Tliis  type  of  macliine  is  also  built 
by  a  number  of  continental  firms, 
all  of  which  are  very  similar  in  de- 
sign and  construction  to  that  shown, 
and  adhere  very  closely  to  standard 
Rateau  practice  for  the  low-preasure 
portion.  The  method  of  blade  fix- 
ing also  follows  the  standard  Curtis 
and  Rateau  arrangement,  wliich 
consists  of  a  dove-tail  root  for  the 
Curtis  blades,  and  a  straddle  form 
of  blade  root  for  the  low-pressure 
blades.  As  this  is  a  pure  inipuls** 
type  of  machine,  there  is  very  little 
out-of-balance  force  due  to  steam 
pressure,  and  any  slight  thrust  due 
to  either  reaction  or  other  causes 
is  taken  on  the  main  thrust  block. 
The  governing  is  in  all  cases  effected 
by  means  of  an  oil  relay,  and 
usually  all  loads  up  to  full  load  are  controlled  by  throttling ― 
the  overloads  being  obtained  either  by  hand  or  automatic 
nozzle  valves.  The  coupling  is  in  this  case  flexible,  and  is 
of  the  claw  type,  but  in  most  continental  designs  a  three- 
bearing  arrangement  is  now  employed,  with  a  solid  coupling 
placed  on  the  turbine  side  of  the  middle  bearing.  Witli 
regard  to  the  performances  of  this  type  of  machine,  Table  I. 
gives  a  list  of  five  recent  tests,  Nos.  24  to  28. 


Table  I. ― Turbine  Efficiencies. 


Type  of 
Turbine. 

Date  of 
Test. 

Manufacturer. 

Output 
K.  \V. 

Rev. 
per 
Min. 

Bl 
Press. 

Total 
Temp 

Vac.  at 
30111. 
Bar. 

-r.'j 

Overall 
EH. 

Reference. 

i  Parsons 

1910  , 

C.  A.  Parsons  ...  ... 

5164 

1200 

214- 

509° 

29-037 

1318 

643 

Stodola,  4th  ed.,  p.  439 

2  ，， 

1908 

Allis-Chalmers  ... 

):lon 

1800 

18C- 

484° 

2804" 

1  li"2 

684 

Sibley  Jour.，  Eng.,  Jan.,  1911 

Willans  &  Robinson  ... 

5000 

1000 

194- 

478° 

'28.8" 

134 

67  5 

Electrical  Times,  1910 

4  " 

1911 

Allis-Chalraers  ... 

3850 

1800 

164- 

491° 

27-99" 

1540 

635 

Power,  1910 

5  ,' 

1903 

Brown  Boveci  ...  ... 

3500 

1360 

15G- 

499° 

28-92" 

】:!71 

65C0 

Zeit.  D.V.D.  Ing..  1010 

6  ，， 

3000 

1360 

1  (!.->• 

625° 

27-1" 

1475 

6430 

Die  Turbine,  1911 

7  ，， 

1910 

Ri«»hardsoii  Wcstgarth 

6257 

1200 

203- 

5503 

29-1" 

119 

684 

Electrician,  〗911 

8  Curtis 

1906 

A.  E.  G.   

3000 

1500 

11)1. 

590 3 

29- 13" 

1-2-79 

620 

Zeit.  D.V.D.  Ing.,  1910 

q  " 

IO  " 

G.  E.  C.   

10816 

750 

190- 

525° 

29  47" 

12!) 

fil-9 

Trans.  A.S.M.E. 

1910 

G.  E.  C.   

8775 

750 

194- 

4：)1° 

2803" 

15  5!) 

(U.O 

Trans.  A.S.M.E. 

1911 

B.  T.-H.   

2987 

1500 

154- 

505° 

2692" 

I5DG 

(！ 4. 70 

Engineer,  191 1 

i2  Zoelly 

1909 

Howden          -..  ... 

6383 

1000 

202- 

520° 

― 

14：5 

C7o 

Kngineer,  1909 

'3  ，， 

1910 

Eschcr-Wyss  

4189 

1000 

179- 

557° 

28.78" 

U3 

niio 

Zeit.  D.F.O.  Turb.,  1911 

H 

1908 

F.  Ringhoffer  ...  ... 

3000 

1000 

170- 

470° 

28-4' 

1552 

C.4-8 

Zeit.  D.V.D.  lng.，  1910 

Escher-Wyss  

5118 

1000 

133' 

549^- 

27C3" 

1518 

657 

Dinplers  P.J  , 

1 6  \\ 

r.imi) 

1000 

m- 

539° 

•26  427 

HV13 

63.9  - 

Zeit.  D.V.D.  Ing:.,  1910 

1/  ，， 

3540 

15t)0 

400° 

28  2LI'' 

15  07 

(14« 

Diugkrs  I> 丄， liill 

18  Rateau 

19U 

Oerliken         ...  ... 

3166 

1500 

213- 

G03° 

293!V 

1  114 

«61 

Engineering,  1910 

19  ，， 

1910 

Bt.  Westingh011.se  ... 

5170 

750 

197- 

520° 

2851" 

14  3 

us 

CO 

K.  Bauin:iiin,  *'  Stoam 

Turbines  •， 

20  Curtis- 

1910 

Erste  13runner  ... 

7442 

960 

19-2' 

584° 

28  26" 

12  G2 

703 

IVriod i.sche  Mitteilu ngeu 

Parsons 

21    ,,  ,, 

6000 

960 

181- 

573° 

28-26" 

12-56 

7i-3 

Zeit.  D.V.D.  lug.,  1910 

22   ,,  ,, 

1910 

Wostiiifchouse,  U.S.A. 

9173 

1800 

181- 

27-89'' 

1  I-:.: 

('.89 

Trans.  A.S.M.E. 

？ 3  ，，  -s 

Brown  Hoveri  ... 

3053 

1300 

150- 

505° 

•29.08" 

1301 

080 

- 

24  Curtis- 

1911  • 

A.  E.  G. …   

0518 

li-20 

198- 

601° 

2936" 

11- 13 

68-7 

A.  Christie  on  "  Steam 

Rat  oau 

- Turbines'' 

25  •"  ，， 

19tl 

Bt.  Wostinghouse  ... 

5066 

1500 

190- 

552° 

•28-7(i' 

130 

679 

Electrical  Review, 

26  ,,  ，， 

1 麵 

A.~E.  G  

Vl:V.) 

1500 

1S83 

6623 

•2itl!)'' 

11  07 

VAd 

Stodola,  Ith  ed. 

27  ,，  ，， 

1011 

lit.  Wostinghouse  ... 

2930 

1500 

•210- 

568° 

US  -J.; 

1：!-72 

(；：！-itO 

Electrical  He  view,  1911 

28  ，，  „ 

1007 

A.  E.  G  

3169 

1500 

184- 

592 J 

2!)  lit" 

Vll\ 

c:jo 

Trans.  A.S.M.E. 

test'  results  obtained  with  this  t \*i>e  of  machine  are  sliown  in 
Table  I"  Nos.  12-17. 

Curtis- gateau  Type. ― In  Fi^.  {)  is  shown  a    inadiinr  o'm 
bining  the  Curtis  and  Rateau  principles,  and  is  similar  in 
design  to  those  installed  at  Clyde  Valley  and  Bristol  by  tlio 
British  Westinghouse  Company,  Manchester,  test  results  of 
which  are  given  in  Table  I.,  Nos:  25  and  27  respectively. 


Pure  Curtis  Type. 一 A  5,000  kw.  machine  constructed  on 
the  pure  Curtis  principle  has  quite  recently  been  installed  at 
City  Road  Power  Station  by  the  British  Tlioinson-Houston 
Company,  Ltd.  The  turlx>  set  is  of  the  four-bearing  arrange- 
ment, and  iitted  with  a  claw  coupling  between  the  turbine  and 
generator.  The  bearings  are  lubricated  under  pressure  from 
a  geared  pump,  wliich  also  supplies  the  pressure  for  operating 
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the  governor  oil  relay.  Tlie  turbine  shaft  is  of  forged  steel, 
and  is  fitted  with  six  Curtis  wheels  arranged  to  work  from 
1551bs.  per  square  inch  pressure  at  180°  Fall,  suporlioat  to 
28in.  vacuum,  under  wliich  conditions  a  consumption  of 
13'61bs.  per  kilowatt,  was  obtained  with  a  load  of  5,fi00  kw. 
(this  represent in^  an  over-all  efficiency  of  G9  |»er 


Fig.  8.— Section  op  8,000  kw.  Disc  and  Deum  Turbine. 


In  these  latest  type>  machines  the  steam  is  admitted  at  the 
centre  of  the  casing,  and  after  passing  to  the  governor  end 
through  some  of  tlie  stages,  the  steam  is  returned  to  the 
centre  of  tlie  machine,  and  passes  through  the!  remaining  stages 
to  the  exhaust'.  This  arrangement,  no  doubt,  gives  many 
advantages  over  the  original  Curtis  design,  as  not  only  are  tlie 
high  pressures  and  temperatures  kept  in  the  centre  portion 
of  tlie  machine,  but  a  liigh-pressurei  gland  (to  atmosphere)  is 
avoided  ；  also  it  permits  tli©  employment  of  a  slight  redaction 
on  the  impulse  blading  without  any  out-of-balance  taking 
place. 

Conclusion. ― Although  the  progress,  both  in  sizo  and  total 
output,  of  turbo-driven  electric  generators  has  been  enormous 
during  the  last  few  years,  th-erei  is  every  reason  to  believe  tliat 
this  will  b©  greatly  exceeded  in  the  near  future.  This  demand 
for  further  increase  in  size  and  output  will  be  du©  to  a  very 
large  extent  to  the  electrification  of  the  various  railway 
systems.  At  present  the  introduction  of  electrically-driven 
cars  is  confined  to  local  servio&s  only,  but  there  is  no  doubt 
that  in  a  few  years  part  or  perhaps  all  the'  main  line  passenger 
traffic  will  be  electrically  operated. 
Apart  from  the  high  economy  and 
reliability  of  large  steam  turbo 
units,  there  are  other  reasons  in 
favour  of  the  turbo-driven  electric 
generators  for  this  class  of  work  ； 
one!  being  the  capability  of  holding 
momentary  overloads  even  up  to 
] 00  per  cent,  without  detriment  to 
the  plant  its&lf,  and  that  thes&  over- 
loads can  be  obtained  automatically 
with  practically  no  loss  in  efficiency 
and  increased  first  cost.  Tlie 
enormous  advantage  of  large  over- 
load capacity  is  obvious  for  this 
work,  as  it  is  quite  conceivable  that 
there  may  occur  many  occasions 
when  a  large  starting  torque  is  re- 
quired, and  should  it  not  be  possible 
to  obtain  tliis  automatically  it  would 
necessitate  keeping  some  of  the 
plant  on  lighter  loads  during  a 
greater  portion  of  the  total  running  time. 

Finally,  there  is  little  doubt  as  to  the  high  economy, 
reliability,  and  low  maintenance'  of  large  turbo  units.  With 
regard  to  economy  one  has  only  to  study  some  of  the  recent 
published  figures  (which  are  given  in  Table  I.)  to  see 
efficiencies  as  high  as  68  to  70  per  cent,  are  possible  even  in 
&&ts  of  5,000  kw.  to  6,000  kw.  output'.  As  lo  the  question  of 
reliability,  there  is  no  doubt  that-  the  steam  turl)ine  can  move 
tMan  hold  its  own  with  other  prime  movers,  and  further,  it 


has  the  great  advantage  that,  even  should  a  mishap  occur,  it  is 
never  a  serious  one,  and  temporary  repairs  can  be  executed  in 
a  very  short  space  of  time,  tlie  turbine  put  }>;u-k  on  】oad  and 
I'ont inue  its  duty  without  much  loss  in  economy  while  await - 
iu^  replacements  from  th^  manufacturers. 

Wit  h  regard  to  maintenance,  or  general  cost  of  upkeep, 
this  must  necessarily  be  small,  for 
providing  no  mishap  occurs,  the  only 
wear  t liat  can  possibly  take  place 
is  at  the  bearings,  governor  drive, 
&c.，  and  as  all  tli^so  parts  are  sub- 
ject to  forced  lubrication,  the  wear 
is  negligible.  As  an  example  of 
this  tlie  author  had  the  pleasure  of 
examining  quite  recently  a  small 
machine  which  had  been  running 
for  nearly  four  years,  during  which 
time  there  was  only  one  minor  re- 
placement, the  macliine  having  pro- 
duced over  50,000,000  units  of  use- 
ful work,  and  tlie  efficiency  is  not 
2  per  cent,  less  titan  on  the  clay  it  was 
first  tested.  Although  this  is  per- 
haps by  no  means  a  record,  it  sliows 
in  a  small  way  what  a  steam  turbo 
set  is  capable  of  doing,  and  that 
if  suitable  care  is  exercised  in 
the  design  and  construction,  the 
economy,  reliability,  and  cost  of  maintenance  may  be  such  as 
to  render  it  far  superior  to  any  other  form  of  prime  mover 
for  driving  electric  generators  of  large  output. 


The  Kearney  Mono-railway. ― A  demonstration  was  recently 
given  at  Olympia  with  a  working  model  of  the  Kearnev 
mono-railway.  The  car,  which  is  one-sixteenth  full  size  and 
is  driven  electrically,  having  been  stopped  when  ascending  a 
gradient  of  1  in  7，  was  started  again  and  continued  its  climb. 
It  is  claimed  that  this  has  never  before  been  accomplished 
on  such  a  steep  gradient  on  a  railway.  It  is  proposed  to  use 
slopes  of  this  kind  on  Kearney  underground  railways,  eacli 
station  being  on  tlie  street  level  and  the  track  descending  to  a 
depth  of  about  100ft.  between  stations.  In  this  way  accelera- 
tion on  leaving  a  station  will  be  got  by  gravity,  and  the 
slowing  up  will  be  brought  about  by  ascending  the  hill  to  the 
next  station .  An  indication  of  the  great  security  against 
derailment  of  the  car  was  evidenced  in  the  following  test. 
Kinks  liad  been  made  in  the  mono-rail  wliicli  in  tlie  full-size 


Fig.  9.— 5,000  kw.  Curtis-Rateau  Turbine. 

railway  would  be  equal  to  a  lateral  displacement  of  about  a 
foot,  and  the  car  ran  over  them  at  a  speed  approaching 
30  miles  an  hour  without  trouble.  It  may  he  recalled  that  on 
the  Kearney  system  the  car  is  maintained  in  equilibrium  by 
； ui  overhead  rail,  against  the  underside  of  which  grooved 
wheels  on  the  roof  of  the  car  are  kept  constantly  pressed  by 
means  of  springs.  A  full-sized  oar  has  now  been  huilt,  ami 
will  he  run  on  a  railway  lialf  a  mile  Jong  at  tlie  Ghent 
Exliihition  next-  summer. 
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EFFICIENT  PRODUCTION  OF  CYLINDRICAL  WORK.* 

JiY  (.'.  H.  NOKTON. 

Tukning  is  one  of  the  oldest  of  the  mechanical  arts,  and  tho 
] at  lie  is  mi('  of  t  ho  ()1("'st,  m(— working  inacliines ;  but  1  In; 
lath©  has  been  a  very  in^fTicient  tool  until  t \\e  present  time. 
W©  now  have  lathes  so  designed  that  they  can  b©  made 
efli cient .  I  believe^  however,  that  we  are  not  as  a  rule  using 
the  inockrn  liigli-power  lathes  as  we  should,  ； unl  are  losing 
what  they  were  designed  to  save,  viz.,  time;  that  while  we 
use  them  as  roughing  machines  we  also  use  them  as  rH'miiig 
machines. 

Most  cylindrical  work  must  linally  have  size  within  small 
limits  and  be  truly  cylindrical  wiiliin  still  sniallei-  limits, 
which  led  mechanics  in  ill©  past  to  study  the  art,  of  r('lmr(l 
turning.  When  this  art  had  reached  a  liigh  degree  of 
n、HiR>meiit'，  men  discovei^d  t hat  it  did  not  satisfy  theni  and 
t-vliiH.lrical  grinding  was  i tit roduced  to  give  more  refinenu'iil 
t  lian  could  be  obtained  wit  h  the  lathe.  The  natural  con- 
clusion at  that  time  was  that  the  grinding  machine  should 
take  up  the  work  of  refineinent  after  the  limit  of  refinement 
had  been  reached  with  the  lathe  and  the  early  grinding 
ina<-liin€S  were,  therefore,  designed  witli  this  thought  in  view. 

Later,  however,  it  was  shown  that  ground  cylind rical  work 
coukl  be  produced  at  a  cost  no  greater  than  the  turning  alone 
had  cost,  simply  by  using  the  lathe  to  remove  a  large  ]>ropor- 
tiou  of  the  metal  necessary  to  be  removed  and  not  at  all  as  a 
means  of  refinement  ；  transferring  the  entire  responsibility 
for  relinement  to  the  grinding  machine.  While  some  under- 
stand this  and  are  producing  cylindrical  work  efficiently,  I 
bel iev©  the  great  majority  are  still  under  thei  spell  of  tradition, 
and  are  turning  what  tliey  call  "  good  work,"  work  that  shows 
care  and  skill  on  the  part  of  the  operator  and  accuracy  in  the 
lathe.  Such  care  and  skill  with  turned  work  is  even  more 
senseless  to-day  than  the  old-time  practice  of  shaping  acorns 
on  all  screw  heads  and  putting  cast-iron  eagles  on  the  tops  of 
machine  tools,  because  in  case  of  the  former  the  grinding 
machine  removes  all  trace  of  the  lathe's  accuracy  and  the 
operator's  skill  in  a  moment  of  time,  while  the  latter  remained 
for  years  to  gratify  tho  taste  of  those  who  had  an  ©ye  for 
such  artistic  emibellishm-ent. 

The  developments  of  the  last  few  years  have  brought 
about  the  facts  that,  except  in  rare  cases,  efficiency  in  the 
production  of  cylindrical  work  means :  (a)  the  use  of  the 
lathe  as  a  roughing  tool  only,  and  (b)  the  modern  grinding 
nuu'-liiiie  for  refinement.  Most  lathe  operators  and  most 
foremen  seem  to  understand  roughing  to  be  simply  the  turn- 
ing of  work  a  few  thousandtlis  over  tlve  finish  size,  when  in 
reality  they  are  not  roughing  at  all,  but  simply  turning  to  a 
certain  degree  of  refinement  with  the  notion  that  by  so  doing 
t  hey  are  (a)  doing  a  creditable  job,  and  (b)  that  they  are 
helping  the  grinding  machine.  It  is  difficult  to  secure 
roughed  -  work  from  lathe  operators,  i.e.,  work  that  is  not  in 
any  sense  refined. 

Tradition  impels  nearly  all  to  consume  much  more  time 
than  would  be  necessary  if  the  work  were  merely  roughed , 
roughing  being  confused  with  a  certain  degree  of  refinement. 
Roughing  is  not  refinement  of  any  degree,  and  refinement  does 
not  necessarily  mean  perfection.  There  are  many  degrees  of 
refinement,  but  u'ev&r  degrees  of  accuracy  or  perfection. 
Accuracy  and  perfection  are  final  and  fixed,  they  have  no 
limits.  Those  who  would  produce  cylindrical  work  efficiently 
must  recognise  th©  fact  that  different  cases  require  different 
degrees  of  refinement,  and  whether  the  work  requires  a  very 
low  degree  of  refinement  or  a  degree  closely  approaching 
accuracy,  th©  lathe  work,  to  bo  efficient,  should  be  the  same, 
viz.,  as  rough  and  as  cheap  as  it  is  possible  to  make  it. 

The  lathe  to-day  should  be  a  roughing  tool  only, 
and  the  grinding  machine  a  refining  tool  ouly,  nob  a 
]>ertecting  tool.  Some  grinding  machines  may  produce 
greater  refinement  than  others,  but  none  can  produce  literally 
exact  and  perfect  cylinders.  While  it  is  true  many  mechanics 
look  upon  a  high  degree  of  refinement  as  accuracy  and  speak 
of  it  as  such,  it  is  easy  to  prove  that  it  is  not  accuracy,  but 
SIInl)'.v  a  high  degree  of  retimMiieiit .  When  all  recognise  t  lie.^t* 
facts  there  will  \\e  greater  eftii'ieucy  in  t he  production  of 
cylindrical  work.      Because  these  facts  about,  roughing  and 
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leiining  are  nob  well  uiiderstcwxl  and  men  do  not  ('qm 山 ii"'  tli'' 
lathe  and  grinding  machine  in  a  well  defined  unci  efficient 
manner,  the  machine  industry  and  railroads  are  losing  large 
sums  each  year  and  I  will  try  to  show  wliere  soni**  oi  tlw 
loss  occurs. 

We  are  losing  because  we  turu  clow  I  han  ； iljout 
above  the  finish  size.  I  use  the  word  about  because  we  lose 
by  turning  carefully.  To  require  lathe  work  turned  to 
thousandths  to-day  is  like  burning  money  for  the  fun  of  it. 
We  are  losing  by  allowing  workmen  to  use  any  but  the  coarsest 
feeds  possible  in  each  case,  even  to  the  use  of  the  screw 
cutting  gears  to  obtain  tliem.  FV"(U  as  ruars"  :i、  f  our  io  \  \w 
inch  should  be  used  in  some  cases  and  six,  eight,  and  ten 
should  be  quite  common .  When  work  is  too  frail  to  allow 
such  feeds  with  one  cut,  then  another,  or  even  three  cuts 
should  be  made  at  faster  cutting  speed  ；  for,  while  it  is  trin' 
that  very  coarse  and  imperfect  turning  will  require  lon^*  r 
to  grind  than  close,  careful  turning,  the  combination  of 
coarse,  clieaj)  turning  with  grinding  will  produce  cylindrical 
work  more  efficiently.  The  modern  grinding  macliine  will 
remove  metal  most  efficiently  when  that  metal  is  in  the  form 
of  coarse  screw  threads. 

High  ridges  do  not  increase  the  cost  of  production.  We 
lose  money  when  workmen  are  allowed  to  calij)er  cylindrical 
work  on  tlie  tops  of  the  ridges,  as  nearly  all  do.  This  accounts 
for  the  misiuiderstanding  about  coarse  turning  and  the  allow- 
ance for  grinding.  Calij)ering  on  the  tops  of  the  ridges  makes 
it  necessary  to  turn  with  relatively  line  feed  to  enable  clean 
grinding.  To  avoid  this  some  workmen  use  a  broad  nose  tool 
with  the  coarse  feed,  which  necessitates  slower  cutting  speed 
because  more  metal  is  removed,  than  with  a  pointed  or  grooved 
cutting  tool.  Ridges  left  by  a  more  pointed  tool  do  not 
increase  the  cost  of  producing  that  work,  but  decrease  it. 

It  is  so  simple  to  feed  by  liand  a  slight  distance  at  the 
end  of  th©  work,  where  the  caliperiiig  can  be  done  correctly, 
however  coarse  may  be  the  power  feed  later,  and  however 
liigh  the  ridges.  Money  is  lost  by  allowing  workmen  to 
measure  roughed  work  elsewhere  than  at  the  end  ；  hours  are 
wasted  by  operators  calipering  at  several  points,  and  then 
because  of  spring  or  tool  wear,  resetting  and  turning  that 
portion  again  to  secure  straight  work.  They  forget  that  the 
modern  grinding  machine  was  designed  to  do  all  of  the 
straightening  and  all  of  the  sizing,  regardless  of  what  the 
errors  of  roughing  may  be.  They  forget,  or  have  never 
known,  that  the  art  of  producing  cylindrical  work  has  pro- 
gressed beyond  that  stage  where  it  was  necessary  for  the  lat  In- 
to do  its  best  before  the  grinding  machine  assumed  the  work 
of  refinement. 

The  modern  grinding  machine  is  literally  a  correcting 
machine.  The  roughing  can  literally  be  rough,  and  roughness 
does  not  mean  an  approximate  rethieinent .  It  is  <'a、v  t <> 
figure  the  saving  in  time  of  turning  a  piece  of  work  6in.  tliain . 
by  6ft.  long  when  the  last  cut  before  grinding  is  made  with  a 
feed  of  six  per  inch,  instead  of  32  per  inch,  which  is  very 
common.  When  it  is  considered  that  tlie  grinding  machine 
will  grind  this  six  per  inch  work  to  the  finish  size  complete  in 
less  time  than  is  required  to  file  32  per  inch  work,  we  see  the 
great  possibilities  for  saving  cost  with  the  lathe,  if  combined 
with  a  modern  grinding  machine.  In  some  cases  money  is 
lost  by  roughing  at  all  in  the  lathe.  Please  note  that  I  say 
in  some  cases.  Efficient  production  of  cylindrical  work  is 
usually  accomplished  by  roughing  first  in  the  lathe  ；  but  there 
are  cases  when  the  difference  in  favour  of  grinding  without 
first  roughiug  in  the  lathe  is  very  great. 

The  most  important  study  for  those  who  would  secure 
efficient  production  of  cylindrical  work  is  the  roughiug  of  that 
work.  It  is  here  tliat  the  greatest  possibilities  for  saving  lie. 
If  all  would  make  a  careful  study  of  tlie  roughing  preparatory 
to  grinding  instead  of  trying  to  improve  upon  the  methods 
of  grinding  advocated  by  grinding  machine  makers,  there 
would  result  a  more  efficient  production  of  cvliiulrioal  work 
and  a  clearer  view  of  the  real  reasons  why  the  griiulin*: 
machine  maker  advocates  certain  methods,  and  why  the 
modern  heavy  grinding  machine  was  introduced. 

At  a  works  where  large  numbers  of  ovliiulrioal  pieces  are 
manufactured  1  Jin.  diam.  and  about  lOin.  to  1  lin.  long, 
5  minutes  was  required  to  turn  earh.  removing  al>out  ^in. 
from  the  diameter,  using  a  high-si>eetl  steel  tool  and  revolving 
as  rapidly  as  the  tool  would  stand.  The  plan  was  to  turn 
close  to  the  finish  diameter  and  care  was  taken  to  secure 
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straight,  smooth,  and  round  work  to  save  time  when  grinding, 
because  they  considered  the  grinding  expensive,  and  that  this 
expense  must  of  course  be  added  to  the  cost  of  turning.  The 
grinding  in  this  case  was  -1  minute.  Tho  total  time  for  pro- 
ducing these  pieces  was  6  minutes.  A  change  was  made  in 
the  shape  of  the  tool  point  and  the  size  limit  for  turning 
increas&d.  The  traverse  feed  was  increased,  the  cutting  speed 
remained  unchanged,  and  the  work  was  turned  in  1  minute 
each,  while  the  grinding  time  was  doubled,  viz.,  2  minutes; 
the  saving  was  3  minutes,  or  one-half  of  the  original  time. 

Some  idea  of  what  is  lost  by  allowing  lathe  work  to  l)o 
turned  straight,  smooth,  and  close  to  size  ln'fore  grinding  may 
be  obtained  from  the  following  illustration  of  actual  work  on 
some-  forgings  about  4ft.  6in.  long,  turned  portion  to  finisli 
plus  or  minus  0'0005in.  diam.，  and  3ft.  long.  Tho  lathe 
operator  turned  these  in  the  same  manner  that  the  majority 
of  operators  are  now  turning  such  work,  viz.,  as  such  work 
was  turned  before  grinding  machines  were  introduced,  except 
that  O'OlOin.  was  left  on  the  diameter  for  grinding.  Tlie 
turning  required  two  cute,  as  there  was  more  than  ^in.  to 
remove  and  th©  work  was  somewhat  frail  as  well  as  irregular. 
The  first  cut  was  considered  by  the  workman  a  very  coarse 
heavy  cut;  the  second  was  like  the  last  cut  in  the  majority 
of  shops,  viz.,  it  gave  what  the  lathe  men  and  most  foremen 
call  "  a  good  job."  When  ready  for  grinding  the  time  con- 
sumed by  turning  was  a  total  of  25J  minutes.  This  appears 
to  he  too  slow,  but  the  forging  was  too  slim  to  allow  little,  if 
any  more,  with  on©  rough  cut,  and  the<  lath©  was  an  old- time 
weak  power  frail  machine.  The  grinding  time'  on  this  was 
3  minutes,  making  a  total  of  28|  minutes. 

When  tradition  was  ignored  and  the  work  was  made  ready 
for  grMi'ling  in  the  proper  way,  the  following  saving  was 
accomplished  :  Two  roughing  cuts  were  taken,  because  (a)  the 
lathe  was  not  powerful,  and  (h)  the  work  was  frail.  The  feed 
was  10  per  inch,  cutting  deep  grooves ；  th©  time  complete 
ready  for  grinding  was  9  minutes.  The  work  was  not 
straight,  and  was  what  lathe  men  would  style  "  a  very  poor 
job."  The  grinding  time  to  the  exact  limits  was  9  minutes,  or 
three  times  longer  than  with  the  more  careful  turning  ；  a 
total  of  18  minutes,  a  saving  of  10^  minutes  on  each  forging. 
An  attempt  to  rough  this  work  with  one  cut  instead  of  two 
resulted  in  a  loss  of  2  minutes.  A  modern  lathe  having  more 
power  with  the  direct  belt  would  havo  carried  the  same  feed 
and  depth  of  cut  at  higher  cutting  speed  witli  a  still  further 
reduction  of  time.  This  shows^  what  may  be  accomplished 
with  weak  low-power  lathee. 

To  install  high-power  lathes  and  continue  to  turn  just  as 
smoothly  and  accurately  as  of  old,  simply  allowing  a  few 
thousandths  for  grinding,  would  seem  the  height  of  wasteful- 
ness. Whether  high-power  lathes  or  old  low-power  lathe's 
are  used  mechanical  industries  are  losing  an  enormous  sum 
each  year  because  of  th©  lack  of  understanding  of  the  real 
problem  affecting  the  efficient  production  of  cylindrical  work, 
which  is  th©  proper  combination  in  each  individual  case  of 
rough  turning  and  grinding. 

Some  idea  of  what  we  are  losing  by  not.  wearing  tun* 
" thinking  caps,"  is  shown  by  th©  following  :  Some  plain 
shafts  15/16iii.  diam.,  62in.  long  were  to  b©  made  to  ordinary 
limits  of  size  (and  finish.  Tests  were  mad©  to  determine 
whether  it  was  better  first  to  turn  these'  or  to  grind  direct 
from  the  rough  bars.  Tho  turning  required  6  minutes  ready 
lor  finish  grinding,  while  to  grind  off  tlae  same  amount  as  \v;is 
turned  off  required  9  minutes.  A  number  of  mechanics  j>ro 
nounced  it  cheaper  to  turn  the'  shafts  iirst .  "Of  course. " 
But  in  this  case  aft&r  turning  in  .6  minutes,  each  shaft  require- 1 
straightening  before  grinding,  which  consumed  10  minute &， 
totaling  16  minutes.  When  the  roughing  was  done  by  grind- 
ing instead  of  turning  no  straightening  was  necessary,  and 
the  roughing  cut  was  removed  in  9  minutes.  In  this  case, 
therefore,  the  turning  was  actually  lost.  There  may  1"、 
similar  cases  where  th©  shafts  will  require!  some  little 
straightening  even  if  roughed  by  grinding,  so  that  eacli 
should  b©  investigated  instead  of  making  a  nile  1  liat  ； ill  tmisl 
or  must  not  be  turned  first.  Usually,  however,  no  straight  imi 
ing  is  necessary  when  the  roughing  is  done  by  grinding. 

Money  is  being  lost  because  the  majority  of  designers  liav〔、 
not  kept  pace  with  the  development  along  these  lines.  A 
well-known  runabout  motor-car  has  a  crank  shaft,  which  ii' 
made  about  lin.  longer  over-all  could  be  produced  for  50  cents 
less  on  each  crank.    When  it  is  considered  that  about  30;UUU 


of  these  cranks  have  been  made,  representing  a  possible  saving 
of  £3,000,  we  see  the  importance  of  considering  the  combina- 
tion of  latlie  and  grinding  work. 

Another  feature  affecting  the  cost  of  production  is  the 
matter  of  ordinary  shoulders.  This  is  overlooked  by  manv 
designers  and  practically  all  drauglitsmen.  It  is  easy  to  draw 
two  sharp  lines  that  cross  each  other  and  form  a  sharp  corner, 
and  the  fact  that  it  costs  less  to  provide  room  for  t  lio  shoulder 
fillet  on  the  oilier  in  ember  than  to  make  a  sharp  corner  in  the 
cylindrical  membev  is  lost  siglit  of.  This  jio  doubt  is  the 
result  of  the  experience  of  the  past-  when  t  here  were  do  power- 
ful grinding  machines  to  locate  and  form  such  shoulders 
cheaper  than  the  latlie.  Shoulders  to  be  made  with  1  lie 
grinding  wheel  require  a  slight  fillet. 

When  numbers  of  duplicate  pieces  are  to  be  produced  and 
a  small  fillet  is  allowed,  not  only  can  the  cvlind rical  portion 
be  roughed  with  the  lathe  and  not  at  all  refined,  but  tlie 
shoulders  can  also  be  rcfughed,  because  the  grinding  machine, 
when  required,  is  provided  with  a  locating  V)ar.  By  the  use 
of  this  bar,  the  exact  location  of  all  shoulders  can  be  secured 
by  grinding  and  without  measuring.  At  t  lie  same  time  the 
cylindrical  portion  can  be  ground  witli  tlie  same  grinding 
w】ieel.  The  roughing  in  the  lathe  can  be  doue  with  th©  same 
tool  that  roughs  the  cylindrical  portion,  because  the  latlie  in 
this  case  is  not  required  to  give  to  the  shoulder  any  particular 
shape.  When  it  is  found  best  to  locate  and  finish  slioulclers 
with  tlie  lathe  because  there  is  no  locating  bar  for  the  grinding 
machine,  it  should  not  be  necessary  to  neck  in  at  the  shoulders 
for  grinding.  This  is  an  old  aud  out-of-date  notion,  for,  with 
a  shoulder  cut  sharp  by  tho  lathe  tool,  the  grinding  does  not 
materially  cliange  th©  corner. 

A  more.efBcient  metliod  when  no  locating  bar  is  at  liaud  is 
to  rough  the  work  in  the  lathe,  leaving  the  shoulders  about 
g^in.  long  and  whatever  angle  the  roughing  turning  tool  may 
form.  Next  grind  the  cylindrical  portion  and  at  tlie  same 
time  cut  out  the  angle  at  the  shoulder  witli  the  grinding 
wheel.  Tlie  work  should  then  go  to  a  lathe  where  a  more 
skilful  operator  can  locat-e  the  shoulders  exact lv  ；  it'  a  sliarj) 
corner  is  really  necessary  it  can  then  be  made. 

A  lot  of  60  countershafts,  35  point  carbon  steel,  finish  size 
in.  plus  or  minus  0'0005in.  bv  66in.  long.  Uirned  8  pik'l" 
leaving  about ^.t in.  for  grinding;  ground  complete  at  the  rate 
of  35  minutes  each  ；  cubic  inches  ground  off,  278  ；  cubic 
inches  of  sfceel  removed  for  every  cubic  inch  of  wheel  wear, 
207  ；  total  cost  of  wlieel  for  60  shafts,  19d.  ；  total  cost  of 
power,  17icl.  ；  wheel  used,  24  combination  grade  L  ahuuluin  : 
radial  depth  of  c\it ,  when  roughing,  0*001  in.  ；  radial  tlej>tli  of 
cut,  when  finishing,  0'0005in.  ；  surface  speed  of  work,  rough- 
ing, 42ft.  per  minute  ；  surface  speed  of  work,  finishing.  35ft. 
par  】nhuite ;  table  traverse,  roughing,  lift.  ]>er  niinu"' ； 
table  traverse,  linishing,  10ft.  per  minute;  stead v-m《、 
*'  niultij>]e  system." 

produce  cylindrical  work  efficiently  we  must  川 " 
L'tudy  of  all  that  affects  the  prohleni  in  each  imlividual  case 
instead  of  following  tradition  wliich  is  costing  so  much  each 
year.  Lathe  builders  are  offering  sonic  very  efticiout  rough- 
ing lathes,  bufc  are  we  roughing  with  tli^in  I  t hink  not  in 
mo^t  cases.  The  real  roughing  latlie  needs  a  good  system  of 
multiple  steady-rest-s  to  enable  rapid  and  dee]>  coarse  outs. 
Will  someone  come  forward  with  sucli  a  system  o!"  >te;uly-r(»sls  ' 
Inst  ead  of  uur  lat  lie  depart  men!  s  and  griiuliiig  ile|>art- 
uients  being  separate  as  is  common  now,  t hero  should  l>e  one 
department  of  cvlindrical  work  iukUm'  "iir  Jit 、；" 1.  Tliis  would 
check  tlie  1  ciulencv  of  the  lathe  dr]»a rt  tnt'iit  to  t  rr;"  tlioir 
\yovk  as  a  Jinished  protlm't,  and  i\\v  tentiencv  of  tho  grinding 
department  to  insist  upon  ca reful  turning  in  order  1o 

make  a  better  slewing  of  the  grintliiii;  time,  wai'dlc^  oi'  thu 
real  cost  of  product  ion. 

There  is  inucli  vet  to  be  leanunl  ；山 m"  \\w  jneparat ion  for 
grinding  of  cvliiHiriral  work  ；  no  t wo  pieces  of  work  require 
the  same  lathr  t  ro.it  niont .  Thore  is  a  great  need  for  thinking 
men  as  foreincn  and  operators.  Sxicli  ，m、ii  can  ofVtn't  ^rcat 
savings  l>v  working  out  in  eacli  rase  the  West  e'om1)inat ion  of 
turning  and  grinding  of  cylindrical  work. 


Railway  Electrification  in  America.  ―  Powers  liavo  W。" 
granted  to  t ho  Great  Fall  (Montana)  I)(>、v<'r  Company  for  t \w 
electrilication  of  450  ""les  of  i  rack  on  il»e  ltiain  lino  of  tho 
Chicago,  Milwaukee,  and  Puyct  Sound  Kail  way  between  two 
points  in  Montana  aud  Idaho. 
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A  NEW  TWO-STROKE  CYCLE  ENGINE. 

The  January  Prooeedings  of  the  Anierican  Society  o\'  ,M  im-Ii.i  m 
('； il  Engineers  contains  a  description  of  a  】iew  ^-stroki; 
cycle  internal-combustion  engine  designed  by  Mr.  Urbani . 
It  is  shown  in  the  accompanying  illustrations  and  consists 
essentially  of  two  cylinders  1  and  V  connected  to^ci  Iwv  in  U 
form.  One  of  the  cylinders  is  provided  with  the  oxhausi  ports 
2  and  the  other  with  the  openings  For  scavenging  air  3  and 
gas  4.  The  air  and  gas  pumps,  which  may  also  be  indeiiciKlciit 
ol"  oiio  another,  are  shown  at  5  and  5'.  In  the  two  cvliiKlcrs 
n  I  <  >  \-  c  two  pist-ons  I  laving  equal  cranks  making  t  lie  s;uih— '  ； i  n^lcs 
wit  1 1  t  lie  crank  slia i'i.  The  aclioii  oi'  nigim'  is  simplt'. 
Sup|)oso  Ihiil  the  pistons  are  at  1  lie1  right-haiul  side  (lc;nl 
points,  and  ill  at  to  th'e  right  of  them  is  a  suitahlv  coniprcssrd 
explosive  mixture.  WIkmi  tliis  is  ignited  an  expansion 
follows,  and  the  pistons  move  to  the  left.  The  exhaust  ports 
2  open  first,  and  i-he'  pressure'  in  the  cylinder  rapidly  falls  to 
about  4'21bs.  to  5'61bg.  per  square  inch  above  a.l  mosplK'ric 


Section  A-  B 


Section  C-  D 
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of  the  })ist on  tlit1  port  o  opcmis,  admit- 
ting scavenging  air  previously  compressed  in  5'  to  ； i  pressure 
sliglitly  above  4'21bs.  to  5'61bs.  per  square  inch  (so  as  not  to 
produce  eddies  in  tlie  cylinders).  Still  later,  when  the  pres- 
sure in  the  cylinder  has  had  time  to  fall  below  4'21bs.  to 
5'61bs.,  the  gas  comes  through  duct  7  and  port  4 
i'rmu  pump  5  compressed  to  somewhat  more  than  tlu'  pres- 
sure prevailing  at  that  moment  in  the  cylinder,  so  as  to  pro- 
duce eddies  and  thus  help  t he  gas  to  make  a  thorough  niixtu re 
with  the  scavenging  air.  On  the  back  stroke  of  tlio  piston 
the  ports  close  in  the  reverse  order,  first  the  gas,  then  the  air, 
； m(l  finally  the  exhaust.  The'  process  is  somewhat  siniilar  t  o 
tlmt,  of  the  Oechelhiiuser  jnotor,  hut  the  engine  iiihv  be  niadi- 
double  acting,  tandem,  &c.  The  air  regulator  consists  of  a  little 
piston  8  moving  in  the  cylinder  9  having  no  head  but  provided 
in  the  middle  witli  a  circular  passage'  10  (.•onitipinicatiiig  with 
r)  .  This  little  piston  has  an  eccentric  lagging  90°  with  respect 
to  the-  main  crank.  While  the  crank  makes  the  angle  0°  to 
180°  corresponding  to  the  period  of  intake  of  air,  tlie  piston 
ost'ilhiting  between  the  positions  a  and  h  lets  open  the  annular 
passage  10  by  which  air  penetrates  to  5;.  During  the  com- 
j、n、ssion  of  tlie>  air,  while  the  main  crank  passes  through  1  lie 
angle  180°  to  360°,  tlie  eccent  ric  describes  an  angle  90。  to  '」7(»  ， 
and  the  little  piston  oscillates  between  a  and  c  regulating  i  he 
communication  between  5'  and  the  atmospluM-e.  "This 
Mirangenient  is  interesting  in  that  the  opening  ； uul  closing  of 
the  annular  passage  10  occur  always  when  the  piston  8  is  at  its 
luaxinnun  velocity.  A  somewliat  similar  arrangement  is 
provided  with  respect  to  gas. 

North-cast  Coast  Institution   of   Engineers  and  Shipbuilders. 

A ^meeting  of  this  Institution  will  1">  held  on  the  'J'Jiul  inst at 
7國30,  in  the  Lecture  Theatre  of  the  Literary  and  PIii]oso])liical 
Society,  Newcastle-on-Tyne,  wlien  the  discussion  on  1 1"' 
" Ar(，h  Principle  of  Ship  Construction, l)v  Maxwell  Ballard, 
)vdl  be  resumed.  On  the  24th  inst.,  at  7-30，  a  meeting  will 
be  lleld  in  the  Lecture  Theatre  of  the  Literary  and  riiilo- 
^)pl"cal  Society,  Newcastle-on-Tvne,  wlien  a  lecture  on  "  The 
lVachcal  Use  of  the  Iron  C'arhon  Equilibrium  Diagram,  with 
^l>tH，ial  Reference  to  the  Critical  Points  A. 1. 2. 3.,  and  the 
gut'im^  of  Steel,"  will  bo  delivered  bv  J.  E.  Stead,  D.Met., 
D.Sc.,F.R.S. 


EFFECT  OF  POURING  TEMPERATURE  ON  STRENGTH  OF 
ALUMINIUM. 

An  elaborate  series  of  experiments  have  ljeeu  maMe  \>y  Mr. 
1 丄. 、V.  Gillct t  on  1  ho  effect  of  the  pouring  temperature  on 
the  strength  oi'  aluiniuiuin  castings,  1  r'」ilts  of  v.iii'li 
were  published  in  the  transactions  of  the  eighth  Interna- 
t  iotwil  Congress  of  Applied  Chemistry.  The  experiments 
showed  that  tlie  tensile  strengtli  of  aliiiniiiitiin  alloys  was 
greatly  influenced  by  the  size  of  the  constituent  crystals.  The 
finer  the  grain,  the  stronger  was  the  metal.  In  some  53 
experiments  iu;kIo  the  bars  used  for  testing  avera^fMl  m';irlv 
20  per  cent,  stronger  when  poured  cold  t  hait  wl，'"i  pounvl 
hot.  Exceptions  were  the  alloys  of  alumiiiiui'i  containing  2 
per  cent,  of  manganese,  ami  also  the  ones  containing  .0  \,i-r 
cent,  of  niagiiesiuui.  The  manganese  alloy  h;"l  sii'  li  a  low 
elastic  limit  that  it  was  seldom  of  rom!in'i(ial  use.  The 
alloys  with  niagnesiuni  oxidised  so  readily  when  t  ft;it 

it  was  difficult  to  make  castings  that  did  not  contain  dross, 
and  hence  were  weak.  It  was  stated  by  Mr.  Gillett  that  the 
aluminium  alloy  consisting  of  92  per  cent,  of  aluminium  ； nnl 
8  per  cent,  of  copper  was  tlie  one  most  extensively  used  at 
the  present  time  for  making  sand  castings,  and  easily  90  per 
cent,  of  all  the  aluminium  castings  made  were  produced  by 
the  use  of  this  mixture.  The  arlditiou  of  small  amounts  of 
manganese,  titanium,  iron,  or  antiniouy  to  the  aluiniuiuin 
and  copper  previously  mentioned  increased  the  strcnyt  h  ' 【' 
the  casting  when  poured  hot,  while  nirlu'l,  ''lummmii,  ca*I- 
lniuin,  or  bismuth  seemed  to  be  without  much  induenre.  Any 
of  these  elements,  however,  caused  brittleness  and  increased 
the  resistance  to  impact.  The  heafc  of  the  bars  poured  hot 
averaged  from  1,550°  Fall,  to  1,600°  Fall.  These  tempera- 
tures, however,  were  such  as  to  decrease  the  tensile  strength 
of  the  cast  bars  nearly  20  per  cent.  Tlie  best  pouring  tem- 
perature for  the  92  per  cent,  aluminium  and  8  per  cent, 
copper  mixture,  as  well  as  the  other  commercial  alloys,  was 
found  to  be  about  1,225°  Fall. 


GREEN 
SAND 


AN  EFFECTIVE  SKIM  GATE. 

The  accompanying  illustration,  for  which  we  are  indebted  to 
" The  F(nuidi'y，"  shows  a  skim  gate,  designed  by  T.  II. 
Gilvear,  foundry  superintendent  of  the  Berlin  Machine  Works, 
Ltd.,  Hamilton,  Ontario.  The  gate  is  made  in  two  sections 
from  a  core  sand  mixture,  and  a  third  section,  consisting  of  a 
cast-iron  runner  box  moulded  to  form  a  pouring  basin,  is 
superimposed  on  the  lower  sections.  The  lower  ssction  of  the 
gate,  which  is  a  strainer,  ordinarily  contains  three  holes 
through  which  the  metal 
is  strained  into  the  mould, 
and  a  gate  of  this  size  is 
sufficiently  large  for  cast- 
ings averaging  oOlhs.  in 
weight.  However,  this 
gate  can  be  used  for  mak- 
ing castings  weighing 
•lOOlbs.  by  increasing  its 
size  and  adding  to  the 
number  of  openings 
through  which  the  iron 
Hows  into  the  sprue  of  the 
mould.  It  will  be  noted 
from  the  illustration  that 
the  iron  tiows  from  the 
runner  box  into  a  gate 
having  two  openings  into 
the  strainer.  It  is  claimed 
that  any  dirt  con- 
tained in  the  iron,  particularly  in  the  first  few  drops  poured, 
cannot,  penetrate  the  mould,  as  it  is  forced  aside  in  the  strainer 
by  the  following  metal.  In  the  foundry  operated  by  tlio 
Berlin  Machine  Works,  Ltd. ,  several  huiuIroJ  of  these  gates 
are  used  daily  and  the  number  of  bad  castings  resulting  from 
dirt v  metal  has  been  niateriallv  reduced. 


GREEN  SAND 


Gilveab  Skim  Gate. 


Fatal  Steam  Pipe  Explosion  on  a  Liner.  Am  explosion  took 
place  on  Saturday  last,  on  the  Koval  Mail  Stoani  Pa'  ket  liner 
" Araguaya  in  Southampton  Docks.  Tliree  mon  were 
killeil  and  several  injured.  The  acvidtMit  occurred  in  the 
eiigine-rooin,  and  was  caused  bv  tlie  bursting  of  an  auxiliary 
steaiu  pipe,  the  stop  cock  of  which  was  blown  off. 
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THE  CUTTING  AND  GENERATION  OF  GEAR  TEETH  BY 
MODERN  GEAR-CUTTING  MACHINERY.* 

liY  VINCENT  GAHTSIUE. 

Gearing  and  gear  cutting  is  one  of  the  most  impor- 
tant branches  of  the  engineering  trade  at  the  present 
time,  and  lias  developed  considerably  to  meet  the  require- 
ments of  the  motor  and  the  machine  tool  industry.  Cut 
gearing  is  gradually  developing  on  the  heavier  lines  for 
millwrighting  work,  g&aring  for  colliery  machinery,  and 
lolling  mill  gearing.  In  fact,  accurate  cut  gearing  is  being 
called  for  in  practically  every  branch  of  the  trad©.  We  see 
the  greatest  results,  however,  in  the  motor  and  machine  tool 
trades.  Some'  of  the  finest  and  most  accurate  gearing  is  &e©n 
in  the  gear  boxes  for  motor-cars,  and  the  bevel  gears  for  the 
differential  back  axle  drives  and  the  ste&ring  and  driving 
worms  and  wheels.  Then  in  the  latest  machine  tools-  we  have 
the  all -gear  headstocks  for  lathes,  &c.，  and  gear  boxes  for 
feed  and  speed  changes.  The  largo  amount  of  forged  steel 
gearing  which  is  now  called  for  would  be  impossible  to  pro- 
duce but  for  the  modern  methods  and  machines  for  cutting 
gears.  Although  it  is  the  author' si  intention  to  deal  with  this 
subject  from  a  practical  standpoint,  it  is  necessary  in  the  first 
place  to  consider  the  different  tooth  forms  in  most  general  use, 
and  their  geometrical  construction,  because  these  principles 
are  involved  in  the'  manufacture  of  the  tools  and  machinery 
for  cutting  and  generating  the  teeth. 

Forms  of  Teeth. 
The  most  common  forms  of  teeth  ar&  those  with  involute 


Fig.  1. 


and  cycloidal  curves,  or  modifications  of  these  forms  to 
facilitate  tlie  manufacture. 

The  Cycloidal  Tooth.  ―  The  cycloidal  system  is  the  one 
which  was  in  most  general  u&e  years  ago,  but  owing  to  t  he 
practical  difficulties,  first  in  the  accurate  production,  and 
t  lien  in  its  use,  it  has  practically  lost  ground  until  at  the 
present  day  it  is  very  seldom  heard  of,  particularly  with 
regard  to  the  smaller  cut-  gears.  It  is  still  used  by  some  of 
the  older  firms  of  millwrights,  but  inoytly  in  the  form  of 
cast  tee tli  made'  froin  old  patterns.  Even  where  the  teetli 
are  cut  they  are  generally  cut  with  disc  cutters,  or  copied 
from  formers,  and  aro  seldom  generated.  To-day  tlie 
cycloidal  system  is  known  as  the  double-curve  system,  because 
the  teeth  are  formed  of  one  curve  abov-e  the  pitch  line  and 
another  curve  below  the  pitch  lino.  In  laying  out  these 
curves  the  fao©  of  the  teetli  are  described  by  a  point  on  a 
circle  rolling  on  tlie  inside  of  the  pitch  circle,  and  the  flanks 
by  a  point  on  a  circle  rolling  on  tlie  outside  of  the  pitch 
circle,  tlie  diameter  of  the  rolling  circle  for  the'  usual  standard 
of  teeth  being  equal  to  half  the  pitch  diameter  of  a  12-tooth 
pinion,  the  reason  for  this  being  that  the  12-tooth  pinion 
flanks  made  with  size  of  rolling  circle  a  re  radial  lines.  See 
Fig.  1.  In  the  rack,  owing  to  the  circle  rolling  above  and 
below  a  straight  line,  both  the  face-  and  flank  are  the  same 
curve,  only  the  rovers©  of  eacli  other.    See  Fig.  2. 

The  reason  that  this  system  held  f;»vour  in  the  earl v  days 
was  l"'r;，us,'  so  litile'  vv;is  uitdcrst ood  about  i  ho  ol  tier  fnnns 
of  teetli.  Also,  it  is  a  good  strong  shape  ol'  tooth,  ami  runs 
well  when  well  made.    The  greatest  objection  to  it,  however, 
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is  the  dilliculty  of  manufacturing  the  tootli  curves,  and  that 
gears  made  to  this  system  allows  no  variation  whatever  iu  the 
centre  distance.  This  particular  form  of  tootli  was  generally 
set  out  by  means  of  tlie  odontograpli  introduced  by  Prof. 
Willis,  known  as  tlie  Willis  odontograph,  but  tliis  has  been 
superseded  by  the  more  modern  method  introduced  by  George 
B.  Grant,  and  what  is  known  as  tlie  Grant  three-point 
odontograph,  particulars  of  which  are  given  in  the  Appendix. 
In  the  author's  opinion  it  is  a  good  form  of  tooth  for  slow 
running  lieavy  gearing,  in  fact,  a  few  years  ago  one  of  tlie 
leading  heavy  tool  makers  adopted  tliis  system  for  their  heavy 
glaring,  with  the  rolling  circle  equal  to  half  the  diameter  of 


an  eight-tooth  pinion,  in  order  to  get  a  stronger  tooth  in  the 
pinions,  making  the  flanks  curves  instead  of  radial.  The 
difference  is  shown  in  Fig.  3. 

The  Involute  Tooth  Form. ― This  form  of  tooth  is  most 
generally  u&ed,  because  of  its  many  practical  advantages. 
The  chief  advantage  is  that  the  true  involute  rack  has  straight 
pides  which  can  be  easily  produced,  and  the  wheel  teetli  are 
comparatively  simple  curves.  These  two  features  will  be 
appreciated  when  tlie  different  methods  of  producing  the  teeth 
are  described.  The  next  is  that  involute  gears  will  run 
correctly  even  if  they  are  not  placed  at  correct  centre  distance, 
the  only  effect  being  more  or  less  backlash.  Another,  and  a 
great  advantage  too,  is  the  flexibility.  Now  that  we  have  so 
many  generating  machines,  it  is  possible  by  this  means  to  cut 
involute  gears  to  gear  at  special  centre  distances,  aud  by 
simple  modifications  to  get  stronger  shapes  of  t^eth  where 
other  conditions  allow,  by  simply  modifying  the  diameters  of 
the  blanks,  the&&  shapes  being  obtained  by  the  standard  tools. 
Fig.  4  shows  a  simple  involute  curve.    It  is  constructed  by 
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simply  winding  a  string  off  a  cylinder  or  base  circle  and 
striking  the  curve  or  locus  of  a  point  at  the  end  of  it  at  A. 

In  the  involute  tooth  the  working  face  is  a  portion  of  this 
curve,  and  one  peculiarity  of  the  curve  is  that  as  tlie  diameter 
and  number  of  teeth  of  the  wheel  increases  the  involute 
becomes  flatter  and  flatter  ；  when  you  increase  the  diameter 
infmitHv  until  you  have  a  rack ,  the  inolil^  of  the  tooth 
becomes  a  st-nii^lit  line.  On  the  other  hand,  wlien  you  reiliu-e 
i  he  clininoter  and  nuinlier  of  t  txet  h  to  t  he  smallest  pinio",  the 
te^th  become  curved  so  niiioh  t  li;tt  t  lit1  st  iftiirt  ii  ol"  ( Ue  pinion 
has  to  be  considered. 

When  designing  involute  gears  th#  ii rst  thing  to  deterniine 
is  tlie  pressure  angle,  or  the  angle  of  the  line  of  action.  la 
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the  cycloidal  system  this  angle  is  approximately  15°  with  the 
pitch  line  of  the  rack.  It  was  found  by  the  early  designers 
that  by  adopting  this  angle  for  t  he  involute  gear  a  Ian 
approximation  to  the  curve  could  be  obtained  by  laying  out 
i  lie  pitcli  diameter  of  a  gear,  and  with  a  radius  quart  er  t  lie 
pitch  radius,  striking  a  curve,  as  shown  in  l^ig.  5，  from  a 
centre  on  u  circle  half  tlie  diameter  of  tlie  pitcli  circle  ；  Fig. :) 
shows  the  curve  set  out  for  a  30-tootli  gear,  and  for  tliis 
innni)er  ami  over  gives  a  fair  approximation,  and  by  con- 
structing tlie  line  of  action  normal  to  the  curve  it  will  he 
found  that  the  rack  tooth  face ,  which  is  at  right  angles  to 
the  line  of  action  or  pressure  angle,  makes  an  angle  of  14 i° 
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with  thei  pitch  line  of  the'  rack.  It  was  on  this  method  of 
laying  out  the>  curve  that  the  early  involute  standard  was 
constructed.  Below  30  teeth,  however,  modifications  of  this 
system  were  necessary,  because  it  was  found  that  the-  pinion 
tooth  faces  were  rounded  off  too  much,  and  that  the  flanks 
were  too  much  undercut  when  the  teeth  were  set  out  with  a 
single  curve,  as  shown  in  Fig.  6. 

The  face  of  the  pinions  below  30  teeth ,  therefore,  were 
corrected  by  setting  out  the  true  involute  curves,  and  the 
flanks  were  made  parallel  for  a  short  distance,  and  then  filled 
in  with  large  fillets,  because  undercutting  was  an  impossibility 
when  milling  the  pinion  teeth  with  single  cutters,  as  will  be 
seen  from  Fig.  6.  At  the  same  time  tlie  parallel  flanks  to  the 
pinions  did  not  allow  the  straight-sided  rack  teeth  to  work 
without  interference,  90  that  the  points  of  the  rack  teeth  had 
to  be  rounded  off  slightly  to  allow  for  this.  Fig.  7  shows 
the  modified  rack  and  a  12-tooth  pinion,  the  approximate 
single  curve  being  shown  in  dotted  lines.  Most  of  the 
corrections  were,  however,  arrived  at  by  practical  methods, 
such  as  laying  out  templates  and  running  them  together,  and 
getting  good  curves  by  trial .  It  is  only  within  the  last  few 
years  that  these  corrections  have  been  treated  on  definite 
lines.  George  B.  Grant  introduced  the  system  of  making  the 
pinions  with  radial  flanks  below  the  base  line,  and  making 
the  rack  with  epicycloidal  points,  as  Fig.  8，  and  he  made 


Vic. 


large  templates  of  the  difTerent  numbers  of  teeth  and  ran 
tht'iu  together,  and  tabulated  his  results,  and  arranged  an 
odontograph.  In  the  Appendix  this  is  given  as  the  Grant 
odontograph  for  the  involute  gear,  which  tlie  author  has 
used  for  】ayi"g  out  the  tooth  curves  for  single  cutters  for  a 
number  of  years,  and  which  has  given  excellent-  results.  One 
particularly  good  feature  of  this  system  is  that  the  cut"、rs 
for  the  pinions,  when  made  with  relieved  t<eeth,  cut  nnu-li 
better,  owing  to  the  space  below  the  base  line  being  wider 
at  the  top  than  at  the  root. 

Since  the  introduction  of  the  genera ti ng  machines,  how- 
ever, we  have  got  nearer  the  t nie  involutes,  because  the 


majority  of  the  machines  generate  from  tlie  rack.  ； nxl  the 
straight-sided  rack  being  the  easiest  to  pm(lu('e  is  gei»f*r;illv 
used  as  tlie  starting  point..  In  the  different  metluxls  o( 
generating,  however,  slight  modifications  are  ma'"'  to  m^e\ 
practical  requirements,  and  these  will  be  dealt  with  as  the 
various  metliods  are  described .  The  following  dia^ranis, 
Figs.  8  and  9，  show  15  per  cent .  and  20  |>er  cent .  involute* 
racks  and  pinions. 

Different  Pkockssks  ok  Ccttinc;  the  Ti;i:tm. 
The  different  processes  of  cutting  the  t-eetli  ('an  I)'' 
into  two  sections,  non-generatii'g  and  generating. 
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(1)  Non-generating.  ~ -  We  cau  sub-divide  tlie  lii >t  h':,' 
again  into  three  sections :    A,  milling  ；  B,  planing  ；  and  (', 
forming. 

Under  A  the  tooth  forms  are  dependent  entirely  on  the 
tool  used,  and  are  not  dependent  in  any  way  on  tlie  particular 
movements  given  to  the  tool  or  the  blank  during  the  process  of 
cutting  the  teeth.  The  most  common  process  under  t liis 
heading  is  the  milling  by  disc  or  rotary  cutters  where  the 
profile  of  th©  cutter  teeth  is  the  same  as  the  tooth  space 
required  to  be  cut.  It  is  the  oldest  method  of  producing  the 
teeth,  and  is  still  the  most  general,  although  great  changes 
have  taken  place  in  the  types  of  cutters  used.  Curiously 
enough,  however,  since  the  introduction  of  the  generating 
machines  this  method  seems  to  gradually  tend  to  be  used  for 
the  very  smallest  and  th-e  very  largest  gears,  such  as  clock 
gears  and  the  very  largest  mill  gearing.  This  method  is 
applicable  to  the  cutting  of  spur  gears,  pinions,  racks,  spiral 
gears,  single  and  double  helical  gears,  worm  wheels  with  the 
teeth  at  an  angle,  and  worms  and  bevel  gears.  But  the  latter 
wheels  cannot  be  cut  theoretically  correct  by  this  method. 

Under  this  heading  we  have  also  the  process  of  cuttm;' 
with  end  mills.  This  process  was  applied  years  ago  to  the 
cutting  of  large  spur  gears  and  pinions,  the  teeth  being 
generally  roughed  out  by  planing,  shaping,  or  slotting,  and 
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then  finished  with  large  end  mills  of  the  shape  of  tlie  tooth 
space,  as  Fig.  10.  This  method  has  recently  been  re- intro- 
duced for  the  cutting  of  single  and  multiple  helical  gears  of 
both  the  spur  and  bevel  type,  and  also  racks.  Up  to  a  few 
years  ago  it  was  the  principal  method  of  producing  the  latter 
tvpe  of  gear,  and  was  generally  performed  by  slot  t  my 
machines,  aud  for  gears  over  three-quarter  P  is  the  chief 
method  to-day. 

Under  B  the  profile  of  the  planing  tool  is  the  same  as  tlie 
tooth  space  required.       This  metluul    is  ； ij>j>lioa})le  to  the 


60 


THE    MECHANICAL  ENGINEER. 


[January  17,  191 


cutting  of  spur,  spiral,  bevel  gears,  and  racks.  A  few  single 
helical  gears  have  at  times  been  ]n  nduced  by  this  method  of 
planing  or  shaping. 

Under  C  the  toot  J 1  form  is  dependent  on  a  guide  or, former, 
wliich  may  be  an  exact  reproduction  of  the  tooth  shaj>e,  or  it 
may  be  an  enlarged  reproduction,  when  some  pantograph  or 
proportional  reducing  mechanism  is  provided.  It  is  necessary 
also  in  this  process  that  the  tool  should  be  kept  accurately 
ground  to  a  certain  shape,  determined  by  the  particu】ar 
inachiiio  used .    It  is  a  process  which  is  largely  used  in  t  lio 


Fig.  9. 

cutting  of  large  spur  and  b&vel  gears,  and  is  particularly  good 
for  the  reproduction  of  teeth  of  special  shapes  in  large  gears, 
because  it  is  oft&n  necessary  to  makei  gears  to  specified  shapes. 
It  is  sometimes  required  to  make  gears'  to  g&ai、  with  others 
where  the  shape  is  not  standard,  and  where  it  would  not 
warrant  the  expense  of  a  special  cutter.  No  gear  cutting 
establishment  that  caters  for  the  larger  and  heavier  gearing 
can  do  without  the  machinery  for  the'  cutting  of  gears  by 
this  p'rocess, 

(2)  Generating. 一 When  the  teeth  are  cut  by  the  gene- 
rating process  the  shape  of  the  t&©th  is  not  entirely  dependent 
on  the  shape  of  th©  tool,  but  is  also  dependent  on  th©  move- 
ment given,  to  the  blank  in  relation  to  the  tool  during  the 
process  of  cutting.  One  class  of  machines  generates  on  the 
principle  of  a  rack  rolling  into  a  wheel,  and  the.  other  class 
on  the  principle  of  a  wheel  rolling  into  another  or  into  ,a  rack. 

The  earlier  generating  machines  we're  chiefly  planing 
machines,  the  tool  and  blank  moving  together,  so  that  the 
point  of  the  tool  generated  an  involute  curve,  first  one  side 
of  the  tooth  and  then  the.  other  by  reversing  the  tool,  and 
finishing  the  wheel  by  dividing  the  blank  round  for  successive 
teeth  :  sometimes  one  side  of  the  tool  is  used  and  sometimes 
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both  sides,  the  tool  representing  a  tooth  in  a  rack  -  A  modern 
application  of  the  latter  principle  is,  however,  now  in  us &， 
where  the  cutter  has  a  number  of  teeth  in  tli€  form  of  a  rack. 
In  the  case  of  generating  from  a  wlie&l,  the  cutter  is  in  t lie 
form  of  a  pinion,  and  it  revolves  round  in  relation  to  the  l>l;uik. 
thereby  generating  as  it  rolls  round. 

Ii:  all  the  above  processes  the  teeth  are  planed  by  giving  an 
extra  reciprocating  movement  io  the  too],  as  in  an  ordinary 
shaping,  slotting,  or  planing  machine.  These'  processes  have 
up  to  the  present  time  only  b&e'n  used  for  spur  and  spiral 
gears,  and  in  the  case  of  the  single  pointed  tool  process  also 
for  bevel  gears. 

Another  process  is  the  bobbing  process.  This  is  by  no 
means  a  new  process.  The  principle  is  the  use  of  the  rack  as  (a 
generator,  and  has  been  in  use  for  years  for  the  generation  of 
worm  wheels,  the  hobs  being  often  worms  with  gashes,  the 


wheels  being  first  gashed  out  with  ordinary  gear  cutters,  and 
Cmislied  l)y  these  hobs.  On  t  he  introduction  of  the  Universal 
relieving  lathe  it  became  possible  to  make  hobs  commereiallv 
with  suitable  relief,  so  that  the  wheels  could  be  cut  from  the 
solid,  and  then  tlie  liohhing  of  spur  wheels  came  into  vogue. 
In  fact  this  latter  process  is  applicable  to  all  kinds  of  wlieels 
except  bevels. 

Having  described  the  principles  of  the  tooth  formation, 
and  enumerated  the  different  processes  of  cutting  tlie  teeth, 
we  will  now  pass  on  to  the  methods  of  applying  the  above  to 
the  cutting  of  different  types  of  gears.  Before  proceeding, 
however,  it  must  be  noted  that  in  order  to  produce  first-class 
and  accurate  gearing,  the  blanks  must  be  accurately  bored 
and  turned.  They  must  run  true  when  mounted  on  the 
machines,  and  in  order  to  ensure  this  the  work  mandrels 
shouM  be  ,mad&  of  the  best  materials,  and  should  frequently 
be  tested  for  truth,  as  they  might  get  bent  by  accident  or 
careless  handling.  In  mounting  the  blanks  on  the  mandrels 
see  that  there  is  no  dust  or  chips  between  the  collars,  also 
s&e«  that  the  bosses  on  the  gears  are  parallel,  or  the  work  will 
be  thrown  out  of  truth  by  the  tightening  of  the  nuts  for 
holding  the  wheels.  It  is  necessary  also  to  see  that  tlie  wlieel 
is  supported  in  a  proper  manner  to  take  the  thrust  of  the 
cutting  tool  so  that  the  wheel  does  not  spring  during  tlie 
process  of  cutting.  And,  finally,  the  machines  must  be  built 
in  accurate  alignment,  and  of  such  strength  as  to  be  absolut  ely 
rigid  under  'the  heaviest  cuts.  In  the  generating  macliines 
the  shafts  .which  transmit  the  various  motions  between  the 
tools  and  work  should  be  of  ample  diameter  and  strength, 
so  as  to  reduce  the  effect  of  torsion  to  an  absolute  inininnim, 
otherwise  output  has  to  be  sacrificed  in  order  to  obtain  the 
necessary  accuracy. 

(To  be  continued.) 


SMITH'S  MOULDING  MACHINE. 

The  accompanying  illustrations  show  a  simple  arran^eineiit 
fcr  lifting  the  box  off  the  pattern  plate  of  moulding  macliines, 
the  invention  of  Mr.  W.  G.  Smith,  41，  Tantarra  Street,  Wal- 
sall, Fig.  1  being  a  perspective  view  with  the  moulding  box 
closed  down  on  the  pattern  plate,  and  Fig.  2  a  perspective 
view  with  the  box  raised  from  the  pattern  plate.  In  this 
arrangement  there  is  provided  a  bifurcated  lever  consisting 
of  a  pair  of  side  arms  A  pivoted  through  the  lugs  B  to  the 
sides  of  the  pattern  plate  C.  The  horizontal  limb  of  each 
arm  A  is  made  with  a  projection  D  to  which  are  connected 
links  E  coupled  to  a  bar  F  secured  to  a  pedal  G.  Upon  the 
ctlier  and  acting  end  of  the  arms  A  are  rollers  H  turning  in 


Fig.  1.  Fig.  2. 

Smith's  Mouldisg  Machine. 


bearings.  The  rollers  H  are  adapted  to  engage  at  each  side 
under  the  lower  edge  of  the  moulding  box  J.  A  pair  of 
bifurcated  levers  is  arranged  to  lift  each  box.  In  practice 
tlie  rollers  H  engage  under  the  box  J  at  eao'i  side  thereof,  as 
shown  in  Fig.  1.  Upon  depressing  the  pedal  G  the  bifur- 
cated levers  are  turned  about  their  pivots  and  through  the 
rollers  H  raise  the  box  J  vertically  from  the  pattern  plate  C. 
By  this  means,  the  】nouMiug.  box  J  is  lifted  evenly  of!  the 
pattern  plate  and  thereb}*  enables  the  mould  to  be  left  unim- 
paired. 


Royal  Institution  Lecture.  ― The  Royal  Institution  autlio- 
rities  have  arranged  for  a  lecture  to  be  delivered  l)v  Prof. 
Arnold,  on  January  24th,  dealing  with  •'  Reoent  Advances  in 
Scientific  Steel  Metallurgy." 
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CAUSE  AND  PREVENTION  OF  ELECTRICITY  ACCIDENTS 
IN  MINES. 

Thk  Annual  Report,  Part  TI.,  for  1011,  <»r  the  Cliict'  In- 
spector of  Mines,  recently  issued  by  1  iiei  Home  Office,  contains 
a  sumrnary  by  Mr.  Roherl  Nelson,  If  .M.  EUm-I  riral  1  iisj>('('tm'， 
of  the  accidents  due  to  t lie  use  of  electricity  in  aixl  ；山 （）'"， 
mines  during  the  year  1911,  and  ； lit hout;h  i ho  infoniiat ion 
is  someiwliat  belated,  it  is  nover(  licloss  inlci-csi  in^,  as  it  I'ur- 
nislies  an  account-  o(  the  causes  sued  accident s  and  tli" 
met  hods  t  o  adopt  to  proveot  t  hoii'  rerm'rem'p.  I^lcci  ri<*ity 
was,  according  to  Mr.  Nelson,  newly  int  rod  ucod  into  4  (> 
mines  in  1011,  as  against  -10  in  H)  1 0.  Of  1  his  1()l  al，  tnines 
in  Scotland  and  Walos  accouiiied  lor  *JO  and  13  resjx'rl  ivdv. 
The  elect  ricity  special  rules  in  force  during  1911  merely  r(' 
(|iiii  e(l  t  liai  the.  iiitroduciiou  of  elect  cicily  should  he  not  ilied, 
no  ])ari  iculars  were  asked  for,  and  none,  as  a  rule,  were  given. 
This  matter  has,  however,  been  remotlied  l>y  t he  Coal  Mines 
Aft，  1911,  and  a  complete  classificai  ion  ol'  t  lie  (lilVertMii  sys- 
tems of  (listrihution,  together  with  a  nieasuro  of  t  he  grmvtli 
of  the  use  of  electricity  in  Jiiines,  will  be  made  possible  for  tlie 
future.  Such  particulars  as  are  av;iilal>le  show  tlwit  tlie  liigli- 
pressure  alternating-curi-eut  system  was  introduced  into  five 
mines,  the  itiediuiii-pressure  jilternaiin^-ciin'tMit  svstcin  into 
1  I  mines,  the  niedixini-pressui  o  (lireH  - ('urreiit'  syst  em  iido' 
mines,  and  tlie  low-pressure  direct-current,  system  into  four 
mines.  In  the  latter  case  the  current  was  introduced  in 
eacli  instance  for  lighting'  i>urj>cses  only.  The  number  of 
electrically-driven  coal-cutting  inacliiiies  in  use  at  the  end  of 
191 1  was  998,  an  increase  of  125  over  those  in  use  ； it  the 
end  ol'  1010.  ， 

Fatal  Accidents  tn  1911. 

During  tlie  year  1911  there  were  in  all  14  fatal  accidents 
reported  to  and  investigated  by  H.M.  Inspectors  of  Mines, 
causint;'  in  all  15  deaths.  Of  these,  two  accidents,  causing 
three  deat lis,  though  reported  to  and  investigated  by  the  in- 
spector of  the  district,  had,  however,  strictly  speaking,  no  con- 
nection witli  tlie  use  of  electricity  in  and  about  mines.  The 
first  occurred  on  May  1st  on  the  roof  of  an  asphalte  shed  at 
the  New  Great  Rocks  Quarry,  Peak  Forest,  Derbyshire,  and 
it  resulted  in  the  death  of  one  man.  The  second  occurred 
on  May  9th  above  ground,  at  least  half  a  mile  from  the 
nearest  mine  shaft,  and  in  this  case  two  men  were  killed. 
The  two  men  each  received  a  fatal  shock  from '  a  live  si  ray 
wire  supporting  one  of  the  poles  of  a  3，（K)0'volt  three-])liaso 
transmission  line  about  half  a  mile  from  the  Lower  Dufl'rvn 
Colliery,  Mountain  Ash,  Glamorganshire.  The&e  accidents 
cannot  be  held  to  have  any  bearing  on  the  use  of  electricity 
in  mines,  and  there  is  no  need,  therefore,  in  that  connection 
to  discuss  them  further.  During  the  year  1910  there  were 
in  all  21  fatal  accidents  in  and  about  mines,  causing  21 
deaths,  and  the  figures  for  1911  directly  {-omparahle  with 
these  figures  for  1910  are  12  accidents  and  12  deaths.  Tlieiv 
were  therefore,  if  the  comparison  be  confined  to  "  in  and 
about "  mines,  nine  fewer  fatal  accidents  in  1911  tlian  in 
1910  and  nine  fewer  deaths.  Of  tlie  12  fatal  arcirlents  ahove 
referred  to  11  were  elertri"  shock  accidents,  the  remaining 
one  l)ein^  due  to  an  ignition  of  firedamp  by  electricity. 

Fatal  l(jniiion  of  F  ire-da  th))  h<j  Ehctn'ritt/. ― On  April 
12th  a  motor  driver  at  the  Ynyscedwyn  Colliery,  Ystra<li;yn- 
lais，  Breconshire,  was  so  badly  burnt  by  an  ignition  of  gas 
"i  his  motor-room  that  he  died  the  same  night.  The  sys- 
tem of  supply  at  the  Ynyscedwyn  pit  is  direct  current  at 
500  volts.  In  that  part  of  the  pit.  in  which  tlie  accident 
occurred  safety  lamps  only  were  used,  but  the  presence  ("■  i^as 
ap])eared  nevertheless  to  have  bee-n  quite  unant  i('ip;d  ed .  Tlio 
motor  driver  explained  before  lie  died  that-  at  the  time  of 
the  ignition  he  was  in  the  act  of  breaking  the  motor  circuit 
n>eans  of  a  liquid  controller.  It.  is  thought  that  some 
temporary  derangement  of  the  ventilation  (the  leaving  open 
of  a  door)  caused  an  accunuilation  of  gas  in  the  inotor-rooni, 
was  near  some  old  workings,  and  tliat  this  gas  was 
ignited  by  the  arc  formed  hv  the  breaking  of  the  motor  cir- 
(""t  at  the  surface  of  the  liquid  in  the  controller.    It  is  clear 


from  what,  lias  been  sairl  tlint  the  type  of  apparatus  in  use 
was  in  no  sfMisR  proof  a^ainsi  (  sparking,  hut  it  was  repre- 
sented at  the  enquiry  that  the  safety  lamps  were  in  use  at 
t lie  inino  mainly  as  a  precaut ion,  aiul  that  no  gas  had  been 
seen  near  I  he  motcr  1''  r  yea rs. 

FJwtnv  SltorL-  A  rridcnta. ― Of  the  11  electric  shcck  acci- 
dents above  referred  to,  two  took  plm-e  on  t  ho  surface  and 
nine  ]>elow  ground.  Of  the  two  surface  arci'lents  one 
occurred  on  a  low-pressure  alternatiiig-cuiTeiit  system,  (lie 
ot  lier  on  a  mediuin-pressun1  dir  crl  -current  system.  Ii''tli 
were  on  lighting  circuits.  I n  t ho  first  case  the  vi«*t im  in 
tliou^ht  to  have  touched  a  inetal  lamp  shade  wliicli  had,  in 
some  way  not  sul)sequently  discoverable,  become  live.  Though 
tlie  pressure  was  as  low  as  220  volts  (alternating)  the  shock 
proved  fatal.  The  second  accident  was  of  an  unusual  charac- 
ter, as  tlie  evidence  at  the  enquiry  showed  that  the  prart  i<  o 
of  giving  shocks  had  been  introduced  in  the  surface  workshops 
of  the  mine  (where  the  accident  happened).  The  position 
in  which  tlie  body  was  found,  for  no  one  witnessed  the  acci- 
dent, and  t  lie  attending  circumstances,  left  no  doubt  that 
the  deceased  was  either  himself  arranging  a  practical  joke 
or  that  he  had  been  the  victim  of  one.  The  pressure  was 
500  volts  direct  current.  Of  the  nine  underground  accidents 
seven  occurred  on  lnedium -pressure  alternating-current  sys- 
tems and  two  on  niedimn-pressure  direct-current  systems. 
That  is  to  say,  all  the  underground  accidents  were  on  medium- 
pressure  systems.  The  circumstances  of  each  of  these  nine 
at'cideiits  have  been  considered,  with  the  result  given  by  the 
following  table : — 

Due  to  ： —  Accidents.  Deaths 

1.  Faults  as  regards  the  earthing  of  outer 

coverings  of  apparatus,  switclibcard 
frames,  &c. : —— 

(a)  Total  absence  of  any  connection 

to  earth    2  2 

(/')  Break  in  continuity  of  earth 

connection    1  1 

(c)  Outer  covering  earthed  but 
connection  with  earth  in- 
efficient  ；  3  3 

2.  Contact,  direct  or  indirect,  with  live 

parts  of  cables : — 

(a)  Direct  contact  with  a  live 
cable  exposed  through  abra- 
sion of  the  insulation  -.. —  ― 

( h )  Contact  witli  a  conductor 
(e.f/.,  a  haulage  rope)  made 
live  by  its  contact  with  a 
live  cable  exposed  through 
abrasion  of  the  insulation...    3  3 

3.  Accidental  contact  with  uninsulated 

live  parts  of  apparatus   …  一  一 


9 


9 


Tlie  above  t  able  may  be  summarised  thus : 


Due  to  ： ― 


Accidents  Deaths 


1 


Contact  with  outer  coverings  of 
apparatus  live  through  the  absence 
ot'，  or  an  inefficient,  earth  connection 

Defective  insulation  of  cable  system... 

(，onta，'t  with  uninsulated  live  parts. - . 


9 


9 


It  will  be  seen  that  tlie  provision  of  proper  connections 
to  earth  might  have  been  the  means  of  preventing  six  of  the 
accidents,  or  two-thirds  of  the  total  nuniber.  For  the  period 
between  January  1st,  1905，  and  December  31st,  1911,  that 
is  to  say,  in  the  last  seven  years,  electric  shcck  below  ground 
has  been  responsible  for  62  rerorded  accidents  and  64  deaths. 
I  have  carefully  considered  the  available  information  in  re- 
gard to  all  of  these  arcidents  (a  large  proportion  were  per- 
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sonally  investigated  by  me)  and  they  may,  I  tliink,  justly  be 
analysed  as  follows  ： ― 

Due  to: ―  Accidents.  Deatlifl 

1.  Contact    with     outer    coverings  of 

apparatus  live  through  the  absence 
of,  or  an  inefficient,  earth  connection 

2.  Defective  insulation  of  cable  system . . , 

3.  Contact  with  uninsulated  live  parts.. , 


28 

30 

23 

23 

9 

9 

2 

2 

62 

64 

It  is  remarkable  that  the  mere  provision  of  a  satisfactory 
connection  to  earth  for  all  outer  coverings  might  have  pre- 
vented nearly  one-lialf  of  the  total  number  of  electric  shock 
accidents  which  have  occurred  in  mines  since  the  beginning 
of  the  year  1905.  The  most  recent  figures,  viz.,  those  for 
1911，  in  so  far  as  a  general  conclusion  may  be  drawn  from 
the  experience  of  a  single  year,  tend  io  show  that  that  pro- 
portion is  not  diminishing,  and  the  importance  of  paying 
careful  attention  to  earth  ronnections  below  ground  is  at 
once  apparent. 


Although  it  must  always  be  remembered  that  the  careless 
or  improper  us©  of  electricity  below  ground  might  cause  a 
serious  accident  which  might  very  materially  affect  any  pro- 
portionate figure,  the  fatal  accidents  due  to  electricity  in 
mines  represent  almost  exactly  1  per  cent,  of  the  fatal  acci- 
dents due  to  all  causes  during  the  year  1911 

Summary  and  Analysis  of  Fatal  Accidents  due  to  the 
use  of  Electricity  in  Mines  in  1911. 
Due  to : — 

Electric  shock ——  Accidents.  Deatlis 

On  surface  ： 

At  coal  mines    2  2 

At  metal  mines   —  ― 

Below  ground  ： 

In  coal  mines    9  9 

In  metal  mines  —  — 

Ignition  of  firedamp  by  electricity — 

In  a  coal  mine    1  1 


12 


12 


Fatal  Accidents  due  to  the  use  of  Electricity  in  and  ahout  Mines  in  1911，  with  brief  particulars 


Nanio  of 
Mine. 

Sit  iiiilion. 

\hitr  and 
Aocitif-ni . 

rimimstuncrs  of  Atcidi'iif . 

Ashinyton 

Collifiy 

Ashington, 
.\oi  tlmmln-r- 
land. 

.ianuary  25th . . 
Kloot  ric  sliof-k. 

Deceased  received  a  fatal  tlrctric  shook  from  i\ic  mofor  switch  liandlo.  It  was  subsequently  f"，m(l  tliat  a  small  so  row  in  the  -.niuii 
wliiol)  was  in  contact  wiMi  a  live  part  lunl  worked  looso  and  mado  r^intaot  witli  a  part  of  the  switch  in  metallic  coimoctioii  w[t\\ 
tlie  handle.  The  switch  was  enclosed  in  a  cast-iron  box  with  flic  haiullr  outside  so  that  at  flic  time  "f  tlie  accident  the  whole 
box  would  he  live.  Thoro  was  no  oarth  coiinoction  for  the  bnx.  System  :  Tliroe-iihaso  purront,  500  volts,  neutral  point  t-artlK'«|. 
Verdict :  Accidental  death. 

Halosfleld 

Colliery 

Shrop^liin- 

.Tanuary  31st . . 
Elect  l  ie  shock. 

Deceased  received  a  fatal  i-li-ctric  shock  by  contact  with  a  loose  length  of  "isi 卜'' il  Imiila"''  i。|"  】'  t— f  in  flu  mad.  whiih  haulage  rope 
was  itself  in  contact  witli  a  live  \nivt  of  a  cable  exposed  through  abrasion  of  tin-  insulation.    S、、fi'ni  ：  Dinct  curnut,  46：)  v,,lf、 
A'rnlict  :  AfridtMitul  <loath. 

Polton  

Edinbuifrlj 

February  i:tth 

Klri-t  l  ie  sll(K'k. 

The  evidence  at  tlie  enquiry  sliowed  tliat  tlte  practice  of  giving  shocks  had  been  iiitiodiicc'l  in  the  Mirfa"'  woi  ksliops  at  thr  colli,  ry. 
Dcccii^i1*!  was  citlirr  liim^elf  itr vi\ n* 'i nj^  a  practical  joK* ■  or  lit'  was  tlif  vict im  of  one.  Svstoni  ！  I)ir<'f't  cu rrcnt .  500  volt**  "Vcrdicf  • 
Death  by  electric  shock. 

Devon  Colliery 

Alloa,  Clack- 
mannan. 

FcbiTiary  28th 
Electric  sliock. 

Deceased  received  a  fatal  elect  lie  shock  by  contact  with  a  cable  purporting  to  I"'  an  rarth  cabh-  、、- 、、：i-  in  contact  witli  a  live 
cable  at  a  part  whore  tlie  insulation  had  become  abraded.  Deceased  was  working  some  250  yards  ont-by^  from  ""、  point  of 
contact  between  tlio  live  cable  and  tho,  supposed  eartlt  cable  when  h«'  t^iU'hcd  tlie  lat'ier.  The  earth  cabli- 、、： 卜 iiii  rtiriently  ra rTh.-.i. 
System  :  Thref-iiliase,  600  volts,  neutral  point  insulated.    Verdict  :  Aocidenta  1  (loath. 

Ynyscedwyn 

Colliery 

Ystradgynlais, 
Breconshirc. 

April  12th     . . 
V:Jx\  i,\r.ition 
of  fimiiimp. 

Deceased  was  in  tlie  act  of  stopping  his  motor  by  breaking  the  motor  circiiit  at  the  surface  of  tlie  liquid  of  a  liquid  controller 
when  tlie  resulting  arc  ipnitcd  sonic  ^as  wliicli  had  accumnlattul  in  the  motor  room,  it  is  thou«lit  through  somo  temporary 
derangement  of  the  ventilation.  The  motor  room  was  near  some  old  workings/ hut  «as  had  not  previously  boon  seen  in  it«  neigh- 
bourhood for  many  years.  System  :  Direct  nirront,  500  volts.  Verdict  :  Death  d in*  to  burns  following  an  explosion  of  firoftamp 
i^niti'd  at  tho  liquid  starfror. 

Slnit»uni  Hill 
Colliery. 

Sliri  lnn  n,  D  ii r- 
ham. 

April  28th  .... 
Elect  ric  slinck. 

A  tub  h  ft  the  rails  cnishintr  um  uiiarmoutod  cahlv  against  a  projcftiny  catcli  and  (lunia^ins  tin*  iiistilatimi.  DcOfa>i  <1  、、； i、  、i"ih'_' 
with  his  foot  against  the  rails  some  little  distaneo  away.  In  the  effort  made  to  replace  tlie  tub  thf  rails  l)r<aint'  Hvo  ami  d'n  ：卜， .1 
i  i  ccivt'd  a  fatal  olcctric  shock.    Systi-m  :  Diroct  current,  5(K)  volts.    Vi  nlict  :  Acridental  death. 

J'unil'  y  No.  3 
Colliery. 

Fence       卜 '、. 
Dinliani. 

May  13Hi  .... 
Elect rir  shock. 

Deceased  was  found  dead  in  the  road  about  10  feet  away  from  his  motor.  A  fault  、、： 卜 found  in  tin-  trrminal  block  on  tin*  runvt  v« t 
motur  which  would  have  made  the  motor  fianic  live  had  tin-  earth  connirtions  been  faulty.  Examination  after  thv  accident  i'ail<*<l. 
however,  to  reveal  any  defect  in  tlie  】att.('r，  and  the  accident  is  therefore  difficult  to  explain.  One  possible  (  \]>laiiation  :ippt 、& rs  to 
bo  that  the  conditions  when  tlio  accident  occurred  and  afterwards  when  tli''  tests  were  made  wen-  m»t  the  same.  A  loosely-attaclunl 
earth  wire  wo»iM  explain  the  occurrence,  or  it  may  be  that  the  earth  connection  at  the  time,  though  good,  was  not  *zt x»l  ciinu^li 
to  prevent  the  motor  frame  from  assuming  a  potcntiiil  sufficiently  abovp  the  surrounding  ground  (which  was  \v»*t)  to  vaxim' 
the  accident.    System  :  Three  pliaso,  440  volts,  neutral  point  cai  tht  d.    Vcrtlict  :  Accitiontal  deatli. 

Aurh'-n    f1  i  c  U 
Collifiy. 

Lenzie,  Lanark 

Deceased  was  in  the  Jiabit  of  ninniu^  his  loadi-d  tub  out  alonjr  the  jrutc-ro;nl  to  tin-  main  ni.ni  to  im  .  t  tht-  diawn .    lti  ili'in— '  、"  In 
had,  on  the  occasion  of  the  accident,  to  pass  a  coilrd  trailing;  cable,  wliirti  thou^li  not  in  uso,  had  been  left  connrrti  il  to  a  jrat*  -' n>l 
switch  box.      Both  tlio  main  cable  from  tlio  surface  to  the  *rate-ciul  bo\  and  the  trailing  vn\>\r  \m-h-  urmonred.     Decoasr*! "：卜 
found  lying  on  the  trailing  cable  alongside  his  loaded  tub.    A  fjiult  was  viihsrijuently  found  at  a  kullv-inadr  joint  in  tin-  m:iiii  rati)) . 
and  the  earth  connection  to  the  cable  armouring;  at  tin1  surface  of  tlie  mine  was  found  to  hr  st'v'-rr'l-      Syvtrin  ：  Throe  j)ha<f, 
volts,  neutral  point  earthed.    Verdict :  Accidental  death. 

Eloctric  shock. 

TiiiiHlon(iranjrc 
Colliery  .... 

Tr"ii'l'm(:r:m'」<' 

Durham. 

June  28th  

Electric  shock. 

Above  the  working;  jilaoc  was  fixt'd  an  electric  lamp,  the  wires  bt'iiig  run  in  au  iron  tubf  at  tl"'  **ml  of  whu  lt  was  an  iron  lamp  >l(adt' 
witli  a  thick  glass  outer  jjlobf  to  protect  t\\v  lamp.  Dt  ci  a^nl  was  in  thr  habit  of  oh-aniny  tin-  lamp  ;'lol"、  nightly.  、、：iwii 
to  approach  the  lamp,  but  fell  back  imnu'diately,  afterwards  calling  out  tluit  l»c  lmd  "  touelunl  tho  ylobc."  Tht*  invotij^ition  of 
this  accident  was  unsatisfactory  as  no  point  of  leakage  could  afterwards  In-  (liscoven-il,  tl"'u"'li  the  insulation  of  the  whole  circuit 
was  low.  The  accident  occurred  after  a  heavy  shower  of  rain,  the  i-onditions  at  tlie  time  of  the  investijration  being  different 
from  those  at  the  time  of  the  accident.  System  :  Threo  phase,  220  volts,  neutral  point  insulatid.  Verdict  :  Doath  due  to  electric 
shock. 

Swalwell 

Colliery 

Swalwell, 

Dm  hum 

July  8th   

l':h'rt  I  ir  -In  »rk. 

Deceased  had  been  encased  in  moving  a  pump  motor  to  a  new  position  iu  tlio  mine.  Ho  was  about  t"  start  up  tlu-  motor  on  trial 
whvn  he  fouud  that  tlu'  cast-iron  box  containing  the  motor  switch  was  live.  Imint  diutcly  at'N  rwanls  li,'  "a、  m  ，  to  have  liohl  of 
one  of  the  screws  for  scouring  tl"'  switch  box  cover.  Tl»e  shock  he  received  this  tinn-  proved  fatal.  Subsequent  examination 
showed  a  fault  in  nn  jimnK'tci'  which  "as  c<nituinrd  { witli  tl"'  motor  switch)  within  tl"'  cast-iron  box  above  referred  to.  No  earth 
ronnct'tion  had  l)ecn  provided  for  th，'  box.    System  :  Three  pli:isr，  440  volts,  noutral  point  oartlirtl.    Vndict  ：  Accidental  Ucatli. 

Brodisliolm  Col- 
liery. 

J-jinaik 

Novrniln  i  ^9tli 
Klcctrii'  sIhk'K. 

Deceased  received  the  fatul  (、lt'('tri(:  shock  in  lian<lliny  the  (•(>:"  cutter  Imulayi'  rope.  Tht*  latter  hail  l"、mm，'  \i\  t-  through  i\\o  failure 
of  an  insulating  bush  round  Mn'slmnk  of  one  of  the  prongs  or  pins  on  the  side  of  tl"、  nml  ruttrr  for  inakinj;  contact  witli  tho  trailing 
cable  phi»,  the  holes  of  tli"  latti'i'  fitting  over  the  pins  of  tlif  former.  There  "as  a  srcoiul  fault  in  tin*  circuit  near  tho  shaft 
huftoin.  at  a  place  where  the  insulation  liad  been  cut  by  t\\o  slmrp  od^o  of  a  stool  plat€  forminji  part  of  tlu-  switoli  jioar.  The 
l  wo  faults  were  on  dittVrcnt  i)luiscs.  Tlu1  friimcof  tliecoal  cuttti  was  eartluni  ami  also  that  of  tlio  swiroh  year  at  tlu'  ^haft  bottom, 
but  tlie  resistance  of  the  latter  to  earth  was  less  than  in  tlu'  »ast>  of  tlu1  coal  cuttor.  the  latter  brim:  earthed,  via  tlu1  metallic 
slu  atliin^  of  the  trailing  vahU\  which  sheathing  was  subst'((Ut'ntly  fouiui  to  liavc  a  n^i>tam  c  of  6  ohms.  Tlit'  coal  cutter  frame  came 
in  this  way  to  assunif  :i  potrntial  Jil>ovt-  tarth  sutticii'iit  to  »ivi'  the  I'ntal  ？ -h<u  k.  System  :  Throe  ；) 50  volts,  noutral  point 
insulated. '  Verdict  :  Accidental  death. 

liaidykes  Col- 
liery. 

Cambuslang. 
Lanark. 

Decemlx  t  2(>fh 
Electric  shock. 

Deceased  was  cn^ayed  in  movinj;  a  oo:il  cuttfr  to  h  m'、v  position  in  tht'  mi  nr.  Thf  inacliine  «as  plattd  on  a  ho^iv  aiul  its  own  power  was 
used  to  transport  it.  It  was,  however,  left  to  stand  for  a  time,  with  the  power  switched  on,  beneath  a  break  in  the  roof  from 
which  a  small  stiraiu  of  water 山 'sct-mhil.    Tho  water  caused  a  short  circuit  lutwinn  onv  of  the  phases  in  tl"'  trailing  cable 

ciiusod  tlie  mai-hiiH'  frame  to  l"'('o!m'  live.  Deceased  touclu'd  tho  macliiae  frame.  System  :  Three  phase,  500  volts,  neutral  point 
insulated.    Verdict  :  Accidental  death. 

NOTE.— In  each  of  the  above  rworded  arrUlonts  one  pcrsrtn  was  kill，'". 
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Analysts  of  Fatal  Ki.KrTiun  Shock  A rci dents. 

Surface  accidents  :—  (  noati)s. 

On  low-pressure  1  liree-])l)ase  sysl oin   I  I 

On  medium -pressure  <l  iced  -cti  t'i'oiil  svs 

lem   I  ] 

Below-ground  accidenis : — 

On  mediiuii-pressui'e  tlinv- phase  systems    7  7 
On   medium- pressm't1  dircrt  - riu'mit  sys- 
teias   2  2 

11  11 

Of  the  accidents  on  medium  and  low-pressure  three-phase 
systems  (eight  in  all),  four  accidents  were  on  completely  in- 
sulated systems  and  i'our  on  systems  with  the  neutral  point 
connociofl  to  eartli.  Brief  details'  of  each  accident  are  given 
in  the  table  on  page  62. 

Non-Fatal  Accidents  in  1911 

Underground  Fires  Caused  hi/  Electricity. 一 As  in  1910， 
tliree  fires  were  reported  to  have  been  due  to  electricity.  The 
first  of  these  took  place'  at  the  Brookhill  pit,  near  Pinxton, 
Derbyshire,  of  the  Pinxton  Coal  Company,  on  April  19th.  The 
fire  occurred  in  a  pump  house  which  formed  an  inset  from  the 
downcast  shaft,  and  the  smoke  was  carried  in-bye  by  the  air 
current.  The  fire  was,  after  a  few  hours,  successfully  over- 
come, and  all  the  men  were  brought  safely  out  of  the  pit. 
The  pump  was  driven  electrically  by  three-phase  current  at 
400  volts,  and  though  it  is  impossible  to  say  definitely  what 
caused  the  fire,  the  most  likely  place  of  origin  was,  in  my 
opinion,  the  point  at  which  the  three-core  incoming  cable 
(a  lead-sheathed  paper  insulated  cable)  was  separated  into 
its  various  cores  for  connection  to  the  motor  switch  and 
fuses.  At  the  Pinxton  Colliery  the  practice  had  been  to 
tape  the  ends  of  tlire&-core  paper  insulated  cables  without 
sealing  them.  The  failure  of  such  a  cable  at  such  a  point 
in  an  atmosphere  which  must  often  have  been  far  from  dry 
should  have  been  anticipated,  but  there  was  a  second  instance 
of  poor  practice  which  may  also  have  contributed  to  the  fire. 
Neither  the  lead  sheath  nor  armouring  of  the  cable  was  con- 
nected to  eartli,  and  as  one  of  the  fuses  only  acted  in  the 
transformer  house  at  bank  it  is  most  likely  that  the  original 
breakdown  occurred  between  one  phase  and  the  lead  sheath 
of  the  cable.  It  is  probable  that  had  the  lead  sheath  been 
earthed  the  defect  would  have  speedily  developed  into  a 
short  circuit,  which  would  have  opened  all  three  fuses  and 
almost  certainly  without  allowing  an  arc  to  be  maintained 
for  any  considerable  period  of  time.  It  is  obvious  that  in 
the  absence  of  an  earth  connection  for  metallic  sheaths  and 
coverings  open  sparking  may  continue  for  some  time  (as  I 
think  it  did  in  this  case)  without  causing  the  means  provided 
for  opening  the  circuit  in  case  of  a  fault  to  operate,  thus 
definitely  introducing  the  risk  of  fire.  No  theory  which  was 
advanced  as  to  the  cause  of  the  fire  accords  as  well  either  with 
probability  or  with  the  observed  facts  as  that  given  above. 
The  roof  supports  were  of  timber,  and  these  were  quickly 
consumed,  but  the  fire  was  successfully  confined  to  the 
motor-room. 

The  second  fire  occurred  at  the  Windsor  Colliery,  Aber- 
trirlwr,  Glamorgan,  of  the  Windsor  Steam  Coal  Company,  en 
July  9th,  but  it  is  reported  that  little  damage  was  done.  The 
fire  occurred  in  a  motor  room  at  the  pit  bottom,  and  it 
appears  to  have  been  due  to  failure  of  the  insulation  on  some 
cables  leading  to  the  motor.  No  one  was  present  at  the  time 
of  the  outbreak,  whicli  was  very  quickly  overcome. 

The  third  fire  occurred  at  the  East  Parkhead  Colliery, 
"Bellshill,  Lanark,  of  Messrs.  Wilsons  and  Clyde  Coal  Com- 
pany, on  October  16th.  The  supply  of  current  to  the  East 
Parkhead  Colliery  is  on  the  direct-current  concentric  sys- 
tem at  500  volts,  and  the  origin  of  the  fire  was  traced  to 
fusing  in  a  four-way  junction  and  fuse  box  which  had  been 
nailed  to  two  trees  on  the  roadside  about  400  yards  from  the 
shaft,  bottom.  It  is  most  likely  that  the  blowing  of  a  fuse 
caused  an  arc  to  be  formed  between  one  of  the  fuse  terminals 
and  the  side  of  the  box,  and  that  this  arc  persisted  until 
the  supporting  woodwork  caught  fire.  It  is  clear  from  the 
evidence  of  the  men  who  were  on  the  spot  that  a  fuse  did 


blow  immediately  before  the  fire  was  noticed,  due  to  a  fall  of 
roof  on  this  cahle.  The  occurrence  of  this  firo 山; i"、  at l*-n 
tion  \a  1  he  import ance  of  amplo  df';ir;m'f'  in  fusf  I, ',.、'（•、  卜" 
boxes  sliouhl  in  fact  he  proportioned  so  as  to  contain  a  fuse 
which  will  open  the  circuit  safely  in  any  circiiinstanros  t hat 
may  arise  ；  tliat  is  to  say,  it  is  not  sufficient  that  a  fuw 
should  be  safe  if  the  circuit  is  opened  mnler  a  ^ra 山 lallv  in- 
creasing flow  of  current,  it  sliouhl  also  1  >c  sa  if  t  hf*  rin  uit 
is  opened  by  the  heavy  flow  of  current  which  arw-onipauios  a 
short  circuit. 

Electric  Shock  Accidents  (non-f(ttnl). ― Forty-one  non- 
fatal electric  shock  accidents  were  reported  during  1911.  I  n 
many  cases  these  accidents  were  trifling  in  their  results,  )mi 
in  four  cases  the  victim  was  unconscious  for  some  tirn^.  I  n 
one  instance,  in  which  the  Sylvester  method  of  resus^-itat  ifjn 
was  successfully  used,  unconsciousness  continued  for  upwards 
of  three-quarters  of  an  hour.  Each  year  instances  of  tlie 
successful  application  of  methods  of  artificial  resj>irat  ion 
are  reported,  and  it  may  in  this  connection  be  appropriate 
to  quote  a  paragraph  from  the  report  of  II. M.  Klw.tri'  al  In- 
spector of  Factories  for  1911  ： ― 

" It  is  well  known  that  persons  having  received  a  sc,  -  • 
electric  shock  and  having  been  rendered  unconscious  aiul 
apparently  dead,  have  been  in  a  number  of  instances  restored 
by  means  of  artificial  respiration,  in  some  cases  only  after  the 
treatment  has  been  continued  for  a  considerable  time.  Tho 
success  of  the  treatment  probably  depends  a  good  deal  upon 
the  care  and  skill  with  which  it  is  carried  out.  In  any  case 
the  process,  if  continued  for  any  length  of  time,  as  it  should 
be  if  necessary,  may  be  very  laborious,  particularly  in  the 
case  of  the  Sylvester  method,  unless  there  is  ample  assist ain-f* 
at  hand.  In  order  to  facilitate  the  treatment  and  render 
it  at  the  same  time  more  effective,  an  apparatus  has  been 
devised  by  Dr.  K.  A.  Fries,  of  Stockholm,  and  has  been  re- 
cently introduced  into  this  country.  It  has  already  been 
adopted  at  a  number  of  important  electrical  stations.  The 
apparatus  is  designed  for  carrying  out  the  Sylvester  method, 
in  which  the  patient  is  placed  on  his  back,  his  arms  beini^ 
moved  up  and  down  while  pressure  is  brought  to  bear  on  t  lit* 
chest  in  synchronism  with  these  movements.  It  is  claimed 
that  a  person  can  operate  the  apparatus  with  one  hand,  leav- 
ing the  other  free  to  draw  forward  tlie  tongue  of  the  patient  - 
It  would  appear,  however,  that  the  apparatus  might  be 
readily  adapted  to  the  Schafer  method,  which  is  now 
generally  considered  by  medical  men  to  be  superior,  one 
reason  being  that  the  patient,  being  placed  face  downwards, 
the  difficulty  of  the  tongue  blocking  the  air  passages  is  ob- 
viated. In  this  connection  it  is  interesting  to  note  that  a 
representative  committee  of  American  doctors  and  electrical 
men,  who  recently  considered  the  merits  of  the  different 
methods,  have  unanimously  recommended  the  Schafer 
method." 

. I  Explosion  of  Coal  Dust  caused  hi/  Electricity  in  <t 
Coal-crushing  House  at  New  Brancepeth  (Jollienj. — This  was 
an  interesting  instance  of  an  explosion  of  coal  dust  alone 
from  electric  sparking.  On  July  6th,  1911,  about  4  p.ni.， 
Mr.  Peel,  the  agent  of  the  collierv,  when  in  the  virinity  of  tlie 
patent  ovens,  heard  the  report  of  an  explosion,  、vhi。li，  on 
investigation,  proved  to  have  come  from  the  coal-grinding 
house.  Inside  this  building  there  was  a  25  b.p.  motor,  5(H) 
volts,  driving  coal-grinding  machinery  in  the  form  of  rollers. 
The  motor  was  enclosed,  but  not  gas-tight,  and  stood  on  a 
platform  of  concrete  about  6ft.  above  the  floor.  Tlie 
machinery  was  driven  by  means  of  belts,  belts  being  also  used 
for  conveying  the  ground  coal  up  to  the  hopper  some  distant-e 
away  in  another  building.  On  the  opposite  side  of  the 
crusher  there  was  a  coal-washer  used  for  washing  mit  coal, 
but  this  bad  not  been  working  for  a  week,  consequently 
the  immediate  surroundings  were  probably  dustier  than 
usual,  and  the  coal,  being  crushed  in  the  dry  state. 
a  large  amount  of  very  fine  dust.  The  inside  of  the  build- 
ing would  be  thickly  coated,  and  a  considerable  amount  would 
also  be  in  suspension.  Owin^  to  the  motor  having  been  heat- 
ing, it  bad  been  stopped  for  two  hours  that  afternoon,  but 
after  having  been  run  another  half -hour  the  attendant  again 
found  it  hot,  so  he  came  out  of  the  building  and  procA0'le«l 
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up  same  steps  to  have  the  feed  cut  off  in  order  that  he  could 
run  it  all  clear  before  stopping  the  motor,  so  as  not  to  have 
to  restart  on  a  full  load.  As  he  was  descending  the  wooden 
steps  just  outside  the  big  double  door  of  the  crusher  house 
there  was  an  explosion  of  coal  dust  inside  the  house,  accom- 
panied by  the  report  which  Mr.  Peel  heard.  Flames  burst 
through  the  doorway  for  a  distance  of  6ft"  and  apparently 
also  extended  in  an  upward  direction  for  a  height  of  15ft. 
above  the  motor,  as  some  coal  dust  was  found  in  a  state  of 
red  glow,  and  was  at  once  put  out  with  sand.  A  similar  por- 
tion was  found  glowing  close  to  the  motor.  Three  panes 
of  glass  were  broken,  but  there  was  practically  no  more 
damage  done  inside,  as  the  force  of  the  explosion  got  vent  at 
an  opening  in  the  corrugated  roof.  The  cause  of  the  coal- 
dust  explosion  was  traced  to  the  short  circuiting  of  one  of 
the  armature  coils,  which  resulted  in  excessive  sparking,  caus- 
ing the'  ignition  of  the  fine  coal  dust  with  which  the  inside  of 
the  motor  casing  was  coated,  and  the  force  developed  blew  off 
the  sh-eet-iron  cov'©ring  over  the  commutator  end  of  the  motor. 
There  was  evidently  sufficient  flame  to  cause  an  explosion  of 
the  very  fine  coal  dust  which  was  inside  the  motor-house  in  a 
state  of  suspension,  and,  as  before  】nentioned，  the  flame  passed 
outside  the  building  followed  by  smoke  and  coal  dust.  The 
length  of  the  flame  would  therefore  be  about  15ft.  Fortu- 
nately the  engineinan  had  not  re-entered  the  building,  or  lie 
would  have  been  severely  burnt,  if  not  more  seriously  injured. 
There  was  no  woodwork  inside  the  house  with  the  exception 
of  some  fencing  rails,  and  no  signs  of  coking  were  observed. 
The  building  was  about  24ft.  by  20ft.  by  18ft.  high.  A 
new  washer  was  afterwards  erected,  and  it  was  arranged  to 
crush  the  coal  after  it  had  been  washed.  While  these  pre- 
parations were  being  made,  however,  the  motor  was  tem- 
porarily placed  outside  the  crusher  house,  in  order  to  pre- 
vent a  similar  occurrence. 


HOT  PANEL  AND  HOT  FLOOR  BORDER  SYSTEM  OF  HEATING. 

At  a  recent  meeting  of  the.  Junior  Institution  of  Engineers 
Capt.  H  Riall  Sankey,  R.E.,  M.Inst.CE.,  gave  tLe  hon.  mem- 
ber's lecture,  taking  for  his  subject,  "  Hot  Panel  and  Hot 
Floor  Border  System  of  Heating,"  in  which  he  said  that  the 
dominant  feature  of  the  new  method  is  the  use  of  radiant 
heat  rather  than  the  heating  of  the  air.  The  fact  is  often 
lost  sight  of  that  the  object  of  heating  a  building  or  room  is 
to  make  people  comfortable  ;  hence  it  is  usual  to  specify  that 
the  heating  power  and  heating  surface  shall  be  sufficient 
maintain  the  temperature  of  the  air  5ft.  from  tl'e  floor  aL  a 
specified  temperature  of,  say,  63°  Fah.  The  result  lias  been 
that  most  of  the  systems  hitherto  adopted  have  been  devised 
so  as  to  heat  tlie  air,  and  radialit  heat  has  been  to  a  large 
extent  neglected.  It  is  generally  conceded  that  for  comfort, 
when  sitting  in  a  room  without  a  fire,  an  air  temperature 
of  about  63。  Fall,  is  needed,  and  in  order  to  obtain  this  tem- 
perature the  surfaces  of  ordinary  radiators  require  to  be  at 
the  fairly  high  temperature  of,  say,  150°  to  180°  Fall.  ；  this 
temperature,  however,  decomposes  the  dust  in  the  air,  thus 
producing  a  disagreeable  and  characteristic  smell.  When 
radiant  heat  from  a  fire  is  available  the  air  temperature  can 
be  as  low  as  55°  Fah.  or  even  50°  Fah.,  and  yet  the  sense  of 
comfort  and  warmth  is  greater  than  in  the  previous  case. 
To  maintain  the  temperature  at  50°  or  55°  a  h ot- water 
system  of  heating  or  the  like  will,  however,  be  required  in 
many  cases.  Such  a  system,  although  ideal,  is  more  costly. 
Now  the  hot-panel  and  hot-floor  system  does  not'  mululv 
heat  the  air,  as  it  supplies  the  radiant  】ieat  needed  for 
comfort.  A  hot  panel,  Capt.  Sankey  explained,  consists 
essentially  of  a  small  pipe  bent  backwards  ami  forwards 
and  imbedded  in  a  semi-conducting  coiiip'  sitkm  ；  Hn., 
drawn,  lap-welded  steam  pipe  is  used.  The  heat  carrying 
medium,  say,  hot  water,  circulates  in  the  tube,  and  the  heat 
is  coiKhicted  Uirmi^h  i  \\v  walls  of  the  tube  to  the  composi- 
tion, through  which  it  spreads  to  the  surface  of  tlie  panel, 
whence  it  is  radiated  into  tlie  room  ；  in  ed'ect  heat  at  a 
comparatively  high  temperature  issuing  from  a  small  sur- 
face is  converted  into  the  same  amount  of  heat  at  a  lower 
temperature  issuing  from  a  large  surface.  A  hot  panel 
may  contain  more  tb ar,  one  length  of  tube,  in  order  that  the 


flow  in  each  length  may  be  controlled  by  external  valves. 
A  hot  panel  can  be  made  up  in  an  iron  frame,  thus  form- 
ing a  detached  unit  similar  to  the  ordinary  radiator  ；  or  it 
may  be  built  up  against  a  wall  very  nearly  in  the  thick- 
ness of  the  plaster.  Hot  borders  are  formed  by  placing 
drawn,  lap-welded, 全 in.  pipes  about  an  inch  below  the  level 
of  the  floor,  close  to  the  walls,  around  the  whole  or  part  of 
a  room,  and  embedding  these  pipes  in  semi-conducting 
composition.  A  liot  border  of  any  width  desired,  say,  from 
Gin.  to  18in.，  can  thus  be  formed.  Similar  pipes  can  also 
be  embedded  along  the  cornices  of  a  room.  The  semi -con- 
ducting composition  has  to  be  chosen  with  great  care  to 
obviate  cracks  whicli  would  otherwise  be  produced  by  the 
expansion  and  contraction  of  hot  pipes.  The  various  ad- 
vantages of  the  new  system  were  treated  mathematicallv 
and  a  number  of  illustrations  were  given.  At  the  conclu- 
sion of  the  lecture  a  hearty  vote  of  thanks  was  passed  to 
the  lecturer,  and  a  number  of  questions  were  put  to  which 
he  replied. 


NOTES  ON  THE  BRITTLENESS  TEST, 

in    M.  DEKIHON,   ASSISTANT  MANAGER,   USINES  G.  DRKIHON, 
LIKGE,   BEL (； ILM. 

As  a  matter  of  probable  interest  we  communicate  a  number 
of  observations  collected  in  the  course  of  our  experience  since 
we  began  to  make  use  of  the  brittleness  test  as  a  standard 
method  for  our  steels  and  forgings.  Since  1904  we  have 
used  the  drop  weight  and  Fremont  test  piece  for  our  tests, 
and  we  may  state  at  once  that  our  experience  of  both  has  been 
such  that  we  have  decided  not  to  abandon  them.  We  may  say 
that  our  laboratory,  though  complete  enough  so  far  as 
mechanical  tests  are  concerned,  is  not  a  scientific  laboratory, 
but  serves  as  a  guide  in  close  relation  with  the  manufacturing 
department. 

At  present,  apart  from  the  chemical  analysis,  tensile  tests, 
ball  tests,  &c.，  we  have  to  apply  the*  brittleness  test  to  80-100 
tons  of  steel  per  month,  bar  by  bar  ；  and  if  we  add  that  we 
leave  a  test  piece  for  the  brittleness  test  on  each  article  of  a 
certain  class  of  goods  that  we  produce,  such  as  steering  swivels 
and  steering  levers  for  motor-cars,  it  will  be  easily  imagined 
that  we  have  to  te9t  about  10,000  to  12,000  pieces  every 
month.  It  will  be  evident  that  in  this  way  we  have  acquired 
a  certain  experience  in  this  kind  of  test,  and  have  been  en- 
abled to  form  certain  conclusions  of  a  practical  character. 

In  the  first  place,  is  the  brittleness  test  as  stringent  and 
misleading  as  is  generally  believed  ？  No,  on  the  contrary 
we  believe  that  after  a  few  attempts  it  is  possible  to  make 
all  steels  of  good  medium  quality  non-brittle.  The  whole 
question  is  merely  a  matter  of  lieat  treatment.  Evidently, 
steels  burdened  with  sulphur  and  phosphorus,  or  rotten  with 
piping,  will  always  remain  brittle  whatever  one  may  do  ；  but 
a  good  ordinary  steel,  properly  treated,  is  nearly  always 
non-brittle. 

At  the  commencement  of  our  tests,  as  at  present,  we  used, 
in  addition  to  certain  fine,  high-grade  steels,  a  large  num her 
of  open-hearth  steels  of  various  grades,  the  quality  of  which 
always  remained  approximately  the  same.  Well,  at  the  out- 
set we  had  to  reject  for  brittleness,  20,  30,  and  even  40  per 
cent,  of  the  pieces  tested,  whereas,  at  the  present  time  we 
find  that  the  total  number  of  rejections  in  1911  did  not  ex- 
ceed an  average  of  3  per  1,000.  This  results  entirely  from 
the  progress  whicli  these  tests  have  enabled  us  to  make  in 
tlie  application  of  heat  treatment  to  our  steel  forgings.  Our 
deduction  therefore  is  that  the  brittleness  test  has  done  us 
good  service  by  affording  us  the  means  of  arriving  at  such 
homogeneous  results.  Finally,  can  it  be  said  that  a  test 
which  gives  rise  to  only  0*3  per  cent,  of  rejections  is  in- 
capable of  being  employed  in  ]n*;u  tioe  ？ 

Evidently  one  nuist  become  familiar  with  the  impact  test, 
and  not  atta<-h  undue  importance  to  variations  caused  in  toto 
hv  t  he  heterogeneit  v  of  tlio  mot  al.  A  certain  grade  of  steel 
must  be  classed  as  brittle  wlien,  for  instance,  the  resilience 
is  shown  by  the  test  to  be  less  than  20  kilogranimetres,  and 
as  not  so  when  the  results  are  mere  favourable  :  but  one 

*  Paper  read  l>efore  the  Internrttional  Association  for  Testing  Materials. 
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must  not  seek  to  grade  the  quality  in  accordance  with  the 
values  obtained. 

1  ii  oui*  opinion,  it  is  the  search  a  Her  1  liis  piecision  which 
lias  led  to  the  large  test  -piece  bein^  s(>l(''  "'(l  ai  the  expense 
of  the  small  oue.  The  former,  of  iiiucli  greater  sectional 
area,  evidently  gives  mean  results  which  are  more  easily 
coniparahle-  and  apparently  more  rational  ；  but  it'  is  ； iU('n 山' ：l 
witli  the  defect  of  being  incapable  of  showing  up  the  weak- 
nesses of  the  material,  which  are  pitilessly  exposed  by  the 
small  test  piece  assisted  by  micrograpliy. 

Being  desirous  of  settling  the  point  we  selected  six  bars 
from  a  parcel  of  steel  wliich  had  been  rejected  in  consequence 
of  the  tests  on  Fremont  test  pieces,  and  from  each  bar  pre- 
pared two  30  mm.  by  30  mm.  te&t  pieces  of  the  Copenhagen 
ty[>e,  with  wliich  we  obtained  the  following  results  in  the 
(Miiirpy  apparatus : — 

liar  No.  1  ...  75  kilogrammetres  and  75  kilograjnnietres. 


2  ...  23  ，，  ，，  25 

3  ...    7  5  ，，  ，，  8 

4  ...  23  ，，  ，，  205 
5 … 417  "  ，，  41-7 
6  ...  75             ，，  ，，  75 


If  these  bars  were  to  be  rejected  on  account  of  giving 
values  below  20  kilogrammetres,  then  only  the  bar  No.  3 
would  be  thrown  out,  and  perhaps  No.  4  as  well.  However, 
they  were  all  bad  since,  independently  of  the  Fremont  test, 
which  had  condennied  them,  inicrographical  examination  re- 
vealed the  presence  of  serious  pipings.  Hence,  we  clo  not 
think  it  rash  to  conclude  that,  without  the  Fremont  test,  we 
should  have  been  led  to  employ  steels  of  bad  quality. 

The  large  test  piece  is  evidently  not  always  optimistic, 
and  reveals  certain  causes  of  brittleness  ；  but  in  our  opinion 
it  does  not  always  expose  them  and  with  the  same  rigour  as 
the  small  test  piece.  But  since  the  causes  of  brittleness  in 
steel  are  often  local,  it  would  seem  preferable  to  isolate  them 
rather  than  conceal  them  in  the  mass  of  the  metal.  So  far 
as  concerns  ourselves,  one  serious  reproach  to  the  30  mm.  by 
30  mm.  test  piece  is  that  it  cannot  be  used  in  the  case  of 
the  forgings  we  produce,  owing  to  its  large  size. 

We  are  well  aware  that  the  Copenhagen  Congress  recom- 
mends in  such  cases  the  use  of  the  10  mm.  by  10  mm.  test 
piece,  nicked  half-way  through  ；  but  we  must  confess  we  should 
have  preferred  to  keep  to  the  Fremont  type  of  test  piece, 
10  mm.  by  8  mm.  with  a  1  mni.  nick.  In  the  first  place, 
being  flat,  this  test  piece  presents  the  advantage  of  enabling 
the  direction  of  the  fibres  of  the  metal  to  be  traced.  It  is  also 
less  expensive  and  less  difficult,  the  small  hole  terminating 
the  nick  of  the  10  mm  by  10  mm.  test  piece  being  difficult 
to  make  readily  ；  and  we  are  acquainted  with  several  labora- 
tories in  which  the  use  of  this  nick  has  been  abandoned  on 
account  of  the  difficulties  experienced  in  the  shop. 

As  for  the  sharp  edges  of  the  nick,  we  must  confess  that 
we  have  never  troubled  about  them.  On  no  occasion,  in  tlie 
large  munber  of  tests  performed,  have  we  found  any  of  the 
unfavourable  results  to  be  clue  to  the  uick.  When  a  test 
piece  breaks  under  a  low  strain,  it  is  because  the  steel  is 
brittle  ；  and  since  we  have  now  only  0*3  per  cent,  of  rejec- 
tions, we  think  these  minor  points  may  be  neglected. 

Finally,  although  we  have  no  desire  to  reopen  the  discus- 
sion as  to  which  apparatus  should  be  used  for  the  impact  test, 
we  take  the  liberty  of  expressing  our  opinion,  which  is  based, 
not  on  scientific  considerations,  but  on  personal  experience 
of  forging  and  stamping  machines.  Freiuont  claims  that  his 
(h'op  weight,  or  similar  appliance,  is  alone  capable  of  reveal- 
ing brittleness  in  all  cases.  In  our  opinion  he  is  right,  and 
for  the  following  reason.  We  believe  in  the  drop  weight, 
because  our  forgings  are  made  under  the  steam  hammer  and 
drop  hammer  ；  and  we  find  that  the  velocity  of  the  impact 
and  the  quantity  of  the  mass  receiving  the  impact  are  of 
prime  importance.  The  importance  of  these  two  factors  is 
such  that  it  is  tliey  whicli  ])ractivallv  li:nit  tl.e  work  of  our 
drop  haiuiners. 

The  liiul rict\s,  l>eiug  made  of  vovy  hard,  ami  nioro  or  ](\^ 
In  ittle^  steel,  will  not  stand,  hut.  are  constantly  lireakin^,  if 
tnf  height  of  fall  be  too  great  or  the  impact  is  too  sliarp:  On 
this  account  we  have  therefore  been  compelled  to  reduce  the 
height  of  fall,  increasing  the  weight  of  the  falling  mass,  ami 
arranging  under  the  anvil  bed  a  foundation  of  wooden  baulks. 


so  as  to  take  up  the  impact  elastic-ally.  Tliis,  however,  \h 
.iccomplLsIied  at  the  expejise  of  the  usel ul  etl**  1 ,  ,  ,i 
weight  oi'  500  kilos,  falling  from  a  lieiglit  1  ,m  u'  -，  r、.  more 
ecouomical  than  one  of  1,000  kilos,  falling  a  iieight  of  2 
metres. 

We  believe  therefore,  as  Fremont  lias  sairl,  tiiM  an  ;i|)para 
tus  which  does  not  give  sufficient  velocity  of  imj);u:L  or  in 
which  the  anvil  bed  is  not  sufficiently  heavy,  cannot  reveal 
t he  brittleness  of  the  test  metal  in  all  cases.  Tlie  ('oiidir'i''" 
we  draw  from  this  is  that,  as  was  wisely 山'' i 小'' 1  l>v  ih<， （、屮''" 
hagen  Congress,  tlie  Congress  should  abstain  from  |,n'、"ril' 
ing  any  special  type  of  apparatus  for  perforinin^  t  Ik-  mi|>;t'  t 
test;  but  that  it  should  direct  attention  to  the  iinport ； i n«.\ 
with  regard  to  the  results,  of  the  velocity  of  the  impact  ami 
the  mass  of  the  anvil  bed  receiving  same. 

Tlie  author  has  adopted  the  brittleness  test  a.s  t  he  general 
test  used  in  passing  material  at  his  works.  His  exj)ei  ： 
leads  him  to  maintain  that  this  test  is  less  severe  llian  is 
generally  believed,  and  it  enables  non-britfcle  steels  to  be 
readily  obtained  by  a  suitable  process  of  grading.  1 1  '- 
prefers  the  small  test  piece  of  the  Fremont  type,  which  re- 
veals local  defects  forming  the  germ  of  future  <  r;u  k>.  11** 
also  attributes  high  importance  to  the  velocity  of  impact 
and  to  the  anvil  bed,  both  of  which  should  be  consi<lerable 
if  the  test  be  really  desired  to  reveal  the  brittleness  of  the 
material. 


NOZZLES  FOR  STEAM  OR  GAS  TURBINES. 

The  accompanying  illustrations  show  an  arrangement  de- 
signed and  patented  by  Messrs.  Brown,  Boveri,  &  Go.，  Baden, 
Switzerland,  of  nozzles  for  steam  or  gas  turbines,  in  wliicli  t lw 
nozzle  is  formed  in  two  parts,  one  of  which  contains  nozzle  pas- 
sages in  one  of  its  faces,  while  the  other  is  adapted  to  close 
these  passages.  The  parts  are  maintained  in  contact  with 
one  another  and  in  the  required  position  in  the  turbine  cas- 
ing on  the  one  side  by  an  abutment  on  the  casing  and  on  tlie 
other  by  a  caulking  strip.  Fig.  1  shows  in  section  the 
assembled  nozzle  parts  in  a  turbine.    Fig.  2  shows  views  of 


Fit;.  3. 

Nozzlks  for  Steam  or  (； as  Ti  huim 
the  top  part  of  the  nozzle  shown  iu  Fig.  1，  and  Fig.  3  views 
of  the  lower  part  of  the  nozzle  shown  in  Fig.  1.  The  turbine 
casing  A  is  providt^l  with  a  suitable  alnitmnit  ('.  Against 
tliis  jibutmt'iit  is  pliiood  tli"  lmvt'r  part  I»  «>*'  tlio  nuzzle  as  slmwii 
i"  Fig.  1.  The  upper  part  F  of  the  nozzle  is  then  placed  in 
posit ioji  and  a  ciuilking  strip  K  insert e< I  l>et wiv^n  this  upper 
part  and  tlie  turbine  casing  A.  In  tliis  maiuter  tlie  t、、'， 
parts  F  and  B  of  the  nozzle  are  pressed  together  and  against 
the  abutment  C,  so  that  the  uozzle  parts  are  secured  iu  cor- 
rect position  iu  the  turbine  casing  A. 
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THE  "PARAGON"  INTERNAL-COMBUSTION  ENGINE. 

In  connection  with  the  development  of  the  "  Paragon  "  system 
of  electric  propulsion  of  vehicles  and  ships,  Mr.  W.  P.  Durt- 
nall,  in  conjunction  with  Mr.  H.  B.  Deane  and  Mr.  G.  T. 
Howies,  has  designed  and  patented  a  new  cycle  for  internal- 
combustion  engines,  a  description  of  which  ai>peared  in  "  Tlie 
l\;iil\vay  Times  "  of  Derrmln'r  L'St  li  last .  During  liis  investi- 
gations with  the  "  Paragon  '，  system  of  electrical  transmission 
Mr.  Durtnall  experienced  certain  difficulties  as  regards  the 


Fig.  3. — Pressure-volume  Diagram 
Fig.  1 .  —Diagrammatic  Section  4-Cycle  "Paragon  "  Engine. 

01!''2-Cycle  '■  13aragon'*  Engine. 


application  of  the  Diesel  engine  to  railway  operation.  One 
of  the  most  prominent  was  nois©  from  exhaust  gases,  and 
aiioth-er  was  the  amount  and  weight  of  water  to  be  carried  for 
tlie  purpose  of  cooling  the  cylinders,  and  it  was  with  a  view 
to  overcome  these  abjections  that  led  to  the  design  of  the 
engine  under  notice. 

Fig.  1  is  a  diagrammatic  section  of  the  "  Paragon " 
2 -cycle  internal-combust  ion  engine  designed  to  run  at  constant 
revolution  speed  on  either  crudei  or  residue  oil,  paraffin,  or 
other  by-products  of  coal  distillation.  Assuming  that  it  is 
arranged  to  use  residue  oil  as  fuel,  as  in  the  case  of  the  Diesel 
engine,  the  compression  pressure  would  be  about  5001bs. 
per  square!  inch,  and  in  Fig.  1  it  will  be  seen  that  the  piston 
B  is  at  tlia  top  of  the  compression  stroke,  and  it  may  be 
assumed  that  a  pressure  of  5001bs.  exists  in  the-  compression 
space  at  a  temperature  of  approximately  1,000°  Fall.  The 
crank  is  just  turning  the  top  or  inner  centre,  and  at  this 
point  the  fuel  is  forced  into  the  compiessicm  space,  by  means 
of  a  force  pump  driven  by  the  engine.  The  fuel  immediately 
ignites  by  reason  of  the'  high  temperature  of  the  compressed 


air  which  supports  its  combustion.  The  rise  in  temperature 
would  cause  a  rise  in  pressure  above  the  5001bs.  got  by  the 
compression  of  the  air,  but  at  this  point  the  piston  is  travel- 
ling in  a  downward  direction,  thus  increasing  the  volume  of 
the  compression  space,  so  that  the  working  pre&sure  does  not 
materially  rise  higher  than  the  compression  pressure. 

The  admission  of  fuel  is  cut  off  early  in  the  working  or 
down  stroke  ；  the  piston,  however,  proceeds  on  this  working 
stroke,  passes  the  exhaust  ports  C  (which  are,  however,  closed 
by  the  exliaust  sleeve  valve  E)，  so  that  the  pressure  is 
expanded  down  to  almost  that  of  the  atmosphere  when  tlie 
piston  arrives  at  the  end  of  the  working  stroke  at  D.  It  is 
important  to  bear  in  mind,  also,  that  the  temperature  is  also 
very  low  at  this  last  point,  so  that  when  the  operating  rod  F 
now  opens  the  exhaust  sleeve  valve  E，  the  pressure  in  the 
cylinder  being  expanded  below  the  pressure  kept  up  in  the 
supply  pipe  H1  the  air  scavenging  valve  H  opens  and  the 
scavenging  air  rushes  into  the  cylinder  at  this  point,  and 
sweeps  out  most  of  the  products  of  combustion  ；  at  tlie  same 
tim-e,  it  charges  the  cylinder  with  a  fresh  portion  of  air  for  the 
next  down  or  working  stroke. 

The  crank  turning  the  outer  dead-centre,  the  piston  moves 
from  D  up  to  the  ports  shown  at  C，  and  so  "  mechanically  " 
clearing  out  a  certain  amount  of  the  burnt  gases  into  the 
receiver  G,  the  piston  runs  past  the  ports  C,  and  so  auto- 
matically closes  them.  The  pressure  then  rises  above  the 
pressure  in  the  pipe  H1,  so  that  valve  H  closes,  and  the 
cylinder  becomes  sealed,  the  compression  pressure  running  up 
to  5001bs.  again,  and  the  cycle  of  operations  is  related  on 
the  following  down  stroke. 

Fig.  2  shows  a  pressure-volume  diagram  of  the  2 -cycle 
method  of  operation.  The  stroke  of  the  engine  is  shown  from 
E  to  C,  the  compression  space  in  a  relative  Diesel  2-cycle 
engine  is  shown  from  E  to  H，  the  compression  space  in  the 
" Paragon  "  2-cycle  engine  is  shown  at  the  dotted  line  G，  the 
work  of  compression  is  shown  at  F,  compression  only  beginning 
at  D  as  the  piston  runs  past  the  exhaust  ports  C  (Fig.  1),  the 
compression  pressure  running  up  to  A  (Fig  2),  and  at  which 
point  the  piston  is  at  E  or  the  inner  end  of  the  compression 
stroke.  The  pump  then  admits  fuel  as  the  pi$ton  proceeds 
from  the  line  A  to  B,  at  which  point  the  fuel  is  cut  off,  and 
the  expansion  of  the  pressure  and  heat  begins,  and  runs  right 
down  to  approximately  the  pressure  of  the  atmosphere  at  C. 
The  exhaust  sleeve  valve  here  opens  the  ports  C  (Fig.  1),  the 
piston  travels  back  to  D  (Fig.  2),  compression  begins  and  runs 
up  again  to  A,  and  so  every  down  stroke  is  a  working  stroke. 
Consequently  the  weight  of  this  engine  for  a  given  output  is 
low,  which  is  important  in  railway  transportation  from  many 
aspects.  At  the  same  time,  the  exhaust  pressure  being  at 
about  that  of  the  atmosphere,  there  is  really  no  noise  from 
this  source. 

Fig.  3  shows  the  diagram  of  the  4 -cycle  method  of  opera- 
tion. The  stroke  is  from  A  to  C，  the  compression  space  of 
an  ordinary  engine  is  from  A  to  I,  the  compression  .space  in 
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the  "  Paragon  ，，  4-cycle  engine  is  from  A  to  JI,  the  work  ol' 
compression  is  shown  at  G，  and  assuming  that  residue  oil  is 
used,  then  the  compression  is,  say,  5001bs.,  and  shown  at  E. 
As8Uiniii^  that  the  piston  is  starting  on  the  outward  or  suction 
stroke,  the  piston  runs  from  A  to  B.  At  t  his  [joint  t-lie  air 
induction  valve  is  mechaiiit.'ally  closed,  t  In-  piston  runs  out 
(，， I  he  pressure  in  the  cylinder  (which  was  at  atmospheric 
pressure  in  the  cylinder  li)  falls  hclow  1  liat  of  the  atmospluM-c 
to  the  point  shown  at  D.  Tliis  difference  of  pressure  acting 
on  tlie  outside  of  the  piston,  owing  to  the  pressure  of  the 
atmosphere,  tends  to  arrest  the  momentum  of  1  lie  working 
parts  (piston  and  rod),  thereby  reducing  the'  pressure  on  t  In* 
))e;iriii^s.  Wl it'll  t  lie  1'istmi  reaches  t  \\v  vwd  of  the  i mluct  ion 
stroke  at  C,  the  crank  turns  the  outer  dead  (','ntr*',  ami  t  lie 
clilTeiTiice  of  pressure  outside  and  inside  the  cylinder  acts  on 
the  piston  and  accelerates  it  to  B，  when  the  pressure  is 
balanced.  The  piston  move®  back  to  A，  so  that  the  air  is 
compressed  up  to  thei  full  coi»)])ression  (H'essure.  The  crank 
tui-us  t  lie  inner  dead-ceiitrc,  t  he  f'u ！、  1  is  l.(>rr(>(l  in  l'r')m 卜： t  o  V . 
Expansion  tlien  begins  and  runs  riglit  t-h rough  to  C,  tiie 
crank  turns  the  end  of  this  stroke,  the  exhaust  valve  is 
opened,  and  remains  open  while  the  piston  runs  from  C  back 
to  A,  when  the  maximum  amount  of  products  of  combust  ion 
art'  swept  out,  owing  to  the  reduced  space  at  the  c'om!"('ssi。ii 
chamber,  as  will  be  seen  by  the  lines  H  and  I.  Tlie  cyciv  is 
then  repeated. 

Owing  to  tlie  reduction  in  the  wall  area  in  the  compression 
space  of  this  engine,  it  is  claimed  that  fewer  heat  units  get 
away  to  the  circulating  waier,  and,  owing  to  the  much  l"w'r 
expansion  of  the  volume  of  charge,  as  is  shown  above,  the  heat 
of  t  he  fuel  is  utilised  in  the  production  of  work,  so  there'  is  a 
great  reduction  in  the  exhaust  heat  loss&s  found  in  all  otl"'r 
internal-combustion  engines.  Consequently  there  is  a  much 
liigher  thermal  efficiency  in  this  "  Paragon  "  engine.  It  has 
})vv\\  estimated  that  from  15  to  25  per  cent,  more:  work  for  the 
same  amount  of  fuel  is  possible,  according  to  working  cou- 
dit  ions,  Tliis  cycle  of  operation  is  also  applicable  to  what 
arc  turned  constant,  volume  internal-combustion  engines. 

Figs.  4  and  5  show  a  form  of  the  "  Paragon  ，，  constant- 
vohune  engine  designed  for  a  large  rail  car  in  which  the 
Paragon  polyphasai  alternating-current  system  of  power 
1  raiisinission  is  to  be  used .  The  engine  shown  will  develop 
about  lJ30  l>.h.}).  at  900  revs,  per  minute.  The  cylinders  have 
； i  bore  of  nun.  and  a  strokei  of  200  mm.  The  engine  is 
*J,1()0  linn,  long,  1,000  mm.  wide,  and  stands  1,730  ram. 
high.  There  is  no  flywheel  (the  necessary  flywheel  effect 
being  obtained  by  tlie  electrical  generator)  ；  it  has  eiglit 
cylinders,  and  is  constructed  on  the-  V  type,  with  overhead 
operating  valves  and  cam  shafts.  The  engine  is  fitted  witli 
a  ]);irafFin  carburetter  and  high-tension  magneto  ignition,  is 
\v;it  ； M'-cooletl,  and  tlie'  crank  chamber  is  ventilated  by  means 
of  a  (Im't  cast  round  the  top  half  of  the'  crank  case,  ？ aid  this 
is  cuimected  by  means  of  pipes  to  the  carburetter.  The  main 
bearings  are  force-lubricated  by  means  of  a  geared  pump,  and 
the  oil  is  tlien  sent,  through  the  hollow  crank  shaft  t o  tli?  large 
connecting  rods.  Although  in  this  application  tlie'  engine  will 
be  started  electrically,  it  can  be  also  started  by  means  of  a 
sinall  compressed-air  plant,  say,  from  the  brake  reservoirs. 
The  paraffin  consumption  is  estimated  at  '451b.  per  l>rake 
horse-power  hour.  The  engine  is  fitted  with  a  sensitive  but 
powci'ful  spcod  governor.  Owing  to  the  longer  period  of  time 
tor*  t  he>  burning  of  tha  volume  of  fuel,  pract icall v  r〖>mi 山' t'、> 
comhustion  takes  place,  so  t  hat  absence  of  smoke  or  smell  will 
be  a  noticeable  feature  during  its  operation. 


Copper  Wire  Tables. —— Tlie  United  Statt、s  Bure;iu  nt.  St;ui- 
darcls  Iiks  issued  a  circular  wliicli  discusses  1  lu、  results 
of  work  recently  completed  at  the  Bureau  on  the  leinjieratur-e 
coefficient  and  th-e-  conductivity  of  copper,  as  well  as  previous 
standard  values,  and  gives  n  history  of  wire  gauges,  showing 
that  the  trend  of  practice  is  toward  expressing  diameter 
directly  in  decimal  fractions  of  an  inch.  There  are  15  tables, 
inchiding  complete  reference  tables  for  standard  ； mm';'lt'(l 
copper,  American  wire  gauge,  both  in  English  ami  in  ini't v\c 
units  ；  and  similar  abbreviated  "  working  tables."  There  are 
also  tables  for  bare  concentric  cables  of  st anclard  ;uim"i 卜 I 
copper  and  for  liard-drawn  ahuiiinium  、viiv.  Tli€  t; 山 l《's  also 
iiu'lucle  comparisons  of  wire  gauges,  and  tablos  (»f  t  iMiip^raturc 
reductions,  with  cunipleti'  explanations. 


EFFECT  OF  ALUMINA  IN  BLASTFURNACE  SLAGS.* 

UV  .i.  K.  JOHNSON,  JUN. 
Thk  suhje<"t  of  blast  furnace  slag  is  oik*  whi<*li  lias  lia'l  iiiurli 
consideration,  particularly  from  the  scientific  st aiulpoint ,  ； nid 
several  years  ago  technical  literature  contained  m;ui  v  N*;irnc<l 
discussions  on  the  oxygen  ratio  of  the  acids  and  the  I>;im- 
on  tlie  assumption  that  acids  and  ba9es  must  1>**  prw  nt  in  a 
ratio  depending  on  molecular  weight  and  cheiniral  vak'"  v. 
Much  work  has  also  been  done,  sometimes  in  roiijunrt  ion  wit  li 
the  former,  on  the  total  heat  and  t  lie  "'m|"'ralm''  of  mit  ia] 
fusion  or  softening  of  various  slags.  A  wider  knowle^lg**  of 
the  blastfurnace  now  enables  us  to  say  that  for  practical 
purposes  tliis  work  has  been  of  almost  no  value. 

It  is  now  generally  admitted  that  on  the  physical  side  t  lie 
important  point  of  a  given  slag  is  neither  its  total  heat  of 
fusion  nor  its  softening  point,  but  its  free-runniiig  teni|><i- 
rature,  since  this  is  tlie  critical  temperature  of  the  furnarc 
This  temperature  bears  no  definite  relation  to  the  softening 
temperature,  as  determined  by  Seger  cones,  for  inst aiM-c, 
because  some  slags  melt  relatively  like  ice,  with  a  very  sliort 
viscous  range,  while  others  melt  relatively  like  tar,  with  a 
very  long  viscous  range.  In  one  tlie  difference  between  the 
softening  and  the  free-running  temperature  may  be  very  small, 
as  little  as  100°  Fall.,  while  in  another  this  difTerence  may 
easily  be  200°  or  300°.  The  importance  of  this  difTerence  is  so 
great  in  practice  as  to  destroy  completely  the  value  of  exhaus- 
tive investigations,  even  such  as  those  of  O.  Boudouard, 
publislied  a  few  years  ago. 

It  may  not  be  amiss  at  this  point  to  call  attention  to  tlx* 
excellent  suggestion  of  Woolsey  McA.  Johnsoii,  made  several 
years  ago,  for  determining  the  temperature  at  which  different 
slags  have  the  same  practical  fusibility.  Tliis  suggestion  was 
briefly  to  make  experiments  in  a  small  electrically-heated 
furnace,  the  bottom  of  which  was  a  carbon  slab  with  a  small 
round  hole  through  it.  The  temperature  at  which  different 
slags  would  flow  through  this  liole  would  furnish  accurate 
information  as  to  their  relative  practical  fusibility.  T'， 
determine  the  proper  size  of  the  hole  through  the  carbon 
block,  I  offer  the  further  suggestion  that  the  temj)erature  of 
the  slag  flowing  over  the  cinder  dam  in  standard  furnace 
practice  be  taken  wlien  the  slag  was  about  of  normal  composi- 
tion. Ttien  put  some  of  this  slag  in  the  experimental  furnace 
and  heat  it  to  the  temperature  observed.  A  few  trials  would 
determine  the  size  of  tlae  hole  througli  which  it  would  flow  at 
Uiis  temperature.  This  size  of  hole  could  then  be  used  in 
future  experiments  with  the  certainty  of  obtaining  results 
comparable  with  actual  practice.  Investigations  along  these 
lines  wc:uld  be  of  real  interest  and  value  to  funiacemen. 

When  we  come  to  the  chemical  side  of  the  question  we  may 
as  well  dismiss  the  obscuration  which  comes  from  the  intro- 
duction of  oxygen  ratios  and  other  abstruse  theoretical  con- 
siderations, and  admit  frankly  that  experiment  on  the  funi;"',' 
itself  is  the  only  safe  foundation  for  practice  or  for  a  useful 
theory.  I  am  moved  to  lay  stress  on  this  point  because  in 
years  past  I  was  greatly  puzzled  and  befogged  by  some  of  tlie 
older  school  of  furnacemen,  who  emphasized  the  mysterious 
nature  and  difficulty  of  making  slag  calculations,  the  fart 
being  that,  given  tlie  materials  to  be  used  and  tlie  slag  to  he 
produced,  the  college  student  who  could  not  he  taught  in  a 
day  to  make  the  calculations  would  have  a  poor  chance  of 
ultimate  usefulness.  The  omission  or  concealment  of  th<-  。"'t 
that  the  slag  to  be  produced  was  known  onlv  by  exj>erinn'iit 
and  experience  with  the  furnace  itself  caused  inv  invstilication, 
and  I  therefore  emphasize  it  here. 

The  object  to  be  sought  may  be  In  ictlv  stated  as  i'ullows : 
Given  the  materials  to  be  us&d  and  the  kind  of  iron  to  be 
】imde，  to  ascertain  the  slag  which  will  produce  the  result  w i 1 1 1 
the  least  cost  for  coke  and  for  flux,  and  will  permit  tlie 
greatest  output.  The  three  desiderata  come  in  the  order 
gi  von . 

We  may  in  this  discussion  omit  consideration  of  chan-oai 
practice,  because  the  slag  question  is  of  iniuimuiii  importance 
in  that  field,  and  the  field  itself  is  of  minimum  iinportanr? 
in  the  iron  industry.  Coming  tlien  to  normal  coke  prartice 
and  reineiiibering  that  generally  the  lowest  fuel  consumpt inn 
is  obtained  with  tlie  lowest  critical  t^niperature,  tlie  ol>j，'《't 
(Jt'sii'ed  may  be  staled  moro  detlnitelv  as  tlio  pnulurt ion  of  tin* 

, PtHH-v  prcsL-nloil  at  tlie  Cleveland  niuolm^  of  I  he  AiiK-rican  Insliluie  ol 


G8 


THE   MECHANICAL   ENGINEER.  [January  17,  1913 


most  fusible  slag  tliat  will  give  ihv  necessary  deHiilphurisatioii 
of  the  iron.  This  sta lenient^  is  perhaps  subject  to  certain 
limitations  from  the  fact  that  there  are  circumstances  in  wliicii 
it  is  necessary  to  raise  1  lie  ml  \r,\ I  I  I'lnjTi'atur©  in  order  to 
enable  the  iron  to  absorb  a  large  quantity  of  silicon.  The 
extent  of  this  limitation  I  am  not  able  to  state,  but  we  will 
return  to  tliis  subject  later. 

It  is  necessary  to  re 出 cii 山 ,'i  l  li;it  while  the  effect  of  lirm- 卜 
to  increase  the  basicity  of  slag  and  facilitate  the  removal  of 
sulpliur,  its  use  is  subject  to  grave  limitations,  for  two 
reasons :  (1)  The  lime  being  generally  t  l"'  nuijor  ingredient  of 
the  slag,  to  increase  the  percentage  of  the  lime  in  the  slag 
involves  a  more  than  proportional  increase  in  the  slag  volume ； 
for  instance,  to  incroast4  1  ！ i < ■  percentage  from  50  to  55  require 
an  increase  of  more  than  10  per  cent,  of  the  weight  of  the  slag 
in  the  lime,  or  about  twice  as  much  in  limestone.  (2)  The 
addition  of  lime  raises  the  fusion  point  of  tho  slag  very 
rapidly. 

The  desulphurising  effect  of  the  slag  is  proportional,  not 
only  to  its  basicity,  but  also'  to  its  fluidity  in  an  almost  equal 
degree,  so  that  while  increased  lime  per  se  has  a  desulphurising 
influence,  this  is,  to  an  increasing  extent,  neutralised  and 
finally  reversed  completely  by  its  decreased  physical  activity. 
This  is  well  shown  in  basic  practice,  in  which  the  highest 
sulphur  iron  is  made,  not  with  deficient  lime,  but  with  an 
excess  (due  to  a  change  in  ore  or  the  like)  so'  great  that  the 
heat  available  is  unable  to  bring  the  very  refractory  slag  to 
the  free- running  condition. 

In  further  illustration  of  the  point,  there  are  two  distinct 
methods  of  making  this  kind  of  iron.  The  first  consists  in 
running  on  a  very  calcareous  slag,  with  which  the  silicon  in 
the  iron  is  kept  down  by  the  basicity  of  the  slag  in  spite  of 
the  high  temperature  necessary  to  keep  the  latter  fluid.  The 
second  consists  in  maintaining  a  slag  of  only  moderate  basicity 
and  much  lower  fusion  temperature  and  keeping  down  the 
silicon  by  carrying  a  h-eavy  ore  burd&n,  which,  of  course,  can 
easily  be  don©  with  the  lower  critical  temperature.  Furnaces 
running  on  the  first  plan  always  require  more  coke  for  basic 
than  for  foundry  iron,  while  those  running  on  the  second  plan 
use  less  than  for  foundry  iron. 

It  seems  to  me  practically  certain,  therefore,  that  there 
is  a  considerablei  range  of  lime  content  in  the  slag  for  given 
conditions,  in  which  the.  d esu  1  p h u r i sa bi o n  of  the  iron  is  not 
appreciably  affected,  while'  the  coke  consumption  necessarily 
rises  with  the  increase  in  the  fusion  temperature  consequent 
on  the  higher  lime  ratio',  as  well  as  the;  increased  slag  volume. 
In  the  case  of  foundry  iron,  the  increase  of  lime  may  be'  posi- 
tively detrimental  because  of  t'lie'  reduction  of  silicon  in  the 
iron.  I  have  recently  been  informed  of  several  cases  in  which 
the  lime  had  habitually  been  carried  too  high,  because  this 
action  was  not  understood.  These  cases  of  bad  furnace  opera- 
tion show  the!  importance  of  this  subject. 

In  all  theoretical  slag  calculations  the  quantity  of 
magnesia  is  multiplied  by  14  to  put  it  on  the  same  basis  as 
the  lime,  which,  from  the'  point  of  view  of  th©  oxygen  ratio 
and  molecular  weights,  is  perfectly  correct.  Practically, 
however,  tiiis  does  not  work  out.  Furnacemen  using  a  lime- 
stone with  a  variable  content  of  magnesia  have  told  me  tliat 
careful  observation  had  failed  to  show  any  difference  whatever 
on  the  furnace  whether  the  magnesia  was  high  or  low,  and  I 
have  seen  a  furnace  using  half  calcite  and  half  dolomite,  tlie 
calcibe  being  relatively  impure  and  the  dolomite  very  pure, 
put  on  all  dolomite,  which  should  have  made  the  slag  exces- 
sively basic 3  on  the  basis  of  molecular  weight,  but  which  as  a 
matter  of  fact  showed  no  observable  change.  Thei  truth  seems 
to  be  that  magnesia  is  less  active  chemically  than  lime  in 
about  the  same  proportion  that  its  molecular  weight  is  less. 

An  interesting  proof  of  its  small  chemical  activity  is  sup- 
plied by  the  manufacture  of  caustic  soda  from  the  carbonate. 
Quicklime  is  added  to  the  carbonate  solution  and  takes  up 
the  carbon  dioxide  from  the'  soda  ；  for  this  purpose  magnesia 
is  found  to  be  perfectly  inert  and  worthless.  Sir  Lowthian 
Bell'si  opinion  that  magnesia  was  so  inert  as  to  be  useless  for 
the  removal  of  sulplun  iii  t  lir  l>la.st  furnace  is  well  known,  but 
Ui is  opinion  is  no  m ore  l>orm'  out  Uy  in-actice  than  t  h;it  giviug 
it  a  greater  value  thai;  lime,  tho  truth  appearing  to  be  that、 
for  furnace  purposes,  in  all  ordinary  proportions,  one  is  about 
as  effective  as  the  other.  It  is  very  necessary,  however,  \o 
recognise  that  the  addition  ol'  a  certain  amount  of  magnesia 
has  a  marked  effect  in  lowering  the  fusiou  temperature  of  the 


slag，  and  is  tli^refo.re  of  great  use  wliere  calcareous  slags  are 
required,  particularly  in  the  manufacture  of  basic  iron.  For 
practical  purposes  lime  and  magnesia  may  1>(>  considered  as 
being  of  equal  value,  and  hereafter  in  this  paper  "  lime  ，，  will 
be  used  to  m-ean  the  sum  of  lime  and  magnesia. 

The  foregoing  portion  of  tliis  paper  contains  notliiiig 
essentially  new  aud  is  intended  as  an  introduction  to  the 
remaining  portion,  the  substance  of  wliicli  seems  to  have  been 
unknown  to  most  of  the  funiacemeu  with  whom  I  have  dis- 
cussed the  subject.  The  effect  of  alumina  lias  been  tlie  subject 
of  much  discussion  ；  some  regard  it  as  an  acid,  others  as  a 
base,  while  a  few  declare  it  can  be  raade  to  act  as  a  base  or 
an  acid  almost  at  will.  It  has  seemed  to  me  that  under  such 
circumstances  the  probability  was  that  its  action  was  neither 
acid  or  basic,  but  was  perfectly  neutral,  simply  a  diluent 
affecting  the  viscosity  of  the  slag  to  some  extent,  but,  with  a 
given  ratio  of  lime  to  silica,  not  affecting  its  chemical  nature 
at  all.  Tliis  conception  of  a  given  constituent  affecting  the 
physical  but  not  tlie  chemical  properties  of  slag,  in  wliicli  two 
kinds  of  properties  are  so  closely  interwoven,  is  difficult  at 
first  sight,  but  I  have  illustrated  it  for  myself  as  follows  ：  If 
we  had  an  ordinary  acid,  such  as  hydrochloric  acid,  in  one 
beaker,  and  a  solution  of  caustic  alkali  in  another,  we  could 
mix  the  two  in  any  proportions  aud  each  addition  of  one  or 
the  other  would  correspond  to  the  change  in  the  acidity  or 
basicity  of  the  resultant  solution,  but  if  we  added  a  consider- 
able quantity  of  molasses  we  should  alter  its  viscosity  and  its 
" free- running  temperature,"  without  affecting  its  chemical 
properties  in  any  way.  The  illustration  is  a  homely  one,  but 
in  my  opinion  the  case  is  precisely  parallel  to  that  of  slags. 

For  several  years  the  range  of  alumina  in  slag  of  which  I 
had  knowledge  was  so  limited  that  I  could  not  prove  this  con- 
tention, but  very  recently  a  furnaceman  gave  me  complete 
information  of  a  remarkable  series  of  experiments  lie  liad 
carried  out,  in  which  the  alumina  in  the  slag  had  been  as 
high  as  39*5  per  cent.,  with  silica  as  low  as  21  per  cent,  on 
individual  flushes,  and  averaging  for  an  entire  day  Si02,  24'7  ； 
A1203，  36  0  per  cent .  The  iron  made  was  good  Bessemer  iron, 
about  2  per  cent,  of  silicon,  with  sulphur  about  0*023  per  cent. 
With  this  let  us  compare  standard  Lake  ore  practice,  on  basic 
iron,  running  about  A1203，  13  5;  Si02,  33  per  cent.  ；  and 
Virginia  practice  on  the  same  iron,  A1203，  6  5  ；  SiOa  36 
per  cent. 

It  is  unfortunate  that  the  experimental  run  was  on 
Bessemer  instead  of  basic  iron.  The  records  of  other  days 
which  show  basic  iron  made  are  not  so  complete,  but  t hey 
indicate  only  a  small  difference  in  the  slag  ；  that  shown,  of 
course,  being  an  increase  in  lime.  The  coke  consuiiiption  of 
this  slag  was  not  materially  different  from  what  it  was  in 
standard  practice  ；  the  slags  were  free  flowing,  and  did  not 
have  a  noticeably  higher  fusion  temperature  than  ordinary. 

Here,  then,  wo  have  three  cases,  in  all  of  which  the  coke 
is  of  about  the  same  sulphur  content',  the  desulphurisation 
of  the  iron  is  the  same,  the  coke  consumption  is  no  more 
different  than  would  be  accounted  for  by  the  different  kinds 
of  ore.  The  only  difference  of  importance  is  tlie  silicon  in  tlie 
iron,  which  is  not  sufficient  to  require  a  very  great  change  in 
the  slag  composition.    We  will  refer  to  this  condition  later. 

The  amount  of  lime  in  these  slags  can  be  calculated,  but  it 
is  necessary  to  remember  tliat  there  is  a  small  quantity  of 
neutral  material,  CaS,  FeO，  MnO,  &c -，  which  may  be  taken 
at  3  5  per  cent,  in  all  cases  as  a  close  approximation  to  good 
practice.  Following  this  procedure,  tlie  results  shown  in  tlie 
first  four  columns  of  Table  I.  are  obtained  ： ― 


Table  I. ― Composition  of  Slays. 
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Columns  5  and  G  present  the  ratios  of  Ijnie  to  silica 
+  alumina,  and  lime+  alumina  to  silica.  These  ratios  change 
from  L-27  to  0  59  in  the  first  case,  and  from  168  to  2*90  in  the 
second  case.    No  oue  can  hope  to  show  any  relations  between 
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Hipsp  ratios  that,  can  hear  in  any  ini  olli^ihlo  way  on  i  ho 
variai  ion  of  the-  alumina  content  - 

Column  7，  however,  shows  t  lie  ral  io  of  i  lie.  lime  t"  t  hr 
silica,  wliidi  is  virtually  a  constant  tlirauglioui  .  The  rosiill 
in  t,he  experiment  is  the  lowest,  and  corres|)(ni<ls  to  t  Ite  higher 
silicon  in  the  iron.  If  the  lime  were  increased  in  this  latter 
case  about  5  per  cent,  of  its  own  wfi^ht ,  t  liis  sla^  would  1  lien 
have  identically  the  same  ratio  as  tlie  otliers,  and  would  [)(' 
just  about  as  much  "  limier  ，，  as  would  permit  the  product  i'm 
of  basic  iron  by  the  addition  of  a  little  more  Imrdcii. 

It-  may  be  claimed  in  opposition  tlial  i  lui  analyses  clioscn 
as  representative  of  Virginia  and  Lake  ore  practice  Iiave  been 
taken  wit h  the  object  of  showing  the  result  desired  rather 
than  representing  the  typical  slags.  For  the  Virginia  prac- 
tice this  certainly  is  not  true,  and  if  there  be  any  error  in  the 
slag  analysis  for  Lake  ore',  I  do  not  know  how  to  bettor  it . 
Certainly  no  correction  that  could  be  made  would  fail  to  leave 
the  lime^silica  ratio  infinitely  nearer  a  constant  than  either 
of  the  others. 

It  may  be  well  to  reiterate  here'  tliat  such  a  comparison  is 
only  useful  in  the  case  of  furnaces  on  a  comparable  basis  in 
other  respects  ；  that  is  to  say,  working  for  the  same  degree  of 
(leftulpliurisation  and  the'  same  silicon,  and  using  materials 
of  about  the  same  sulphur*  content.  The  question  of  the  slag 
volume  also  enters  here,  and  the  question  whether  a  given 
slag  volume  is  as  efficacious  in  the  removal  of  sulphur  wlien 
the  alumina  is  high  as  when  it  is  low.  We  know  that  if  tlie 
slag  exceeds  a  certain  content  of  sulphur  in  ordinary  practice, 
the  desulphurisation  of  the  iron  will  be  incomplete,  and  if  tlie 
alumina  be  simply  a  diluent  the  effectiveness  of  the  slag  might 
be  diminished  in  proportion  as  the  percentage  of  the 
alutnina  rose. 

In  spite  of  this  theoretical  consideration,  the  sulphur  in 
the  slags  in  the  high-alumina  experiments  mentioned  ran 
about  175  per  cent.,  with  perfectly  satisfactory  desulphurisa- 
tion,  while  the  relative  slag  volume  was  little,  if  any,  higher 
with  alumina  approaching  40  per  cent,  than  with  normal 


On  foundry  irons  the  ratio  of  lime  to  silica  is,  of  course, 
lower  than  on  basic.  In  Virginia  practice  the  typical  analysis 
would  be  about :  A1203，  7  ；  Si02，  41  ；  CaO,  48*5  ；  neutral 
substances,  3  5  per  oent.3  giving  a  lime-silica  ratio  of  1'2 
instead  of  1'5  on  basic  iron.  A  recent  opportunity  of  discus- 
sing this  subject  with  many  furnacemen  in  all  parts  of  the 
country  lias  shown  that  virtually  all  slags  for  foundry  iron 
have  a  lime-silica  ratio  of  between  12  and  1'4.  Foundry  iron 
practice  is  so  much  less  definite  than  basic  that  the  same 
exactness  of  ratio  is  hardly  to  be  expected,  and  data  are  not  at 
liand  to  determine  a  correct  ratio  definitely. 

There  seems  to  be  a  fairly  well-defined  opinion  among  the 
bestrinformed  furnac^men  that  alumina  has  the  effect  of 
making  the  slag  viscous  and  stringy  in  a  certain  range, 
beginning  about  16，  reaching  a  maximum  about  20，  and  dis- 
appearing between  25  and  30  per  cent.  The  data  at  hand  do 
not  permit  of  a  definite  statement  on  the  subject,  because  the 
lime-silica  ratio  is  not  known  for  a  sufficient  number  of  oast's, 
and  if  high  alumina  be  coupled  with  a  higher  than  normal 
lime-silica  ratio,  it  is  not  fair  to  blame  the  alumina  any  more 
than  the  high  lime  for  the  result. 

One  case  is  on  record  in  which  the  high  alumina  was 
coupled  with  excessively  bad  results,  but  it  was  also  coupled 
with  an  extremely  high-sulphur  coke,  which  compelled  tlie 
use  of  very  high  lime,  which  resulted  in  an  infusible  slag.  In 
such  a  case  the  high  alumina  may  do  no  more  than  render 
stringy  a  slag  that  would  be  troublesome  in  any  event.  A 
question  of  this  character  can  only  be  properly  settled  by  the 
us©  of  an  accurate  pyrometer  for  determining  Uie  temperature 
at  which  different  slags  become  free  running.  The  perfection 
of  an  accurate  optical  pyrometer  which  can  easily  be  used  to 
determine  the  temperature  of  the  slag  close  to  the  furnace 
would  make  the  investigation  relatively  easy. 

The  utility  of  such  knowledge  lies  in  enabling  us  to  deter- 
mine in  advance  the  slag  which  will  give  satisfactorv  results 
in  practice  wh^n  a  change  in  the  materials  used  causes  the 
ahunina  to  exceed  the  ordinary  limits.  The  decreasing  grade 
of  the  ores  available  must  result  in  the  increasing  use  of  inanv 
ores  higher  in  alumina  than  those  of  present  practice.  If  the 
laws  governing  its  action  are  not  known,  bad  results  are  hound 
to  follow. 

A  furnaceman  recently  told  me  of  a  case  in  which  tlie 
ahunina  had  been  regarded  as  an  acid,  and  the  slag  had  been 


calculated  to  give  the  same  r;it io  r>f  lime  to  silica  \  alumina  as 
in  standard  practice,  with  the  result  that  t \\o  furnarr*  had 
been  badly  "  hiui^od  up  "  wit  Ii   lime.     S<'、  'm  :i1   i  m+i'""'m*''i 
with  whom  I  have  talked  had  reali»e<l  tlial  alumina  coul<l  not 
be  properly  regarded  in  this  way,  }>ut  only  t wo  have  m;""' 
(lefinite  statements  that  they  regarded  it  as  a  neut  ral  suh- 
stance,  and  only  one  had  readied  t lie  confliusion  that  a  (Iffinito 
lime-silica  ratio  was  the  object  to  be  attained.    This  w;«  .1 
II.  Franiz,  general  manager,  ('oluir 山 us  Iron  ； nid  St"'l  ( 'om 
pany.    Several  years  ago  he  liad  reached  the  opinion  1""*' 
maintained,  aiul   had  j)  re  pared  a  table  giving  ； l  lirno-silica 
ratio  of  15  with  percentages  of  alumina  varying  I'rom  、 ，', 
30  per  cent.    He  also  told  me  that  this  view  had  1" 屮 n 
lished  several  years  ago,  but  he  did  not  rememljer  the  narnf 
of  tlie  publication  or  of  tlie  author. 

In  conclusion,  it  seems  worth  while  to  point  out  t  l»ai  th'' 
i  ii  creased  viscosity  accompanying  liigli  alumina  ma  v  I"'  "i 
benefit  in  making  foundry  iron.  This  was  a  subject  to  which 
both  Mr.  Frantz  and  I  independently  had  given  soinf*  f '山 
sideration  for  several  years.  That  iron  will  not  take  up  much 
silicon  except  at  a  relatively  high  temperature  is  well  known , 
and  as  its  melting  temperature  is  relatively  low,  its  tendency 
is  to  run  down  out  of  the  region  in  which  it  can  absorb  silicon 
into  the  crucible.  The  fusion  temperature  of  slag  is  much 
higlier  than  that  of  iron,  and,  being  more  viscous,  it  acts  as  a 
retardant  on  the  iron  and  always  delays  its  descent  so  tliat  it 
can  acquire  the  necessary  temperature. 

A  too  fusible  slag  does  not  perform  this  function  properly, 
and  I  have  personally  seen  a  case  in  which  no  reasonable 
reduction  of  burden  would  raise  the  silicon  to  ordinarv 
foundry  limits,  but  in  which  this  was  easily  done  by  increa>in  _' 
the  lime  considerably  beyond  that  necessary  for  desulphurisa- 
tion  in  spite  of  the  clesiliconising  influence  of  the  more  basic 
slag.  For  the  same  reason  it  is  more  difficult  to  make  foundrv 
iron  when  enough  magnesia  is  present  to  increase  the  fluidity 
of  the  slag.  Now  if  alumina  increases  the  viscosity  of  the 
slag  without  the  accompanying  desiliconising  influence  of  the 
limier  slags  of  the  same  free-running  temperature,  tlien  the 
introduction  of  the  silicon  into  the  iron  should  be  facilitate.! 
by  high  alumina.  Mr.  Frantz  is  of  the  opinion  that  tliis  is 
true  to  some  extent.  My  own  experience  does  not  cover 
the  point. 

METAL  QUOTATIONS. 

TUESDAY,  JANUARY  Nth. 

Aluminium  ingot   95/-  per  cwt. 

,，         wire,  according  to  sizes,  &c  from  1 12/-  ，, 

，,        sheets        ，,  ,，    ，，  120/-  ，， 

Antimony  £3S/-/-  to  £40/-/-  per  ton. 

Brass,  rolled    9d.  per  lb. 

" tubes  (brazed)    lOJd. 

,,       ，，     (solid  drawn)   Did. 

，，       ，,     wire   9d. 

Copper,  Standard   £70/ !.">/-  per  ton. 

Iron,  Cleveland   66/3  „ 

*„    Scotch   72/3  ，， 

Lead,  English    £17/10/-  ,, 

,， Foreign  (soft)    £17/_/-  ,， 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

，,  ，，  ,,       medium   3/6  to  6/ - 

，，  ，，  ，，       large   7/6  to  11/- ,， 

Quicksilver   £7/l.">/6  per  bottlo 

Silver   2*»1,,Td.  per  oz. 

Spelter    £20/5/-  per  ton. 

Tin,  block   £220/10/-  ,， 

Tin  plates   15/1  i  ,, 

Zinc  sheets  (Silesian)   £29/7/6  ,， 

(Stettin  ；  Vieille  Montagne)   £30/5/-  ', 


Hydraulic  Pumping  Plant  for  Cardiff  Docks. ― The  Hydraulic 
Engineering  Company,  Ltd. ，  Chester,  have  recently  been 
entrusted  with  an  order  bv  the  Cardiff  Railway  Company  for 
four  sets  of  vertical  triple-expansion  livdraulic  pumping 
engines  for  a  new  extension  at  the  Cardiff  Docks.  These 
engines  will  be  similar  to  tliose  installed  at.  the  Grosvenor 
Road  Station  of  the  London  Hydraulic  Power  Company,  aiul 
will  be  capable  of  delivering  450  galls,  of  wat^r  [>er  minute 
against  an  accumulator  pressure  of  8501bs.  per  square  iiu'h. 
Their  design  will  be  most  up  to  date  in  all  respects,  and  a 
high  strain  efficiency  is  guaranteed.  Steam  will  he  suppli^nl 
by  Babcock  &  Wilcox  boilers  at  a  pressure  of  1801bs.  per 
square  inch. 
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REVOLVING  POKERS  FOR  GAS  PRODUCERS. 

In  gas  producers  using  t>il uininous  or  other  similar  fuel  it  is 
necessary  for  the  successful  operation  of  the  apparatus  to 
provide  some  arrangement  for  agitating  the  fuel  in  order  to 
avoid  caking  or  clinkering.  An  arrangement  for  this  pur- 
pose has  recently  been  patented  by  The  Dowson  &  Mason 
Gas  Plant  Company,  Ltd.,  Alma  Works,  Levenshulme,  Man- 
chester, in  conjunction  with  Mr.  J.  Cunningham.  In  this 
construction  there  are  annularly  disposed  in  the  top  of  tiie 
producer  and  around  the  usual  central  feeding  hopper,  a 


upon  loosening  the  straps  and  setting  each  poker  at  the  de- 
sired angle,  whereupon  the  straps  being  again  secured  the 
parts  are  held  in  the  desired  position.  From  the  under  side 
of  each  head  B  a  cylindrical  flange  F  projects  into  the  annular 
chamber  A,  and  on  the  chamber  being  filled  with  water  the 
head  is  luted  and  leakage  of  gas  prevented.  Sprocket  teeth 
are  formed  on  the  periphery  of  each  head  B,  and  an  endless 
sprocket  chain  is  made  to  gear  with  the  sprocket  teeth,  as 
shown  by  the  chain  line  G  (Fig.  2).  The  sprocket  chain  also 
gears  with  a  pinion  H  fixed  to  a  worm-wheel  J  on  a  stud 
secured  in  the  top  of  the  producer  and  rotated  by  a  worm  K 
driven  through  gearing  (not  shown)  from  any 
suitable  source  of^power,  so  that  on  rotation 
of  the  shaft  the  heads  B  are  all  made  to 
revolve,  displacement  of  the  heads  being  pre- 
vented by  guide  rollers  L  carried  on  studs 
secured  in  the  flange  on  the  chamber  A.  The 
rotation  of  the  beads  B  causes  the  pokers  E 
which  they  carry  to  be  also  rotated,  their 
lower  ends  describing  the  circles  indicated  by 
the  chain  lines  (Fig.  2).  This  rotation  of  the 
pokers  effectively  keeps  the  fuel  from  caking 
or  clinkering,  so  that  thorough  gasification  of 
the  fuel  is  ensured.  The  pokers  may  be 
water-cooled  if  desired. 


Revolving  Pokers  foti  Gas  Producers. 

series  of  rotatal^le  heads,  preferably  water-luted,  and  having 
adjustable  cylindrical  parts  carrying  pokers,  which  may  be 
water-cooled,  and  which  project  more  or  less  into  the  fuel. 
The  heads  are  rotated  and  with  them  the  pokers  by  an  end- 
less chain  gearing  with  sprocket  teeth  on  the  periphery  of 
each  head,  the  chain  also  gearing  with  a  pinion  rotated  in 
turn  by  gearing  from  any  suitable  source  of  power.  The  ad- 
justable cylindrical  parfc&  permit  of  the  pokers  being  set  at 
various  angles,  so  that  when  the  pokers  are  rotated  their  points 
may  describe  circles  of  any  desired  and  various  diameters. 

Fig.  1-is  a  vertical  section  of  parts  of  a  gas  producer  suffi- 
cient to  show  the  arrangement.  Fig.  2  is  a  plan  showing 
diagrammatically  the  means  used  for  rotating  the  poker- 
carrying  heads.  Fig.  3  shows  respectively  a  vertical  section 
and  a  plan  to  an  enlarged  scale  of  one  of  the  water-luted 
heads.  The  producer  consists  of  the  usual  firebrick-lined 
metal  casing  having  a  central  feeding  hopper  and  an  outlet 
for  the  gas  produced.  Through  the  top  of  the  producer  and 
annularly  disposed  around  the  feeding  hopper  there  are 
formed  a  series  of  apertures  in  each  of  which  there  is  car- 
ried an  annular  chamber  A,  the  chambers  being  supported  in 
the  apertures  by  flanges  thereon  resting  on  the  top  of  the 
producer  and  bolted  thereto.  Over  each  chamber  A  there 
extends  a  head  B  resting  on  a  ball  bearing  carried  on  the 
upper  surface  of  a  flange  surrounding  the  upper  end  of  the 
chamber  A.  An  aperture  C  is  formed  through  the  central 
part  of  each  head  B,  this  aperture  being  closed  by  a  cylinder 
D  held  in  place  by  straps,  the  ends  of  which  are  bolted  to 
the  head  B.  A  poker  E  extends  through  each  cylinder  D  and 
projects  to  any  desired  extent  into  the  fuel  within  the  pro- 
ducer, being  hold  in  the  desired  position  by  a  pinching  screw . 
The  pokers  E  may  be  adjusted  in  angle  within  limits  deter- 
mined by  the  internal  diameter  of  the  annular  chamber  A 


PHOSPHOR-BRONZE  FORMULAS. 

The  composition  of  various  alloys  of  phosphor- 
bronze  ordinarily  employed  in  France  was 
given  in  a  recent  issue  of  il  La  Fonderie 
Modern/'  They  are  classified  under  three 
heads,  namely,  tin,  zinc,  and  lead  phosphor- 
bronzes.  Under  the  head  cf  tin  bron/es  the 
following  alloys  are  given  :  For  a  tough 
ductile  alloy  :  Copper,  90  per  cent.  ；  tin,  10 
per  cent.  ；  and  phosphorus,  0  5  per  cent. 
For  water  and  steara  pressures  :  Copper,  87  5 
per  cent.  ；  tin,  12*5  per  cent.  ；  and  phos- 
phorus, 0*4  per  cent.  Three  other  alloys  are 
given  for  use  where  a  very  hard  metal  is 
required,  the  tin  content  being  14,  16，  and  18 
per  cent,  respectively,  and  the  phosphorus  in 
Fig.  3.  each  case,  0  4  per  cent.  ；    the  remainder  of 

the  alloy  consists  of  copper. 
For  hydraulic  pistons  the  following  alloy  is  recommended  ： 
Copper,  83  per  cent.  ；  tin,  11  per  cent.  ；  zinc,  6  per  cent. ； 
and  phosphorus,  0*4  per  cent.  For  bearings  the  three  follow- 
ing alloys  are  given  ：  (1)  Copper.  81  per  cent.  ；  1inf  15  per 
cent.  ；  zinc,  4  per  cent.  ；  and  phosphorus,  0  35  per  cent. 
(2)  Copper,  74  per  cent.  ；  tin,  12  per  cent.;  zinc,  14  per 
cent.  ；  and  phosphorus,  0*3  per  cent.  (3)  Copper,  72  per 
cent.  ；  tin,  11  per  cent.  ；  zinc,  17  per  cent.  ；  and  phosphorus, 
0*25  per  cent. 

The  lead  series  include  four  formulae,  all  of  which  are 
suitable  for  bearing  purposes,  namely  :  (1)  Copper,  86  per 
cent.  ；  tin,  8  per  cent.  ；  lead,  6  per  cent.  ；  and  phosphorus, 
0*5  per  cent.  (2)  Copper,  83  per  cent.  ；  tin,  11  per  cent. ； 
lead,  6  per  cent.  ；  and  phosphorus,  0*4  per  cent -  (3)  Copper, 
83  per  cent.  ；  tin,  5  per  cent.  ；  lead,  12  per  cent.  ；  and  phos- 
phorus, 03  per  cent.  (4)  Copper,  78  per  cent.  ；  tin,  10  per 
cent.  ；  zinc,  4  per  cent.  :  lead,  8  per  cent.  ；  and  phosphorus, 
0*6  per  cent. 


Swedish  Iron  Production. ― At  the  last  meeting  of  the  Union 
of  Swedish  Ironmasrters  the  report  stated  that  for  the  first 
three  quarters  of  1912  the  export  statistics  for  all  kinds  of 
iron  goods,  except  bar  iron  and  billets,  show  an  increase  as 
compared  with  the  corresponding  figures  for  the  preceding 
year.  The  decline  in  the  two  products  referred  to  was  during 
October  turned  into  an  increase.  The  export  of  pig  iron 
continues  at  a  liigli  figure,  and  at  the  end  of  October  the 
exports  of  the  year  exceeded  those  for  the  same  ]>eriod  of 
1911  by  33,700  tons.  The  different  works  have  been  fully 
employed  ；  the  production  of  pig  iron  during  the  first  three 
quarters  of  1912  was  30,900  tons  greater  tlian  for  the  first. 
n\ne  months  of  1911，  and  the  production  of  iron  and  steel  in 
blooms  and  ingots  shows  an  increase  of  23,600  tons.  There 
were  in  operation  during  the  third  quarter  of  1912,  103  blast- 
furnaces, against  84  for  the  same  period  of  1911. 
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CASE  CARBONISING  OF  STEEL 

An  exhaustive  paper  on  "  Case  Carbonising  "  was  presented 
by  Mr.  M,  T.  Lothrop  at  a  recent  meeting  of  the  American 
Society  of  JMechanical  Engineers.  The  paper,  which 
includes  a  large  number  of  tables  of  results,  contains 
much  valuable  information  on  the  subject,  based  upon 
a  aeries  of  exhaustive  experiments.  The  investigations 
were  undertaken  with  the  object  of  pointing  out  t ]io 
causes  of  and  the  results  effected  by  irregularity, 
and  the  means  and  precautions  which  must  be 
employed  to  produce  uniformity,  and  the  results  obtained 
indicate  that  commercially  case  carbonising  operations  can 
be  performed  in  such  a  manner  that  the  final  result  will  be 
absolutely  uniform. 

The  first  of  the  experiments  was  made  in  order  to  deter- 
mine the  effect  of  heat  treatment  in  case  cart)onising.  The 
materials  used  ran  from  0*15  per  cent,  to  0'25  per  cent, 
carbon,  basic  open  hearth  ；  0'10  per  cent,  to  0"31  per  cent., 
Halcomb  electric  furnace  nickel  steel  ；  0'20  per  cent,  and 
0'49  per  cent.,  Halcomb  electric  furnace  chrome-vanadium 
steel,  and  0*50  per  cent.,  Halcomb  electric  furnace  chrome- 
nickel  steel.  The  general  conclusions  arrived  at  by  the 
author  from  these  tests  are  as  follows  ： ― 

Strength  and  toughness  decrease'  with  increasing  depth  of 
case.  This  is  important  commercially,  for  with  a  certain 
steel  and  a  certain  heat  treatment  uniformity  of  strength  and 
toughness  is  impossible  if  tlie  depth  of  case  varies. 

The  critical  depth  of  case  at  which  maximum  brittleness 
and  minimum  strength  occur  depends  upon  the  initial  carbon 
content  of  the  steel  which  is  case  carbonised.  The  higher  the 
original  carbon  content,  the  smaller  the  ratio  of  depth  of 
case  to  diameter  of  core  at  the  point  where  this  brittleness 
occurs.  The  commercial  importance  of  this  point  is  that  the 
manufacturer  using  the  steel  for  case  carbonising  should 
know  its  composition  and  should  vary  the  depth  of  the  car- 
bonising effect  as  demanded  by  the  composition  of  the  metal 
being  used. 

Strength  and  toughness  increase  with,  double  heat  treat- 
ment. This  result  is  to  be  expected,  for  the  dual  nature  of 
case-carbonised  steel  requires  two  thermal  treatments  properly 
to  refine  the  composite  metal. 

Strength  and  toughness  increase  when  the  temper  is 
drawn  at  380°  Fall.  This  operation  does  not  decrease  the 
hardness  but  relieves  in  a  greater  or  less  degree  the  strains 
set  up  in  hardening,  and  makes  for  uniformity,  as  well  as 
more  pronounced  physical  properties. 

Annealing  after  case  carbonising  is  a  doubtful  operation. 
The  physical  improvement  with  single  heat  treatment  may 
be  obtained  by  resorting  to  double  heat  treatment,  for  the 
results  will  be  better  and  the  time  consumed  in  the  operation 
much  shorter.  Annealing  does  not  improve  the  double-heat 
treated  pieces,  and  may  even  cause  loss  of  strength  and  tough- 
ness, due  to  the  (lecarbonisation  which  may  take  place.  An- 
nealing is  not  to  be  recommended. 

The  case- c a rb o n i sed  steel  will,  with  either  double  or  single 
heat  treatment,  become  file  hard  at  temperatures  too  low 
for  the  best  development  of  the  maximum  strength  an d 
toughness.  Although  seemingly  paradoxical,  the-  dual  nature 
of  the  steel  after  case  carbonising  will  explain  this  established 
fact,  when  one  recalls  that  the  transformations  of  the  ex- 
terior are  first  completed  at  low  temperatures,  and  that  those 
of  the  interior  are  last  completed  at  higher  temperatures. 

All  steels  lose  their  file  hardness  wlien  drawn  at  425°  Fah., 
save  chrome  vanadium,  which  loses  it  at  450°  Fah. 

The  ideal  heat  treatment  for  a  case-carbonised  steel  may 
be  assumed  to  be :  Case  carbonise  to  the  thinnest  possible 
depth  of  case  demanded  by  th&  conditions  of  service  ；  reheat 
for  the  core  ；  quench  in  a  suitable  fluid  ；  reheat  for  the  case  : 
quench  in  a  suitable  fluid  ；  draw  the  temper  as  far  as  the 
conditions  of  service  will  permit. 

Case-carbonised  steel  parts,  such  as  gears,  <fec.,  may  be 
stronger,  tougher,  and  harder  than  similar  parts  made  from 
oil-hardened  steels. 

A  microscopic  experiment  on  the  effect  of  beat  treatment 
after  case  carbonising  was  made  to  determine,  if  possible,  the 
constitutional  difference  between  a  case-carbonised  bar  of 


steel  which  had  re<^eive<l  a  single  heat  treatment,  and  a  piece 
of  the  same  metal  carbonised  in  the  same  manner  which  had 
received  a  double  heat  treatment,  the  first  re-heating  designed 
to  be  the  best  possible  for  the  interior  of  the  core  and  the 
second  reheating  designed  to  be  the  be«t  possible  for  t  lio  <  n^- 
or  carbonised  zone.  The  results  of  this  experiment  indicate 
that  the  double  heat  treatment  increases  the  strength  and 
toughness  of  case-carbonise<l  steel  riue  to  the  smaller  and 
finer  martensitic  structure  developed. 

Experiments  were  carried  out  to  determine  the  lowest 
temperature  at  which  case  carbonising  begins  ；  the  lowest  "'m 
perature  with  each  of  the  three  different  types  of  case- 
carbonising  steels  (straight  carbon  and  alloy  all  of  the  sanu* 
carbon  content,  viz.,  0'2CT  per  cent.)  at  which  ifc  mi^Iii  In- 
most efficiently  f-oiuhu'ted  in  praftice  ；  and  t  lie  l,f'st,  t  fnip**ra 
ture  for  the  case  carbonising  of  steel.  The  steels  used  were 
(1)  open-hearth  carbon  steel  ；  (2)  electric  nickel  steel  :  and 
(3)  electric  chrome  vanadium  steel.  The  following  is  a 
general  summary  of  the  results  ： ― 

The  depth  of  case-carbonising  efiWt  in  a  given  time  in- 
creases with  the  temperature. 

The  carbon  content  in  the  case-carbonised  zone  in  a  given 
time  increases  with  the  temperature.  This  affords  the  com- 
mercial opportunity  of  varying  the  depth  of  case-carbonising 
effect  as  desired  by  changing  the  time,  and  of  varying  the 
carbon  content  of  the  case-carbonised  zone  by  changing  the 
case-carbonising  temperature.  It  is  poor  practice  to  raise 
the  temperature  of  the  case-carbonising  operation  for  the  pur- 
pose of  reducing  the  time  which  the  operatio.i  consumes,  for 
this  will  increase  the  maximum  carbon  content  of  the  case- 
carbonised  zone  and  may  change  the  character  of  the  physical 
properties  of  the  finished  product. 

The  minimum  temperature  at  which  uniform  penetrat  ion 
of  carbon  can  be  obtained  with  case  carbonising  seems  to 
be  1,500°  Fah.  With  lower  temperatures  the  carbon  maxi- 
mum is  not  uniform  in  its  distribution  and  the  penetral  ion 
too  slow. 

The  presence  of  excess  cementite  in  the  form  of  needles 
within  the  pearlite  grains,  so  conspicuous  in  nickel  and  car- 
bon steels,  indicates  a  temperature  during  case  carbonising 
which  overheats  the  metal  being  so  treated. 

Nickel  steel  gives  the  greatest  total  penetration  and 
greatest  gradation  zones. 

Chrome  vanadium  gives  the  highest  carbon  maximum  aiul 
finest-grained  steel. 

When  case  carbonising  is  conducted  at  1,400°  Fab.  or 
lower,  the  carbon  maximum  does  not  exceed  the  eutectic.  As 
the  case-carbonising  temperature  increases,  a  zone  of  hypereu- 
tectic  composition  develops  which  increases  in  depth  with 
the  temperature.  The  depth  of  this  zone  becomes  important 
when  sufficient  warpage  takes  place  in  the  piece  being 
hardened  to  demand  grinding  after  the  final  heat  treatment. 
It  has  been  demonstrated  often  that  a  carbon  content  of 
more  than  1  per  cent,  in  the  surface  of  a  case-carbonised  part 
is  undesirable  when  there  is  tlie  least  shock  to  be  reckons  1 
with,  because  in  such  instances  the  excess  of  carbon  exists 
in  the  form  of  films  of  carbide  between  the  grains  of  tlie  metal 
which  are  brittle  and  hard,  weakening  the  steel  and  render- 
ing it  liable  to  fail  by  flaking  off  or  spawling.  Therefore  it 
would  be  inadvisable  to  select  a  practice  or  a  material  which 
produces  such  a  condition  in  the  surface.  On  the  other  hand, 
if  the  carbon  percentage  is  lower  than  0*90  to  100  per  cent., 
the  case  will  not  show  its  maximum  hardness.  Therefore, 
when  pieces  are  to  remain  unground,  practice  should  aim 
at  a  production  of  a  0'90  per  cent,  carbon  surface,  but  when 
a  portion  of  the  steel  is  to  be  ground  off,  after  the  heat  treat 
ment,  it  is  advisable  to  drive  in  an  excess  of  carbon  so  as  to 
leave  this  optimum  percentage  of  0'9  to  I'OO  per  cent,  in  the 
final  surface. 

All  carbonised  zones  widen  with  increase  of  temperature. 
While  wide  gradation  zones  are  desirable  from  the  point  of 
view  of  tenacity  of  the  case  to  the  core,  other  considerations 
enter  into  the  commercial  side  of  the  problem.  The  first  is 
the  cost  of  maintaining  the  high  heats.  The  factors  of  fuel 
cost  and  increased  furnace  up-keep  cost  at  the  upper  tempera- 
tures are  self-evident.    The  second  is  the  difference  in  the 
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nature  of  Hi'e  rafv*.  Tnsperl ion  will  show  that,  at  1 ,500°  Fall, 
tlie  w"Hh  of  the  eutectic  zone  is  considerablv  greater  tlian 
ttiat  of  tlie  hyiw^ntect ic  zone,  and  th^  hvj>oeut'fk('tic  zone  of 
i  lie  defreasin^  carbon  content  is  wider  still,  which  means,  of 
course,  that  the  case  carbonising  is  proceeding  gradually  and 
that  the  case  ami  core  are  merging  into  each  other  by  gentle 
degrees.  At  1,600°  Fah.  the  ratio  o\'  the  hi^li  carbon  ex- 
terior zone  to  the  inner  zones  rises,  and  at  1 ,700°  and  1,800° 
Fah.  the  increase  is  more  marked  still. 

The  meaning  of  all  tliis  is  that  as  the  temperature  goes 
up  (  arbon  is  forced  by  the  heat,  as  it  were,  to  rush  into  the 
surface  of  the  steel  faster  ihun  it  can  be  assimilated  by  the 
adjacent  grains,  and  so  the  outside  layers  ai  the  high  heats 
are  gorged  with  carbon  which  has  not  time  to  diffuse  gradually 
toward  the  centre  of  the  case.  This  condition  of  affairs  is 
highly  undesirable,  because  the  product  then  shows  a  sharp 
demarcation  between  case  and  core,  the  transition  from 
one  material  to  another  being  too  abrupt  ；  the  properties 
necessarily  vary  accordingly,  and  in  the  finished  piece  have 
a  tendency  to  set  up  high  physical  strains.  This  causes  flak- 
ing off  of  the  case  from  the  core,  a  phenomenon  familiar 
enough  to  those  engaged  in  the  trade.  The  remedy  is  to  case 
carbonise  at  a  moderate  heat  for  a  length  of  time  sufficient  to 
obtain  a  reasonable  depth  of  case  with  gradual  transition  from 
case  to  core.  This  temperature  appears  in  this  experiment 
to  be  about  1,650°  Fah.  with  open -hearth  carbon  steel,  1,600° 
Fah.  with  electric  nickel  steel,  and  1,650°  Fah.  with  electric 
chrorne  vanadium  steel. 

In  deciding  upon  the  best  carbonising  temperature,  the 
effect  of  heat  on  the  size  of  grain  in  the  steel  must  also  be 
considered.  This,  as  is  well  known,  is  a  very  decided  reaction, 
the  grain  coar&ening  rapidly  with  increasing  temperatures. 
In  this  connection  a  careful  investigation  showed  marked  con- 
trast between  the  behaviour  of  ordinary  carbon  steel  and 
the  two  alloy  steels  ；  the  former  began  to  coarsen  rapidly  at 
1 ,500°  Fah.  ；  nickel  steel  also  showed  the  same  effect  at  the 
same  temperature  but  in  a  much  less  marked  degree,  and 
chrome  vanadium  steel  retained  its  fine  grain  up  to  1,700° 
Fah.  and  over,  not  reaching  even  at  1，800°  Fall,  the  grain  size 
of  other  steels.  This  is  in  line  with  the  common  belief  that 
chromium  and  vanadium  retain  fineness  of  grain  in  steel. 

The  object  of  another  experiment  was  to  determine  by 
chemical  analysis  the  depth  of  carbonising  effect  and  carbon 
content  of  several  zones  of  case  carbonising  effect  as  effected 
by  the  composition  of  the  steel  being  case  carbonised.  The 
information  obtained  from  this  experiment  indicated  that  the 
higher  the  carbon  content  of  the  steel  case  carbonised,  the 
higher  will  be  the  maximum  carbon  content  of  case  when 
case  carbonising  is  performed  at  a  given  temperature  for  a 
given  time  ；  the  original  carbon  content  does  not  affect  the 
depth  of  case  under  the  conditions  of  this  experiment  ；  the 
nickel  and  carbon  steels  behave  similarly  in  regard  to  carbon 
maximum.  Chrome  vanadium  steel  takes  a  higher  carbon 
maximum  than  nickel  steel  and  carbon  steel  under  the  same 
case^carbonising  conditions. 

A  further  experiment  was  undertaken  to  determine  the 
commercial  efficiency  of  case-carbonising  materials  and  the  ele- 
ments which  affect  their  value  commercially, 】 4  of  these 
materials  being  selected  for  the  purpose.  The  results  obtained 
are  summarised  as  follows  : — 

The  volume  per  ton  of  case -carbonising  materials  varies. 
As  these  】naterials  are  used  by  volume,  not  by  weight,  this 
volume  per  ton  must  be  considered  in  the  economic  purchase 
of  this  grade  of  materia]. 

All  the  compounds  show  shrinkage  of  volume  and  in  most 
instances  a  loss  of  potency  with  continued  service.  This  point 
is  of  greatest  commercial  interest  since,  if  steel  of  variable 
carbon  content  is  produced  in  the  case-hardening  process,  the 
manufacturer  cannot  hope  for  uniform  results. 

With  the  compounds  on  the  market,  any  desired  maxi- 
mum carbon  content  in  the  case  can  be  obtained  with  a  given 
temperature  simply  by  varying  the  compounds  used. 

When  parts  are  produced  which  require  grinding  after 
treatment,  a  compound  should  be  selected  which  gives  a  high 
maximum  carbon  content. 

When  parts  are  produced  which  require  resistance  to 


sliock  after  heat  treatment,  a  compound  should  he  selected 
wlncli  gives  a  carbon  maximum  sufficient  for  the  hardness 
rlesired  and  not  in  excess  of  tliis  amount,  or  1)i*i(t]eness  will 
result. 

The  ideal  case-hardening  compound,  as  indirated  by  the 
experiment,  would  possess  the  following'  characteristics  ：  (1) 
large  volume  per  ton  ；  (2)  small  shrinkage  per  run  ；  (3)  high 
resistivity  to  change  of  shape  or  powdering;  (4)  cleanliness 
and  freedom  from  dust  ；  (5)  uniform  rase-rarbonising  power 
at  all  runs )  (fi)  capability  of  being  used  an  innuniftra))lo  num- 
ber of  times. 

The  information  herein  presented  was  obtained  with  tlm 
object  of  pointing  out:  (a)  the  quantitative  effect  of  the 
commercial  irregularities  which  creep  into  case-carbonised 
steel  parts  ；  (b)  the  precautions  which  must  be  observed  if 
uniformity  is  desired  ；  and  (c)  the  physical  characteristics 
in  case-carbonising  materials  which  must  be  considered  if  low 
cost  for  this  operation  is  to  be  obtained. 

The  ideal  case-carbonising  compound  perhaps  lias  not  yet 
been  produced  ；  however,  compounds  wliich  are  clean, 
mechanically  strong,  uniform  in  case -carbonising  power,  and 
capable  of  unlimited  re-use  are  being  ooinmerciallv  employed 
in  case-carbonising  operation. 


MAKING  HIGH-CONDUCTIVITY  COPPER  CASTINGS. 

In  view  of  the  extensive  demand  for  copper  sand  castings 
in  the  manufacture  of  electrical  work  at  the  present'  time, 
a n(l  the  probable  increase  in  this  demand  in  the  future,  our 
contemporary,  "  The  Brass  World/'  calls  attention  to  one 
requirement  which  is  usually  overlooked  or  not  given  the 
attention  that  it  should.  It  is  the  fact  that,  in  order  to 
produce  copper  castings  of  high  electrical  conductivity,  it  is 
absolutely  necessary  that  the  copper  used  for  making  the 
castings  be  of  a  similar  conductivity.  Many  brass  founders 
believe  that  the  material  used  for  rendering  the  copper  of 
high  conductivity  serves  to  purify  it  completely  from  all 
impurities,  so  that  an  impure  copper  can  be  used  for  the 
starting  point  and  result  in  a  pure  copper  of  high  conduc- 
tivity. This  belief  is  entirely  wrong.  In  making  copper 
castings  in  sand  the  matter  is  one  of  rendering  them  sound, 
and  in  order  to  do  this  some  deoxidising  material  is  neces- 
sary. It  is  the  oxygen  absorbed  that  causes  the  trouble,  and 
to  offset  this,  some  metal  or  substance  with  a  stronger  affinity 
for  it  than  copper  is  used  as  au  addition  to  the  latter  metal 
to  take  it  up  and  eliminate  it,  so  to  speak,  from  the  copper 
itself.  This  deoxidising  material,  be  it  magnesium,  silicon, 
manganese,  or  any  other  metal,  has  practically  one  mission, 
and  that  is  to  remove  the  oxygen.  This  statement  】uay,  per- 
haps, be  modified  by  stating  that  with  some  other  materials, 
like  titanium,  the  nitrogen,  if  any  be  present,  is  likewise  re- 
moved, and  certain  metals  like  manganese  remove  the  sulphur. 
The  two  most  frequently  used  substances  for  producing 
soiuid  copper  castings  are  silicon  and  magnesiiun,  and  these 
apparently  only  remove  the  oxygen.  Impure  copper,  such 
as,  for  instance,  commercial  casting  copper,  contains  as  im- 
purities arsenic,  iron,  antimony,  sulphur,  lead,  and  frequent  Iv 
bismuth,  tellurium,  and  selenium.  When  melted,  the  copper 
oxidises  to  a  greater  or  less  extent,  and  when  the  silicon, 
magnesium,  or  other  deoxidising  material  is  added  only  the 
oxygen  is  removed.  The  other  impurities  remain  and  greatly 
lower  the  electrical  conductivity  of  the  copper  casting.  To 
make  copper  castings  of  high  couductivity,  therefore,  it  is 
imperative  that  the  ingot  copper  used  should  likewise  be  of 
high  conductivity.  If  this  point  is  not  heeded,  the  castings, 
though  they  may  be  sound  and  solid,  will  fall  short  in  con- 
ductivity, frequently  to  a  great  extent. 


Scarcity  of  Iron  Ore  in  Japan. ―  At  a  ineoting  of  tho  Jnj>:  n 
Society  held  recently  in  London,  )[r.  A.  Aoki,  the  Vice- Consul  of 
Japan,  road  a  paper  on  industrial  develop  men  1  in  Japan.  Hp 
stated  that  lier  mineral  resources  woro  great,  l>ut  that  iron  ore 
u  as  scarce.  The  total  amount  of  iron  and  stool  snioltod  f ram  honio- 
produccd  iron  nro  was  only  350, OKI  tons,  of  tho  value  of  £'l，S<  »0,00n. 
rrho  groator  pro|)ortion  of  iron  and  steol  roquiwl  for  her  in- 
dustries had  thoroforo  \o  ho  imported, 
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THE  REACTIONS  OF  THE  PUDDLING  PROCESS. 

At  ； i  meeting  of  the  West  of  Scotland  Iron  and  Steel  Insti- 
tute, held  on  Saturday  last  at  Coatbridge,  Prof.  T.  Turner, 
the  University  of  Binningham,  read  a  paper  on  The 
lle;u'UoiiB  of  the  Puddling  Process. 7 '  He  said  it  way  jiow 
iiiore  than  half  a  century  since  the  introductiou  of  the  Bes- 
senter  process  startled  the  civilised  world,  and  threatened  the 
vniwv  extinction  of  the  trade  in  malleable  or  wrought  iron. 
l'，（u-  nearly  20  years  the  older  process  suffered  comparatively 
lit  t  k,  t'roni  the  attack  of  its  young  and  vigorous  rival,  but  the 
grudual  intjod action  of  mild  steel  for  rails,  plates,  wire,  and 
guns  ^ave  such  a  shock  to  tbe  iron  trade  that  when  the  bad 
times  of  the  later  seventies  came  the  whole  iron  industry  was 
again  threatened  wit.li  extinction.  To-day  tliey  saw  a  most 
remarkable  change  in  the  relative  position  of  the  two  pro- 
cesses. Bessemer  steel  was  now  tbreaened  by  its  newer  open- 
heart'h  rivals,  its  annual  output  diiniiiishing,  and  its  con- 
tinuation was  held  by  some  competent  observers  to  be  pro- 
blematical. 

The  wrought-iron  trade,  on  the  other  hand,  after  having 
sliruuk  to  relatively  insignificant  proportions,  now  showed 
sigiiK  of  pertnattency,  and  even  of  expansion,  which  was  cer- 
tainly unexpected  only  a  few  years  ago.  At  the  end  of  1912 
there  were  in  the  South  Staffordshire  and  North  Worcester- 
shire district  32  firms  engaged  in  the  production  of  puddled 
iron,  operating  661  furnaces,  and  employing  about  10,000 
hands.  During  the  last  year  or  two  the  demand  for  really 
ca])a}>le  puddlers  had  exceeded  the  supply,  and  there  was  a 
call  for  younger  men  to  train  for  the  work.  The  reasons  for 
the  adoption  of  steel  were  obvious  and  clear,  and  for  rails, 
wheels,  and  many  similar  purposes,  no  enthusiast  would  be 
so  hold  as  to  dream  that  wrought  iron  could  ever  replace  steel. 
On  the  other  hand,  it  must  be  acknowledged  that  wrought 
iron  had  certain  properties  which  were  largely  responsible  for 
the  fact  that  this  variety  of  material  was  to-day  in  increas- 
ing demand.  Among  these  properties  were  the  readiness 
wit  li  which  it  could  be  welded  or  otherwise  smithed,  its  trust- 
worthiness under  certain  kinds  of  shock,  and  its  power  of 
resisting  atmospheric  action. 

Though  the  continued  demand  for  wrought  iron  was  due 
to  the  qualities  of  the  material  itself,  there  were  several  other 
causes  that  had  contributed  to  the  result.  Certain  kinds  of 
pig  iron  which  were  suited  admirably  for  puddling  were  not 
so  well  adapted  for  steel  making  by  any  of  the  larger  pro- 
cesses. So  long  as  the  argillaceous  and  the  brown  ores  of 
t'li is  country  were  available,  so  long  should  we  have  pig  iron 
suitable  for  use  in  the  puddling  furnace.  As  regarded  the 
possibilities  of  increasing  the  output,  lowering  the  cost  and 
improving  the  quality  of  the  product,  it  might  at  once  be 
ioul'essed  that  the  hope  of  any  revolutionary  change  was 
remote.  It  was  probably  by  careful  attention  to  details 
rather  than  by  changes  in  principle  that  the  best  results 
would  be  obtained.  There  were  in  all  businesses  certain 
fonmieiT.ial  considerations.  The  attention  of  the  metallurgist 
、、； i,s  concent  ratted  rather  upon  what  went  on  inside  the  works, 
;ui<l  the  "lore  commercial  aspects  were  dealt  with  by  the 
oominercial  staff,  whose  training  was  often  less  extensive,  but' 
whose  re  numeration  not  infrequently  was  on  a  liigher  scale. 

Among  the  questions  that-  confronted  tlie  metallurgist 
were  tlie  (|uality  of  the  pig  iron  employed,  tlie  quality  and 
ronsuiitption  of  fuel,  the  character  of  the  fettling,  the  most 
vSiiil  alilc  size  and  shape  of  furnace,  tlie  react  ions  wliirli 
took  place  while  the  impurities  of  the  iron  were  being  re- 
moved, tlie  losses  during  conversion,  and  tlie  qiumt  it  v  and 
tjualil  v  of  t  lie  iron  and  the  top  cinder.  After  dealing  with 
tlio  various  processes  and  the  reactions,  Prof.  Turner  said 
t  liere  was  a  t  rust  worthiness  ami  (juality  in  puddled  iron  1  liat 
been  well  made  by  the  ordinary  process,  such  as  ruul<l 
not  be  exactly  reproduced  either  in  the  best  steel  or  witli 
rt.\milarity  in  any  large  mechanically-worked  furnace.  Tlie 
t ut ure  of  wrought  iron  was,  lie  believed,  more  (l(、i""i(l(、i、t 
upon  (|uality  and  xuiiforniitv  than  upon  rapidity  or  output  <、r 
reduction  in  price.  Economy  of  fuel  was  \o  be  looked  for 
r;"li(、i'  in  t1u、  direct  ion  of  i  ho  use  of  t-luvipoi-  fuel,  1  h('  <(mi|i1otc 
r(»inl)ust  ion  ()f  its  carbon,  and  utilisation  of  1  he  \vms(c  li";it 
iov  steaiu-raiising  or  other  purpoaea. 


SPECIFICATIONS  FOR  MACHINERY  CASTINGS. 

HY  JOHN  JERMUN  l'OHTMK. 

In  most  lines  of  machinery,  cast  iron  is  by  far  tlie  uiunt 
import  ant  mat-eri^I  of  construction.  In  sucli  ijiiporUint 
cla«»es  as  macliiue  tools  and  engines  it  i'oniis  not  U-ss  t han 
90  per  cent,  by  weight  of  the  ftninhed  machine,  and  it  i» 
probable  that  more  than  1 ,500,000  山.、 cast  iron  will  go 
this  year  into  the  construction  of  macliinery. 

K ot w i t h sta n d Lug  this  extenaive  use,  macliinery  ca»ting8 
ara  ordinarily  houglit  and  made  with  only  the  haziest  of 
concepts  as  to  the  properties  necessary  in  the  material,  and 
witli  only  the  loosest  of  specifications  to  control  t  he  quality^ 
It  is  not  unusual  for  an  order  to  state  ouly  the  niuiiber  of 
castings  desired,  and  it  is  rare  indeed  that  there  is  any  effort 
to  specify  or  determine  quality  beyond  tlie  simple  sta"'wi， 
that  the  castings  must  be  true  to  pattern  and  free  from  blow- 
holes and  similar  defects. 

Contrast  this  condition  with  the  great  attention  j>aid  to 
ste&l  as  a  material,  the  most  careful  study  being  given  to  the 
properties  desired  and  their  attaiument.  lu  almost  every 
case  its  composition  and  properties  have  been  tested  at  some 
stage  of  manufacture  and  it  is  usually  bougliL  on  fairly 
complete  and  stringent  specifieat i"iis. 

We  do  not  have  to  go  far  to  seek  the  reasons  for  tins 
difference.  Steel  is  a  homogent'uus  material  and  tlie  ]ji*o- 
perties  of  tlie  test  piece  represent  with  a  fair  degree  of 
accuracy  the  properties  of  the  structure  made  from  the  same 
material.  Hence,  tlie  engineer  can  with  safety  design  liis 
parts  according  to  the  data  secured  from  the  test  piece. 
Moreover,  the  relation  of  composition  and  method  of  inanu 
facture  of  steel  to  its  properties  is  well  understood. 

On  the  other  hand,  cast  iron  is  essentially  a  non- 
homogeneous  material  and  has  the  reputation  of  being 
extremely  variable  and  untrustworthy.  For  this  reason 
engineers  find  it  necessary  to  allow  so  large  a  factor  of  safety 
that  ordinary  differences  in  strength  are  not  worth  consider- 
ing. It  is  to  be  feared,  however,  that  to  many  engineers  and 
users  cast  iron  is  simply  cast  iron,  and  there  is  no  appreciation 
of  the  great  differences  possible  in  the  material. 

Now,  while  ib  is  true  that  cast  iron  is  not  like  steel  and 
cannot  be  expected  to  remain  as  uniform  in  its  propet  t  " 、， 
nevertheless  its  bad  reputation  iu  this  respect  in  largely  a 
heritage  of  the  past  aud  need  not  apply  to  the  product  of  the 
modern  foundry. 

The  first  point  to  be  considered  is  what  we  expect  to 
accomplish  by  the  use  of  specifications  or  standards  of  quality. 
Since  their  use  presupposes  definite  knowledge  of  tlie  pro- 
perties desired  in  the  material  in  many  cases  their  gre;i T *--t 
value  is  in  focussing  attention  on  this  point  and  thus  imlir*'ctl、 
bettering  the  quality  of  the  product.  Assuming  the  pro- 
perties to  be  desircwi  are  knowu,  buying  ou  specification 
furnishes  the  only  sure  meaits  of  getting  the  results  desired. 

When  we  mention  specifications  the  average  foundr\nian 
or  user  of  cast  iron  thinks  ouly  of  strength,  and  it  is  wo  11 
known  that  in  a  large  number  of  machinery  castings  streu^t  Ii 
is  of  relatively  small  importance,  sinoe  the  parts  must 
designed  for  weight  and  rigidity  and  therefore  contain  an 
excess  of  metal  over  that  required  by  mere  consideratious  of 
strength.  However,  there  are  many  other  properties  to  be 
considered,  such  as  hardness,  wearing  power,  porositv,  colour, 
ability  to  take  a  polish,  elasticity,  &c.，  and  some  of  these  are 
frequently  of  much  more  importance  than  strength.  The 
ability  to  take  a  polish,  for  example,  is  of  very  great  intpor- 
tance  to  machine  tool  builders,  who  as  a  rule  pay  much 
attention  to  the  apj>earance  of  thiMi*  product  and  use  j>oIished 
surt'ams  freely.  One  who  has  never  investigated  this  matter 
would  be  surprised  at  the  great  differences  iu  tlie  aj>]M*araiK*v 
oi'  polished  castings  of  ot herwise  similar  ])roj>ertie8.  Anut lur 
example  is  the  case  of  aittomobile  and  gas  engine  cylinders, 
whirh  must  first  of  all  be  free  from  porositv  and.  s，m',,iu11v, 
should  have  t lie  ^roatest  ivsistamv  to  wear  oonsisU'iit  witli 
MiHicient  softness  to  ]>ennit  macliiiiing.  Enormous 
rences  in  both  }>r(>i>erties  are  possible  in  castings  of  e<)ual 
hardness. 

Although  t lie  iiiiproveinent  of  jnoduct  is  thus  tlie  ，小 i'  I 
atlvantage  to  be  anticipated,  it  may  in  some  cas**s  \>f  \H)>s\\Ar 
to  effect  some  reduction  in  the  cost  of  maiuifaoture  by  ineaiis 
of  sjxvifuMtions,  mving  to  tlie  greater  uiiii'orniity  ot  tlio  inrtal 
and  ilie  elimination  of  hard  c;ust in^s.  As  a  usual  tiling 
1  Hiving  on  specifications  moans  a  broader  field  for  tlio  inuvhasi* 
of  inatcrials  ami  a  bettor  price  ；  but  in  this  case,  owing  to  thf 
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fact  tliat  mosi  foundries  are  not  prepared  to  furnish  castings 
of  guaranteed  or  known  pro]>erties  this  advantage  canuot  be 
expected.  On  the  contrary,  a  narrower  field  and  a  higher 
price  are  very  apt  to  be  tlie  result  . 

I  do  not  jtropos©  to  do  anytliing-  so  bold  as  to  attemj^t  1(, 
draw  up  model  specifications  of  general  applicability,  but  it 
may  not  be  amiss  if  I  discuss  the  general  principles  to  be 
applied  to  the  case  of  cast  iron.  The  steps  involved  are: 
First,  to  decide  on  the'  properties  desired  ；  second,  to  deter- 
mim'  how  they  shall  be  specified ― whether  directly,  and  il'  so, 
in  what  terms,  or  whether  indirectly,  by  specifying  composi- 
tion, method  of  manufacture,  and  other  controlling  factors  ； 
third,  to  provide  a  system  of  inspection  and  tests  or  other 
means  of  determining  whether  the  specifications  are  being 
fulfilled. 

The  properties  desired  depend  on  the  casting  and  its  use. 
In  most  machinery  parts  hardness  is  probably  the  most 
important  property,  with  strength  and  ability  to  take  a 
polish  following  closely.  In  castings  such  as  lathe  and  planer 
beds,  the  resistance  to  woar  (in  the  vees)  is  of  considerable 
importance.  The  case  of  engine  cylinders  has  already  been 
mentioned.  In  some  cases  stiffness  is  of  some  importance,  and 
there  are  other  properties  which  occasionally  need  considera- 
tion. In  general,  however,  we  have  two  classes  of  castings  ： 
First,  general  machinery  castings  in  which  the  important  pro- 
perties are  softness,  the  ability  to  take  a  good  polish,  and 
strength  ；  second,  cylinders  and  to  a  less  extent  lathe  beds 
and  similar  castings  in  which  close  grain  and  resistance  to 
wear  are  of  prime  importance,  although  they  must  b©  accom- 
panied by  good  strength  and  a  reasonable  degree  of  softness. 

To  decide  on  the&e  properties  as  desirable  is  an  easy 
matter  ；  to  find  means  of  specifying  thorn  is  often  more  diffi- 
cult. Such  properties  as  strength  and  hardness  are  easily 
specified  directly.  Strength  is  measured  by  a  tensile  or 
transverse  test  bar,  preferably  cast,  attached  to  certain  cast- 
ings. Hardness  may  be  measured  on  the  casting  itself  by 
means  of  the  Shore  scleroscope  or  by  the  drill  test,  on  a 
separate  test  piece.  There  is  now  in  existence  no  recognised 
test  for  resistance  to  wear.  It  should  not  be  impossible  to 
devise  one  ；  but  as  the  factors  influencing  this  property  are 
now  fairly  well  understood,  it  is  perhaps  more  satisfactory  to 
get  the  desired  results  by  the  indirect  method  of  specifying 
composition  and  method  of  manufacture.  The  same  is  true  as 
to  the  property  of  clos&neiss  of  grain,  ability  to  take  a  polish, 
and  freedom  from  porosity. 

As  a  general  proposition  it  is  better  not  to  hamper  the 
manufacturer  by  required  composition  and  method  of  manu- 
facture, but  to  hold  him  responsible  for  results  only .  How- 
ever, there  are  some  properties,  such  as  tho  last  mentioned 
above,  which  are  so  intangible  as  to  render  it  very  difficult  if 
not  impossible  directly  to  measure  them  satisfactorily.  In 
the  case  of  steel  also  it  has  been  found  that  tests  of  the 
material  alone  cannot  satisfactorily  cover  the  ground,  there 
being  service  differences  which  are  not  discovered  by  inspec- 
tion or  laboratory  tests,  but  which  depend  upon  and  hence 
can  be  controlled  by  composition  and  method  of  manufacture. 

Finally,  there  is  the  matter  of  a  system  of  inspection, 
tests  and  records  which  will  show  .  whether  specifications 
are  being  lived  up  to.  Such  a  system  to  be  successful 
must  be  simple  and  not  involve  burdensome  detail  or  ex- 
pensive features.  In  the  average  plant  skilled  testing  engi- 
neers are  not  available,  hence  the  tests  must  be  simple 
enough  to  be  made  by  men  of  average  intelligence  and  with- 
out special  training,  and  also  without  the  use  of  excessively 
expensive  apparatus. 

In  my  experience  I  have  obtained  very  satisfactory  re- 
sults by  the  use  of  only  one  test  piece,  or  rather  one  kind 
()f  a  test  piece ~ a  bar  13in.  long  by  lin.  square  in  cross 
section,  several  of  which  are  poured  along  with  the  cast- 
ing or  preferably  cast  attached  as  coupons  to  certain  repre- 
sentative or  important  castings.  If  this  latter  plan  i&  fol- 
lowed there  is  no  possible  chance  for  fraud  or  for  the  bars 
from  different  heats  and  mixtures  becoming  mixed  up. 

It  is  well  to  state  in  this  connection  that  the  size  of  the 
test  bar  should  bear  some  relation  to  the  thickness  of  the 
cast  ings?  owing  to  the  well-known  fact  that  the  structure 
and  properties  of  cast  iron  are  a  function  of  rate  of  cooling, 
as  well  as  composition  and  method  of  melting.  It  is  not, 
however,  necessary  to  have  the  section  of  bar  to  exactly  corre- 


spond with  the  thickness  of  the  casting.  Indeed,  this  is 
usually  au  impossibility,  since  castings  are  not  always  uiii- 
iorm  in  section.  Tlie  lin.  .square  bar  is  fairly  representa- 
tive of  the  great  bulk  of  ordinary  inachiuery  castings.  For 
very  light  work  a  ^iu.  square  bar  would  be  preferable,  while 
for  heavy  rolling  mill  and  engine  castings  a  squaie  bar 
would  be  better. 

These  test  bars  when  brokeu  on  a  transverse  testing 
machine  serve  to  determine  strength,  and  the  brokeu  pieces 
c»u  then  ^  subjected  to  a  drill  test  for  hardness.  The 
lin.  square  bar  which  I  have  advocated  is  slightly  less  accu- 
rate than  the  American  Foundrymen's  Association  standard 
test  bar,  which  is  a  l^iu.  diam.  round  bar  cast  vertically. 
It  is  this  provision  of  vertical  casting  which  makes  it  not 
feasible  to  use  this  test  bar  for  routine  work.  The  drill 
test  can  be  carried  out  in  a  number  of  ways,  but  one  method 
wlii?li  I  have  found  advantageous,  because  of  its  ideal  sim- 
plicity, is  to  attach  a  lever  and  weight  to  the  hand  feed  of 
an  ordinary  drill  press  in  such  a  way  as  to  produce  a  con- 
stant pressure  on  the  drill  point.  A  revolution  counter  is 
also  used  to  record  the  revolutions  of  the  drill,  and  the  num- 
ber of  revolutions  required  to  drill  entirely  through  a  piece 
of  lin.  test  bar  is  taken  as  the  numerical  measure  of  hardness. 
Of  course,  it  is  necessary  to  take  an  average  of  several  obser- 
vations in  order  to  get  a  reliable  figure. 

The  Shore  scleroscope  may  also  be  used  to  test  hard- 
ness. It  possesses  the  advantages  that  the  test  is  quickly 
carried  out,  that  it  is  portable  and  may  be  carried  to  the 
work,  and  that  it  can  b©  used  directly  on  the  casting,  thus 
eliminating  the  necessity  of  a  test  piece.  It  possesses  the 
serious  disadvantage  that  it  measures  surface  hardness  only 
and  at  a  very  minute  area  of  the  surface.  This  is  not 
objectionable  in  the  case  of  a  homogeneous  material  like  steel, 
but  in  the  case  of  a  non-homogeneous  material  like  cast  iron 
the  indications  of  this  instrument  are  very  uncertain.  The 
instrument  is  also  less  sensitive  on  cast  iron  than  is  desirable. 

In  my  opinion  these  are  the  only  tests  ordinarily  neces- 
sary and  desirable,  but  in  addition  I  would  specify  limits  of 
composition,  the  presence  of  special  elements  in  some  cases, 
and  the  use  of  steel  scrap  (semi  steel)  for  some  work. 

Although  it  is  evident  that  cast  iron  does  not  lend  itself 
as  readily  as  steel  to  specificatious,  still  from  a  technical 
standpoint  there  are  important  advantages  in  purchasing 
on  this  basis.  Commercial  feasibility,  however,  is  another 
thing,  and  as  I  see  it  there  are  three  objections  to  any 
attempt  to  change  the  existing  method  of  purchase. 

In  the  first  place,  is  the  difficulty  in  formulating  satis- 
factory specifications.  This  is  a  matter  which  calls  not 
only  for  an  intimate  knowledge  of  foundry  practice  and 
of  the  chemistry  and  properties  of  cast  iron,  but  also  an 
equally  intimate  knowledge  of  commercial  conditions, 
together  with  good  business  judgment.  It  is  not  everv 
builder  of  machine  tools  or  other  machinery  that  possesses 
this  knowledge  within  its  organisation,  and  if  obtained  out- 
side tlie  cost  is  a  factor  to  be  reckoned. 

Second,  is  the  difficulty  in  getting  foundries  to  bid  on 
specifications.  Foundry  progress  has  been  slow,  because 
the  business  could  be  carried  on  in  a  small  way,  and  until 
recently  there  has  been  no  great  economy  in  large  plants. 
Indeed,  this  latter  condition  still  holds  true  for  foundries 
doing  jobbing  work.  Small  plants,  on  account  of  the 
necessity  of  keeping  down  overhead  charges,  canuot  com- 
mand a  high  grade  of  technical  skill.  "Within  recent  years 
great  progress  has  been  made  both  in  mechanical  equi])inent 
of  the  foundry  and  in  the  technical  knowledge  of  cast  iron. 
This  progress  has  been  so  widely  exploited  through  the  tech- 
nical press  that  we  are  likely  to  think  of  the  industry  as 
completely  emancipated  from  the  thraldom  of  ignorance  and 
old-fashioned  methods.  This,  however,  is  not  the  case  :  the 
up-to-date  foundries  are  still  in  the  niinoritv,  and  small 
plants  operated  along  oW-fashioned  lines  are  still  in  the 
】najorit'y，  especially  among  the  jobbing  foundries. 

Because  of  these  conditions,  there  is  apt  to  be  more  or 
less  trouble  in  getting  foundries  to  bid  on  specifications,  ami 
a  restricted  number  of  bidders  makes  for  higher  prices.  A 
foundry  to  handle  such  work  successfully  would  have  to  em- 
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ploy  a  chemist  and  have  facilities  for  testing.  It  sliould 
Jiave  tliese  anyway,  but  few  do  have,  and  those  that  do  often 
feel  entitled  to  a  higher  price  for  putting  on  these  "i'lills/' 
This  general  condition  is  probably  the  greatest  obstacle  to 
any  attempt  to  buy  castings  on  specifications.  It  is  not  an 
inisurmountahle  obstacle,  however,  for  the  writer  knows  of  a 
number  of  cases  where  grey  iron  castings  are  successfully 
bought  on  specifications,  including  boili  compasilion  and 
strengtli.  It  is  fair  to  say  that  in  some  of  tliese  cases,  at 
least,  higher  than  market  prices  are  the  result. 

The  third  difficulty  is  the  trouble  of  operating  s|"'rifica- 
tions  and  the  cost  of  making  the  necessary  tests  aiul  iiispcr- 
tions.  To  some  shops  these  difficulties  are  negligible  and  to 
others  so  great  as  to  practically  forbid  the'  use  of  specifica 
tions.  It  depends  largely  on  the  organisation  available. 
While  the  amount  of  testing  required  is  small,  the  cost  will 
still  be  considerable  if  it  is  done  in  an  outside  laboratory.  If 
done»  within  the  plant  the  cosi  will  be  small  ；  but  to  be  suc- 
cessful it  must  be  in  the  hands  of  the  right  kind  of  a  man 
who  has  a  reasonable  amount  of  interest  in  the:  work.  More- 
over, the  results  of  the  tests  must  be  carefully  followed  up 
or  they  are  of  no  use. 

The  following  conclusions  summarise  t  he  pm'eding  dis- 
cussion : — 

1.  It  is  technically  possible  to  secure  cast  iron  of  special 
properties  and  castings  which  are  much  better  adapted  to 
their  use  than  is  generally  the  case. 

2.  In  attempting  to  get  an  improved  quality  of  castings 
by  means  of  specifications  it  is  essential  to  have  competent 
advice  as  to  what  it  is  reasonable  to  expect  in  cast  iron  and 
how  it  is  possible  to  obtain  the  desired  properties. 

3.  An  attempt  to  buy  on  specification  at  tli©  present  time 
is  likely  to  result  in  an  increase  in  the  cost  of  the  castings. 

4.  No  exaggerated  idea  of  the  benefits  to  be  derived  should 
be  entertained.  These  benefits  are  mainly  indirect  and  are 
such  as  result  from  the  more  exact  and  definite  knowledge 
of  the  material  used.  They  will  show  chiefly  in  an  improved 
quality  of  the  product. 

5.  Specifications  are  only  a  tool,  and  like  other  tools, 
are  useless  unless  there  is  a  directing  brain  and  guiding  hand 
back  of  them. 

6.  The  management  of  any  shop  which  aims  to  operate 
according  to  the  principles  of  scientific  management  should 
have  definite  standards  of  quality  for  the  castings  used,  and 
such  knowledge  of  the  castings  as  is  only  obtained  by  a  regu- 
lar system  of  testing.  There  are  many  cases  where  actual 
purchase  on  specification  is  not  warranted  by  commercial 
conditions,  but  where  considerable  improvement  in  quality 
can  nevertheless  be  obtained  if  the  properties  desired  are  de- 
finitely kuown  and  sought  and  there  is  definite  knowledge  of 
the  quality. ― "  The  Iron  Age." 


INDUSTRIAL  AND  TRADE  NOTES. 

British  Iron  and  Steel  Production.— l*a rticiila rs  liave  been  pi 山- 
tisluxl  by  Mr.  ('.  J .  Fairfax  Scott,  secretary  of  the  British  Iron 
'I'i'atio  Association,  of  the  production  of  pig  iron,  Bessemer  steel 
ingots,  open-hearth  steel  ingots,  and  pu(l(llt'(l  ha  rs  in  Great 
Britain  during  the  first  half  of  1912.  According  to  those  the 
production  of  pig  iron  during  tlie  period  in  (juestioii  、、； is 
3,606,147  tons  ；  Bessemer  steel  ingots,  674,2.")  1  tons  ；  opon  lio;irtli 
steel  ingots,  2,327,731  tons;  and  puddlod  bars,  467,260  tons.  All 
these  figures  show  a  roduction  when  ('(、mp;m'<l  with  those  for 
the  first  half  of  1911. 

Record  Trade  Returns  for  1912. —The  trade  Imiomi  is  relUn-tcd  in 
Ur、  Boa rcl  of  Ti';、（h>  returns  for  last  month,  recently  issued,  aiul 
-sliou.  that  the  total  value  of  tho  imports  during  Doc-oihIkm- 
amounted  to  £74,068,698,  as  compared  witli  £64,937,887,  an  in 
('reaw、  of  £9,130,811.  rl  ho  exports  for  last  month  roached  a 
total  value  of  £41,4o9,038,  or  an  in('i'(、:iso  over  the  corrcspoiuliii^; 
month  of  last  year  of  £2,887,159.  For  tho  y^xr  onded  】）ecvmher 
31st  tlio  itnports  ； unounttHl  to  £71  1,890,；114,  an  i ncrc;is(»  ns  com 
witli  11)11  of  £64,738,1)87.  Tl"'  value  <>1  th«-  i-xporls  during 
I  ill  2  was  £'1X7,434^)2,  ； ui  incivasc  <>|  CS3,3I  l.7()  I  over  tl'(、  (i^invs 
(" 1  lie  previous  yoar. 

Iron  Ore  Output  in  I9，l.— Tli。  Hunu'  Office  ivtmiis  ,ju、、l  is、，i,.,l 
show  that  tho  output  of  iron  ore  in  the  Unitod  Kingdom  during 
1911  vas  15,519,424  tons,  valued  at  £4,035,893，  as  compared  witb 


]r>Ji22i)J)\r)  tons,  v"li"'(l  at  1:1,022,200,  in  Tli，〜、  iiunivs 

show  incn'asfs  oi*  2!"，l(,"  tniis  and  r'y 屮"、 ，.|、       i)\  tin- 

total  in  I  Ml  I  ，  ！), 71 0,(>i).'i  tons  vv«')  )'  <>(>taiii»M|  1  roni  iiuim-h  .m'l 
5,808,731  tons  from  quarries,  thetio  umountH  Nlu>\vir»u  :i 
oi'  120,408  toiiK  ； mi  iiicroiiM-  r»i'  113,817  tons  r«'、pH'Li、  oit  tli', 
provious  ,vc;u-.  I  ticlurliny;  ini|)orts,  the  total  (jiiantit  v  of  lion  oro 
aviiihiblo  for  furnaces  in  tl"'  rnitcd  Kin^flom  in  I  !»I  I ,  wIuh"  '* 
of  mill  ami  ioi  ciiidi'rs,  、、  as  22，4""，727  tons,  a  r'-'lii<  ot 
^4U,9o3  tons  as  (*omp;»ivd  u  itli  1910.  Tli^  :i"'r:w  \  ；■  ln<-  tli'' 
whole  output  under  tho  Coa I  M  inos  Art  in  tin-  (fiiit<w|  K  in/'lom 
in  】911  is  returned  at  5s.  per  ton,  lieing  tlio  hhhu  fi^ui <•  as  in 
1910. 

The  Globe  Ironworks,  Bolton.  An  iinportjmt  m«'''tm"'  ，，： i.、  r".,'iiU.v 
held  of  those  interested'  in  the  reorKiinisation  of  .Messrs.  -、，  iiw,、、' 
an<l  Sons,  Ltd.,  (Jlohc  I roii、v',rl、、  Bultoii,  wIik-Il  firm  h.i.s  ，,,'<  ii  m 
liquidation    lor  some  nioiitlis.       .Mr.    W  illiam  ;m    pr'  -i'l' 'I, 

and  holders  of  debentures  to  tlie  Hinoiuit  ol  C'i^JMKJ  、w'r,'  n*|>r«-- 
seiitod.  Mr.  J.  1).  (iarnott,  acting  on  l)cli;ilf  oi'  ； i  u hiiiIxt  of 
persons  wlio  propo«o  to  iorm  a  new  company.  ； iskco  t',r  ； i n  o|>tion 
to  purchase  tho  business  of  the  present  company  at  a  certain 
price.  The  meeting  l>\*  ;i  l;ug('  in;i joritv  authoriscfl  tin-  1 1  u  i'' 
to  grant  the  option.  It  is  understood  that  iii"l''r  tli''  :u  r;my 
mcnt  proposed  tho  ow  ner  ot  ('； irli  L'  I  f  in  u  ortli  r»t  (l''li""tiir<-  stoi-k 
will  get  £60  in  debenture  stock  of  the  new  《'onip:m.v  :m'l  ,-•'(—■"、<' 
£40,  plus  interest,  and,  if  the  iunds  u  ill  allow,  a  piornium  of 
5  per  cent,  in  cash.  Tho  works  wIkmi  i'ullv  occiipi*^!  crnplov  、',m'- 
3,000  ni«»n. 

A  Blow  to  Collective  Bargaining. —— M r.  I  h '山 i"、  limt .  M  l'  ,  m  In- 
monthly  circular  to  tho  Nortlum 山'' rl:im】  Miners  Association, 
writing  of  the  recent  railway  strike,  says :  "  The  strike  aft'(，r<l'  (i 
another  illustration  of  what  has  hcen  but  too  common  oi  lato, 
that  is  of  a  section  of  men  hastily  stopping  work  without  jiotic**. 
in  violation,  too,  of  the  rules  of  their  trade  union,  and  a^aiiist 
the  advice  of  their  duly  appointed  leaders.  B，'von(l  doubt  theso 
sudden  outbursts  weaken,  discredit,  and  dishonour  the  trad(» 
union  movement,  and  strike  a  damaging  blow  at  tl"'  very  prin- 
(•iplt、  and  essence  of  collective  bar^ainin*i;,  、、hi('li  has  proved  a 
great  boon  to  the  workers,  and  which  was  won  after  many  years 
of  arduous  struggle  and  conflict.  Practically  the  railway  workers 
ackiiowk'dge  that  they  were  in  the  wrong,  as  to  method  of  pro- 
cedure, by  having  agreed  to  accept  a  substantial  fine  in  tho  shape 
of  a  deduction  of  a  week's  wage  from  those  concerned." 

Scottish  Pig  Iron. ― The  Scottish  Iroimiasters'  A、so<  iati"ii  havo 
issued  tho  official  return  of  the  iron  trade  for  the  past  year,  show- 
ing that  the  production  of  pig  iron  was  1,198,767  tons,  Ix'in^ 
203,032  tons  less  than  in  the  preceding  year.  The  consumption 
in  foundries  was  211,261  tons,  an  increase  of  13,021  tons,  and 
the  quantity  used  in  malleable  iron  and  steel  works  was  899,787 
tons,  a  decrease  of  1,974  tons.  The  exports  were  291,100  tons, 
a  decrease  of  21,041  tons.  Tho  total  con.suinptioii  and  exports, 
taken  together,  show  a  decrease  of  9，994  tons.  The  pig  iron 
remaining  in  stock  amounts  to  118,651  tons,  and  tho  stocks  have 
decreased  by  203,33(5  tons.  The  roduction  of  stocks,  though  large, 
is  less  than  was  anticipated,  and  the  roturns  as  a  whole  suffer 
from  the  effects  of  the  miners'  strike,  during  Avhicli  furnaces  wero 
out  of  blast.  The  number  of  furnaces  in  blast  was  90,  again." 
85  a  year  previously. 

Shipyard  Schemes  in  Canada. ―  Acconlin-  t。  a  con  .-pi  > 
the  u  Sheffield  Daily  Telegraph/'  Messrs.  Camin*'ll,  Laird,  iV  ('> 
havo  decided  upon  tlie  establislmuMit  of  a  shipyard  at  St.  Johns, 
New  Brunswick,  wliich  is  to  be  completely  equipped  for  the 
construction  of  the  largest  war  and  merchant  vessels.  This  de- 
parture has  been  under  consideration  for  some  time.  Moreover, 
the  firm  of  Sir  \V.  G.  Armstrong,  Whitwortb,  &  Co.,  Elswick,  is 
mentioned  as  likely  to  be  responsible  for  a  similar  t"i"'r!'ri"' 
in  another  pint  of  tl"'  Doiniinoii,  and  Halifax,  Xova  Scotia,  is 
said  to  be  strongly  ta\  oured  in  this  connoction.  At  Montreal. 
Messrs.  Vickers,  Ltd.,  have  for  some  time  been  laying  down 
])I;uit  for  the  building  of  Dreadnoughts,  orui.sers,  and  dost royor>. 
whilst  at  Svdnoy,  C:'i"、  Breton,  a  syndicate,  in  which  Messrs. 
John  Brown  &  Co.  and  the  Fairfield  Company,  Govau,  are 
jointly  interested,  is  also  providing  facilities  of  the  kind.  This 
syndicate  is  to  undort:il"、  tl"、  niamilacturo  of  arinour-])lato,  guns, 
and  ixun  nninitions. 

Highland  Railway  for  Sale.— Tk、  lii\or^ary  ；) nd  1*01 1  .\，.gu 、"卜 
Railway  is  lor  salo.  Tho  lino,  wliicli  is  24  mill's  in  length,  aiul  con 
liocts  Shoan  Bi'"lg，、  aiul  Vovi  Augustus  in  tlio  Scottisli  Iligli 
lands,  cost  £ 300,000.  It  was  opened  in  1003  and  closed  to  tr:、Hir 
in  1911.  At  the  time  of  its  inception  promises  of  traffic  support 
ca me  from  proprietors,  farmers,  and  others,  luit  those  promises 
uere  not  fulfilled.      The  Caledonian  Canal  steamers  when  the 
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lino  was  opened  promptly  lowered  their  rates  for  goods  and  pas- 
sengers, and  the  business  merfhant  sent  his  goods  by  steam- 
boat, although  tho  railway  was  the  speediest  route.  Con  se- 
ll uontly  the  line  was  worked  at  a  yearly  loss.  The  Invergary 
Company  announcocl  in  1910  tho  intention  to  stop  traffic.  This 
aroused  much  excitement,  for  tlie  line  was  good  for  tourists, 
holiday  visitors,  and  other  passenger  movement,  as  well  as  rapid 
goods  transit.  A  guarantee  for  a  year  was  given  by  proprietors, 
merchants,  and  farmers  that  the  bulk  of  their  goods  traffic  would 
in  future  go  over  the  line.  The  year's  operations,  however,  did 
not  prove  successful,  and  the  railway  ceased  active  duties  in  19]】. 
Since  then  it  lias  boon  derelict .  Tl"k  railway  will  be  sold  off 
early  this  year  in  lots  to  suit  purchasers. 

Record  Shipbuilding. ― Thr  lviui'iis  compiled  l,.v  Lloyd's  Register 
of  Shipping,  which  only  take  into  'account  vessels  the  construe- 
tion  of  which  has  actually  begun,  show  that,  excluding  warships, 
there  were  542  vessels  of  1,970,065  tons  gross  under  construc- 
tion in  the  United  Kingdom  at  the  close  of  the  quarter  ended 
December  31st,  1912.  The  figures  are  the  highest  on  record, 
r;isi ly  beating  those  for  the  September  quarter,  which  held  the 
record  to  that  date.  Of  the  ships  being  built  506  of  1,960,330 
gross  tonnage  were  steamers,  and  36  of  9,735  tons  were  sailing 
vessels.  The  increased  activity  is  shared  by  every  shipbuilding 
district  of  importance  in  the  country,  Glasgow  heading  the  list 
with  114  vessels  of  467,344  tons.  The  marked  tendency  of  the 
iiu-rca utile  steamship  still  further  to  increase  in  size  is  indi- 
cated by  the  following  figures :  Two  of  the  vessels  now  building 
are  over  40,000  tons,  one  between  30,000  and  40,000,  one  be^ 
tween  20,000  and  30,000,  ten  between  15,000  and  20;00U,  nine 
between  12,000  and  15^000,  16  between  10,000  and  12,000,  and 
15  between  8,000  and  10,000  tons.  During  1he  quarter  228 
vessels  were  commenced,  and  213  were  lauiichtnl.  Three  hundred 
aucl  sixty-nine  of  the  542  ships  are  owned  in  the  United  King- 
dom and  36  in  the  colonies,  the  next  largest  figures  being  Hol- 
land 1-5 ,  and  Brazil,  France,  and  Norway  14  each.  Warships 
ii nek' r  construction  in  the  Royal  dockyards  of  the  United  King- 
<l(nn  numbered  15  of  154,840  tons  displacement.  Those  at  pri- 
vate yards  numbered  69  of  342,035  tons,  of  which  57  of  224,385 
tons  were  British  and  the  remainder  foreign. 

Coal  Mines  Act  ：  Draft  of  New  Regulations. ― The  Home  Office  have 
issued  a  draft  of  general  regulations  for  mines  under  the  Coal 
Klines  Actt  1911,  which  the  Home  Secretary  proposes  to  make. 
The  regulations  are  divided  into  seven  parts.  Part  1  contains 
the  regulations  under  Section  86，  providing  generally  for  the 
prevention  of  accidents  and  the  safety,  health,  convenience,  and 
proper  discipline  of  tho  persons  employed^  and  will  take  the  place 
of  the  general  codes  of  special  rules  at  present  in  force  in  the 
difteient  districts.  Part  2  consists  mainly  of  regulations  on  cer- 
tain specific  matters  in  respect  of  which  the  Act  requires  or 
authorises  regulations  to  be  made.  Part  3  embodies  the  existing 
special  rules  on  the  subject  of  the  installation  and  use  of  elec- 
tricity, with  such  drafting  alterations  only  as  are  required  by 
their  transformation  into  general  regulations  under  the  Act  of 
1911.  Part  4  contains  provision  as  to  rescue  and  ambulance. 
The  rescue  provisions  embody  the  rescue  Order  already  in  force 
Avithout  alteration,  except  that  the  temporary  provision  in  Clause 
5  (a)  of  the  Order  has  been  omitted,  and  a  minor  alteration  has 
boon  made  in  Clause  3  (b).  Part  5  embodies  the  existing  special 
rules  as  to  surface  lines  and  sidings  with  tho  alteiations  re- 
i|uiio<l  l>y  the  transformation  of  the  rules  into  regulations  uiidor 
t!i'、  Act.    Part'  6  contains  regulations  for  sinking  pits  h:is,'(l 

on  tlio  special  rulos  now  in  force  in  difFcrent  districts.  Pari  7 
i  r\  okrs  nil  t'xistiny;  special  rules.  Copies  of  tlir  rcgnlaiion.s  m;iy 
1k>  1i;h1  l>\-  i»(m'soi〕s  affected  on  application  to  the  UOnio  Oilier  ； 
and  any  objection  must  l>e  sent  to  the  Secretary  of  State  before 
rt-1)  1st. 
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Herbert  &  Vernon.  1329. 
Nut  locks.    Schmidt.  1353. 

Two-stroke-cycle  internal-coin bustion  engines.  Beardmore  and 
Stokes.    2495.  ' 
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power  plant  operated  in  accordance  therewith.  Spilluiann. 
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The  Accuracy  of  Heat  Engine  Indicators. 

Although  the  principle  of  tlie  iudicator  diagram  as  a  record 
of  the  relation  between  the  pressure  and  tlie  lnoveinent  of  the 
pibton  in  tlie  cylinder  is  essentially  tlie  same  as  it  was  when 
the  instrument  was  first  invented  by  Watt,  the  operating 
mechanism  has,  since  his  day,  undergone  considerable  modi- 
fication, first  by  McNaught,  and  subsequently  by  Richards, 
Thompson,  Tabor,  Crosby,  and  others.  The  improve- 
inenb9  of  these  various  inventors  have  all  more  or  less  con- 
sisted in  refinements  with  a  view  to  diminish  obvious  defects 
in  earlier  forms  arising  from  friction  and  inertia  of  the  many 
parts,  and  which  became  more  pronounced  with  the  advance 
of  higher  pressures  and  speeds,  earlier  cut-offs,  and  the 
struggle  for  greater  engine  econuniy.  Tlie  efforts  in  this  latter 
direction  have,  we  know,  led  to  much  more  searching  en- 
quiries into  all  thermodynamic  questions,  and  the  develop- 
ment of  the  gas  engine  particularly  served  to  accentuate  some 
of  the  inherent  defects  iu  the  ordinary  indicator  mecliai"，m. 
Out  of  this  has  sprung  an  entirely  new  design  by  Prof.  Ber- 
tram llopkinson,  in  which  pencil  friction  and  other  incidental 
troubles  are  largely  eliminated.  This  formed  the  subject  of 
an  exhaustive  paper  to  the  Iiistitutitm  of  Mechanical  Engi- 
neers in  1907 气  The  question  of  indicator  defects  has  fornu'd 
the  subject  of  enquiry  in  the  terlniical  papers  on  several  occa- 
sions. Prof.  Osborne  Reynolds  and  Dr.  Brightniore  were  the 
first  to  take  it  in  haud  seriously,  and  the  results  of  their  inves- 
tigations were  embodied  in  a  paper  before  the  Institutiou  of 
Civil  Engineers  iu  1885. t  These  experiment  were  of  great 
value  as  showing  the  various  possibilities  of  error  and  the  '  ur- 
rections  to  be  made  for  them.  Some  of  t hei i*  ouiK*lusiou» 
have,  however,  since  been  questioned,  while  others  were  incom- 
plete. Since  that  date  beat  engine  research  has  dej>en(h'tl 
more  and  more  on  the  accuracy  of  indicator  diagrams,  as  has 

*  Sco  l'roc  l'tivt  IV.,  1907,  pugo  863.  also  ••  Tlie  Mechanical  Engineer,"  Ociobvr 
iBth,  1907,  po4fu  577,  Vol.  XX. 

tSuo  rroc.  1S55,  Vol.  LXXX1U-,  pa^e  1. 
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been  shown  in  Profs.  Callender  and  Nicolson's  classic  experi- 
ments on  the  temperatures  in  the  steam  engine;  Prof.  Bur- 
stall,  in  】iis  gas  engine  researches  ；  and  Mr.  Dugald  Clerk  and 
Prof.  Bertram  IIo])kinson  it)  t  lieir  investigations  rosj>e<-t  in^ 
the  specific  heat  of  gases.  In  ordinary  steam  engine  work  an 
almost  absolute  reliance  is  placed  upon  it  for  deduct  ions 
respecting  the  dryness  fractions  of  the  expanding  steam,  aiul 
the  entropy  diagrams  drawn  from  them .  In  view, 
therefore,  of  the  important  part  the  instrunient  plays,  a  pa  ri 
from  its  practical  applications  for  measurements  of  power, 
au  accurate  knowledge  of  the  errors  of  the  instrument,  and  of 
methods  of  eliminating  them,  is  very  desirable.  Hopkinson's 
optical  indicator  for  purposes  of  research  work,  especially  in 
gas  engine  practice,  where,  owing  to  abnormally  high  initial 
pressures  and  early  cut-offs,  errors  are  liable  to  seriously  affect 
calculated  results,  certainly  affords  a  greater  approximation 
to  accuracy  than  is  afforded  by  many  of  the  ordinary  types  of 
indicator,  though  in  a  paper*  by  Prof.  Bur&tail  on  a  compari- 
son between  the  Hopkinson  and  the  Crosby  types  of  instru- 
ment, lie  arrived  at  the  conclusion  that  there  was  little  t() 
choose  between  the  two  on  the  score  of  accuracy,  and  that  both 
gave  results  very  c】os&  to  the  truth.  I1  he  working  of  indi- 
cators, it  will  thus  be  seen,  has  been  the  subject  of  considerable 
investigation,  but  tlie!  question  lias  not  been  by  any  means  ex- 
hausted, and  a  further  important  contribution  was  made  in  a 
paper  by  Mr.  James  G.  Stewart  to  the  Institution  of  Mechani- 
cal Engineers  on  Friday  last,  and  the  publication  of  which  we 
commence  in  another  part  of  this  issue'.  Mr.  Stewart  records 
a  painstaking  research  conducted  with  a  view  to  determine 
as  near  as  possible  the  two  principal  sources  of  error  in  the 
ordinary  indicator,  viz.  :  (1)  Tlie  discordance  in  pressure  at  any 
point  in  the  stroke  between  that  recorded  by  the  diagram  and 
that  existing  in  the  cylinder ― due  either  to  friction  or  to 
inertia  of  the  moving  parts,  or  both  in  conjunction  ；  and  (2) 
errors  arising  from  the  position  of  the  drum  not  corresponding 
to  the  position  of  the  piston  due  to  stretch  of  the  string  or  to 
straining  in  other  parts  of  the  indicator  gear.  As  we  are 
reproducing  the  paper  it  is  hardly  necessary  for  u&  to  discuss 
the  points  in  detail,  though  a  note'  may  be  made'  of  his  most 
salient  conclusions  and  observations  on  the  design  and  working 
of  indicators  generally  for  those  who  use  the  instrument 
mainly  as  a  means  of  approximate  power  measurement  and 
general  engine  working.  Those  who  use  the  instrument  as  a 
means  of  accurate  research  will  doubtless  study  the  paper 
in  detail . 

Briefly,  Mr.  Stewart's  experiments  show  that  the  errors 
in  indicator  diagrams  are  much  greater  than  have  usually 
been  assumed,  and  that  as  a  result  of  friction  and  inertia 
there  is  a  lag,  often  very  groat,  of  the  pencil  behind  its  true 
position,  and  further  that  this  error  is  not  a  constant,  but 
generally  increases'  witli  the  stiffness  of  the  spring  and  pres- 
sure, and  hence  is  liable  to  introduce  the  greatest  errors  where 
their  effect  on  the  diagram  is  most  serious.  Amongsi  hints 
given  by  the  autlior  for  improvements  in  the  "it'rliaiiisni  of 
such  instruments,  considerable  importance  is  attached  bo  the 
desirability  that  the  push  on  the  indicator  piston  must  be 
accurately  in  the  axis  of  the  cylinder  for  all  pi-essures.  For 
this  reason  the  use  of  a  single  spring  is  objectionable,  since,  if 
it,  is  compressed,  the  axis  of  its  end  bosses  can  only  be  kept 
coincident  with  th©  axis  of  the  cylinder  by  the  introduction 

*  Sec  Vrov..  Inst.M.E.,  Part  III..  J 909,  page;  785  ；  iilso  "  The  McchaniLiil  Mutineer," 
Au-usL  Gth,  I'M),  page  l,r，9,  Vol.  XXIV. 


of  constraining  couples,  which  introduce  large  errors  in  the 
diagrams.  The  best  way  to  eliminate  this  is  to  use  a  double 
coil  spring,  though  this  device  is  not  perfect,  since  it  is  almost 
impossible  to  secure  two  springs  that  are  absolutely  uniform. 
I n  the  author's  opinion  no  indicator  recognises  sufficiently  the 
necessity  of  simple  axial  forces  throughout  the  whole  range 
of  motion  of  the  indicator  piston,  and  since  workmanship  is 
never  absolutely  accurate,  the  design  should  be  such  that  small 
inaccuracies  will  not  introduce  large  constraining  forces,  and 
further,  should  avoid  unnecessary  restraint  upon  spring  or 
piston.  Mechanical  linkwork  must  always  be  more  or  less 
unsat/isf actor y(,  even  when  constructed  and  used  with  tlie 
greatest  care,  as  looseness  of  the  joints  cannot  be  avoided, 
and  for  this  reason  the  optical  indicator  shows  to  advantage, 
as  it  also  does  in  cases  where  rapidly  changing  pres- 
sures have  to  be  recorded.  Its  accuracy  also  makes  it  pre- 
eminently fitted  for  high  sj>eeds  or  for  accurate  work,  where 
the  indicator  drum,  owing  to  its  errors,  would  be  unsatisfac- 
tory. The  optical  indicator,  however,  is  hardly  one  that  can 
b<i  put  into  the  hands  of  the  ordinary  engine  attendant,  and 
for  general  work  one  or  otlier  of  the  several  types  of  instru- 
ments now  in  use  must  be  relied  upon.  Apart  from  errors  in 
the  indicating  mechanism  itself,  others  are  liable  to  creep  into 
diagrams  through  neglect  of  precautions  that  are  obvious  to 
most  careful  experimenters,  though  they  are  often  over- 
looked, and  for  that  reason  it  may  be  worth  whilt*  to  mention 
some  of  them .  The  presence  of  water  in  the  indicator  or  its 
connections,  for  instance,  may  not  only  alter  tlie  shape  of  tlie 
diagram,  but  may  introduce  a  large  error  in  the  measurement 
of  mean  pressure,  especially  in  】iigli  speed  engines.  Making 
the  connection  between  the  indicator  and  the  cylinder  of  too 
small  a  bore  may,  on  account  of  its  relatively  large  radiating 
surface,  give  rise  to  condeusatiou,  and  in  particular  cases 
set  up  oscillations  in  the  steam  or  gas  connecting  pipes.  This 
defect,  more  frequently  met  in  gas  engines  than  in  steam 
engines,  since  a  long  pipe  in  the  former  case  cannot  always  be 
avoided,  and  the  necessity  for  a  large  bore  is  not  so  evident 
as  it  is  in  the  latter.  Inaccuracy  obviously  occurs  if  the  spring 
and  its  scale  do  not  agree,  and  it  is  not  generally  known  that 
a  difference  of  between  2  and  3  per  cent,  exists  between  springs 
calibrated  at  ordinary  temperatures  and  at  212°  Fah.. 
and  though  in  steam  engine  work  little  error  is  involved  if  the 
springs  are  calibrated  at  212°,  this  is  not  true  of  gas 
engine  work,  and  all  that  can  be  done  to  correct  it  is  to  form 
a  rough  estimate  of  the  probable  working  temperature  of 
the  spring  when  used  in  the  particular  way  adopted.  Slack- 
ness in  the  joints  of  the  pencil  gear  or  screw  of  the  piston  rod 
is  often  a  serious  trouble,  and  careful  handling  and  periodic 
adjustment  are'  necessary  if  this  is  to  be  avoided.  The  sampling 
of  diagrams  is  another  matter  to  which  sufficient  attention  is 
sometimes  not  paid,  and  without  proper  care  in  this  respect 
large  errors  in  the  indicated  power  may  be  introduced,  espe- 
cially where  the  diagram  area  is  subject  to  large  variation. 
In  steam  engines,  with  good  governing,  sampling  is  not  diffi- 
cult, bub  in  gas  engine  work  where  the  variation  is  often 
large,  especially  with  producer  gas,  the  case  is  different. 
Errors  may  of  course  be  easily  introduced  by  careless  measure- 
ment of  diagram  areas,  though  these  can  be  practically 
eliminated  by  the  careful  use  of  the  plauimeter. 


Institution  of  Mining  and  Metallurgy.  — T lie  Council  of  this 
Institution  announce  that  the  first  awards  of  the  Brough 
Memorial  Medal  have  been  made  to  Mr.  Laurence  C.  Hill 
and  Mr.  H.  Evdon  for  excellence  in  mine  surveying  whilst 
t;il;iug  1  hcii-  a.ss(H*iai-C4>hip  course  at  the  Royal  School  of  Mines. 
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WEIRS  APPARATUS  FOR  EXHAUSTING  OR  COMPRESSING 

AIR. 

The  accompanying  illustrations  show  a  design  of  ap]);irat  us, 
the  invention  of  Messrs.  G.  &  J.  Weir,  Ltd.,  heart,  Glas- 
gow, and  Mr.  J.  Peterrnoller,  for  exhausting  or  compressing 
air  or  other  elastic  fluid  by  means  of  an  auxiliary  liquid 
medium,  such  as  water,  which  is  projected  from  a  rotating 
turbine  wheel  into  discharge  nozzles  and,  by  impact  and 
entraining  action,  delivers  the  air  into  and  through  the 
nozzles.  The  apparatus  is  adjustable  according  to  the  volume 
of  air  or  other  elastic  fluid  which  it  is  required  to  discharge 
in  a  given  time,  so  that  tlie  power  required  to  drive  the 
apparatus,  and  the  quantity  of  water  employed,  are  not 
necessarily  constants,  but  can  be  reduced  with  reduction  in  the 
volume  of  air  which  is  dealt  with.  Fig.  1  is  a  section  on  the 
line  1 ― 1  of  Figs.  2  and  3;  Fig.  2  is  a  section  on  tlie  line 
2 ― 2  of  Figs.  1  and  3  ；  and  Fig.  3  is  a  section  (川 tlie  line  3 ― 3 
of  Fig.  1. 

In  Figs.  1，  2,  and  3，  R  is  the  turbine  rotor  mounted  on 
the  shaft  S，  which  is  adapted  to  be  rotated  by  any  suitable 


I  n  i  lio  m()(lif'""l  const  ruct  ion  shown  in  Fi^/.  '1，  lift  v;ilv**s 
V  are  provided  in  place  of  a  single  hollow  vlindrical  valve. 
These  valves  control  the  admission  of  water  to  the  passages  Z 
respectively.  Each  of  these  passages  serves  to  convev  t  Im- 
water  to  a  pair  of  nozzles  N，  that  is,  to  one  nozzle  of  each  row. 
The  passage  W  which  serves  to  convey  the  water  to  the  end 
nozzles  is  imcont  rolled.  In  both  con^t  i  u<  t  ions  the  water 
supply  for  tlie  nozzles  N  is  drawn  from  the  tank  T,  the  walls 
of  which  are  formed  integrally  with  the  walls  of  the  chamber 
C  ；  and  the  water  is  discharged  by  tlie  nozzles  X  bark  to  t  lio 
tank.  To  prevent  the  return  of  air  or  water  through  tiio 
nozzles  A,  when  the  water-admission  nozzles  N  are  out  of 
action,  valves  G  are  provided  at  the  ends  of  the  nozzles  A, 
The  discharge  ends  of  these  nozzles  may  be  arranged  1"小厂.'. 
the  level  of  the  water  in  the  tank  T. 


Ta  avoid 


type   of   electric  car 


NEW  TYPE  OF  ELECTRIC  TRAMCAR. 

the  delay  which  at  present  occurs  at  all 
st  opping  places  on  tramway  routes,  a  new 
being   introduced    by    the   t rani- 


i 

2 

Fig.  3. 

Wkir's  Apparatus  for  Exhausting  or  Compukssing  Aib 

means.  Inside  the  rotor  is  located  a  drum  D ;  water  being 
supplied  to  the  interior  of  the  drum  by  the  duct  U.  The 


Fig. 


ways  department  of  the  Liverpool 
Corporation  for  use  on  their  lines. 
At  the  present  time  passengers 
entering  and  leaving  the  cars 
have  to  use  the  same  platform, 
the  same  entrance  and  exit  to  and 
from  the  lower  deck,  and  the  same 
staircase  for  the  upper  deck.  This 
is  obviated  in  the  new  cars  by  the 
provision  of  two  stairways  and  a 
separate  entrance  and  exit,  so 
that  the  streams  of  in  and  out- 
going passengers  never  come  into 
contact  with  one  another.  Tlie 
new  cars,  of  which  there  are  two 
types,  single  truck  and  bogie 
truck,  have  been  designed  by  Mr. 
C.  W.  Mallins,  the  general  mana- 
ger of  the  Liverpool  tramways, 
and  are  so  arranged  as  to  lend 
themselves  readily  to  the  collec- 
tion of  fares  on  the  (i  pay-as-you- 
enter  ，，  system .  On  the  single- 
truck  car  the  platforms  and  doors 
are  in  the  usual  place,  at  either 
end,  but  the  platforms  are  a  good 
deal  longer  than  has  been  usual. 
Passengers  enter  at>  the  back 
of  the  platform  and  go  straight 
through  to  the  inside  of  the 
car  or  up  the  first  of  two  spiral 
nary    type.    These    passengers  are 


drum  is  provided  with  nozzks  or  apertures  N，  adapted  for 
admitting  water  to  the  turbine'  rotor.  The  turbine  rotor  is 
adapted  to  rotate  within  a  chamber  C  to  which  air  is  admitted 
by  the  port  P.  The  water  supplied  to  the  turbine  rotor  by 
tlie  nozzle®  N  is  projected  into  the  nozzles  A，  and  drives  the 
air  from  the  chamber  C  into  and  through  the  nozzles  A, 
which  are  suitably  shaped  and  suitably  located  with  respect 
to  the  nozzles  N,  and  with  respect  to  the  speed  of  rotation  of 
tlie  turbine  rotor  and  the  design  of  the  turbine-  buckets.  One 
discharge  nozzle  A  is  provided  for  each  water  admission 
"？ zzle  N.  A  valve  V  is  provided  for  controlling  the  supply 
of  water  to  the  nozzles  N.  This  valve  is  so  constructed  that 
one  nozzle  N  of  each  row  is  always  open,  but  the  other  nozzles 
are  open  or  closed  according  to  the  angular  position  of  the 
valve  whicli  is  mounted  on  the  shaft  B  and  is  adapted  to  ]>e 
actuated  by  means  of  the  worm  and  worm  wheel  shown.  Any 
number  of  nozzles  from  one  to  four  of  each  row  can  be  open  at 
a  time.  The  valve  V,  whicli  is  of  hollow  cylindrical  form  ami 
concentric  with  the  turbine  rotor,  is  shown  as  being  located 
inside  the  drum  D,  but  it  may  obviously  be  arranged  on  the 
outside  of  the  drum.  Moreover,  tlie  valve  may  he  const  ructed 
and  adapted  to  act  by  an  axial,  instead  of  a  rotational,  niovo- 
Inent>  or  by  a  coml)i"e(]  rotational  and  axial  movement. 


staircases    of  the 

separated  by  a  barrier  froin  the  people  leaving  the°car,  who 
use  the  other  staircase  in  descending  from  the  top  deck  and 
leave  the  platform  by  a  side  gateway.  On  the  bogie-truck 
car  the  platform  is  placed  in  the  centre,  and  is  entered  from 
the  left  side  only,  and  is  divided  in  this  case  into  three  parts 
by  barriers  and  gates,  which  are  controlled  electrically  hv 
the  conductor.  There  are  three  gateways  opening  on  to  the 
street,  and  passengers  entering  by  the  middle  one  have  a  clear 
passage  to  either  half  of  the  lower  deck  or  upstairs  by  the 
stairway  which  is  reserved  for  them.  Passengers  leave  the 
car  on  either  side  of  this  entrance,  and  have  a  clear  passage 
whether  from  upstairs  or  down.  Onlv  one  of  each  type  of  car 
is  at  present  running,  but  we  understand  that  thev  will  he 
adopted,  as  the  old  stock  wears  out,  throughout  the  service. 


Lar^c  Locomotive  for  the  Great  Central.  — \V  ha  i  i、，ltlm 
be  the  most  powerful  locomotive  in  Great  Britain  has  been 
constructed  by  tlie  Great  Central  Railway  at  their  Gorton 
Works,  and  will  be  used  to  haul  both  lieavv  goods  and 
passenger  trains  at  express  speed.  The  cvlimlers,  wliicli  are 
inside  the  frames,  are  21iin.  diam.  and  26in.  stroke.  The 
boiler  is  5ft.  6in.  diam.,  17ft.  3in.  in  length,  and 
weighs  over  20  tons.  The  engine  ami  tender  in  working  order 
totals  over  122  tons. 


so 
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THE  STRENGTH  OF  GEAR  TEETH.* 

BY  GUIDO  H,  MARX. 

The  teeth  of  gear  wheels  when  transmitting  power  are 
individually  subjected  to  an  action  akin  to  that  applied  to  a 
beam  fixed  at  one  end,  with  a  load  somewhere  between  the 
fixed  and  the  free  ends.  All  standard  formulae  or  diagrams 
for  the  proportioning  of  such  twtli  therefore  involve  a  factor 
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Fig.  1.— Plan  of  Apparatus  fob  Testing  Gear  Wheels. 

representing  tlie  allowable  unit  fibre  stress  in  a  cantilever 
beam  subjected  to  a  bending  moment.  Th&  experiments 
described  in  this  paper  we're  undertaken  with  the  primary 
purpose  of  throwing  some  light,  if  possible,  upon  the'  question 
of  this  allowable  unit  fibre'  stress  for  oast-iron  gear  teeth  under 
operating  conditions,  since  definite  data  upon  this  point  have 
been  lacking,  particularly  with  reference'  to  thei  effect  of  pitch 
line  velocity.  To  this  vital  lack,  attention  has  been  called 
repeatedly  by  writers  upon  the  subject  of  gearing.  Thus,  in 
Wilfred  Lewis's  well-known  Investigation  of  the  Strength  of 
Gear  Teeth 十 occurs  the  following  stat'e'm'ent  bearing  upon  this 
matter  :  "  What  fibre'  stress  is  allowable'  under  different  cir- 
cumstances and  conditions  cannot  bo  definitely  settled  at 
present,  nor  is  it  probable:  that  any  conclusion  will  be'  accept- 
able! to  engineers  unless  based  upon  carefully-mad©  experi- 
ments. In  the  article  referred  to!  certain  factors  are  given 
as  applicable  to  certain  speeds  and,  in  the'  absence  of  any  later 
or  better  light  upon  the  subject,  Table  II.  has  been  con- 
structed to  embody  in  convenient  form  the  values  recom- 
mended. 

"Table  II. 一 Safe  Working  Stress  S  for  Different  Speeds. 


Speed  of  Teeth, 
Feet  per  minute. 

100 
or  less. 

200 

300 

GOO 

900 

1200 

1800 

2400 

Steel  

8000 
20000 

6000 
15000 

4800 
12000 

4000 
10000 

3000 
7500 

2400 
6000 

2000 
5000 

1700 
4300 

11  It  cannot  bo  denied  that  slow  speeds  admit  of  higher 
working  stresses  than  high  speeds,  but  it  may  be  questioned 
whether  teeth  running  at  100ft.  a  minute  are  twice  as  strong 
as  at  600ft.  a  minute,  or  four  times  as  strong  as  the  same 
teeth  at  1,800ft,  a  minute.  For  teeth  which  are  perfectly 
formed  and  spaced,  it  is  difficult  to  see  bow  there  can  be  a 
greater  difference  in  strength  than  the  well-known  difference 
occasioned  by  a  live  load  or  a  dead  load,  or  two  to  one  in 
extreme  cases.  But,  for  teeth  as  they  actually  exist,  a  greater 
difference  than  two  to  one  may  easily  bei  imagined  from  the 
noise  sometimes  produced  in  running,  and  it  should  be  said 

♦Abstract  of  paper  read  before  the  American  Society  of  Mechanical  Engineers, 
t  Proceedings  of  the  Engineers'  Club,  Philadelphia,  1893,  vol.  10. 
j  Power  Transmitting  Mechanism  :  On  the  Strength  of  the  Teeth  of  Wheels, 
j.  H.  Cooper,  Journal  of  the  Franliliu  Institute,  1879. 


that  this  table  is  submitted  for  criticism  rather  than  for 
general  adoption." 

It  is  very  evident  that  Mr.  Lewis  only  offered  the  values  of 
his  Table  II.  tentatively.  A  careful  examination  of  Mi. 
Cooper's  paper  fails  to  disclose  any  table  from  which  Table  II. 
is  immediately  transferred,  but  on  page  15  of  that  paper  will 
be  found  a  &&ries  of  factors,  credited  to  E.  R.  Walker, 
Newcastle-under-Lyme,  1868，  varying  with  the  rim  speed  of 
wheels,  by  which  the  "  breaking  load  of  tootli  ，，  is  to  l>o 
divided.  These  factors  are  given  as  follows  : — 
m—  3  for  very  slow  speed  without  shock. 

= 4  when  rim  of  wheel  runs  3ft.  per  second. 

= 5  when  rim  of  wheel  runs  5ft.  per  second. 

= 6  when  rim  of  wheel  runs  10ft.  per  second. 

= 8  when  rim  of  wheel  runs  15ft.  per  second. 

= 10  when  rim  of  wheel  runs  20ft.  per  second. 

=12  when  rim  of  wheel  runs  30ft.  per  second. 

― 14  when  rim  of  wheel  runs  40ft.  per  second. 
It  will  be  s&en  that  the&e  values  correspond  to  Mr.  Lewis's 
table  if  24,0001bs.  and  60,0001bs.  per  square  inch  are  used  for 
the  ultimate  fibre  stress  in  flexure  of  cast  iron  and  ste^] 
respectively.  This  is  an  apparent  oversight  on  Mr.  Lewis's 
part.  While  24,0001bs.  per  square  inch  is  a  legitimate 
assumption  for  th-e  unit  strength  of  cast  iron  in  tension,  a 
value  of  at  least  36,000  may  be  taken  ordinarily  for  the 
modulus  of  rupture  for  transverse  stress  or  ultimate  unit 
stress  in  outer  fibre,  due  to  bending.  Tliat  Mr.  Cooper  meant 
this  modulus  of  rupture  by  "  breaking  stress  "  is  obvious  from 
pages  8  to  11  of  liis  paper.  He  also  quotes  J.  Christie  as 
using  a  modulus  of  rupture  of  36,000,  with  a  factor  of 
safety  of  never  less  than  4，  and  then  under  the  most 
favourable  conditions,  as  well-fitted  gears,  rigidly  supported, 
running  at  moderate  speed,  and  stress  evenly  distributed. 
For  strains  suddenly  applied  the  factor  of  safety  should  be 
6,  and  when  accompanied  by  severe  shocks  and  sudden 
reversions  of  strains  it  should  be  8.  With  these  assump- 
tions, for  cast-iron  te&th ,  Mr.  Christie  would  allow  for  safe 

working    stresses  from   =  9,0001bs.   per  square  inch, 


clown 


4 

, 36,000    .  — nAlk  .  u 

to   ^  =4,o001bs.   per  square  inch, 

o 


as  contrasted 


to  a  range  in  Table  II.  of  from  8，0001bs.  down  to  l,7001bs. 

In  view  of  the  fact  that  Mr.  Christie  gives  several  examples 
from  practice  to  sustain  his  position,  and  of  Mr.  Lewis's  own 
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Fig.  2.— Dimensions  of  Arms  of  Gears  Tested. 

doubt  as  expressed  in  the  foregoing  quotation  from  his  papei\ 
of  so  wide  a  range  being  justified  as  that  called  for  by  his 
Table  II. ，  and  of  the  further  fact  that  this  table  was  based 
upon  a  modulus  of  rupture  much  too  low,  it  seems  strange 
that  these  tentative  values  have  been  so  generally  accepted  ； 
and  the  need  of  adequate  experimental  data  becomes 
apjiarent. 

Mr.  Cooper  on  page  9  of  his  paper  says :  11  It  is  certainly 
necessary  to  know  the  strain  that  breaks  a  pioce  of  projecting 
cast  iron  of  given  size  and  shape,  when  the  stress  is  laid  on 
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quietly,  as  well  as  wlien  it  is  drive"  on  wit li  considoralile 
velocity.  It.  in  ,-ilso  itiiporlant  to  k now  t  he  t'ract  ional  pari  ol' 
the  rupturing  weiglit  or  stress  wliicli  may  I"'  r('|>:';"'i'(lly  laid 
on  wit  li  pci't'ect  sat'et \,  to  <Misurc  t  lie  contiiiuaiice  of  adhesion 
under  the  usual  condi) ions  of  working.  U pon  tlit'si'  assent ial 
features  of  each  case,  tli©  criteria,  almost  ©very  engineer's 
"'ui(le  liook  is  silent ." 

A  copy  ol'  Brow ii  &  Slmrpe's  Treatise  on  Gearing 
give's  t  ho  only  data  lie'  recalls  liaviii;'  seen  of  cut  gears  tested 
to  nipt  hip  under  ru lining  condit  ions.  On  ]);i<,'e  1  I  S  is  t  lie 
following:     "  We  give  a  few  examples  of  average  !)re;iking 
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Fig.  3.— Results  of  Tests  with  20-tooth  Pinions. 

strain  of  our  combination  gears,  as  determined  by  dyi 
inometer  pressure  taken  at  the  pitch  line. 
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" If  we  take  a  safe  preissure  at  one- third  of  thei  foregoing 
breaking  strain  we  shall  have  for  10  pitch  353^1bs.  at  the 
])itch  line  ；  8  pitch  486-|lbs.  at  the  pitch  line  ；  6  pitch  7401bs. 
the  pitch  line  ；  5  pitch  823Albs.  at  the  pitch  line." 

In  order  to  add  to  the'  available  data  concerning  the 
strength  of  modern,  cut,  cast-iron  gear  teeth  under  operating 
conditions,  tlie  writer  had  a  special  apparatus,  Fig.  1，  con- 
structed .  It  consists  of  a  baseplate  carrying  three  adjustable 
bearings.  The  motor,  a  25  h.p.  220-volt,  dii*eci>current 
machine,  is  connected  by  a  Morse  chain  to  shaft  No.  1.  Shafts 
No.  1  and  No.  2  are  connected  by  a  pair  of  cut-steel  change 
gears  of  8  diametral  pitch  which  can  be  varied  to  give  a  wide 
rang©  of  velocity  ratios.  Shafts  No.  2  and  No.  3  are  con- 
nected by  the  cast-iron  cut  gears  to  b©  tested.  On  the  outer 
end  of  shaft  No.  3  there  is  a  flanged,  water-cooled  brake 
wheel  carrying  a  prony  brake.  The  arm  of  the  brake  rests,  by 
means  of  a  steel  knife'  edge  and  plate,  on  a  platform  scale. 
Each  bearing-  is  provided  with  a  sight  feed  lubricator. 
The  measurement,  of  the  efficiency  of  transmission  not  being 
the  object  of  the  experiment,  the  friction  of  the  bearings  is 
neglected.  The  only  effect  of  this  is  to  make  the  com  put  ed 
breaking  load  of  the  teeth  a  very  little  less  than  its  real 
value  in  -each  case.  By  means  of  the  slotted  baseplate  and  the 
tongues  on  the  bottom  of  the  bearings,  tho  latter  can  be  slid 
into  place,  the  gears  accurately  meshed  without  binding  or 
backlash,  and  then  securely  held  by  means  of  two  square-head 
bolts  to  each  bearing.  The  Morse  chain  is  lubricated  with  a 
graphite  and  grease'  mixture,  and  the  gears,  both  steel  and 
cast  iron,  with  ordinary  thick  grease  lubricant  which  was  also 


*  Preliminary  calculations  had  been  based  upon  the  Brown  Sharpe  flgurea 
quoted  above, 


freely  used  on  the  brake.  Before  starting  each  run  a  wooden 
guard  was  placed  over  the  gears  to  be  tested.  That  this  was 
not  a  useless  precaution  was  indicated  by  the  fragmentary 
condition  of  the  gears,  particularly  those  having  arms,  at  U， ' 
conclusion  of  many  of  the  runs. 

The  tests  were  made  in  the  mechanical  laboratory  of  t 
Lei  and  Stanford  Junior  University.    For  each  run  the  rnoto. 
was  started  witli  zero  load  applied  by  the  prony  brake.    Tli  — 
scale  weiglits  were  then  set  at  the  lowest  load  and  the  brake 
tightened  until  the  scale  beam  floated.      Sirrmltanf-ouslv  the 
rate  of  rotation  was  observed  with  a  tachometer  which  was 
calibrated  upon  completion  of  the  bests  and  i 
slight  corrections  made  iti  the  computed  results.  Calibration 
of  the  scales  showed  tliem  to  be  entirely  correct  tlirou^liout 
the  range  us&d.    Increment-s  of  load  on  the  scale  began  at 
51bs.  each  while  the  load  was  low,  and  were  dimiiiislied  to 
2 lbs.  and  lib.  as  the  probable  breaking  load  was  ap|)ro;icli'"i 
The  unexpect'edly  higli  breaking  strength  shown  by  1  ii' ， 
particularly  at  the  higher  velocities,  made  it  imp'-"1  '  ' 
break  the  gears  at  pitcli  speeds  mucli  exceeding  500ft  ' 
minute  with  this  apparatus.    At  the  higher  speeds  tlu*  teeth 
w-ere  capable,  without  rupture,  of  transmitting  all  of  tlie  |  ' 
the  motor  could  develop. 

Tli©  gears  tested  were  all  10  diametral  pitch,  cast-iron, 
14^°  involute,  purchased  of  tlie  Brown  &  Sharpe  Maiuifact  u r- 
ing  Company  without  intimation  of  the  special  purpose  for 
which  they  were  intended,  and  were  of  the  ordinary  st''  ， 
proportions.  The  width  of  face  in  all  cases  wasl?,'sin.  The 
20  and  30-tootli  gears  were  solid,  the  40-tooth  webbed,  and 
tlie  others  each  had  six  arms.  Tlie  twenties  and  thirties  had  a 
bore  of  l^vin.  and  a  Jin.  key  way.  The  rest  had  a  bore  of  1  "in. 
and  a  ^in.  keyway.  The  general  proportions  of  the  arm 
gears  are  shown  in  Fig.  2. 

The  main  tests  were  conducted  in  two  series ；  the  first 
being  made  in  1911  with  single  observations  under  eacli  set  of 
conditions;  and  the  second ,  made  in  1912,  bein^  planned  to 
cover  the  ground  more  completely,  witli  the  further  intention 
of  making  three  runs  in  each  case  under  identically  the  same 
conditions  in  order  to  eliminate  errors  of  observation  and  of 
variable  material. 

Fig.  3  shows  graphically  the  results  of  all  the  foregoing 
tests  involving'  20-tooth  pinions.  Abscissae  are  pitch-line 
spe&cls  in  feet  per  minute,  and  ordinates  are  forces  at  the 
pitcli  point  equivalent  to  the  breaking  loads  in  pounds.  This 
equivalent  breaking  load  is,  of  course,  equal  to  the  net  brake 
load  at  rupture  by  brake  arm  divided  by  tlie  pitch  line  radius 
of  gear  on  brake  shaft.     Curve  A  is  drawn  representing  the 
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Fig.  4.— Results  of  Tests  with  30  and  40-tooth  Geabs. 

results  of  all  tests  with  20  and  30-tooth  gears  in  mesh.  As 
there  were  several  observations  taken  for  each  pitch  speed,  the 
numerical  average  of  the  equivalent  breaking  loads  was  taken 
for  each  set,  and  the  curve  drawn  through  these  average  points 
as  near  as  might  be. 

In  Fig.  3  the  curve  was  extended  by  inference  to  the  zero 
velocity  line.  It  will  be  noted  that  this  breaking  load  curve 
falls  off  with  increase  of  speed  up  to  a  pitch  velocity  of  some- 
thing less  than  300ft.  per  minute  and  then  apparently  starts 
to  rise  again  as  though  the  maximum  percussive  effect  had 
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been  passed.  This  fact,  and  the  further  one  that  within  the> 
limits  of  the  actual  tests  the  rang©  of  average  breaking  load 
was  only  from  l，5791bs.  at  19*4ft.  per  minute  down  to 
l，1691bs.  at  3127ft.  pitch  velocity,  about  25  per  cent.,  are  two 
of  the  most  striking  points  appearing  in  this  investigation. 

These  phenomena  migHt  bo  questioned  on  the  score  that 
all  of  the  20-tooth  gears  but  one  broke  entirely  apart  as  well 
as  having  teetli  stripped.  But  Fig.  4  shows  the  same  general 
form  for  all  tests  involving  30  and  40-tooth  gears  in  mesh  ； 
and  in  this  case  there  can  be  no  question  of  anything  but  the 
strength  of  the  teeth  themselves,  as  it  was  only  at  the  teetli 
t  hat  any  of  these  gears  broke. 

It  is  an  unfortunate  fact  that  the.  limit  of  the  motor's 
power  was  such  as  to  make  it  impossible  to  rupture  gears  at 
higher  speeds,  thus  enabling  us  to  follow  the  curve  and  observe 

Table  II. ― Velocity  Coefficients 


intended  to  cover  presumed  increa&es  in  impact  effect.  Using 
Mr.  Lewis's  accepted  formula  for  15°  involute  teeth  as  being 
ap])licable  to  the  Brown  &  Sharpe  standard  14^°  involute 
teeth,  namely 3 

/  n  i 0 .     0 -G84 
p  j  0-124  一  


IF  =  working  strength  of  tooth - 
S  =  working  stress  of  material  per  square  inch. 
p  =  pitch  of  teeth  in  inches. 
/—  face  of  teeth  in  inches. 
w  =  number  of  teeth. 

Table  I.  has  been  prepared  to  sliow  the  relation  between  the 
computed  working  strength  and  the  actual  breaking  loads  for 
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whether  the  apparent  rise'  in  breaking  strength  continued  with 
increase  in  pitch  speed.  No  attempt  has  been  made  to  make 
this  a  smooth  curve  ；  the  points  corresponding  to  the  averages 
obtained  by  experiment  have  merely  been  joined. 

It  is  clear,  however,  even  from  thesei  somewhat  limited 
experiments,  that  the  impact  or  percussive  effect  with  increase 
of  speed  is  not  nearly  so  great,  with  these  modern,  accurately 
cut  gears,  as  has  commonly  bo&n  suppo&ed.  In  both  cases 
the  curves  show  that  the  minimum  breaking  strength  (at  a 
pitch  speed  of  about  300ft.  per  minute)  is  more  than 
&even-eighths  that  at  a  pitch  speed  of  about  100ft.  per  minute 
and  more  than  .seven-tenths  that  at  zero  pitch  speed.  And  it 
is  not  theoretically  impossible'  that  thei  breaking  load  actually 
rises  with  increa&e  of  speed,  afte'r  a  certain  critical  speed  has 
been  passed,  until  it  would  approximate  the  static  breaking 
load  if  it  were  not  for  the  increasing  tendency  of  the  fcoeth  to 
tear  loose  duei  to  centrifugal  force.  At  an  infinite  speed  the 
repetitive  stress  would  become  a  continuous,  one.  As  curve  A, 
Fig.  3，  shows  the  actual  breaking  strength  of  20  teeth,  1.0 
pitch,  cast-iron  gears  at  different  speeds,  it  is  interesting  to 


tho  20  and  30-tooth  gears  within  the  range  of  these  experi- 
ments, as  shown  by  the  plotted  curves  on  their  legitimate 
inferential  extension. 

When  the  actual  breaking  loads  under  running  conditions 
have  been  determined,  as  they  have  in  the  above  cases,  the 
results  provide  the  allowances  for  pitch -speed  variations  and 
it  is  difficult  to  &ee  any  reason  for  not  using  a  uniform  factor 
of  safety  for  conditions  which  ar©  uniform  in  other  regards 
than  pitch  speeds,  to  provide  for  the  possibilities  of  faulty 
material,  poor  alignment,  sudden  applications  or  reversals  of 
stress,  and  possible  overloads.  Just  how  great  this  factor 
n^&d  be  is  a  question  to  be  settled  by  the  designer  in  each 
individual  case.  But  in  any  case  it  would  be  a  true  factor  of 
safety  and  not  a  f  actor  of  ignorance. 

Mr.  Lewis's  Table  II.  may  be  looked  upon  as  a  table  of 
factors  representing  a  combination  of  the  modulus  of  rupture, 
a  factor  of  safety,  and  a  coefficient  depending  upon  velocity . 
It  would  seem  better  to  separate  these.  The  value  of  the 
modulus  of  rupture  is  discussed  below.  For  values  to  be 
taken  for  the  factor  of  safety  the  writer  agrees  with  Mr. 
Christie  as  quoted  on  page  80. 

Table  I. ― Relation  between  Computed  Working  Strength  and 
Breaking  Loads  20  and  30-tooth  Gears. 


Fig.  5.— Line  op  Force  as  Fig.  6  — Line  op  Force  as  De- 

Assumed  in  Lewis  Formula.        termined  by  Actual  Fractures. 

compare  with  this  the  allowable  loads  for  such  gears  computed 
for  the  same  speeds  by  tho  Lewis  formula. 

s  二  8，000  for  0  to  100ft.  per  minute. 

TF=  8,000  x  0*31416  x  1*0625  x  0*90  =  240    (1) 

s  =  4,800  for  300ft.  per  minute. 

" TF- 4,800  x  0*31416  x  1*0625  x  0  90  =  144   (2) 

5  =  4,000  for  600ft.  per  minute. 

T7=  4,000  x  0*31416  x  T0625  x  0*90  =  120    (3) 

Curve'  By  expressing  these,  is  shown  at  the  bottom  of 
Fig.  3.  The  discrepancy  between  the  two  curves  is  obvious. 
They  do  not  even  have  the  same  general  form. 

Mr.  Lewis's  formulae  and  tables  we're  intended  to  provide 
a  factor  of  safety  of  3  for  pitch  speeds  of  100ft,  per  minute 
or  less,  of  5  for  300ft.,  and  6  for  600ft. ?  the  differences  being 
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curve. 

The  values  of  the  coefficient  to  provide  for  the  effect  of 
pitch  velocity  v  can  be  determined  from  the  results  of  the  tests 
shown  in  Fig.  3，  curve  A,  and  Fig.  4.  These  results  are 
expressed  in  Table  II. ，  together  with  a  series  of  values  of  v 
based  upon  them  and  so  selected  as  to  lean  toward  the  side 
of  extra  safety. 

To  check  the  material  of  the  gears  used  in  these  tests  and 
to  determine  wliether  it  was  normal  or  of  exceptional  strength, 
24  test  specimens  were  cut  from  12  of  the  30-tooth  gears, 
selected  at  random.  Tlievse  specimens  were  about  ] in.  thick, 
iiin.  wide,  and  2 Jin.  long.     Seventeen  similar  specimens  were 
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cut  from  castings  made  in  the  university's  foundry  and  known 
to  be  of  ordinary  composition  and  quality.  The  sptH'imens 
were  all  tested  in  flexure  with  the  load  applied  at  the  middle 
of  a  span  of  1  Jin.  The  modulus  of  rupture  of  the  gear 
material  test  pieoe's  was  38,7371bs.,  while  tluit-  of  the  check 
specimens  was  39,0491bs.  It  is  legitimat-e  to  conclude  t  h;it 
the  material  of  the  gears  u&ed  in  these  tests,  wliil-e  of  lirst  r;i"' 
quality,  was  not  unusual  or  exceptional.  The  results  of  t 
tests  may  therefore  be  accepted  as  representing  typical 
material.  In  general  a  value  of  3G,()00  may  he  reasonably 
used  for  the  modulus  of  ru]>ture  for  cast-iron  gear  teeth . 
(To  be  cont inu ed . ) 


REGULATIONS  FOR  APPRENTICES. 

Tiih  l'ol lowing  regulations  liaw  Ikv'i  issiH'd  hy  Messrs.  Mai  Iut 
and  Plait,  Ltd.,  Manchester,  for  t  ho  admission  and  cont  col  of 
apprent  ices  in  tii^ir  works  : — 

Apprentices  are  admitted  into  tho  works  in  accordance 
with  the  following  regulations.  They  are  divided  into  1 1 1 ree 
classes : — 

First  Class. ― Boys,  of  not  less  tlian 】5  years  of  age,  are 
admit  ted  as  "  Trade  Apprentices  ，'  with  the  object  of  becoming 
" Tradesmen  "  on  reaching  21  years  of  age.  They  must  have 
passed  Standard  VI.  at  a  primary  school,  and  have  attended  a 
continuation  school,  or  produce  other  proof  of  having  had  a 
satisfactory  elementary  education,  and  must  be'  capable,  if 
required,  of  satisfactorily  answering  an  elementary  exainin;i- 
tion  paper  in  arithmetic.  They  are  required  throughout  the 
whole  term  of  their  apprenticeship  to  attend  evening  classes  at 
the  Manchester  or  Salford  Schools  of  Technology,  or  other 
approved  schools,  and  in  certain  cases,  selected  entirely  by 
merit,  are  allowed  to  attend  the  special  day  courses  for  appren- 
tice engineers  at  th©  Manchester  School  of  Technology,  but  this 
privilege  is  only  granted  with  the  express  permission  of  the 
works  manager,  and  is  restricted  to  those  boys  who  can  show 
that  they  will  derive  full  benefit.  No  deduction  is  made  from 
wages  for  the  time  spent  at  th^ise  classes.  Trade  Apprentices 
are  paid  wages  from  the  commencement  of  their  employment, 
according  to  the  uniform  scale  for  the  time  being  in  force,  and 
are  advanced  annually,  if  conduct  and  progress  both  in  tlic 
works  and  in  the  classes  have  boen  satisfactory. 

Second  Class. ——A  limited  number  of  youths  of  not  less  than 
17  years  of  age,  able  to  submit  a  satisfactory  introduction  and 
references,  and  of  giving  proof  of  a  thorough  general  education 
at  a  secondary  school  or  public  school,  by  examination  certi- 
ficates or  otherwise,  are  admitted  into  the  works  from  time  to 
time  as  circumstances  permit,  with  the  object  of  obtaining 
practical  training  in  different  branches  of  enginoering.  Those 
who  have  had  a  recognised  course  of  technical  training  at  a 
technical  school,  or  have  obtained  distinction  at  a  publir 
school  or  grammar  school,  have  preference  in  selection  for  this 
class.  A  knowledge  of  French,  German,  or  other  modern 
languages  is  considered  an  additional  qualification.  Youths 
in  this  class  are  transferred  from  department  to  department, 
so  as  to  obtain  as  wide  an  experience  as  possible,  but  subject 
always  to  the  shop  conditions  at  the  time  permitting  of  entry 
into  a  particular  department,  and  to  the  express  permission 
of  the  works  manager.  Mather  &  Piatt  consider  that  the  best 
training  is  obtained  by  starting  in  the  foundry,  and  then 
passing  to  tlve  machine  tools,  fitting,  and  assembling,  and  this 
course  will  be  followed  as  circumstances  permit.  As  far  as 
possible  all  youths  in  this  class  will  speud  some  time  in  one 
or  other  of  the  test-rooms,  and  in  the  drawing-office.  All 
youths  in  this  class  enter  the  works  for  a  probationary  period 
of  six  months,  during  which  time  they  do  not  receive  any 
wages.  From  the  end  of  this  period  they  will  receive  a 
weekly  wage  of  10s. ，  and  thereafter,  up  to  the  end  of  their 
apprenticeship,  such  wages  as  may  be  arranged  by  the  manage- 
ment.  All  youths  in  this  class  are  required  as  a  condition  of 
their  employment  to  continue  their  technical  education,  by 
attendance  at  evening  classes  at  the  Manchester  or  Salford 
Schools  of  Technology,  or  at  the  University  ；  and  in  certain 
cases,  selected  entirely  by  merit,  are  allowed  to  attend  the 
special  day  courses  for  apprentice  engineers  at  the  Manchester 
School  of  Technology,  but  this  privilege  is  only  granted  with 
the  express  permission  of  th©  works  manager,  and  is  restricted 
to  those  youths  who  can  show  they  will  derive  full  benefit  - 
No  deduction  is  made  from  wages  for  the  time  spent  at  these 
classes.  Every  yoxitli  admitted  into  Class  II.  must'  obtain  a 
letter  from  liis  parents  or  guardians  imdertakinor  tliat  they 


will  not  remove  him  during  the  time  arranged  for  his  appren- 
ticeship without  the  consent  of  his  employers. 

Third  Class. ― With  a  view  to  afYording  fanliries  for 
practical  workshop  training,  a  very  limited  number  of  youn^ 
men  of  not  less  than  20  years  of  age,  wlio  liave  passed  a  r-or/i- 
pleto  course  of  le<*hnical  1  raining  ； it  a  "'('Imiral  s'  hool,  or 
who  liave  obtained  a  (k';'rw  or  diplrjnia  in  ^nj/ii wrin^  or 
science  at  a  University,  are  admit t^d  into  the  works  t'roni 
time  to  time  as  circumstances  permit.  Anyone  applying  for 
admission  into  this  class  must  liave  a  satisfactory  introduction 
and  references,  and  must  submit  a  complete  statement  of  their 
educational  career  and  attainments.  It  must  be  understood 
that  selection  is  made,  having  regard  to  the  educational 
qualifications  that  a  candidate  is  able  to  submit,  and  that 
great  importance  is  attached  to  a  candidate  having  a  thorou^li 
knowledge  of  Frencli,  German,  or  other  modern  laiij/iifs 
j^II  )iuin  in  Miis  <*Ihss  c!it<M*  I  lie  works  for  ； i  ]>rol»at  ionary  ]^v\<u\ 
of  six  months,  at  the  end  of  which  time  t here  is  no  ohlif/at ion 
to  remain,  or  on  the  part  of  the  employers  to  continue  tlie 
employtiient.  If  it  is  then  agreed  to  continue,  tlie  candidate 
must  agree,  in  writing,  to  remain  in  the  employment  of 
Mather  &;  Piatt  for  the  further  period  arranged .  During  t  lu* 
probationary  period  of  six  months  no  wages  are  paid.  The 
remuneration  during  the  further  period  will  be  subject  to 
arrangement  according  to  the  merits  of  each  case.  Although 
Mather  &  Piatt  cannot  undertake  any  obligation  that  men  in 
this  class  shall  spend  any  specific  time  in  any  particular 
department,  the  management,  as  far  as  possible,  will  select 
the  department  or  shops  so  as  to  give  the  best  possible  practical 
enginoering  training  suited  to  the  attainments  and  capabili- 
ties of  each  man,  and  not  with  a  view  to  obtaining  skill  in  any 
particular  handicraft. 

General. 

Apprentices  of  all  classes  are  subject  to  the  usual  works 
regulations  and  must  keep  shop  hours,  which  are  as  follow  ： 
Monday  to  Friday  inclusive,  8  a.m.  to  12-30  p.m.,  1-30  to 
5-50  p.m.  ；  Saturday,  8  a.m.  to  12  noon.  Mather  &  Piatt 
in  no  case  charge  any  entrance  fee  or  premium,  nor  indenture 
any  apprentice,  nor  undertake  to  continue  the  employment 
of  any  apprentice. 

All  applicants  must  be  of  sound  constitution,  and  must,  if 
required,  produce  a  medical  certificate  showing  their  physical 
fitness  for  the  work. 

Mather  &  Piatt  desire  to  draw  attention  to  the  age  limit 
of  15，  below  which  they  will  not  iu  future  admit  any  appren- 
tice. This  age  has  been  fixed  in  order  that  boys  may  have  the 
advantage  of  some  instruction  in  elementary  science  at  a  con- 
tinuation school  before  commencing  work  in  the  shops. 

A  member  of  the  staff  is  deputed  to  keep  a  register  of  all 
apprentices,  their  educational  record,  the  time  speut  in  each 
department,  the  classes  attended,  and  the  reports  of  the 
masters.  Apprentices  are  encouraged  to  consult  with  liim 
from  time  to  time  as  to  any  change  in  their  employment  which 
appears  desirable,  and  he  will  endeavour  accordingly  to 
arrange  it  with  the  works  manager.  He  will  advise  appren- 
tices as  to  the  classes  that  will  be  most  useful  for  them  to 
attend,  and  will  pay  the  fees  for  the  session,  for  the  classes 
selected  and  approved. 

The  Principals  of  the  technical  schools  and  of  other  schools 
whose  classes  are  attended  by  Mather  &  Piatt  apprentices  are 
invited  to  report  at  frequent  intervals  on  their  attendance 
aud  progress. 

No  holidays  other  than  the  usual  works  holidays  are 
granted  to  any  apprentice,  except  with  tlie  express  permission 
of  the  works  managex*. 

Mather  &  Plafb  wish  it  to  be  understood  that  they  are 
able  to  accede  to  only  a  very  small  proportion  of  the  applica- 
tions made  to  them  for  entry  into  Classes  II.  and  ITI.，  and  that 
in  making  the  selection  of  those  to  whom  the  privilege  is 
extended,  tliey  are  primarily  guided  by  the  intention  of  select- 
ing those  students  whose  antecedents,  physical  fitness,  char- 
acter, and  educational  attainments  are  likely  to  fit  them  for 
permanent  posts  on  the  staff.  They  also  desire  to  point  out 
that,  although  the  above  regulations  primarily  apply  to  works 
employment,  nevertheless  it  has  always  been  tlie  practice  of 
Mather  &  Piatt,  to  select  as  far  as  possible  those  wlio  have  had 
practical  training  in  the  works  for  tlie  more  important  posts 
in  the  office  pertaining  to  the  commercial  side  of  the  business, 
and  it  is  their  intention  to  continue  such  selection  from  the 
several  classes  of  works  apprentices. 
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BREAKDOWN  TESTS  OF  METALS.* 

BY  0,  BOUDOUARD. 

Rupture  of  a  metal  is  produced  not  only  when  the  breaking 
stress  is  applied  in  one  single  instance,  but  also  when  the 
metal  is  submitted  to  tensions  or  compressions  decidedly 
smaller  than  the  breaking  stress,  all  being  of  the  same  sense 
and  repeated  a  sufficient  number  of  timos ；  or,  again,  when 
the  metal  is  submitted  to  still  smaller  tensions  and  compres- 
sions, provided  that  they  act  alternately  in  opposite  senses. 
Now  the  resistance  of  metals  to  alternating  stress  is  an 
essential  feature  for  a  great  many  industrial  applications,  in 
particular  for  parts  of  machines  in  which  the  stress  changes  at 
every  instance  in  sens&  and  in  magnitude. 

Mr.  A.  Guillet,  Secretary  of  the  Faculte  des  Sciences,  in 
Paris,  established  the  two  following  facts  two  years  ago,  while 
studying  the  vibratory  movements  of  metals  ：  (1)  Under  the 
same  experimental  conditions  the  damping  of  the  vibrations 
of  a  U  of  soft  iron  is  about  three  times  greater  than  that  of 
a  U  of  soft  steel  ；  (2)  the  viscosity  of  the  metal  varies  in 
accordance  with  the  deterioration  of  the  metal  owing  to  the 
repetition  of  the  alternating  stress.  Prof.  Henry  Le 
Chatelier  directed  the  attention  of  scientists  and  engineers  to 
the  problem  which  Guillet  had  attacked  ；  the  measurement 
of  the  damping  indeed  revealed  a  novel  prop&rty  of  matter 


Fig,  i. 

which  was  directly  connect-ed  with  the  intimate  constitution 
of  matter,  and  the  new  method  of  testing ― apart  from  its 
being  economical  and  rapid ― should  offer  the  very  great 
advantage  that  it  follows  the  deterioration  of  the  metal  as  it 
proceeds,  because  this  deterioration  is  manifested  by  a  rapid 
and  very  considerable  increase  in  the  rate'  at  which  the 
damping  of  the  vibratory  movement  takes  place. 

The  u&e  of  the  tuning  fork,  as  suggested  by  Guillet,  is  not 
absolutely  indispensable  for  this  kind  of  besting.  It  is,  on  the 
contrary,  preferable'  to  experiment  with  rolled  rectangular 
bars,  analogous  to  those  which  the  works  supply.  The 
simplest  arrangement  is  to  grip  similar  bars,  20  cm.  to  30  cm. 
in  length,  in  a  massive  and  rigid  support ；  the  practical  diffi- 
culty is,  however,  to  secure  that  the  mounted  bar  has  no  free 
play,  and  that  the  mounting  has  no  influence  upon  the 
damping. 

Description  of  the  Apparatus. -— Tlie  apparatus  is  intended  to 
produce  vibrations  in  the  horizontal  plane  (Fig.  1).  The  bar 
of  metal  to  be  examined  (Fig.  2)  has  the  following  dimensions  ： 
width,  1  cm.  ；  thickness,  0  6  cm.  ；  the  bar  oscillates  over  a 
length  of  27  cm.  It  is  fixed  by  one  of  its  extremities  in  a  sort 
of  vice  S  rising  p &r pen d i cu  1  a rly  from  a  bench  B  which  is  pro- 
vided with  a  longitudinal  groove  along  which  the  electro- 
magnet E  slides  which  attracts  the  bar  or  rod.  By  the  side 
of  the  bench ,  which  is  independent  of  the  vice,  is  mouuted  a 
small  brass  table  T，  likewise  grooved,  being  provided  with 
two  grooves  along  whicli  t lie1  contact  slides  which  is  controlled 
by  the  vibrating  bar.  The  vice  which  holds  th©  metallic  bar 
I'es&mble's  a  small  rolling  mill  for  hand  operation,  the  cylinders 
of  which  have>  been  replaced  by  jaws  of  hard  steel  which  have 
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been  most  carefully  adjusted.  These  jaws  form  the  seat  for 
the  bar  in  question  (Fig.  3).  The  lower  jaw  M  is  fitted  with 
two  studs  G，  which  penetrate  into  two  holes  drilled  into  the 
base  of  the  small  mill  so  that  M  is  firmly  fixed  ；  the  upper 
jaw  M'  bears  the  pressure  of  the  two  screws  of  the  mill.  The 
vibrating  rod  is  by  these  means  held  immovable  over  a  length 
of  5  7  cm.  The  vice  is  solidly  fixed  to  a  table  (of  slate)  by 
means  of  two  angles  of  soft  iron  fitted  with  screw  bolts.  The 
bench  B  is  secured  in  a  similar  way,  and  the  table  makes  one 
body  with  the  walls  of  the  building.  It  is  indeed  very 
important  for  this  style  of  experiment  to  realise  an  absolute 
rigidity  of  the  support  of  the  vibrating  reed,  lest  the  vibra- 
tions be  affected  by  external  causes.  The  apparatus,  which  I 
have  installed  at  the  College  d©  Franoe,  seems  to  satisfy  this 
condition.  By  watching  a  horizontal  mercury  surface  one 
can  ascertain  that  vibrations  of  very  large  amplitude  do  not 
affect  the  support  more  than  very  slightly  ；  anyhow,  the 
mounting  of  the  metallic  bar  in  the  jaws  of  the  vice  leaves 
no  free  play  and  does  not  therefore  play  any  part  in  the 
damping  of  the  oscillating  movement. 

Th©  contact  by  means  of  which  the  vibrations  are  main- 
tained is  placed  at  about  9  cm.  from  the  fixed  extremity  of  the 
rod.  It  consists  of  a  vertical  flat  spring  r,  which  forms  the 
mobile  terminal  and  which  is  connected  with  the  rod  by  a 
thread  f  (of  sewing  cotton)  ；  against  this  spring  r  bears  a 
screw  V,  the  fixed  terminal.  The  current  interruptions 
are  produced  by  the  vibrating  rod  which  actuates 
the  flat  spring  r,  because  it  keeps  the  thread  f  more 
or  less  stretched.  The  parts  of  the  spring  and  of 
the  screw  between  which  the  spark  passes  are  protected  by 
platinum  ；  as  the  platinum  contact  on  the  spring  disappears 
rapidly,  it  is  preferable  to  substitute  for  it  a  blade  of  iron, 
2  mm.  or  3  mm.  in  thickness,  which  has  no  value  and  can 
easily  be  replaced.  The  electromagnet  acts  on  the  rod  at  a 
distance  of  about  10'5  cm.  from  the  fixed  end. 

The  current  intensity  can  be  measured  at  any  moment  by 
the  ampere  meter  A，  and  it  can  be  varied  with  the  aid  of  the 
resistance  R  ；  the  current  is  furnished  by  four  accumulators. 
The  circuit  compri&©s  an  interrupter  I  which  can  break  the 
current  of  the  electromagnet  at  once  when  one  wishes  to 
study  the  damping  of  the  vibrations  of  the  metal  under 
examination. 

The  maximum  amplitude  which  is  compatible  with  a  given 
static  intensity  is  immediately  obtained,  wheu  the  contact  is 
so  regulated  that  the  ampere  meter  marks  half  the  static 
intensity.  A  few  hundredths  of  an  ampere  suffice  to  produce 
a  sensible  vibratory  movement.  When  one  wishes  to  obtain 
displacements  of  the  free  end  of  the  rod  corresponding  to  a 
f &w  o©nti metres,  a  current  of  several  amperes  will  be  required. 
The  distance  between  the  lateral  surface  of  the  bar  and  the 
extremity  of  the  core  of  the  electromagnet  is  about  half  a 
cantimetre. 

Readings  of  the  amplitudes  are  taken  、、- ith  the  aid  of  a 
narrow  slit,  which  is  well  illumiuated  from  some  source,  or 
better,  directly  by  the  filament  of  an  iucaiide«oence  lamp  ； 
this  slit  is  placed  in  the  focal  plane  of  a  leus  interposed 
between  the  transparent  graduated  scale  and  a  small  plane 
mirror  attached  to  the  end  of  the  vibrating  rod.  The  rays  from 
the  lamp  traverse  the  lens,  are  reflected  by  the  mirror,  pass 
through  the  lens  a  second  time,  and  then  form  an  image  ou  the 
scale  which  is  in  the  same  plaue  as  the  source  of  light.  The 
mirror  is  fitted  into  a  brass  sheath  which  is  pushed  under  hard 
friction  over  the  free  end  of  the  rod.  The  lens  is  placed  at  a 
distance  of  about  1  cm.  from  the  mirror.  "With  this  arrange- 
ment d&flections  of  the  image  of  30  cm.  and  more  can  easily 
be  obtained  by  using  len&es  of  different  focal  lengths  and  by 
varying  the  distance  between  the  mirror  aud  the  lamp.  The 
amplitudes  at  different  moments  or,  at  anyrat-e,  the  total 
length  of  the  damping  period  can  be  measured  with  the  aid  of 
a  chronometer  ；  but  the  operation  is  very  delicate.  In  order 
to  ensure  a  greater  accuracy  aud,  above  all,  to  avoid  all 
personal  errors,  it  will  be  more  convenient  to  photograph  the 
damping  curve  on  a  cylinder  which  is  turned  at  a  known  rate, 
once  per  minute  e.g.  One  can  at  the  same  time  register,  once 
for  all,  the  curve  of  the  oscillations  of  a  teuth-of-a-second 
tuning  fork  ；  in  this  manner  the  length  of  the  damping  period 
and  the  number  of  rod  vibrations  per  second  can  be  recorded. 
I  have  made  use  of  a  recording  cylinder  after  Richard,  12  cm. 
in  height,  on  which  a  sheet  of  very  sensitive  gelatine-bromide 
paper  is  wound.      The  luminous  slit  is  constituted  by  the 
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filament  of  a  Nernst  lamp  ；  the  intersection  of  the  vertical 
luminous  image  with  the  horizontal  slit,  guided  along  ;i 
generatrix  of  the  second  cylinder  surrounding  the  first  moving 
cylinder,  determines  the  luminous  point  wliidi  acts  on  tli" 
photographic  paper.  Nernst  lamps  are  to  bo  reoor"""'ml"l , 
since  the  vibrations  are  rapid  both  iu  normal  inovement  and 
during  the  damping.  Other  lights  are  hardly  powerful 
enough  completely  to  register  the  normal  vibrations  and  the 
damping  curve. 

Course  of  an  Experiment. ― In  each  series  of  tests  one 
registers  the  damping  curve  of  the  bar  before  it  is  made  to 
vibrate,  and  then  the  damping  curves  at  variable  timr 
intervals  up  to  the  moment  of  rupture  ；  the  different 
diagrams  aro  afterwards  compared  with  one  another. 
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Fig.  2. 

long-duration  tests  take  place  in  periods  of  unequal  lengths  ； 
sometimes  the  metal  remains  at  rest  for  on©  day  or  several 
days  between  the  recording  of  two  successive  damping  curves. 

When  the  curve  is  registered  by  a  Richard  apparatus 
which  makes  one  revolution  per  minute,  the  length  of  tlie 
successive  elongations  cannot  easily  be  measured  with  sufficient 
precision.  W©  obtain  in  fact  th©  ciu'venenvelope  of  the 
vibratory  movements  without  being  able  to  distinguish  the 
individual  vibrations,  and  we  can  thus  only  determine  the 
length  of  the  damping  period .  Wlion  we  then  replace  th© 
clockwork,  which  makes  the  cylinder  complete  one  turn  p^r 
minute,  by  another  gearing  which  increases  the  speed  about 
five-fold,  then  the  vibratory  movement  itself  will  be  recorded, 
and  the  photograph  allows  us  to  determine  both  tlie  ampli- 
tudes and  the  number  of  vibrations  with  sufficient  accuracy. 
This  gearing  is  very  simple  :  an  aluminium  pulley  is  mounted 
on  the  shaft  of  the  recording  cylinder  ；  in  the  hollow  of  the 
pulley  lies  a  cord  which  supports  an  iron  disc  at  its  one 
extremity  and  a  counterweight  at  the  other  ；  in  its  fall  the 
disc  makes  the  recording  cylinder  tako  part  in  its  movement, 
and  this  movement  is  kept  regulated  because  the  fall  takes 
place  within  a  test  tub©  filled  with  water,  the  diameter  of  tlie 
tube  being  a  little  larger  than  that  of  the  disc.  In  this  way 
tlie  recording  cylinder  is  turned  at  a  fairly  uniform  rate,  wliich 
cau  be  adapted  to  the  experiments.  When  a  curve  is  to  be 
recorded,  the  disc  is  raised  to  its  upper  position  ；  it  is  then 
left  to  itself  for  a  few  seconds,  after  the  shutter  of  the  Richard 
apparatus  has  been  opened  ；  the  current  of  the  electromagnet 
is  now  interrupted  by  means  of  the  device  I  have  mentioned 
above.  When  the  pulley  has  described  one  turu，  which  is 
easily  ascertained  with  the  aid  of  a  mark,  the  shutter  is 
lowered.    On©  has  afterwards  only  to  develop  the  pliotograph. 

Iu  th©  photographs  thus  obtained  the  distance  between  the 
extreme  points  of  the  elongations  constitute  the  amplitudes 
to  be  measured,  and  it  is  just  at  these  points  that  th©  action 
of  the  light  oil  the  sensitised  paper  is  maximuni  because  the 
velocity  of  translation  of  the  mirror  is  there  zero.  The  ampli- 
tudes are  measured  with  the  help  of  a  glass  mirror  wliich  bears 
a  scale  divided  into  half-niillinietres ；  this  mirror  is  niovnl 
over  one  vibration  curve  afier  another,  and  readings  to  a 
quarter  of  a  millimetre  can  easily  be  taken.  In  order  to 
enable  the  experimenter  to  count  the  number  of  the  vibra- 
tions, especially  near  the  end  of  the  damping  period,  tin1 
mirror  further  bears  a  series  of  equi-distant  parallel  lines  by 
r^eans  of  which  the  mirror  can  be  shifted  through  a  kiunvn 
distance,  parallel  to  itself,  starting  from  a  reference  point 
previously  marked  ou  the  diagram. 

The  total  elongation  of  the  free  end  of  the  vibrating  rod 


is  3  5  cm.  or  4  cm.,  which  corresponds  to  an  an^lc  of  deileciiou 
of  6°  or  7°  between  the  extreme  j>ositioiis.  About  30  double 
vibrations  are  counted  per  second.  According  to  Cliladni  an 
oscillating  rod  having  one  end  fixed  and  the  other  end  free 
should  give  the  note  utl  =  32*625  double  vil, rations. 

All  the  tests  have  been  conducted  in  the  air  and  at 
ordinary  temperature.  One  has,  however,  to  ask  oneself 
wliether  the  resistance  of  metals  to  alternating  stress  is  not  a 
temperature  function.  Very  often  metals  are  doing  work  at 
more  or  less  elevated  temperatures,  and  we  know  that  the 
rupture  of  parts  which  are  heated  by  the  stearn  in  engines 
cannot  be  explained  by  a  diminution  of  the  toughness.  Vibra- 
tion experiments  are  now  being  conducted  on  hot  metals  in 
accord  with  the  Unieux  Steel  Works. 

Results  of  the  Experiments. ― Tlir'  "  st  、  、',、'i  。  m 

following  carbon  steels,  which  Messrs.  Schneider  &  Co.  had 
placed  at  my  disposal. 

No.  1    Puddle  iron. 

No.  2    Basic  Martin  steel,  extra  soft. 

No.  3    Crucible  steel,  about  0  3  per  cent,  of  C. 

No.  4    Crucible  steel,  about  0  6  per  cent,  of  C. 

No.  5    Crucible  steel,  about  10  per  cent,  of  C. 

As  regards  th©  precision  of  the  method,  I  have  investigated 
whether  it  was  always  possible  to  secure  the  same  experimental 
conditions  with  regard  to  the  clamping  of  the  bar  between 
t  he  jaws  of  the  vice  on  the  one  hand  and  the  fixing  of  the  vice 
to  th©  table  on  the  other.  The  discrepancies  which  I  observe 
with  respect  to  the  first  point  are  always  distinctly  smaller 
than  those  shown  by  the  diverse  damping  curves  of  the  same 
metal  ；  as  regards  the  second  point  a  defective  fixing  is  at 
once  recognised  as  such,  because  the  damping  of  the  vibratory 
movement  is  then  almost  instantaneous.  The  influence  of 
the  air  resistance  on  the  vibrations  does  not  modify  the  general 
conclusions  of  this  research  ；  it  produces  an  increase  in  the 
value  of  the  decrement  amounting  to  about  10  per  cent;  this 
figure  is  generally  accepted.    The  results  may  be  summarised 


DcsignatH)ii  of  tlie  metal. 

Time  during  、、hich  the 
vibrations  continued, 
up  to  rupture. 

No.  of 
vibrations. 

No.  1  annealed   

18  hr-s.  45  miu. 

1,995,000 

11    ，，    45  ，， 

1,215,000 

13    ，，    15  ，， 

1.431,000 

14    ，，    15  ，， 

1,512,000 

6    ，，    15  ，， 

648,000 

1    ，，    25  ，， 

i:a.lMMI 

3   ，，    25  ，， 

369,000 

5  ,， 

9,000 

~ -  hardened  and  reheated  " . . 

iu)  rupture  after       hrs.  > 

2,802,000 

run 


In  all  these  bests  rupture  of  th©  metal  is  filially  produced 
by  the  repetition  of  a  great  number  of  alternating  stresses 
which  were  smaller  than  the  breaking  strength.    It  is  known 

that  a  piece  of  metal,  when 
submitteii  to  a  repetition  of 
alternating  stress,  rising  from 
zero  as  lower  limit  to  a  certain 
predetermined  upper  limit,  will 
not  fail  even  after  an  un- 
limited number  of  applications 
of  the  stress,  provided  the 
upper  limit  remains  below  the 
primitive  limit  of  elasticity  ； 
as  long  as  this  limit  is  not  ex- 
ceeded, the  security  of  the  part 
is  not  endangered.  It  is  o、 
approximately  to  calculate  the 
force  corresponding  to  the 
action  of  the  electromaguet 
capable  of  imparting  to  the  test  bar  au  equivalent  flexion,  aud 
also  to  determine  experi men t a  1 1  y  the  practical  elastic  limit  of 
the  metals  which  are  tested  by  vibrations  ；  and  this  investiga- 
tion will  show  tliat  the  bars  have  been  broken,  although  they 
were  merely  subject  to  stress  below  their  elastic  limit. 

Finally,  with  respect  to  the  question  of  the  damping  of  the 
vibratory  movement,  the  results ― contrary  to  what  might 
have  been  expected  when  tlie  research  was  started ― do  not  on 
the  whole  appear  to  establish  in  any  decisive  manner  that  the 


Fig.  3. 
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metal  does  undergo  noteworthy  transformations  before  break- 
ing down,  and  that  its  alteration  could  easily  be  followed  hv 
comparing  th©  rates  of  the  damping  of  the  vibratory  move- 
ment at  different  instances.  Nevertheless,  we  can  keep  count 
of  the  variations  in  the  clamping  by  determining  tho  mean 
logarithmic  docrement  in  -each  case;  wo  then  com©  to  ilie 
same  results  as  when  considering  the  damping  curves  con- 
structed by  taking  as  co-ordinates  the  number  of  vibrations 
and  the  logarithms  of  the  elongations. 

Conclusions.  —-  In  testing  different  specimens  it  is  easily- 
possible  to  ensure  the  same  experimental  conditions  and  to 
obtain  measurements  which  are  comparable  with  one  another. 
One  need  not  fear  any  defect  in  the  gripping  of  the  screws 
which  fix  the  support  of  the  frame  to  th©  table  ；  for  any  sudi 
defect  would  immediately  reveal  itself  by  the  character  of  tlie 
damping  curves  which  would  entirely  differ  from  the  other 
damping  curves.  The  time  necessary  for  the  rupture  of  a 
metal  under  continuous  vibratory  movement  comes  out  practi- 
cally the  same  in  the-  different  experiments.  In  th©  case  of 
st/eels  containing  about  0*3  per  cent,  of  carbon,  not  of  l.he 


Fig.  4. 

same  origin  but  of  the  same  chemical,  composition,  it  is  found 
that  the  breakdown  tests  take  from  12J  to  13+  hours.  This 
new  method  of  testing  metals  by  th©  study  of  the  damping 
of  the  vibratory  movement  therefor©  admits  of  useful  applica- 
tion for  the  purpose  of  determining  their  resistance  to 
alternating  stress. 

The  vibratory  movement,  when  sufficiently  prolonged, 
leads  always  to  the  rupture  of  the  tested  metal,  and  the 
number  of  necessary  vibrations  varies,  in  tho  case  of  the  half- 
hard  and  of  tho  hard  carbon  steels  so  far  studied,  in  the 
inverse  ratio  of  their  carbon  ratio.  Puddle  iron  and  extra - 
soft  steel  which  have  nearly  th©  same  composition  (apart  from 
th'e  percentage  of  manganese  which  ranges  between  0.050  and 
0'400  per  cent.)  and  which  also  have  the  samo  mechanical 
constants,  show  a  marked  difference  as  regards  th©  length  of 
time  required  to  effect  rupture  ；  puddle  iron  resists  much 
longer  than  th©  extra-soft  steel.  Whether  the  0*3  carbon 
steel  is  annealed  or  hardened  does  not  make  any  noteworthy 
difference.  For  the  hard  steel  tlie  hardening  diminishes  the 
length  of  the  period  during  which  the  vibrations  have  to  be 
maintained  to  effect  rupture  very  noticeably.  Reheating 
improves  th©  quality  of  the  metals  considerably  ；  a  steel  with 
l'O  per  cent,  of  carbon  which  broke  after  3  hours  25  minutes 
in  the  annealed  state,  and  after  5  minutes  in  the  hardened 


state,  was  not  yet  broken  after  26^  hour6  in  the  hardened  and 
annealed  condition. 

All  the  fractures  of  the  broken  metals  will  offer  a  similar 
appearance.  We  distinguish  in  them,  even  with  the  naked 
eye,  lines  of  separation  along  which  the  rupture  appears 
gradually  to  have  taken  place.  The  size  of  the  grains  varies 
with  the  zones,  and  this  size  appears  particularly  exaggerated 
in  the  hardened  metals.  Moreover,  at  right  angles  to  tlie 
edges  of  the  broken  section,  lines  are  distinctly  discernible 
which  suggest  a  tearing  apart  ；  these  lines  are  not  any  longer 
than  half  the  smallest  dimension  of  the  bar,  and  they  do  not 
show  any  regularity. 

As  regards  the  mechanical  properties,  one  should  not  over- 
look the  great  rise  in  the  elastic  limit  shown  by  the  puddle 
iron  and  the  extra-soft  st^el  after  having  been  broken  down 
by  continued  vibrations.  It  should  also  be  accentuated  tliat 
all  the  metals  tried  have  been  broken  down,  although  they 
were  exposed  to  stress  that  kept  well  below  tlie  elastic  limit. 

The  variations  in  the  damping  of  the  vibratory  movement 
are  in  general  too  small  to  characterise  a  metal  at  different 
moments  of  th©  test.  If  it  were  possible  to  predict  the  exact 
moment  of  rupture,  the  comparison  of  the  curve  obtained 
a  few  minutes  before  th©  rupture  and  of  the  initial  curve 
would  furnish  further  interesting  information  concerning  the 
state  of  the  metal  which  has  been  vibrated  ；  this  seems  to 
follow  from  tlie  tests  made  with  the  metals  1  (annealed)  and  4 
(hardened),  in  which  the  damping  curves  taken  15  and 
25  minutes  before  th©  rupture  indicated  that  the  damping  had 
increased  by  about  50  per  cent,  above  its  initial  value.  But 
a  fixed  rule  cannot  b©  laid  down  ；  for  nothing  is  known  as  to 
any  new  metal,  unless  the  experiments  are  multiplied  at  very 
close  intervals,  which  would  render  the  method  very  tedious. 
I  must,  moreover,  point  out  again  that  I  have  not  been  able 
to  conduct  th-e  long-duration  tests  which  I  have  carried  out 
without  interruption.  -The  metal  had  to  remain  at  rest  for 
on©  or  several  days  between  the  registrations  of  the  successive 
damping  curves;  might  there  possibly  intervene  some  factor 
which  would  influence  the  final  results  of  the  tests? 

As  regards  the  annealed  steels,  the  damping  diminishes 
when  the  carbon  percentage  increases.  When  we  compare  the 
extra-soft  steel  with  the  puddle  iron  of  the  same  chemical 
composition  and  of  the  same  mechanical  constants,  we  find  for 
the  same  duration  of  the  vibratory  movement  that  the 
damping  of  the  puddle  iron  is  about  50  per  cent,  smaller 
than  that  of  the  extra-soft  steel,  but  that  it  becomes  almost 
equal  to  it  a  quarter  of  an  hour  before  the  rupture  of  the 
test  bar,  that  is  to  say,  7^  hours  after  the  soft-steel  bar  had 
already  been  broken.  The  damping  of  the  hardened  metal 
No.  3  is  inferior  to  that  of  the  same  metal  in  the  annealed 
state  ；  the  opposite  holds  for  the  metal  No.  4  annealed  and 
hardened.  Finally,  in  the  case  of  metal  No.  5  the  damping 
of  the  hardened  and  annealed  metal,  although  it  passes 
through  a  maximum,  remains  practically  the  same  as  ihat  of 
the  reheated  metal . 


TESTS  OF  HIGH-TENSION  INSULATORS. 

The  results  of  some  tests  of  high-tension  insulators  were  pre- 
sented in  the  course  of  two  papers  recently  read  before  the 
American  Institute  of  Electrical  Engineers.  Iu  tlie  first 
paper,  by  Mr.  L.  E.  Imlay  and  Mr.  P.  H.  Thomas,  the 
authors  furnished  the  results  of  tests  ou  insulators  intended 
for  a  38,000-volt  line  in  connection  with  an  existing  line  of 
22,000  volts.  The  insulators  on  the  latter  were  made  of 
electrose  with  an  umbrella  petticoat  about  1 2in .  diam.  and  a 
second  petticoat  about.  6in.  diam.  They  occasionally  punc- 
tured through  the  head  from  lightning.  They  were  mounted 
on  grounded  steel  pins.  This  failure  was  surprising,  since 
they  had  never  punctured  in  testing,  but  would  flash  over  when 
wet  at  about  90,000  volts,  25  cycles.  Apparatus  was  therefore 
arranged  to  test  at  ordinary  frequency  and  also  at  very  liigli 
frequency  by  the  use  of  au  oscillatory  discharge.  A  trans- 
former of  500  kw.  at  750,000  volts  was  used,  one  side  of 
transformer  and  apparatus  being  grounded .  Tests  made  on 
the  old  insulators  and  upon  a  variety  of  new  electrose  and 
porcelain  insulators  showed  that  several  forms  of  insulators 
which  failed  by  flashing  over  upon  a  low-frequency  test  would 
be  punctured  by  the  high-frequency  test.  The  voltage  in  the 
latter  frequently  exceeded  300,000  volts.  Electrose  and 
porcelain  did  not  differ  in  their  behaviour  in  this  respect. 
Both  petticoats  were  sawed  off  of  one  insulator,  which  then 
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showed  no  failure  under  high  frequency  at  340,000  volts  in 
over  150  trials.  It  was  not  believed  that  the  effect  was  due  to 
heating,  as  in  that  case  cutting  off  petticoats  would  not 
increase  the  resisting  power.  In  most  cases  a  large  number  of 
applications  at  high  frequency  was  necessary  before  puncture 
took  place.  A  significant  point  was  that  no  insulator  failed 
on  high  frequency  on  the  very  first  shock.  An  estimate  of 
the  frequency  of  the  oscillatory  circuit  was  1,000,000  cycles 
per  second.  A  theoretical  discussion  was  given  as  to  the 
reason  for  the  observed  effects  and  some  tests  were  made  with 
special  arrangements  in  support  of  this  theory.  The  tests 
showed  that  it  was  desirable  to  include  tests  at  high  frequency 
in  the  practical  work  of  testing  insulators,  at  least  to 
determine  design .  Such  tests  required  large  capacity  and 
high  voltage.  The  design  of  insulators  to  resist  high-frequency 
discharges  should  include  the  wide  separation  of  conducting 
parts  from  the  pin  and  as  great  uniformity  of  electrostatic 
field  between  them  as  possible.  Wide  and  thin  petticoats 
added  little  to  the  strength.  The  authors  decided  to  use 
wooden  pin9. 

In  the  second  paper,  by  Mr.  P.  W.  Sothman,  the  results  of 
tests  carried  out  to  determine  the  insulator  most  suitable  for 
a  110,000-volfc  line  were  presented.  Insulators  were  tested 
one  at  a  time  and  also  in  parallel.  The  apparatus  consisted 
of  two  50-kw.,  150,000-volt  transformers  in  series.  Electrical 
tests  wore  mad©  dry,  wot,  and  under  oil,  and  a  mechanical 
test  for  strength  was  also  made.  The  voltage  was  controlled 
by  a  water  rheostat  in  the  low-tension  circuit.  Voltage  was 
measured  by  a  voltmeter  previously  calibrated  with  a  spark  gap 
The  voltmeter  was  connected  to  the  low-tension  side  of  an 
instrument  transformer  connected  to  the  primary  of  the  test 
transformer.  Tests  on  six  types  of  insulator  showed  that  in 
most  cases  the  discharge  was  started  by  a  sharp  corner  or 
}>oinfc  of  metal  on  the  parts  which  held  the  sections  togetln'r. 
While  the  link  feature  was  advantageous  from  a  mechanical 
viewpoint,  it  created  unfavourable  stresses  in  the  air  between 
the  discs.  The  diameter  of  the  pin,  together  with  the  voltage 
it  assumed,  remained  the  determining  factor  for  the  highest 
stress  of  the  porcelain  within  the  cap.  For  this  reason  no 
advantage  was  gained  by  the  us©  of  a  two-piec©  insulator.  It 
was  advisable  to  have  the  metal  parts  of  insulators  as 
symmetrical  as  possible,  presenting  a  smooth  and  even  surface 
without  projections.  This  suggested  the  ball-and-socket  type 
of  connection.  Another  unfavourable  feature  of  a  two-piece 
insulator  was  the  impossibility  of  equalising  the  stress  in  the 
two  pieces  under  all  conditions.  The  use  of  a  pin  cemented 
into  a  porcelain  shell  looked,  at  first,  doubtful,  but  had  given 
no  cause-  for  complaint,  while  the  link  feature  was  a  failure 
electrically.  A  European  type  of  insulator  met  all  the 
electrical  requirements  but  not  the  mechanical  tests.  The 
latter  point  could  be  covered  by  modifications  of  design.  This 
type  was  not  ordered ,  however,  on  account  of  the  necessity  for 
prompt  delivery.  Of  the  others,  two  failed  to  meet  the 
electrical  requirements,  one  involved  a  faulty  design  and 
another  met  the  electrical  but  not  the  mechanical  "tests.  The 
latter,  with  modifications,  was  adopted  for  use.  None  of  the 
types  recommended  by  the  manufacturers  met  the  require- 
ments of  a  strain  insulator  for  the  wet  test.  The  author  con- 
sidered the  problem  of  insulating  high-tension  transmission  on 
lines  as  far  from  being  solved,  but  much  valuable  experience 
had  been  gained.  The  author  deprecated  the  use  of  exces- 
sively high  voltages,  such  as  a  system  for  145,000  volts  already 
in  operation  and  another  for  180,000  volts,  which  was  in  con- 
templation.  Caution  should  be  used  before  adopting  any 
high  voltages.  A  few  years  ago  the  suspension  type  of 
insulator  was  supposed  to  have  eiven  a  solution  for  line 
insulation,  and  the  factor  limiting  the  use  of  high  voltage  was 
considered  to  be  corona  and  atmospheric  leakage.  These 
views  needed  revision -  The  uncertain  conditions  manifested 
in  such  a  system  were  the  behaviour  of  oil  circuii>b readers,  the 
lightning-arrester  problem,  and  the  high-tension  transformers. 
Most  of  this  apparatus  was  in  the  stage  of  development. 


Fatal  Boiler  Explosion  on  a  French  Steamer. — A(vm(lin 义 to 
Lloyd's  agent  at  Fayal,  Azores,  a  boiler  explosion  occurred  a 
few  days  ago  on  board  the  French  steamer  "  Madonna  "  while 
on  a  voyage  from  New  York  to  Marseilles,  resulting  in  five 
firemen  being  killed  and  one  injured. 


POWER  REQUIREMENTS  OF  ROLLING  MILLS.* 

HY  W.  8YKJ0H. 

The  increasing  use  of  electric  motors  for  driving  the  main 
rolls  in  modern  steel  works  makes  the  question  of  the  power 
requirements  of  rolling  mills  of  considerable  importance  to 
those  engaged  in  designing  such  installations.  The  subject 
is  one  of  great  complexity  due  to  the  various  factors  con- 
trolling the  power  requirements,  and  also  to  the  variation 
in  operating  conditions  in  different  works.  Indeed,  it  is 
hardly  possible  to  obtain  reliable  inforniation  from  j>ul>- 
lished  data,  and  rolling-mill  practice  is  wholly  based  upon 
empirical  knowledge  gained  by  experience.  One  of  the  most 
difficult  features  of  this  problem  is  to  determine  the  set  of 
conditions  on  which  to  design  the  equipment.  A  great 
many  superintendents  are  of  the  opinion  that  it  is  impossible 
to  obtain,  within  limits,  an  equipment  too  large.  This  is  a 
mistaken  idea  based  upon  past  experience  ；  it  has  been  shown 
that  by  improvements,  mainly  in  organisation,  the  output 
can  be  increased  often  as  much  as  100  to  200  per  cent,  over 
tli"  original  estimate. 

With  our  present  knowledge  of  rolling  conditions,  and  in 
view  of  what  has  been  done  in  the  past,  it  should  be  pos- 
sible to  make  a  reasonable  estimate  as  to  how  much  the 
production  of  a  mill  may  be  increased  in  the  future  by 
improvements  in  the  auxiliary  apparatus  and  organisation. 
This  is  a  factor  which  must  always  be  considered  when 
designing  an  installation  ；  and  it  is  here  that  the  electrical 
manufacturer  must  often  take  the  responsibility  for  assump- 
tions as  to  rolling  conditions  altogether  different  from  those 
given  by  the  steel -mill  engineers.  Some  of  our  most  success- 
ful manufacturers  of  rolling-mill  engines  have  based  their 
machines  upon  the  size  required  to  break  some  part  of  the 
mill.  So  long  as  efficiency  is  not  considered  and  it  is  not 
necessary  to  meet  competition  as  to  price,  such  an  arrange- 
ment is  ideal  from  the  standpoint  of  the  manufacturer,  as 
there  is  never  any  doubt  as  to  the  operation  of  his  part  of 
the  plant,  but  under  existing  conditions  attention  must  be 
paid  both  to  efficiency  and  the  price  of  the  equipment. 

In  the  first  place  it  must  be  pointed  out  that  the  size  of 
the  mill  as  determined  by  the  size  of  pinions,  or  the  width 
and  diameter  of  rolls,  has  comparatively  little  to  do  with 
the  size  of  motor  required  for  driving  it,  as  the  work  per- 
formed by  the  same  size  mill  may  vary  several  hundred  per 
cent.  The  fundamental  basis  on  which  the  size  of  motor 
must  be  determined  is  the  product  of  the  mill  and  the  ton- 
nage rolled.  There  are  a  great  many  factors  entering  into 
the  proposition  which  must  be  considered.  Dealing  first  with 
the  product,  the  following  are  the  principal,  in  their  usual 
order  of  importance :  "Volume  of  metal  displaced  ；  method 
of  displacement  ；  temperature  of  metal  ；  class  of  material  ； 
rate  of  displacement  and  size  of  roll. 

Volume  of  Metal  Displaced. ― It  is  of  the  greatest  importance 
to  have  some  method  of  comparing  the  actual  work  done  ou 
the  metal  in  various  mills.  I  have  used,  as  a  unit  of  work, 
the  horse-power  seconds  required  to  displace  1  cub.  iu.  of 
metal .  This  unit  of  work  takes  into  consideration  only  the 
volume  displaced  in  the  direction  of  rolling,  and  for  simple 
work  such  as  rolling  plates,  blooms,  flats,  &c.，  practically 
all  of  the  metal  is  displaced  in  this  way,  as  the  displacement 
at  right  angles  to  the  direction  of  rolling  is  negligible.  Tn 
cases  where  the  section  of  the  pass  is  completely  enclosed  by 
the  rolls,  there  is  very  often  a  side  displacement  which  this 
unit  does  not  take  into  consideration  ；  but  whatever  system 
is  employed,  it  is  at  present  only  possible  to  take  into  con- 
sideration the  displacement  in  the  direction  of  rolling.  The 
unit  here  adopted,  of  horse-power  seconds  per  cubic  inch  dis- 
placed, will  be  referred  to  as  "  specific  power  consumption." 

Method  of  Displacement ― It  is  also  of  the  greatest  import- 
ance to  consider  how  the  pressure  is  applied  to  the  material 
rolled.  When  the  pressure  is  vertical,  or  nearly  so,  to  the 
surface  being  rolled,  it  niav  be  referred  to  as  "  direct  pres- 
sure," and  it  is  obvious  that  under  such  conditions  the 
power  required  will  be  a  minimum.  When  finishing  material 
such  as  flanged  rail  or  channel,  where  the  pressure  is  almost 
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parallel  to  the  surface  being  rolled,  the  pressure  may  be 
very  large  for  a  very  small  amount  of  work  done.  This 
condition  may  be  referred  to  as  11  indirect  pressure." 

The  pressure  on  the  rolls  due  to  the  metal  introduces 
additional  friction,  but  as  this  cannot  be  separated  from  the 
power  actually  required  to  displace  the  metal,  ifc  must  be 
included  in  the  specific  power  consumption.  A】so，  there 
often  is  considerable  friction  Ix'tw-feu  Urn  rolls  and  the  metal, 
din1  to  the  peripheral  speeds  of  various  parts  of  i lie  se('tir)" 
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Fig.  1, 

being  different  ；  this  between  the  metal  and  the  roll.  In 
cases  where  a  rail  flange,  for  instance,  is  being  finished, 
there  is  a  tendency  to  move  the  rolls  laterally  in  relation  to 
one  another,  which  may  be  taken  up  by  indirect  pressure  in 
the  opposite  direction  or  in  roll  collars,  in  which  case  the 
friction  is,  of  course,  increased.  It  must,  therefore,  be 
included  as  part  of  the  net  rolling  work,  which  is  the  actual 
input  to  the  mill  less  the  no-load  friction. 

Temperature  of  Metal. ―  This  plays  a  very  important  part  in 
the  power  required  for  any  mill.  Tests  made  indicate  that' 
tlie  power  requirements,  all  other  things  being  equal,  vary 
practically  as  the  tensile  strength  of  the  material.  There  is 
not  a  great  deal  of  information  available  as  to  the  tensile- 
strength  of  steel  at  various  temperatures.  Fig.  1  is  a  curve 
of  tensile  strength  of  mild  steel  at  various  temperatures,  made 
up  from  information  that  has  been  published  of  tests  in  x»he 
Watertown  Arsenal  and  from  various  European  publications, 
as  well  as  from  tests  made  by1  the  writer.  The  curve  varies 
somewhat  from  others  that  have  been  published  as  to  the 
strength  at  high  temperatures,  as  the  tests  made  by  the 
writer  indicate  that  previous  estimates  as  to  the  tensile 
strength  have  been  too  low,  and  that  instead  of  the  curve 
gradually  tapering  to  zero  at  the  melting  point,  there 
is  a  point  somewhere  between  1,300°  Fah.  and  1,400°  Fall, 
where  the  tensile  strength  rapidly  decreases.  Tests  made  at 
various  temperatures  when  rolling  plat&s,  using  only  direct 
pressure,  so  that  there  are  no  other  disturbing  factors,  indi- 
cate that  this  curve  is  approximately  correct  as  indicating 
the  relation  between  the  power  required  to  displace  the 
metal  and  the  temperature.  The  rate  at  which  metal  cools 
is  obviously  of  the  greatest  importance,  and  within  tlie  usual 
limits  of  rolling  temperatures  it  may  be  said  that  the  rate 
of  cooling  will  be  practically  proportional  to  the  area  exposed 
in  relation  to  the  volume.  From  Fig.  1  it  will  thus  b©  seen 
that  the  power  required  to  displace  the  metal  will  increase 
very  rapidly  as  the  cross-section  is  decreased. 

Class  of  Material. ― Tests  made  by  the  writer  and  others 
indicate  that,  provided  the  temperature  is  the  same,  the 
power  required  to  displace  a  given  volume  of  metal  is  prac- 
tically independent  of  the  chemical  composition  of  the  steel . 
This  applies  only  within  the  usual  rolling  temperatures 
(1,800°  Fah.  to  2,400'°  Fah.).  The  density  of  the  steel  has 
considerable  influence  upon  the  power  requirements,  and  when 
rolling  ingots,  the  first  one  or  two  passes  made  require 
comparatively  little  power  per  cubic  inch  displaced,  as  the 
steel  is  more  or  less  porous.  After  the  metal  has  had  one  or 
two  passes  through  the  rolls,  the  density  when  hot  appa- 
rently does  not  enter  further  into  the  question.  When 
rolling  steel  cold,  however,  there  is  a  continual  increase  of 


the  power  required  due  to  the  increased  density,  and  in 
Fig.  2  is  shown  a  typical  curve  indicating  the  increase  in 
power  requirements  as  the  cross-sectional  area  is  decreased. 

Rate  of  Displacement. 一 Although  little  information  is  avail- 
able, there  are  indications  that  the  rate  of  displacement 
somewhat  affects  the  power  requirements.  Tests  made  by 
the  writer  appear  to  show  that  a  low  rate  of  displacement 
requires  less  power  than  if  metal  is  rolled  quickly.  In  prac- 
tice, however,  metal  is  rolled  as  quickly  as  it  can  be  handled, 
so  that  this  feature  is  of  comparatively  little  importance. 

Size  of  Rolls. ― Theoretical  investigations  show  that  when 
rolling  plates  or  blooms  or  such  sections  where  direct  pressure 
only  is  used,  the  size  of  roll  has  some  effect  upon  power 
requirements.  Small  rolls  should  require  somewhat  less 
power  than  large  rolls,  but  the  writer  has  not  been  able  to 
demonstrate  the  accuracy  of  these  theoretical  calculations 
owing  to  the  great  many  other  factors  which  influence  the 
test  results. 

Practical  Determination  of  Motor  Size. ― The  great  majority 
of  rolling  mills  are  of  the  type  running  continuously  in  one 
direction,  and  to  equalise  the  input  to  the  motor  flywheels 
are  used.  It  is  of  the  greatest  importance  to  determine  the 
size  of  flywheel  required  in  conjunction  with  the  charac- 
teristics of  the  motor  and  control  apparatus,  as  it  is  only  by 
considering  them  as  a  unit  that  a  satisfactory  installation 
can  be  made.  With  the  ideal  flywheel,  a  motor  sufficiently 
large  to  carry  the  average  load  would  be  the  right  size  to  use, 
as  all  the  peaks  would  be  taken  by  the  flywheel,  and  during 
the  intervals  between  passes  energy  would  be  stored  in  it. 
In  practice  it  is  not  possible  to  use  such  flywheels,  as  they 
would  be  excessively  】arg6，  and  consequently  a  compromise 
must  be  made  between  motor  and  flywheel.  It  is  usual  to 
consider  that  the  mill  will  run  for  short  periods  at  its  maxi- 
mum capacity,  that  is,  with  the  minimum  interval  necessary 
to  handle  the  material,  and  on.  this  basis  the  load  diagram 
rnusb  be  determined.  The  load  diagram  can  be  determined 
from  curves  showing  the  power  requirements  per  cubic  inch 
displaced,  in  conjunction  with  the  volumes  displaced  and  the 
rat©  of  rolling.  From  this  diagram,  the  average  load  when 
the  mill  is  rolling  at  the  maximum  rate  can  be  determined, 
and  also  the  size  of  the  flywheel.  The  average  production 
of  the  mill  must  be  taken  into  consideration  in  determining 
the  size  of  motor,  so  as  to  have  an  equipment,  which  has 
suitable  characteristics  for  the  normal  operating  conditions. 

In  practice  it  has  been  found  that,  although  the  power 
required  for  the  individual  passes  may  vary  quite  appreciably 
from  that  calculated,  the  flywheel  will  have  sufficient 
capacity  to  compensate  for  these  individual  variations,  and 
that  the  general  operating  conditions  of  the  motor  can  be 
fairly  accurately  determined.  In  practice  it  is  advisable 
not  to  allow  for  an  overload  of  more  than  25  per  cent,  when 
rolling  at  the  maximum  possible  rate,  so  that  there  is  always 
a  certain  reserve  available  in  the  motor  for  extraordinary 
conditions  that  may  ariss.     Rolling-mill  motors  are  usiiallv 
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designed  so  that  they  can  carry  25  per  cent,  overload  con 
tinuously  with  a  50。  C.  rise  and  50  per  cent,  for  one  hour 
with  a  60°  C.  rise.  With  motors  designed  on  this  basis,  it  is 
quite  permissible  to  allow  for  them  being  overloaded  25  per 
cent,  when  the  mill  is  run  at  its  maximum  capacity.  If  the 
hourly  capacity  of  the  mill  is  considerably  less  than  the 
maximum  that  can  be  rolled,  it  is  then  necessary  to  investi- 
gate very  closely  the  conditions  existing,  so  as  to  determine 
on  whnt  basis  the  compromise  must  be  made. 
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usually  assumed.  They  show  that  there  is  a  lag,  often  very 
great,  of  the  pencil  behind  its  true  position,  and  that  the  error 
so  introduced  is  nob  a  constant  but  generally  increases  with 
the  stiffness  of  the  spring  and  with  the  pressure.  Of  equal 
importance  is  it  that  these  errors,  large,  yet  not  reawl i  1  v 
apparent,  are  not  uniform,  but  vary  wit  h  dinVront-  ii"lir;i，''i 
aiul  ovon  wit  h  (liflVi-ont  springs  of  t  Im*  sam**  、'  ； Tli '-… 
errors  and  the  uncertainty  of  their  magnitude  are  hurtful  to 
the  progress  of  engineering.  The  indicator  should  oitlier  he 
made  an  accurate  instrument,  or  a  ready  means  of  measuring 
its  errors  should  be  devised.  The  methods  usoW  in  t hose 
experiments  go  some  way  towards  making  the  latter  alterna- 
tive possible,  and  the  results,  in  so  far  as  they  point  out  tl"* 
causes  of  errors,  will  be  useful  to  designers  in  their  search 
after  the  former. 

Very  few  investigations  into  the  behaviour  of  the  indicator 
have  been  made.  In  1885  Prof.  Reynolds  read  a  paper  on  tho 
indicator,  in  which  he  discussed  its  errors.*  He  gave  an 
equation  of  motion  of  the  pencil  which,  however,  neglected 
the  presence  of  any  damping  forces;  the  equation  ui'!' ' 
tunately  is  not  applicable  to  the  correction  of  the  ordinary 
indicator  diagram.  Reynolds  gave  a  method  of  determining 
the  friction  by  the  use  of  a  light  spring.  It  has  generally 
been  accepted  that  the  friction  so  determined  is  the  friction 
resisting  motion  of  the  pencil,  whatever  be  the  spring  used 
and  whatever  be  the  pressure  on  the  piston  ；  the  friction  in 
use  is  really  much  greater.  Reynolds's  theory  of  errors  of 
drum  motion  is  satisfactory  so  far  as  it  goes,  but  a  fuller 
treatment  is  advisable  for  present-day  noeds.  Reynolds's 
paper  was  accompanied  by  one 卞 by  Dr.  Brightniore,  in  wliirh 
he  gave  tlae  results  of  experiments  which  he  had  made.  Tliev 
went  to  show  the  presence  of  the  factors  discussed  by 
Reynolds,  but  they  did  not,  quantitatively,  except  in  the  case 
of  the  periodic  time  of  an  oscillation  of  the  pencil,  support 
Reynolds's  tlieories. 

Dr.  Meyer,  of  Berlin^  has  discussed  an  equation  of  motion 
of  the  pencil,  which  differs  from  Reynolds's  in  that  he  intro- 
duces a  term  to  represent  the  damping  forces.  These  he 
assumes  to  be  due  to  fluid  resistances  and  proportional  to  the 
velocity  of  motion  of  the  piston.  The  author's  experiments 
do  not  support  these  assumptions.  Such  equations  of  motion, 
if  they  could  be  accurately  applied,  would  be  of  value  in  cases 
in  which  changes  of  pressure  are  so  rapid  that  the  inertia  of 
the  moving  parts  is  a  predominating  factor,  for  example,  in 
the  case  of  the  correction  of  the  diagram  of  an  explosion  in  a 
gas-engine  cylinder. 
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There  is  in  the  indicator  the  possibility  of  two  distinct 
errors : — 

(1)  The  indicated  pressure  may  not  be  that  corresponding 
to  the  pressure  in  the  cylinder,  due  either  to  friction  or  to 
inertia  of  the  moving  parts  or  to  both. 

(2)  The  position  of  the  drum  may  not  be  that  correspond- 
ing to  the  position  of  the  piston,  due  to  stretch  of  the  string 
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INDICATORS* 

BY  .IAMKS  G.  STEWART. 

The  indicator  when  used  with  the  greatest  care  is,  like  many 
other  instruments,  subject  to  systematic  errors,  the  presence 
of  all  of  wliioh  has  not  yet  been  fully  recognised.  This  paper 
(iescrihos  some  experiments  which  have  been  made  to  deter - 
cusses  the  defects  of  indicators,  and, 
in  order  to  give  a  concrete  con- 
ception of  the  errors  both  in 
mean  pressure  and  in  the  shapo 
of  the  diagram,  it  gives  the 
correction  of  the  diagrams  of 
Prof.  Burstall's  Crosby-Hop- 
kinson  comparison  tests,  a 
paper  on  which  was  read  before 
the  Institution  of  Mechanical 
E  ngineers  in  1909.  These 
*  have  been  chosen  because  there 

FIG-  i  —o 謹 la 丽 curve.         簡 there  general  agreement 

tliat  the  indicating  was  of  the 
highest  order  possible  with 
the  given  instruments. 

T  he  rose-arch  has  been 
carried  out  in  the  laboratories 
of  the  Mechanical  Engineering 
Department  of  the  University 
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indebtedness  to  Prof.  P.  W.  Bursball  for  permission  to  use.  the 
indicators  and  for  facilities  to  prosecute  his  research  ；  ho  is 
indebted  to  Mr.  A.  W.  Hone  for  his  assistance  in  those  parts 
of  the  experiments  which  oould  not  conveniently  be  done  by 
one  experim enter . 

A  consideration  of  tho  uses  to  which  some  of  the  most 
eminent  engineers  have  put  the  indicator  and  of  the  far- 
reaching  deductions  made  by  them  led  to  this  investigation  of 
its  behaviour.  As  it  will  give  a  clearer  conception  of  the 
problem  some  of  these  uses  will  be  briefly  stated .  Profs. 
Callendar  and  Nic'olson ，十 in  their  classic  experiments  on  the 
temperatures  in  the  steam  engine,  found  a  discrepancy 
between  the  temperature  of  the  steam  as  measured  directly 
and  as  calculated  from  tho  indicator  diagram.  The  dis- 
crepancy, although  small,  they  explained  by  a  theory  of 
instability  of  state  of  steam  during  expansion  ；  it  could  be 
explained  very  satisfactorily  by  an  error  in  their  indicated 
pressures  if  such  oould  be  proved  to  exist.  Prof.  Burstall  in 
his  gas  engine  work  has  made  much  use  of  the  indicator  ；  he 
has  calculated  from  its  diagrams  the  temperatures  of  the  gases 
throughout  the  expansion  stroke  and  compared  them  with 
actual  measurements  of  these  temperatures.  I  He  has 
enunciated  a  law  of  cooling  in  the  gas-engine  cylinder,  and 
supported  it  by  the  agreement  of  deductions  made  from  it 
with  the  indicated  form  of  the  expansion  line.§  Mr.  Dugald 
Clerk,  in  his  well-known  work  on  the  specific  heat  of  gases,  has 
depended  almost  entirely  on  his  indicator  diagrams. || 

Prof.  Bertram  Hopkinson  has  also  used  his  indicator  to 
determine  the  specific  heats  of  gases,  and  has  found 
unexplained  peculiarities  towards  the  end  of  compression  and 
beginning  of  expansion.  The  problem  of  th©  behaviour  of 
gases  in  a  gas-engine  cylinder  would  bo  much  simplified  if 
the&e  oould  he  explained  by  errors  in  the  indicator. 

In  steam  engine  work  an  almost  absolute  reliance  is  placed 
on  the  indicator  diagram  ；  from  it  on©  deduces  dryness 
fractions  of  the  expanding  steam  and  draws  tho  corresponding 
entropy  diagrams  ；  from  which  in  turn  various  deductions  are 
made  of  heat  interchanges  taking  place  in  the  cylinder.  In 
the  measurement  of  indicated  horse-power  there  is  not  more 
reason  for  putting  trust  in  th-e  indicator.  If  through  any 
cause  a  large  amount  of  friction  were  offered  to  the  motion  of 
the  pencil,  the  indicated  horse- power  would  bo  much  in  excess 
of  the  true  horse-power  for  diagrams  of  the  usual  shape. 

The  author's  experiments  lead  to  the  conclusion  that  the 
errors  in  indicator  diagrams  are  much  greater  than  lias  been 
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or  to  straining  in  other  parts  of  the  indicator  gear.  Tliese 
will  be  considered  separately . 

In  the  author's  experiments  Crosby  gas-engine  indicators, 
internal  spring  type,  fitted  with  heavy  pattern  pencil  gear, 
were  used.  As  the  only  essential  difference  between  the 
Crosby  gas-engine  indicator  and  the  Crosby  steam-engine 
indicator  is  the  diameter  of  the  piston,  the  results  are  appli- 
cable to  tlie  steam  indicator,  bearing  in  mind  that  the  scale 
of  the  springs  must  be  altered  in  proportion.  Some  exj)et  i- 
nients  were  also  made  on  a  Hopkinson  optical  indicator  ；  this 
indicator  was  jnu'chastn]  l>y  t  he  Engii】（'''n  I  )f*pai't  iikmi!  <»f 
the  University  of  Birmingham  from  the  makers,  Messrs. 


SCALE  kISO  LB- PER  i 


Fig.  5.— Facsimile  of  Origin al  Oscillation  Diagram  obtained  from 
Apparatus  Fig.  3  (fall  size). 

Dobbie  &  Mclnnes,  Ltd.  On©  of  the  Crosby  indicators  was 
the  special  indicator  u&ed  by  Prof.  Burst  all  in  his  gas  engine 
research"  work  (Crosby  No.  1);  the  other  and  the  one  on 
which  most  of  tho  experiments  were  made  was  chosen  from 
the  remaining  indicators  in  tlie  possession  of  the  Department 
(Crosby  No.  2). 

As  indicator  diagrams  are  subject  to  error  from  mauy 
causes  which  are  really  defects  of  the  engine  and  not  of  the 
indicator,  it  is  necessary,  in  order  to  determine  th©  errors  of 
the  indicator,  to  eliminate  errors  of  the  former  class.  In  the 
pencil  motion  a  chief  source  of  error  in  steam-engine  work  is 
the  presence  of  water  in  the  indicator  or  in  its  connection  with 
the  cylinder  ；  this  has  been  avoided  by  using  compressed  air 


Fig.  6.— Variation  of  Fiiictionaij  Damping  Fohces  with  Vaiuation 

(1)  l*i:NCIL  I'KESjSUHE,  (2)  SCALK  OF  Sl'KING. 


as  a  working  fluid.  In  th©  drum  motion  errors  of  design  of 
the  imlirator  ^ear  were  ^liminat^d  l)y  a  difTereut  i;il  mei  hod . 
Further,  as  no  satisfactory  deductions  on  pencil  motion  could 
be  made  from  a  diagram  taken  from  an  engine,  a  special 
method  has  been  used. 

Motion  of  the  Pencil  (or  of  the  Equivalent  Pressure-indicating 
Mechanism  of  the  Optical  Indicator). ― To  record  the  pressure 
accurately  the  pencil  must  have  for  each  pressure  a 
single  definite  position,  and  it  must  take  this  position  when- 
ever the  pressure  in  the  cylinder  is  that  corresponding  to  the 
position.  This  is  only  approximated  to  in  any  indicator. 
Friction  and  the  inertia  of  the  moving  parts  introduce  errors  ； 
there:  may  also  be  an  error  due  to  slackness  in  the  pins  of  the 
pencil  gear,  which  error,  however,  is  one  which  ought  to  be 
avoided.  A  knowledge  of  the  friction  and  the  inertia  gives 
the  data  necessary  to  calculate  the  error  in  the  motion  of  the 
pencil* 


Frictional  Resistance  to  the  Motion  of  the  Pencil.— If  a  Crosby 

indicator  be  subjected  to  pressures  represented  by  the 
line  abed,  Fig.  1，  it  will  be  unable  to  follow  the  instantaneous 
change  of  pressure  represented  by  bc，  and  in  consequence 
oscillations  will  be  set  up,  and  tlie  j>encil  will  give  some  such 
indication  as  ahcfijlul ,  Fig.  1 .  These  oscillations  will 
gradually  die  out,  and  exj>erinieiit  sliows  that  the  damping 
per  oscillation  ( A)  for  each  of  tlie  oscillations  is  very  nearly 
constant,  Fig.  1.  It  is  slightly  greater  when  the  oscillations 
are  large,  but  for  general  purposes  this  variation  may  be 
neglected.  This  condition  oi'  constant  damping  per  oscilla- 
tion is  an  indication  of  the  nature  of  the  friction  which  is 


Fig.  7. 


-Vakiation  OF  FltlCTIONAL  L>AM1'I.NG   Koia  I：  with  Sr." 丄 
SntiNG  and  Pencil  Pkessuhe. 


damping  the  motion,  namely,  that  it  is  "  solid  "  friction,  that 
is,  it  is  of  constant  amount  and  always  opposed  to  the  motion  ； 

further,  the  frictional  force  is  equivalent  to  丁  lb. /in.2  on  the 

piston  (see  Appendix  I.).  As  the  successive  maximum  heights 
of  the  pencil  above  its  true  position  can  be  measured  and 
plotted,  A  cau  be  obtained  with  considerable  accuracy  from 
the  slope  of  the  mean  curve,  Fig.  2.  The  slope  at  the  point 
at  which  t>h&  curve  cuts  the  time  axis  gives  the  true  solid 
friction.  Increased  slope  at  other  points  indicates  tlie 
addition  of  a  small  amount  of  fluid  damping,  Fig.  2. 

Experiments  to  Determine  Frictional  Resistance  to  Motion  of 
Pencil. ― In  these  the  apparatus  shown  in  Fig.  3  was  used. 
An  ordinary  high-pressure  air-bottle  had  two  bosses  welded 
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one  carried  a  pressure  gauge,  the  other  a  valve  of  special 
The  indicator  was  attached  to  the  special  valve 
as  shown.  The  valve,  which  is  shown  separately  in  Fig.  4, 
was  double  seated.  When  the  valve  was  on  the  lower  seat  tlio 
indicator  was  open  to  the  atmosphere  ；  wheu  it  、vas  on  the 
upper  seat  the  indicator  was  open  to  the  bottle,  which  in 
working  conditions  held  air  under  pressure.  This  valve  was 
operated  by  a  magnet  which  made  possible  a  very  rapid 
switching  over  of  the  valve,  and  therefore  subjected  the  indi- 
cator to  a  very  rapid  change  of  pressure.  This  sudden  change 
is  an  approximation  to  the  instantaneous  change  represented 
by  the  line  be  in  Fig.  1.  The  drum  was  actuated  by  a  falling 
weight  ；  the  weight  in  falling  pulled  in  the  fork  of  a  mercurv- 
cup  switch ,  thus  closing  the  magnet  circuit  and  switching  the 
indicator  from  the  pressure  air  to  the  atmosj-jhere.  By  suit- 
ably timing  this  switch  the  valve  could  be  made  to  act  at  a 
suitable  time,  and  a  record  of  the  movement  of  the  pencil  was 
obtained  on  the  diagram.  The  pressure  of  the  pencil  on  the 
paper  was  adjusted  by  the  screw  provided,  and  the  screw  was 
held  against  the  stop  by  hanging  a  small  weight  to  it  .    Fig.  5 
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is  a  facsimile  of  an  actual  diagram  obtained  from  1  his 
apparatus.  It  was  originally  intended  that  the  switch  valve 
should  give  a  practically  instantaneous  change  of  pressure  in 
the  indicator  cylinder.  This,  however,  was  iound  inipossihh', 
l)uf'  fortunately  the*  very  satisfactory  oscillation  diagrams 
obtained  were  sufficient  in  tliemselves  to  give  oonipld <* 
information. 

Tlie  frictional  dam]>ing  f o vcos  wore  cMlcuhdofl  in  lonns  of 
I  Iwir  e(|uiva](Mil  pressures  on  t  he  ]>is(  on  of  the  indica!  or  ； 
they  were  found  to  vary  wit  li  chango  of  coiHlil  ions.  So  i'ai- 
pencil  pressure  is  the  only  recognised  variahlo,  hut'  oi  lior  aiul 


turns  or  pcnciu  aojusti^  Screw 
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Fig.  9.— Variation  of  Fuiction  wiTn  Diffkrknt  Springs  of  the  samk  size. 

much  more  s&rious  causes  of  variation  were  found.  It  was 
only  after  much  work  that  these  variables  were  separated . 
Variation  of  the'  friction  may  be  stated  to  be  due  to  variation 
in  ： ― 

(1)  The  pressure  of  the  pencil  on  the  paper. 

(2)  The  stiffness  of  the  spring. 

(3)  Different  springs  of  equal  stiffness. 

(4)  The  pressure  of  the  working  fluid  in  the  indicfit or 

cylinder. 

(5)  Different  indicators. 

Of  these  (1),  (2),  and  (3)  wero  investigated  on  Crosby  Indi- 
cator No.  2. 

Fig.  6  shows  the  result  of  variation  of  pencil  pressure  and 
of  scale  of  spring.  As  th©  pencil  pressure  was  not  directly 
measurable,  it  is  given  in  terms  of  the  turns  of  the  pencil 
adjusting  screw  ；  the  zero  position  is  that  at  which  the  pencil 
is  just  touching  the  drum,  no  paper  being  on  the  drum. 
Fig.  7，  which  is  deduced  from  Fig.  6，  gives  these*  results  in  a 
more  useful  form.  The  ordinates  corresponding  to  the  points 
at  which  th©  curves  of  Fig.  7  cut  tho  vertical  axis  are  plotted 
in  Fig.  8?  and  for  comparison  tlie  friction,  as  measured 
statically  with  a  light  spring  in  Reynolds's  manner,  is  also 


Fig.  9,  which  has  the  same  co-ordinates  as  Fig.  6).  This 
shows  the  presence  of  the  third  variable. 

The  fourth  variable  which  influences  the  friction  is  the 
pressure  of  the  working  fluid  in  I  lie  iinlicalor  cylinder.  This 
variable  was  investigated  for  one  case  only,  namely,  Croshv 
Indicator  No.  1 ,  fitted  witli  its  400  spring.  This"  indicator 
and  spring  are  those  which  w<t<»  usf'(l  in  1V'，i'.  liurslall  H 
C r osby - II o pk i n so n  comparison  tests.  The  results  therefore 
are  directly  applicable  to  the  correction  of  his  Croshv 
diagrams.    Tlie  results  are  shown  in  Fig.  10. 

The  pencil  pressure  throughout  was  constant  aurj  was  that 
corresponding  to      of  a  turn  of  tlie  pencil  afljust in^  wn'、v. 
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Fig.  11. ― Vaiiiation  of  Friction  with  Hki«ht  op  Pkncil. 

This  is  a  very  small  pressure  and  one  at  which  the  friction  of 
the  pencil  on  the  paper  is  so  small  that  it  may  be  neglected . 
It  is  about  the  pressure  which  one  would  adopt  when  carefully 
indicating  an  engine.  The  method  of  obtaining  the  results  of 
Fig.  10  was  different  from  that  used  in  the  otlier  experiin*  nt  s. 
In  t  liese  the  indicator  was  in  continual  direct  connection  with 
the  air-bottle.  The  height  of  the  pencil  above  the  atmospheric 
line  was  therefore  that  corresponding  to  the  pressure  of  tlie 
air  in  th©  bottle.  The  pencil  gear  was  tripped  by  pulling  tli© 
piston  rod  up  and  then  suddenly  releasing  it.  This  was  done 
very  simply  by  using  the  box-key  supplied  with  tlie  Crosby 
indicator.  Tlie  box-key  was  held  in  one  hand  and  with  it 
the  pin  in  the  piston  rod  fork  was  caught  ；  pulling,  the  pencil 
was  deflected.  The  key  was  then  allowed  to  slip  off  the  pin 
and  oscillations  of  the  pencil  resulted.  The  pressure  in  tho 
indicator  cylinder  during  the  oscillation  was  that  of  the  air  in 
the  bottle,  and  thus  a  means  of  measuring  the  friction  at  that 
pressure  was  obtained.  There  is  the  possibility  in  this  method 
of  the  pencil  pressure  being  interfered  with,  but  there  was 
nothing  to  show  interference.  Had  it  occurred  it  would  have 
shown  itself  in  the  varying  blackness  of  tlie  pencil  line. 
Moreover,  if  it  had  been  present  in  sufficient  amount  to  affect 
tlie  results  it  could  not  have  varied  systematically  throughout, 
and  so  could  not  explain  the  variation  found.      The  author 
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Fig.  10.— Variation  of  Friction  with  Pressure. 

No.  1，  Crosby  Indicator.  Scale  of  spring  =  400.  Pencil  pressure  corresponding 
to  i  turn  of  pencil  adjusting  screw. 

plotted.  It  is  noticeable  that  tlie  two  are  in  close  agre-enuMit . 
Having  established  this  relation,  Fig.  7  shows  the  great  excess 
(" the  friction  over  that  obtained  by  Reynolds's  method. 

The  curves  given  in  Fig.  6  for  the  240  and  160  springs  are 
average  curves.  With  these  heavy  springs  much  variation  in 
the  results  was  found  when  different  springs  were  used  (see 


Fig.  12.- 


-Facsimile  FulTv-size  op  Original  Oscillation  Diagrak  frov 
Hopkinson  Optical  Indicator.   Scale  =  >0H>s.  pt*r  inch. 


believes  the  results  to  be  quite  as  accurate  as  those  obtained 
by  the  other  method. 

The  variation  found  appears  to  be  a  function  not  onlv  oi 
the  pressure,  bub  also  of  the  position  of  the  pencil.  Some 
experiments  which  were  made  on  two  240  springs  show  this. 
Oscillations  were  made  in  the  usual  way  with  the  apparatus 
of  Fie.  3.  The  pressure  inside  the  indicator  cylinder  was 
atmospheric  throughout  the  period  of  oscillation  ；  the  position 
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of  the  pencil  was  varied  by  means  of  the  screw  in  the  piston 
rod.    The  results  of  Fig.  11  were  obtained. 

Iii  the&e  as  in  all  experiments  with  Crosby  indicators  the 
pencil  used  was  of  5  H  Koh-i-noor  pencil  ]ead.  The  paper 
was  a  writing  paper  witli  a  smool h  surface.  Tlie  surface  of 
the  paper  had  a  tendency  to  be  glossy,  in  which  state  with 
small  pencil  pressures  it  did  not  readily  show  a  pencil  line. 
As  it  was  important"  that  the  behaviour  of  the  indicator,  when 
sti-ained  as  little  as  possible,  should  be  known,  dried  paper 
was  used.  In  the  dried  state  the  paper  had  a  smooth  matt 
surface  which  was  easily  marked  by  the  pencil. 

Friction  in  the  Pressure -indicating  Mechanism  of  the 
Hopkinson  Indicator. ~ A  few  oscillation  diagrams  were  taken 
with  the  Hopkinson  indicator,  using  the  apparatus  of  Fig.  3， 
but  it  was  not  possible  to  estimate  from  them  the  frictional 
resistance  to  motion,  as  the  oscillation  was  not  a  simple  one. 
Fig.  12  shows  a  facsimile  one  of  these  diagrams.  It  will  be 
noticed  that  there  is  superimposed  on  the  main  oscillation  a 
secondary  oscillation  and  that  the  secondary  oscillation  is  not 
a  harmonic  of  the  main  one. 
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-dlaclbam  showing  effect  of  friction 
Hopkinson  Indicator. 


fMCHCS  2.s 

Spring  Supports 


The  static  tests  on  this  indicator  were  more  valuable.  The 
first  test  was  intended  to  show  the  pre&enoe  of  hysteresis  if 
such  were  present.  To  effect  tliis  thei  indicator  was  secured 
with  its-axis  in  a  vertical  position  and  with  the  spring  on  the 
under  side  of  the  cylinder.  The  spring  was  then  loaded  by 
hanging  weights  to  the  end  of  a  stiff  wire,  the  upper  end  of 
which  was  hooked  to  the  spring.  No  piston  was  used,  so  that 
tli©  only  possible  friction  affecting  the  motion  was  that  of  the 
pivots  of  the  mirror  spindle  or  that  of  the  spring  in  its 
supports.  This  latter,  however,  was  believed  to  be  negligibly 
small.  Care  was  taken  to  load  and  unload  the  spring  without 
jar.  Plotting  the  results  a  diagram  with  a  very  large  loop 
was  obtained  showing  an  error  much  in  excess  of  whai  was  to 
be  expected  from  hysieresis.  The  only  satisfactory  explana- 
tion was  that  the  friction  of  the  spring  in  its  supports,  instead 
of  being  negligible,  was  really  very  large.  If  it  were  friction 
it  could  be  eliminated  by  tapping.  This  was  found  to  be  the 
case,  the  spot  taking  a  single  definite  position  when  thus 
relieved  of  friction.  The'  tapping  had  to  be  vigorous  and  the 
final  position  of  the  spot  of  light  was  difEerent  with  vertical 
and  with  horizontal  tapping.  In  the  early  experiments  the 
load  had  not  been  applied  quite  centrally,  thus  introducing  a 
couple  which  may  have  caused  the  error  to  appear  greater 
than  should  really  have  been  the  case.  To  eliminate  this 
possibility,  a  wire  was  bent  which  would  apply  the*  load 
centrally.    This  gave  the  looped  diagrams  of  Fie^.  13. 

[To  be  contii/ueJ.) 


THE  RESISTANCE  OF  METALS  TO  ALTERNATING  STRESSES.^ 

BY  DR.  T.  E,  STANTON. 

The  investigations  which  have  been  in  progress  at  the 
National  Physical  Laboratory  from  1904  up  to  the  present 
time  on  the  resistance  of  metals  to  alternating  stresses  may 
be  divided  into  two  classes,  according  as  the  resistance  is 
that  due  to  :  (1)  Stresses  alternating  in  a  continuous  cycle 
in  which  there  is  no  instantaneous  change  in  the  value  of 
the  force  on  the  specimen,  although  the  period  of  one  com- 
plete cycle  may  be  as  small  as  0  02  sees.  (2)  Stresses  alter- 
nating between  definite  limits,  usually  tension  and  com- 
pression stresses  of  the  same  value,  which  are  produced  by  a 
shock  repeated  at  equal  intervals  of  time. 

Class  I. ― The  first  machine  of  this  class  which  was  con- 
structed at  the  Laboratory  was  one  in  which  alternations  of 
direct  tension  and  compression  could  be  produced  in  the 
specimen  at  rates  varying  from  800  to  1,300  per  minute. 
The  principle  of  this  machine  was  that  of  Osborne  Reynolds's, 
in  which  a  rotating  crank  is  used  to  produce  periodic  motion 
of  a  reciprocating  mass  by  means  of  a  connecting  rod,  the 
specimen  under  test  forming  a  link  between  the  reciprocating 
mass  and  the  cross-head.  In  Reynolds's  original  machine 
only  one  crank  was  used,  but  in  the  machine  at  Teddington 
four  cranks  operating  four  specimens  were  employed,  and  the 
reciprocating  motion  took  place  in  a  horizontal  plane. 

A  diagram  of  the  mechanism  is  shown  in  Fig.  1，  which 
also  explains  the  method  of  balancing  the  cranks.  The 
results  of  the  investigations  with  this  machine  when  making 
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800  alternations  per  minute  were  in  general  agreement  with 
those  of  Wohler  as  far  as  the  materials  used  could  be  com- 
pared, and  at  this  speed  there  was  no  indication  of  the 
reduction  in  fatigue  strength 十 due  to  rapidity  of  alternation 
which  had  been  found  by  Reynolds  and  Smith  when  using 
a  similar  mechanism  at  speeds  of  1,200  to  2,000  a  minute. 
In  these  experiments  at  Teddington  the  manner  of  failure 
of  the  specimen  under  direct  stress  was  shown  to  be  similar 
to  that  found  by  Ewing  aud  Humfrey  in  the  case  of  bendiug 
stresses,  i.e.,  slip  lines  gradually  appeared  on  the  surface  of 
the  specimen,  broadening  out  as  the  test  proceeded,  and 
finally  developing  into  a  crack.  Further  important  results 
were  the  marked  reduction  in  fatigue  strength  due  to  sudden 
changes  in  section,  such  as  screw  threads  and  sharp  corners 
in  the  specimens. 

The  next  investigation  undertaken  was  that  by  Mr.  L. 
Bairstow  on  the  determination  of  the  range  of  the  elastic 
limits  of  iron  and  steel  under  cyclical  variations  of  stress. 
In  connection  with  this  work,  it  jnay  he  recalled  that  Prot'. 
Bausi'hinger  in  1886  laid  down  the  hypothesis  that  tlie 
range  of  stress  between  the  superior  and  inferior  elastic 
limits  in  iron  and  steel  is  the  same  iu  magnitude  as  the 
maxinmni  range  of  stress  whirh  can  be  repeated  without 
limit  in  a  specimen  of  the  same  material  without  causing 
fracture.  In  a  second  paper  in  1897  a  series  of  tests  made 
by  Bauschinsrer  with  the  object  of  experimentally  verifvin? 
the  hypothesis  is  discussed,  but  the  experimental  methods 
do  not  appear  to  have  been  sufficiently  refined  for  the  pur- 
pose of  the  determination,  and  the  results  were  indefinite. 
Tn  taking  up  the  investigation  Mr.  Bairstow  made  use  of 
a  testing  machine  iu  which  cyclical  variations  of  direct  stress 
were  automatically  produced  at  the  rate  of  two  per  minute, 
in  such  a  nianner  that  the  extensoniet^r  used,  which  was  of 


*  Paper  read  before  the  InfernntioiiRl  Association  for  Testing  Materials. 

t  Tlie  term  "  fflt;ene  slieii2t.li  "  is  ns(»d  in  this  paper  to  denote  tho  maxitnuin 
raiifie  of  sti-pss  whii'lt  11  material  will  enduve  without  fi-actnrt-  w  hen  tht-  unmher  of 
rcpftitions  of  the  stvftBa  is  unlimited. 
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Fir,.  2.— Distriiiution  or 
Stress  at  Octkr  Sun- 
face  of  Ring.  1— Ten- 
sion ； '2— Compression. 


the  Martens  mirror  type,  was  fixed  to  the  specimen  through- 
out the  whole  of  the  fatigue  test,  and  in  Ihis  way  the  com- 
plete phenomena  of  the  breakdown  could  be  observed. 

When  the  limits  of  stress  were  tension  and  compression 
of  equal  values  it  was  found  iliat  t  wIkmi  t  he  range  of  stress 
was  above  a  definite  value,  the  stress  deforniat  ion  curve 
formed  a  closed  loop  which  was  called  the  hysteresis  loop, 
consisting  of  two  parallel  straight  lines  corresponding  to  1  li<- 
variation  of  stress  from  the  limits  of  stress  towards  the  i"(';ui 
stress  and  two  curved  portions  corre- 
sponding to  variations  of  stress  from 
the  mean  value  to  the  extreme  values. 
The  width  of  this  loop,  which  was  the 
permanent,  "set"  of  the  specimen  per 
cycle,  increased  as  tlie  range  of  stress 
increased,  hut  tor  a  definite  range  of 
stress  tended  to  a  limit  which  was  not 
greatly  exceeded  by  subsequent  repeti- 
tions of  loading,  oven  when  tliis  was  the 
rangp  at  which  fracture  under  fatigue 
eventually  took  place.  Under  these 
conditions  of  stress  the  mean  length  of 
the  specimen  remained  constant. 

When  the  limits  of  stress  were  un- 
equal the  hysteresis  loop  was  formed  as 
before,  but  was  not  closed,  owing  to  the 
fact  that  the  mean  length  of  the 
specimen  gradually  changed  owing 
to  the  continued  repetition  of  the 
same  cycle  of  stress,  i.e.,  the  change 
of  mean  length  of  the  specimen 
per  cycle  was  the  amount  by 
which  the  hysteresis  loop  was  unclosed. 
The  amount  of  the  permanent  extension  during  the  earlier 
stages  of  the  breakdown  becomes  considerable  as  the  superior 
limit  of  stress  approaches  the  static  yield  point,  and  if  its 
value  after  the  first  considerable  stretch  has  occurred  be 
plotted  against  the  corresponding  values  of  the  superior 
limit,  it  will  be  found  that  the  curves  will  gradually  come 
into  coincidence  with  the  ordinary  static  "  force-elongation  " 
diagram  at  the  yield  point.  The  results  of  the  research 
formed  a  very  definite  experimental  confirmation  of 
BauscEinger's  hypothesis. 

During  the  last  two  years  another  investigation  has  been 
in  progress  to  determine'  the  effect  of  rapidity  of  alternations 
on  the  fatigue  strength  of  material.  For  this  purpose  a 
special  machine  of  the  Woliler  type  has  been  constructed, 
and  by  the  additional  device  of  a  dash  pot  to  damp  out 
oscillations,  provision  has  been  made  for  obtaining  a  range 
of  speed  from  200  to  2,200  per  minute.  A  long  series  of 
tests  at  speeds  of  200  and  2,200  cycles  per  minute  have  been 
carried  out  on  three  kinds  of  material,  Swedish  iron,  axle 
steel,  and  hard  spindle  steel .  The  results  of  these  tests  have 
shown  conclusively  that  in  no  case  is  there  any  difference  in 
fatigue  strength  due  to  a  variation  in  the  rapidity  of  alter- 
nations between  these  limits. 

Another  method  of  high-speed  fatigue  testing,  in  which 
the  specimen  is  in  the  form  of  a  hollow  ring  of  rectangular 
section,  has  also  been  developed  as  a  chock  upon  the  fore- 
going results.  The  specimen  R  (Fig.  2)  is  placed  bet wt^Mi 
three  hardened  steel  rollers  symmetrically  situated  as  shown. 
The  upper  roller  is  loaded  with  a  weight  W,  so  that  the 
ring  is  in  equilibrium  under  three  equal  forces  W  at  the 
lines  of  contact,  and  by  rotating  the  upper  roller  motion  is 
communicated  to  the  lower  ones  by  the  rolling  friction  of  the 
ring.  In  this  way  every  radial  section  of  the  ring  is  subject 
to  alternate  bending  stresses  which  go  through  a  complete 
cycle  three  times  in  one  revolution .  In  the  machine  con- 
structed the  diameter  of  the  rollers  was  three  times  that  of 
the  specimen,  so  that  by  rotating  the  roller  at  250  revs,  per 
minute  alternations  of  stress  were  produced  in  the  specinu-ii 
at  a  rate  of  2,250  per  minute.  The  superior  and  inferior 
limits  of  stress  at  the  inner  and  outer  surfaces  of  the  ring 
can  be  calculated  from  the  dimensions  of  the  ring  and  the 
load.  The  distribution  of  stress  at  the  outer  surface  is  shown 
in  Fig.  2. 

The  results  of  the  experiments  made  with  this  machine 
were  in  agreement  with  those  made  on  the  Wohler  type 
machine  referred  to  above,  both  as  regards  tho  magnitude 


of  the  limiting  ranges  of  stress  and  tlin  in 小 卞<"1("'||<''  (ti  this 
range  on  t  lu?  rale  of  alternat'imi .  I  n  view  of  recent  con- 
iirmation  of  tliesc  results  by  Messrs  K'1"ii，  Kos*'，  ； hkI  Cun- 
ningham, x  and  of  the  results  old  ainerl  l>y  Prof  I  lo|>kiii*-<>ii  i 
at  alternations  of  7,000  per  rninut**,  tliw  appears  to  be 
litt  le  (louht  t  hat  1  lie  previously  obscrvf<|  rcWuct  ion  ol'  st  r^n^l  li 
witli  rate  of  alUjrn<it ion  is  due  to  souk*  sfM-ondarv  st  n'、s*'、 
scl  ii]>  hv  1 1 io  \'i lu  at  ion  of  t  In*  |';u't         r  iM;i<  lim'-  i 卜'' '1 

Class  II.  i n  a  research  on  the  ，r"'tlm(ls  of  impart  i '  -t  i n- 
at  the  National  Physical  Laboratory  in  1907,  from  -  onsi<U*ra- 
tions  of  the  fact  that  failure  under  sliock  in  j>r;u*t  ir<-  is 
generally  due  to  a  comparatively  small  blow  many  tiraes 
repeated,  a  machine  was  desi^ne<l  anM  '  "list  n"."'<l  lor  I  Im- 
subject  ion  of  a  specimen  to  alternating  shock  sln'ss''s 
equal  and  opposite  si^n.  Tlie  general  arrangement  of  this 
machine  is  shown  in  l'，i"。  ：5.  TIk*  specimen,  \vlii<*li  is 
12*7  mm.  diain.  and  has  a  V-notch  at  its  half-sj>an  】0'1  mm. 
fliam.,  is  supported  on  knife  edges  1 14  mm.  apart,  and  st  rin  k 
alternately  at.  each  end  of  a  diameter  of  the  notched  section 
by  a  hammer  weighing  2' 13  kilos.  The  fall  of  11"、  hammf-r 
can  be  adjusted  between  0  mm.  and  89  mm. 

In  making  a  series  of  tests  on.  any  given  material,  the 
first  tests  were  made  with,  a  height  of  fall  which  caused 
fracture  after  a  few  reversals.  Succeeding  tests  were  then 
made  with  gradually  reduced  falls  until  the  specimen  was  not 
broken  after  1,000,000  blows.  A  curve  was  then  plotted 
and  the  limiting  value  of  the  blow  for  no  fracture  predicted 
from  this.  In  ihis  way  four  curves  were  determined  for 
four  different  materials,  of  which  the  fatigue  strengths  under 
the  Wohler  test  were  approximately  known.  On  comparing 
the  relative  resistances  to  shock  of  these  four  materials,  it 
was  found  that  when  the  number  of  blows  for  fracture  was 
small  these  relative  resistances  were  in  agreement  with  the 
respective  energies  absorbed  in  fracture  with  the  single 
blow  impact  test.  (Charpy,  Izod,  &c.)  When,  however,  the 
number  of  blows  was  considerable,  say  100,000，  the  ratios  of 
these  resistances  was  practically  reversed,  i.e"  the  material 
which  was  weakest  under  the  single-blow  method  now  became 


Fig.  3.— Repeated-impact  Testino  Machine  for  Bkxdint, 
Specimens. 


Notchfd 


the  strongest.  This  is  due  to  the  fact  that  as  the  number 
of  blows  for  fracture  increases,  the  elastic  resistance,  which 
was  inappreciable  in  resisting  a  heavy  blow,  becomes  more 
and  more  important. 

Further,  it  was  noted  that  if  the  respective  values  of  the 
proof  resilience  for  these  four  materials  were  calculated, 

i.e.y  the  values  of  1/2       where  f  is  the  real  elastic  limit  of 

the  material  derived  from  the  W6】iler  test  and  E  is  Young's 
modulus  of  elasticity  for  the  material,  then  the  ratios  of 
these  resiliences  were  approximately  the  same  as  the  ratios 
of  the  respective  limiting  values  of  the  blow  for  no  fracture 
after  an  indefinite  number  of  blows.  The  conclusion  there- 
fore arrived  at  was  that,  if  the  correct  value  of  f  could  be 
obtained  from  the  fatigue  test  of  a  material,  then  the  value 

42  ^ 

could  be  taken  as  a  measure  of  its  resistance  to  repeated 
sliock  stresses. 

*  Proc.  Inst.  Mechanical  Engineers,  1911. 
t  Proc.  Royal  Society,  Dec.  1911. 
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BEARDMORE  S  TWO  STROKE  CYCLE  INTERNAL-COMBUSTION 

ENGINE. 

We  illustrate  herewith  a  design  of  2 -stroke  cycle  internal- 
combustion  engine  of  the  type  having  oppositely  reciprocating 
pistons  one  within  the  other  and  coupled  to  opposite  cranks, 
the  outer  piston  being  connected  to  an  annular  pump  piston 
working  in  an  annular  pump  barrel  arranged  on  the  outside 
of  the  inner  end  of  the  cylinder  in  which  the  two  pistons  work, 
the  joint  invention  of  Mr.  William  Beardmore,  Parkhead 
Forgo,  Rolling  Mills  and  Steel  Works,  Glasgow,  and  Mr.  J. 
W.  B.  Stokes.  Fig.  1  is  a  vertical  section  of  the  engine,  and 
Fig.  2  a  side  elevation  showing  four  such  engine  units  so 
combined  and  arranged  that  they  all  act  on  a  single  3 -throw 
crank  shaft. 

The  engine  comprises  a  crank  case  through  which  passes  a 
shaft  A  having  a  triple  crank  within  the  case,  the  central 
crank  pin  being  at  180°  to  the  two  outer  crank  pins.  The 
crank  case  carries  an  annular  gas  chamber  B  connected  by  a 


L  are  formed  through  the  sleeve  F  of  the  outer  piston  E,  and 
the  usual  firing  plug  is  so  attached  to  the  liner  D  in  which 
the  piston  E  works  that  the  compressed  charge  has  access  to 
it  through  such  ports.  The  outer  end  of  the  cylinder  is 
closed  by  a  cap  and  communicates  through  ports  M  with  an 
exhaust  chamber  N.  The  cylinder  and  pistons  may  be  water- 
jacketed,  or  the  engine  may  be  cooled  by  the  injection  of 
liquid  into  the  cylinder. 

When  ignition  of  a  charge  takes  place  the  outer  and  inner 
pistons  E,  G  are  forced  apart  as  usual.  The  outward  travel 
of  the  outer  piston  E  and  its  sleeve  F  also  the  inward  travel 
of  the  inner  piston  G  closes  the  gas  and  air  ports  J，  K，  and 
causes  the  pump  piston  H  to  compress  the  charge  previously 
admitted  to  the  pump  barrel  C.  When  the  two  pistons  E，  G 
have  reached  the  end  of  this  stroke,  the  exhaust  ports  L  in 
the  sleeve  of  the  outer  piston  E  are  opposite  exhaust  ports  M 
in  the  cylinder  liner  D，  and  the  products  of  combustion  escape 
to  the  exhaust  chamber  N.  At  the  same  time  the  ports  K  in 
the  sleeve  F  are  open  to  the  spac^  between  the  two  cylinder 
pistons  E,  G，  and  a  scavenging  charge  of  air  first  passes  from 


Fig. 


Fici.  2. 

BEAitDiioitE's  Two-stroke  Cycle  Intebnal  Oombuhtion  Engine. 


pipe  to  auy  suitable  source  of  supply.  The  inuer  end  of  the 
cylinder  is  of  larger  internal  diameter  than  the  outer  end 
and  serves  as  a  combined  gas  and  air  pump  barrel  C，  whilst 
the  outer  narrower  end  D  forms  a  liner  in  which  works  the 
outer  or  back  piston  E.  Tliis  outer  piston  carries  an  inwardly 
extending  sleeve  F  withiu  which  the  inner  or  front  piston  G 
works.  Tho  sleeve  F  also  acts  as  the  iniiei"  wall  of  the  pump 
barrel  C，  and  carries  at  its  inner  end  a  pump  piston  H.  This 
pump  piston  H  and  outer  piston  E  connected  together  by  the 
sleeve  F  are  operated  through  connecting  rods  from  the  two 
outer  cranks,  whilst  the  front  piston  G  is  operated  by  a  single 
connecting  rod  from  the  central  crank.  Tho  pump  piston  H 
controls  port's  J  giving  commuiiication  between  the  gas 
chamber  B  and  the  pump  barrel  C，  and  ports  K  are  formed 
through  the  part  of  the  sleeve'  F  of  the  outer  piston  E  which 
is  just  in  front  of  the  pump  piston  H，  the  sleeve  ports  K  being 
controlled  by  the  inner  piston  G.  In  the  position  of  the 
pistons  shown  iu  Fig.  1  tho  pump  piston  H  is  admitting  gas 
to  the  pump  barrel  C.  The  sleeve  ports  K  are  also  uncovered 
and  admitting  air  to  the  barrel  from  thei  crank  case,  the  air 
entering  the  case  tlirough  an  aperture  or  apertures  formed 
through  the  sides  thereof.  The  outer  surface  of  the  pump 
piston  is  shaped  as  shown  with  an  annular  lip,  so  that  the  gas 
and  air  flowing  into  the  pump  barrel  from  the  oppositely 
disposed  ports  have  little  tendency  to  mix,  th-©  gas  being 
directed  upwards  around  the  outer  wall  of  the  pump  barrel  C， 
whilst  the  air  is  admitted  at  the  interior  portion  and  so 
directed  as  to  form  an  inner  concentric  layer.    Exhaust  ports 


the  pump  barrel  C  into  the  cylinder  followed  by  a  mixture  of 
air  and  gas,  becoming  richer  in  gas  towards  the  end.  The 
cylinder  pistons  E，  G  then  approach  each  other,  compressing 
the  charge  just  received  and  again  placing  the  pump  pistou  H 
iu  the  positiou  showu  in  which  air  and  gas  is  admitted  to  the 
pump  barrel  C. 

As  shown  in  Fig.  2f  four  of  the  units  described 
above  are  arranged  in  oue  plane  symmetrically  around  a 
central  crank  case,  so  that  they  operate  the  single  3-th row 
crank  shaft  A，  all  the  connecting  rods  from  the  inner  pistons 
G  being  connected  to  the  central  crauk  pin,  and  the  rods 
from  the  combined  outer  pistons  E  and  pump  pistons  H  of 
all  the  units  being  connected  to  tlie  two  outer  crauks.  The 
gas  chamber  B  extends  concentrically  around  the  crank  case, 
gas  being  led  thereto  by  a  pip©  conueoted  to  an  inlet  0，  and 
tli©  exhaust  ports  in  the  outer  ends  of  tlie  cylinder  liners  I) 
open  into  a  common  concentric  exhaust  pi{)e  N.  The  engine 
is  carried  by  brackets  on  the  crank  case  supported  by  metal 
beams.  The  cycle  of  operations  described  for  a  single  unit 
takes  place,  of  course,  successively  in  eacli  of  the  units  of  the 
combination  shown  in  Fig.  2.  For  example,  with  the  3-throw 
crank  in  the  position  shown  and  turning  clockwise,  ignition 
of  the  charge  is  just  taking  place  in  the  upper  unit.  In  the 
right-hand  unit  the  charge  is  being  compressed.  In  the  lower 
unit  the  spae©  between  the  piston  cylinders  E，  G  is  open  to 
the  exhaust  and  also  receiving  a  fresh  charge,  whilst  in  the 
left-hand  unit  the  two  pistons  are  being  forced  apart  by  the 
exploded  charge. 
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STEAM  TURBINES  v.  INTERNAL-COMBUSTION  ENGINES. 

The  Watt  anniversary  lecture  under  the  auspices  of  the 
Greenock  Philosophical  Society  was  delivered  on  the  16th 
inst.  by  Mr,  S.  Z.  de  Ferranti,  past  president  of  tlie  Insi it ute 
of  Electrical  Engineers,  and  dealt  with  the  sul)jci<:t  of 
prime  movers.  After  referring  to  the  work  of  James  Wat  1 , 
Mr.  Ferranti  traced  the  development  of  tha  internal-com- 
bustion engine.  Years  ago,  he  said,  an  ongine  was  invent-ed 
and  built  by  Lenoir  in  which  a  charge  of  air  and  gas  was 
sucked  into  the  cylinder  at  atmospheric  pressure  and 
exploded.  The  piston  s]>ee<l  in  this  engine  was  low,  the 
ratio  of  expansion  was  low,  and  the  economy  was  very  poor. 
Still,  it  was  a  step  in  the  direction  of  higher  economy,  inas- 
much as  by  this  system  a  higher  temperature  of  working 
fluid  was  obtainable.  Later  Otto  and  Langen  invented  a 
gas  engine  in  which  a  flying  piston  was  used,  driven  upwards 
by  the  explosion  of  a  mixture  of  gas  and  air  introduced  into 
the  cylinder  without  compression.  The  pressure  of  the 
atmosphere  aided  by  the  weight  of  the  piston  pressed  the 
piston  downwards,  and,  through  an  ingenious  clutch  and  a 
rack  and  pinion,  it  gave  rotary  motion  to  the  flywheel .  The 
next  move  forward  was  that  of  compressing  the  charge  of 
explosive  mixture  before  firing,  and  so  obtaining  a  high 
maximum  temperature,  a  good  ratio  of  expansion,  and  con- 
sequenUy  much  improved  economy.  Engines  of  this  type 
belonged  to  a  class  of  prime  movers  with  "  high  negative 
work."  In  this  form  of  engine  the  positive  work  of  the 
explosion  had  to  have  deducted  from  it  not  only  the  friction 
of  the  engine,  but  also  the  amount  of  work  required  to  com- 
press the  charge  which  constituted  the  negative  work  of  the 
cycle.  There  was  a  further  deduction —— that  of  the  friction 
of  the  engine  or  of  a  separate  pump  while  doing  negative 
work.  These  deductions  would  render  this  class  of  motor 
useless  were  it  not  for  tho  high  mechanical  efficiency  of  the 
parts  used  for  carrying  out  the  cycle. 

In  the  gas  engine  the  negative  work  was  high,  but  not 
so  high  as  to  form  a  serious  difficulty.  In  the  more  econo- 
mical Diesel  engine,  in  which  very  high  pressures  were  used 
so  as  to  get  a  high  enough  temperature  to  burn  the  oil  as 
sprayed  into  the  cylinder  and  give  a  high  ratio  of  expansion, 
the  negative  work  was  a  much  more  serious  difficulty ― so 
serious,  in  fact,  in  the  first  Diesel  engine  that  it  required 
more  power  to  overcome  the  friction  and  negative  work  than 
the  engine  was  capable  of  giving,  so  thab  it  would  not  even 
drive  itself,  much  less  was  it  capable  of  doing  any  useful 
work.  The  cycle  of  the  engine  was  modified  therefore  in 
the  direction  of  making  it  less  perfect  theoretically,  and  so 
enabling  the  engine  to  become  the  success  which  it  now  was. 

The  internal-combustion  engine  and  the  steam  turbine 
were  now  competing  for  premier  place  in  furnishing  the 
world's  power.  The  turbine,  though  less  economical  in 
actual  fuel  consumption,  had  many  great  advantages,  and  for 
large  powers  it  was  practically  unassailable.  For  small 
powers  it  was  naturally  uneconomical.  It  seemed  to  be  clear 
that  for  small  powers  the  internal-combustion  reciprocating 
engine  was  in  ©very  way  the  best.  At  the  other  end  of  the 
scale  the  turbine  was  the  only  means  of  filling  requirements 
to-day.  In  between  these-  two  extremes  there  was  a  doubtful 
dividing  line,  where  either  form  of  engine  might  best  9erve 
the  purpose,  according  to  the  conditions  of  each  particular 
case. 

As  the  turbine  became  larger  so  it  was  easier  to  construct, 
and  it  also  became'  more  economical.  As  the  gas  or  oil 
engine  became  larger  the  natural  difficulties  increased.  On 
the  other  hand,  as  the  turbine  was  reduced  in  power  its 
economy  fell  off  badly,  and  it  was  difficult  to  make  of  a  satis- 
factory design ,  while  the  internal-combustion  engine  became 
a  most  satisfactory  and  economical  machine  in  small  sizes 
He  thought  that  this  division  of  the  means  of  power  produc- 
tion by  large  and  small  units  between  the  rotary  and  nx'ipro- 
cating  machine  was  almost  a  natural  law,  and  that  thus,' 
who  sought  to  evade  it  must  either  invent  some  new  principle 
or  court  endless  trouble,  expense,  and  failure. 

To-day,  however,  with  a  complete  disregard  of  these  prin- 
ciples the  advocates  of  the  Diesel  engine  for  marine  propul- 


sion were  spending  vast  sums  of  money  on  its  developnient. 
Even  this  usually  all-powerful  force  might  nut  jhov.  <-ii«.u_  \i 
to  make  a  wrong  principle  right.  They  were  told  of  the 
wonderful  successes  of  large  oil  engines  in  Germany  and  else- 
where, but  few  people  liad  any  conception  of  the  failures  and 
breakdowns  which  had  occurred  and  which  were  orcurnnu 
repeatedly  with  the  large  experimental  engines  which  harl 
been  constructed.  In  Germany  especially,  where  so  inui-h 
had  been  done  in  this  direction,  they  carefully  avoided 
informing  the  foreigner  on  these  points. 

It  was  well  known,  of  course,  that  the  higher  the  tem- 
perature of  the  working  fluid  the  higher  was  the  econoniv 
that  could  be  obtained.  High  temperatures  had  proved, 
however,  very  difficult  to  work  with.  As  an  example  of  this, 
the  low  working  temperatures  of  turbines  for  marine  pro- 
pulsion might  be  pointed  out.  Seeing  that  the  difficulties 
were  mechanical  and  that  great  advantages  could  be  obtained 
if  these  troubles  were  overcome,  he  commenced  experiment- 
ing some  years  ago,  and  had  now,  after  many  failures  and 
the  expenditure  of  much  money  and  time,  produced  a  turbine 
which,  at  the  highest  temperatures  and  with  great  and  rapid 
variations  of  temperature,  was  quite  free  from  mechanical 
troubles.  Indeed,  he  believed  that  this  turbine  was  perhaps 
the  strongest  from  a  mechanical  point  of  view  that  had  yet 
been  produced.  Moreover,  contrary  to  what  might  have 
been  expected  with  a  high  temperature  machine,  it  ran  with 
certainty  with  a  blade  end  clearance  so  small  that  it  was 
almost  negligible  from  the  point  of  view  of  leakage  loss,  and 
the  fear  of  the  possibility  of  stripping  appeared  to  have  been 
effectively  removed. 

In  this  turbine  he  superheated  the  steam  initially,  and 
after  the  first  expansion  and  whilst  it  was  still  superheated 
he  re-superheated  it  before  it  did  its  work  in  the  second  stage 
of  the  turbine.  After  this  ifc  was  exhausted  in  a  .s'lp'-r 
heated  condition  through  a  regenerator  to  the  condenser. 
Although  the  turbine  was  of  the  reaction  type,  no  balance 
dummy  was  used.  The  whole  of  the  end  load  was  taken  on 
a  specially  constructed  thrust,  thus  saving  steam  leakage. 
The  steam  was  worked  as  a  gas  at  high  temperature  through- 
out the  turbine,  and  this,  coupled  with  the  many  improve- 
ments referred  to,  had  given  very  good  results.  The 
5,000  h.p.  machine,  which  had  now  been  running  for  some 
time,  when  tested  at  a  load  of  two-thirds  full  power,  had 
given  a  shaft  horse-power  on  71bs.  of  steam.  This,  if  sup- 
plied by  an  oil-fired  boiler  superheater  system  of  85  per  cent, 
efficiency,  which  Lad  already  been  exceeded  in  central  station 
practice,  would  consume  less  than  6251b.  of  oil  per  shaft 
horse-}X)\ver.  It  appeared  that  when  this  turbine  was  run 
at  full  load  under  favourable  conditions  it  would  take  less 
than  61bs.  of  steam  per  shaft  horse-power,  and  that  the 
system ,  under  the  conditions  named,  would  have  a  thermal 
efficiency  of  over  24  per  cent.,  corresponding  to  au  oil  con- 
sumption of  about  *551b.  of  oil  per  shaft  horse-power.  So 
far  as  he  could  see,  this  system,  when  applied  on  a  large 
scale,  would  be  capable  of  giving  an  overall  thermal  efficiency 
of  29  per  cent. 

With  a  high  temperature  steam  turbine  of  large  size 
generating  electricity  for  all  purposes  on  land  they  had  the 
advantage  of  a  machine  of  the  highest  efficiency  whicli  \va> 
not  limited  to  oil  for  its  fuel.  It  was  probable  that  as 
improvements  were  made  the  whole  of  the  coal  used  t'<  >  r 
firing  these  large  units  would  be  gasified,  and  the  bv-pm- 
ducts  recovered .  The  great  problem  for  this  country  、、a -、  to 
so  utilise  the  coal  as  to  make  it  fill  their  every  requirement  . 
The  electric  motor  which  gave  its  power  in  a  rotary  form, 
and  which  was  supplied  from  very  large  power  stations,  was 
displacing  all  forms  of  small  engines.  It  was  probable, 
therefore,  that  in  future  small  prime  movrers  would  be 
required  only  to  propel  cars  and  boats,  aud  that  all  sta- 
tionary motors  would  be  electric.  Reciprocating  engines 
would  be  used  uo  doubt  for  a  long  time,  but  they  could  only 
be  regarded  as  makeshifts,  and  as  soon  as  an  equally  efficient 
machine  for  any  particular  purpose  was  developed  it  woul'l 
displace  the  reciprocating  motor.  It  was  difficult  to  predict 
the  form  of  the  prime  mover  of  the  future,  but  in  search  of 
the  highest  economy,  and  with  the  limitations  of  temperature 
imposed  by  known  materials,  one  was  inclined  to  look  to 
electricity,  converting  the  energy  of  the  fuel  at  low  tem- 
perature and  giving  its  power  iu  rotary  form'  as  the  most 
likely  eventual  solution. 


06 


THE    MECHANICAL  ENGINEER. 


[January  24,  1913 


For  the  epicycloidal  system,  owing  to  the  peculiarity  of 
this  gear  allowing  of  no  adjustment,  24  cutters  are  considered 


THE  CUTTING  AND  GENERATION  OF  GEAR  TEETH  BY 
MODERN  GEAR-CUTTING  MACHINERY.* 

BY  VINCENT  GARTSTDE. 

(Continued  from  paije  GO.) 
Spur  Gears.    Cutting  with  Disc  Cutters. 

The  shape  of  the  teeth  cut  by  this  method  depends  primarily 
on  the  accuracy  and  the  profile  of  the  cutter  teeth  It  will 
not  be  out  of  place  here  to  consider  the  types  of  cutters  used, 
and  how  they  are  made.  The  oldest  types  of  cutters  are 
those  with  formed  teeth,  that  is,  with  saw-shaped  teeth,  whicli 
have  be  on  milled  out  of  the  solid,  the  blank  first  being  turned 
on  it's  periphery  to  a  gauge  set  out  by  one  of  the  \ne\  hods 
previously  described.  -  The  type  of  machine  used  ior  t  his 
met  hod  is  shown  in  Fig.  U，  1  lie  l)l;ink  being  mount  ei|  (山  ；t 
suit  a))]*1  manrlrel,  and  the  cutter  guided  by  th^j  lunidles  over 
a  former  until  a  suitable  margin  is  left  along  the  cutting  ed^o 
of  the  teeth.  This  type  of  cutter,  however,  has  1  he  great  dis- 
advantage that  it  cannot  be  sharpened  easily  without  it 
changing  its  form,  although  it  produces  an  excellent  finish 
on  the  teeth,  and  cuts  very  freely.  It  is  also  limited  in  its 
use  owing  to  the  practical  difficulty  of  producing  the  correct 
forms  for  pinion  teeth,  because  of  the  small  diameter  milling 
cutters  which  have  to  be  used  to  produce  the  curves  of  small 
radii  for  these  teeth. 

The  type  of  cutter  in  general  use  at  the  present  time  is 
the  machine-relieved  cutter  brought  out  by  Brown  &  Sliarpe, 


Fig.  11. 


and  the  author's  firm  was  one  of  the  earliest  to  manufacture 
these  cutters  in  this  country.  The  author's  first  experience 
with  the  manufacture  of  these  cutters  was  in  the  making  of 
the  gauges,  and  these  were  set  out  to  the  Willis  odontograph 
for  the  cycloidal  gears  and  to  the  single  curve  system  for  the 
involute.  Then  the  Brown  &  Sharpe  system  was  adopted, 
but  with  what  was  known  as  the  Manchester  depth,  viz., 
three- tenths  of  the  pitch  above  the  pitch  line,  and  four- 
tenths  of  the  pitch  below.  By  this  time,  however,  the  Brown 
and  Sharpe  depth  was  becoming  recognised  as  the  standard, 
and  gear  users  began  to  call  for  cutters  to  cut  gears  of  B.  &  S. 
shape,  'or，  at  least,  to  gear  with  this  shape,  so  in  order  to 
keep  abreast  with  the  times  it  was  decided  to  adopt  Grant's 
method  and  to  use  the  Grant  odontograph  and  to  keep  to 
the  B.  &  S.  standards  for  depths ；  since  then  this  lias  been  the 
author's  practice  for  both  involute  and  cycloidal  teeth. 

In  making  the  cutters  the  gauge  is  first  accurately  laid 
out  on  blackened  zinc,  a  "he，，  and  "she"  being  filed  out 
and  tested  for  reversing  in  each  other  accurately,  a  gauge 
being  made  to  the  micrometer  to  gauge  the  width  at  the 
pitch  line.  A  master  tool  is  then  turned  up  to  this  gauge, 
this  being  an  extremely  accurate  piece  of  work,  and  generally 
performed  by  a  very  skilled  turner  ；  the  tool  is  then  cut 
away  by  milling,  as  Fig.  12，  and  afterwards  hardened  and 

*  Paper  read  before  the  Manchester  Association  of  Engineers,  January  11th, 
1913. 


ground  on  the  face,  and  mounted  up  on  a  slotting  machine, 
as  Fig.  13，  and  a  flat  tool  slotted  out  with  this  master  tool, 
as  shown.  This  tool  is  then  hardened  and  touched  up  with 
an  oil  stone,  and  sharpened  on  the  face.  This  then  is  the 
master  tool  for  turning  and  relieving  the  cutter  ；  the  most 
important  point,  however,  in  the  manufactiu*e  of  tliis  type  of 


Fio.  12. 


Fig.  13. 


cutter  is  getting  the  tooth  form  correct  in  relation  to  the 
cutter  body,  so  as  to  cut  the  teeth  straight  up  on  the  wheel 
when  the  cutters  are  set  central  :  in  order  to  make  sure  of 
this  you  take  a  cast-iron  blank  and  turn  it  up  with  the  tool 
in  the  lathe,  and  reverse  the  blank  and  re-turn  time  after 
time,  and  adjust  the  tool  until  the  turned  form  on  the  blank 
fits  into  the  tool  when  turned  round  between  the  centres. 
This  blank  is  then  kept  as  a  master  and  placed  between  the 
centres  of  the  relieving  lathe,  to  set  the  tool  to  for  relieving 
the  cutter.  The  angle  for  the  relieving  tool  is  about  20  per 
cent.,  so  as  to  give  enough  clearance  with  a  suitable  relief 
on  the  cutter. 

The  amount  of  relief  is  governed  by  the  number  of  teeth 
in  the  cutter.  For  very  large  cutters  the  author  has  made 
them  in  halves,  giving  each  half  side  relief,  and  arranging 
spacing  washers  so  as  to  be  able  to  pack  the  cutters  out  to 
correct  pitch  line  thickness,  as  they  have  become  narrower 
by  grinding.  After  the  cutter  is  relieved  it  is,  of  course, 
hardened  and  ground  in  the  hole  and  on  the  sides,  and 
sharpened  by  grinding  the  tooth  face,  this  face  being  kept 
perfectly  radial.  Owing  to  the  method  of  relieving  it  retains 
its  shape  so  long  as  the  teeth  last.  As  the  t-ooth  forms  vary 
in  shape,  according  to  the  number  of  teebli  in  the  gear,  dif- 
ferent cutters  have  to  be  used  for  different  numbers  of  teeth, 
and  an  ordinary  set  of  involute  cutters  generally  consists  of 
eight,  cutters  numbered  from  1  to  8.    A  more  accurate  set 


Fig.  14. 


Fig.  15. 


has  been  recently  introduced,  as  below,  to  meet  the  more 
exacting  requirements  of  the  motor-car  industry. 


No.  1  will  cut  wheels  from  135  teeth  to  a  rark. 

，， H    "  "        80    ，，      134  teeth - 
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is  a  set  to  cut  gears  as  follows,  I  1hi 
ilphabetically. 


gutters  being  ligun'' 


Culler   A  cuts 

12  t('"Ui. 

( 'lift  IT  M 

rlits  27  to 

2il  \rv\  U 

,, b  „ 

13  „ 

,, 'M)  to 

33  M 

„    c  „ 

14  „ 

"  o 

，， 34  to 

37  ，， 

„      D  ，， 

15  ，， 

" ：)8  to 

42  „ 

,，      E  „ 

l(i  ，， 

，，  Q 

，， 43  to 

49  " 

„      F  „ 

17  ., 

，， 50  to 

59  ，， 

„      (', ,, 

18  ，， 

\\  S' 

，，     60  to 

74  " 

„       H  „ 

1<) ，， 

99 

„      I  ,， 

20  ，， 

\\  u 

,, 100  to 

14*1  ,, 

，，  •) 

21 

to 

22  ，， 

" 150  to 

249  ，， 

„      K  „ 

23 

to 

24  „ 

\\  w 

,, 250  to 

Rack 

„      L  ，， 

25 

to 

20  ,, 

，， Rack 

These  cutters  were  generally  made  with  a  shoulder,  as  Fig. 
14,  to  denote  the  depth  to  be  cut  in  the  gear,  as  tltis  was 
considered  to  be  very  important  to  ensure  correct  depths  and 
centre  distances.  The  involute  cutters,  however,  were  made 
to  run  out,  as  in  Fig.  15.  But  to-day  the  shoulder  on  ilio 
epicycloidal  cutters  is  not  looked  upon  as  a  necessity,  owing 
to  the  facilities  for  setting  the  cutters  to  the  correct  depth 
by  means  of  micrometer  dials,  &c.，  and  it  will  be  obvious  that 
it  would  be  absolutely  useless  if  1  lie  lilank  diameters  were 


Fig.  16. 

not  correct,  of  course  assuming  that  the  outside  diameter 
of  the  blank  was  used  to  measure  forms. 

Having  selected  a  suitable  cutter,  the  selection  of  the  most 
suitable  machine  for  the  work  depends  on  the  pitch  of  the 
teeth  and  the  diameter  of  the  wheel  which  has  to  be  cufc.  In 
laying  out  the  gauges  for  the  different  sets  of  cutters,  each 
gauge  is  set  out  for  the  lowest  number  of  teeth  in  each  range. 
Tf  the  number  of  teeth  cut  in  a  wheel  is  greater  than  the 
smallest  number  that  the  cutter  is  laid  out  for,  the  effect 
is  to  make  the  teeth  thinner  at  the  point,  wliicli,  although 
nob  quite  correct,  will  at  least  run  without  interference. 
It  would  be  impossible  to  describe  ininulelv  all  tlie  various 
makes  of  niacliines  for  cutting  wheels  with  dioc  cutters,  but 
the  following  are  typical  examples  of  the  different  classes  of 
itiacliine  in  use  at  the  present  (lay. 

The  ordinary  plain  millini;  inacliine  is  sometimes  a r ranut'  I 
for  cutting  spur  gears,  a  pair  of  dividing  heads  l)tiin l: 
mounted  on  the  tatle  of  the  inacliine.  In  some  cases  a  divid- 
ing' plate  is  mounted  directly  on  tin1  end  of  t  he  iiiamh't'l,  t  In- 
plate  very  often  having  as  nianv  notches  as  teeth  to  be  cut, 
and  a  suitable  plunger  to  engage  with  the  notches,  the  divid- 
ing being  done  by  hand,  the  work  being  mounted  between 
the  centres,  and  a  suitable  driver  or  carrier  being  employ 
to  connect   the   work   mandrel  to  the  spindle  carryini:  the 


dividing  plate.  The  feed  is  obtained  by  traversing  the  table 
by  means  of  the  screw,  either  automatically  or  by  hand.  Tli" 
size  of  wheel  cut  on  a  machine  of  this  description  is  governed 
hy  the  swing  of  the  dividing  heads  and  the  strength  of  the 
cutter  drive.  Where  a  number  of  different  number?  of  teeth 
have  to  be  cut,  then  a  worm-wlieel  dividing  Iwl  is  used,  with 
dividing  plates  with  a  number  of  holes. 

A  special  macliine  is 
arranged  with  automatic  divid- 
ing mechanism  to  turn  the 
dividing  plate,  and  with  a  carn- 
feed  motion,  the  latter  being  a 
very  simple  method  of  obtain- 
ing a  quick  return  to  the  work 
or  cutter.  A  machine  of  t liis 
type  is  suitable  for  cutt  ing 
small-pitdi  gears  up  to  about 
4  i  n .  diam.  by  a  bou  t  2in. 
wide. 

Similar  machines  to  Fig.  16  are  made,  but  the  dividing 
is  automatic,  aiul  a  worm  and  wheel  is  interposed  between 
the  dividing  plate  and  the  work,  and  by  taking  more  or  less 
teeth  on  the  ratchet  wheel  different  numbers  of  divisions  a  i  •* 
obtained,  and  the  worm  anrl  wheel  ensure  great  nccunu  v. 

Fig.  16  shows  tlie  most  general  type  of  spur  gear  ('uttm<— ' 
machines.  The  dividing  is  (lone  automatically,  being  ac  tuated 
by  tappets,  by  each  stroke  of  the  cutter  slide.  The  work 
mandrel  is  arranged  to  raise  and  lower  to  suit  the  diameter  of 
wheel  being  cut.  Micrometers  are  provided  for  setting  the 
deptli  of  cut.  A  large  dividing  wheel  is  mounted  on  the  end 
of  the  work  mandrel  with  provision  for  taking  up  wear  either 
by  means  for  placing  the  worm  further  in  gear  or  by  means 
of  a  split  worm,  making  the  adjustment  by  moving  one-half 
of  the  worm  axially.  Tlie  cutter  is  carried  in  a  slide  which 
traverses  by  means  of  a  screw  with  quick  return  motion.  A 
faceplate  is  generally  provided,  and  suitable  drivers  for  the 
large  diameter  wheels,  and  also  a  support  to  place  beliiiul 
the  rim  of  the  wheel  to  take  the  thrust  of  the  cut.  ()rie 
maker  of  large  niacliines  of  this  type  provides  a  vice  wliidi 
automatically  grips  the  rim  of  the  wheel  being  cut,  after  each 
dividing,  so  that  the  heaviest  cuts  can  be  taken  without  fear 
of  possible  error  due  to  the  wheel  moving  while  cutting.  I  n- 
tennittent  dividing  mei'hanism  is  sometimes  provided  on 
these  machines,  because  when  cutting  large  wheels  the  rims 
become  heated,  and  if  adjacent  teeth  are  cut  all  the  time, 
then  by  the  time  you  have  cut  round  the  wheel  the  teetii  mav 
not  finish  in  pitch,  owing  to  the  expansion  wliidi  takes  place, 
due  to  the  heat  generated  by  the  cutter.  Machines  of  this 
type  are  made  in  a  large  range  of  sizes,  which  deal  with  t  hf 
smallest  pinions  up  to  wheels  about  9ft.  to  10ft.  diam. 

Machines  are  in  use  for  cutting  the  largest  mill  gears  up 
to  25ft.  to  30ft.  diam.  They  deal  with  wheels  with  the 
teeth  roughly  cast  out,  and  are  provided  with  slotting  or 
planing  attachments  which  first  roughs  off  tlie  scale,  and  the 
finishing  cut  is  taken  with  large  formed  cutters.  These 
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cutters  are  made  in  halves,  and  are  packed  out  to  correct 
thickness  after  sharpening.  The  cutters  used  in  these  very 
large  machines  are  also  made  with  inserted  blades,  aiu!  large 
end  mills  have  also  been  used  for  large  pitches. 

Spur  Geaus  (Planed). 

It  is  nei^essary  to  subdivide  the  planing  of  spur  gears  into 
three  sections :  (a)  Planing  with  shaped  tools  ；  (厶) planing 
from  formers;  (r)  the  planing  generating  process. 

(a)  Pkinintj  with  Shaped  Tools,  —  The  planing  of  spur 
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Fig.  20. 


i^oars  with  shaped  tools  is  a  very  old  process.  The  principles 
employed  are  exactly  tlie  same  as  cutting  with  (lis (；  cutters, 
t  he  iool  sli;if"'<l  io  the  tool  li  spare  in  a  similar  inaiiiior 

to  t  lio  cultoi-.  The  cliief  difiicult  \-  to  contend  with  when  cut  - 
ting  with  this  method  is  retaining  the  shape  of  the  tool.  It 
is  a  process  which  is  still  largely  employed  for  cutting  in- 
ternal gears,  tlie  machine  being  generally  in  the  form  of  a 

slol  I  ing  machine;  in  fact,  wit  h 
a  slotting  machine  with  a  suit> 
；山 k  cirnihir  talkie  for  su])])oi't- 
ing  the  work,  and  a  good  divid- 
ing jipparat  us,  very  pass;tl>le 
W'u's  can  be  cut,  bot It  internal 
and  external,  particularly  when 
roughing  and  finishing  cuts 
are  taken,  which  is  a  necessity  if  good  gears  are  required.  It 
is  tlie  most  general  method  of  cutting  internal  gears  over 
al)out  ^in.  pitch  at  the  present  time. 

(b)  Plamrifj  Sj)itr  (/ears  with  the  use  of  Formers  is  a 
method  which  at  the  present  time  is  very  much  in  use  for 
cutting  large  gears,  and  some  very  large  machines  are  made 
which  work  on  this  principle.  One  type  of  machine  cuts 
gears  from  lOin.  diam.  to  20ft.,  and  from  about  ^in.  to  6in. 
pitch.  In  the  large  pitches  the  teeth  are  roughly  cast  out, 
and  a  roughing  cut  is  taken  to  remove  the  scale,  and  a  fine 
finishing  cut  to  get  the  final  shape.  The  forming  arrange- 
ment is  made  so  that  one  pair  of  formers  cuts  all  pitches 
on  the  same  diameter  of  gear.  The  tool,  which  is  carried  on 
a  suitable  slide,  is  given  a  reciprocating  motion,  similar  to 
an  ordinary  shaper  or  side  planer.  An  auto  feed  is  given 
to  the  tool  slide,  and  as  the  tool  feeds  it  is  lifted  by  the  bowl 
which  runs  on  the  former,  thereby  copying  the  shape  of  the 
former  at  the  point  of  the  tool.  The  bowl  is  kept  on  to  tlie 
former  by  a  suitable  spring  arrangement.  One  former  Is 
used  for  on©  side  of  the  tooth,  and  another  for  the  other  side. 
See  Fig.  17.  The  indexing  is  not  automatic,  but  is  operated 
by  power,  and  is  set  into  motion  by  the  operator  for  each 
tooth. 

Fig.  18  shows  a  diagram  of  a  Newton  machine,  which 
works  on  a  similar  principle,  only  the  wheel  is  mounted  hori- 
zontally and  the  tool  reciprocates  vertically,  similar  to  a  ver- 
tical planer.  This  machine  carries  two  formers,  and  finishes 
one  side  of  a  tooth  at  once.  The  operation  is  similar  to  the 
previous  machines  with  regard  to  tlie  casting  out  of  the  teeth 
and  the  roughing  and  finishing  cuts.  Fig.  19  shows  the 
arrangement  of  the  formers  on  this  type  of  machine.  It  will 
be  obvious  that  by  laying  out  special  shapes  of  formers  any 
desired  shape  of  tootli  can  bo  obtained.  This  makes  the 
machine  a  most  suitable  type  for  cutting  gears  to  meet  speci- 
fications and  for  special  work. 

(c)  77/ e  Phin'nx/  (/t  //rratinr/  Process. — Within  the  last  few 
years  this  process  has  bee'ii  very  largely  developed,  and  to-day 
the  author  does  not  hesitate  to  say  that  some  of  the  most 
accurate  gears  which  are  mad©  at  the  present  time  are  pro- 
duced by  this  method.    One  class  of  machines  work  on  the 
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Fig.  22. 


principle  of  a  wheel  rolling  into  another  wheel  or  rack,  as 
Fig;  20，  and  the  other  employs  the  principle  of  a  rack  rolling 
into  a  wheel  and  uses  a  cutter.  Machines  whicli  work  on 
either  of  tlie  above  principles  cut  all  diameters  of  wheels  and 
numbers  of  teeth  of  the  same  pitch  with  the  same  cutter  or 
tool,  and  in  generating  the  teeth  the  shape  is  correct  for  each 
particular  number  of  teeth. 

The  Fellows  machine  works  on  the  principle  of  Fig.  20. 
The  】iiost  important  thing  is  the  cutter.    This  is  iiiade  by 


special  niacliinery,  and  the  teeth  are  ground  up  by  a  generat- 
ing process  after  hardening,  to  ensure  extreme  accuracy,  and 
advantage  is  taken  of  the  flexiljility  of  the  involure  svstejn 
in  their  manufacture,  so  that  the  sharpening  does  not  afl><-t 
the  result  wlien  the  gears  are  cut.  The  cutter  is  given  a 
reciprocating  motion  similar  to  a  slotting  macliine,  an<l  for 
ordinary  spur  gears  generally  cuts  on  the  upward  stroke  for 
convenience  of  taking  the  thrust.  Tt  is  also  given  a  rotary 
motion,  this  being  geared  up  to  the  blank  at  a  correct  ratio 
to  suit  the  number  of  teeth  to  l)e  cut.  This  rotary  motion 
operates  sli^litly  at  each  stroke  of  the  rain,  and  continues  to 
do  so  until  the  blank  has  made  a  complete  revolution.  For 
specially  accurate  work  the  wheel  is  finished  at  twice  round, 
the  latest  machines  being  provided  with  a  special  anajige- 
ment  for  taking  part  of  the  depth  at  the  first  cut  round ，  and 
then  automatically  putting  on  a  little  extra  as  a  finisliin^ 
cut  for  the  second  time  round.  Tlie  inachine  with  a  social 
attachment  will  also  cut  racks  on  the  same  principle. 

With  reference  to  the  machines  which  use  the  rack  tooth 
as  a  generator,  the  simplest  macliine  known  to  the  author  is 
in  the  form  of  a  slotting  machine,  a  shaped  tool  being 
mounted  on  tlie  ram,  and  the  wheel  mounted  on  a  suitable 
table.  Fig.  21  shows  a  plan  of  the  arrangement,  and  Fig. 
22  the  principle  of  its  action. 

The  most  modern  machine  which  einploys  this  principle 
is  the  "  Sunderland  '，  jnachine.  The  action  of  tliis 
macliine  is  exactly  tlie  same  as  t lie  last  iiia<-]iinp  inent ioned, 
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only  instead  of  a  single  tool  being  used,  a  number  of  teeth 
are  arranged  in  the  form  of  a  rack-shaped  cutter.  Tlie  teeth 
are  accurately  ground  up  to  shape  after  hardening,  and  retain 
their  shape  after  sharpening,  the  sharpening  being  done  by 
means  of  a  special  machine  which  not  only  sharpens  but 
grinds  the  cutting  face  hollow  so  as  to  give  a  cutting  rake 
on  the  tool.  For  very  accurate  gears  roughing  and  finishing 
cuts  are  taken,  and  the  generating  action  is  as  follows  ： 
Referring  to  Fig.  23，  the  tool  is  carried  in  a  slide  which  is 
given  a  reciprocating  motion  by  means  of  a  suitable  crank 
and  connecting  rod.  It  has  also  vertical  inovenient  in  rela- 
tion to  the  wheel  to  be  rut,  governed  by  change  wheels 
according  to  the  number  of  the  teeth  to  be  cut.  Starting 
with  the  tool  in  the  lowest  position  it  is  sunk  into  the  correct 
dej)tli  and  then  tlie  feed  set  in  motion.  The  tool  is  then 
carried  by  its  support  in  a  vertical  direction,  the  blank  revolv- 
ing at  the  same  time  geared  to  it.  After  feeding  in  this 
manner  for  a  suitable  distance  to  generate  one  tooth,  it  with- 
draws out  of  the  tooth,  drops  back  one  pitch,  sinks  in  again, 
and  proceeds  as  before,  repeating  the  cycle  of  operations  until 
it  has.  cut  the  whole  of  the  teeth  in  the  wheel.  One  feature 
of  this  machine  is  that  the  dividing  of  the  wheel  takes  】）la('e 
gradually  and  slowly  during  tlie  cutting,  the  movement  of 
the  tool  from  one  tooth  to  the  next  being  given  to  the  cutter 
head.  This  is  a  feature  of  the  macliine  wliirli  is  a  considera- 
tion when  dealing  with  very  heavy  gears  of  large  diameter. 
These  macliines  are  made  to  cut  up  to  4 in.  ])it<-h  and  about 
10 ft.  to  12ft.  (Ham.  The  large  cutters  are  built  up,  a  mnn- 
ber  of  teeth  being  mounted  on  a  suitable  back  or  holder,  tlius 
saving  steel  and  making  a  very  cheap  cutter  to  produce. 

(To  be  continued.) 
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CHUCKS  FOR  BORING  AND  DRILLING  MACHINES. 

Thk  cliuck  or  tool  liokler  illustrated  hcrowil  h,  tli<，  invoiition  of 
Mr.  II.  P.  Swinhui-ne  and  Mr.  (i.  S.  C'rawiord,  89,  .James 
Street,  liridgeton,  Glasgow,  has  he-en  desi^iunl  for  use  in 
connection  with  boring,  drilling,  and  similar  tools.  The 
novel  feature  of  the  arr;uigemeiit  is  t  lit*  means  provided  for 
engaging  and  disengaging  the  tool  and  its  holding 川 eclianism 
i'roin  the  driving  spindle  and  its  m('('h;mis"i. 

Referring  to  t lie  illustrations,  t  he  inner  sleeve  A  is 
mounted  on  ilie  lower  end  H  of  the  driving  spindle  ('  l)otwoen 


Chuck  for  Boring  and  Drilling  Machines. 


collars  so  that  it  has  practically  no  longitudinal  movement  on 
the  spindle,  although  it  is  capable  of  a  rotary  movement  on 
same.  The  lower  end  B  of  the  driving  spindle  engages  with 
and  drives  the  tool-holding  device  D，  the  upper  portion  of 
v/hich  is  of  sleeve  or  socket  formation  which  embraces  or 
encircles  the  spindle  end  B  and  which  is  formed  at  its  upper 
end  with  notches  E  which  engage  with  a  pin  F  passed  through 
the  spindle  end  B  so  that  when  the  pin  F  is  in  engagement 
with  the  notches  E  of  the  tool  holder  D  and  the  spindle  C 
rotated,  the  tool  holder  will  be  rotated  also.  In  order  that 
the  pin  F  will  be  disengaged  from  the  notches  E  so  that  the 
tool  will  not  be  revolved  as  the  spindle'  C  revolves,  a  pin  G 
secured  near  to  the  upper  end  of  the  tool  holder  socket  works 
in  an  inclined  slot  H  formed  in  the  inner  sleeve  A，  so  that  if 
t  he  spindle  end  B  and  tool  holder  proper  D  are  in  engagement 
and  are  being  revolved  and  the  inner  sleeve  A  is  held  by  the 
operator  the  slot  H  in  the  sleeve  A  travels  over  the  pin  G  in 
the  tool  holder  socket  and  raises  the  pin  F  in  the  spindle  end 
out  of  engagement  with  the  notches  E  of  the  socket  so  that 
the  tool  holder  proper  D  is  disconnected  from  the  spindle 
end  B. 

The  tool-holding  device'  consists  of  a  cylindrical  sleeve  J 
partly  conical  within  which  wedges  K  are  fitted  which  are 
tightened  or  pressed  on  to  the  tool  shank  by  the  rotation  of 
the  sleeve  J.  A  plug  is  screwed  into  the  upper  end  of  this 
sleeve  and  the  tool  holder  socket  is  formed  in  one  with  or 
Htled  into  the  upper  end  of  the  plug  D.  A  sleeve  L  mounted 
round  the  inner  sleeve  A  is  of  a  tight  fit  so  as  to  form  a  grip 
for  the  operator  when  he  desires  to  hold  the  inner  sleeve  ； 
hi  id  if  desired,  these  sleeves  may  be  held  from  rotating  bv 
automatic  means  instead  of  by  the  operator  manuallv.  This 
automatic  means  may  consist  of  dovvnwardlv  projecting 
momhers  M  secured  to  the  outer  sleeve  L  and  adjustable  as 
regards  length,  which  comes  into  contact  with  the  surface  X 
of  the  work  when  the  drill  or  other  tool  has  reached  the 
desired  depth  and  thus  prevents  tlie  sleeve  L  from  being 


rotated  wliich  rli.sengages  the  tool  hoUlor  1)  from  t  lio  driving 
spindle  (，.  Tlu'M*  downwardly  proj^-l  iu^'  mh'imI"*i、  M  aro 
adjustable  as  regards  length  l)y  means  of  an  onlinarv  ]>iu  and 
slot  or  screw  arrangement ,  or,  as  slunvn,  t  luMr  ii]>|ht  <-ikIs  may 
be  secured  to  a  spring  collar  ()  adjust ;il>lc  ； i、  i'  l/'i '  'Is  its 
position  on  the  outer  sleeve  L,  or  }x>t  li  arr;"ii/,'m'"n  、  rn;t v 
be  used  if  desired.  Tlie  pin  K  on  t  Ik*  driving  spiixJU*  omi  |{ 
and  the  notches  E  on  t \\e  socket  of  too!  Iml'"'r  | )  m;"'  I"' 
used  in  conjunct  ion  wit  li  t  he  usual  drivinu- 出 cans  1*  Ix-i  .  •  ■ , 
the  spindle  end  U  and  the  tool  shank . 


SIEMENS1  REGENERATIVE  CONTINUOUS  HEATING  FURNACE 

Mk.  Fhedeiuck  Siemknh,  of  Berlin,  descritK*s  in  a  n'wt 
issue  of  "  Stahl  und  Eisen  "  a  new  regenerative  t  imia"' 
which  he  has  designed,  and  of  which  a  n mnber  have  been 
constructed  for  works  on  the  Continent  The  diagrams  liw 
with  show  clearly  the  construction.  Tl"'  H;mi('  is  dm'i'-'l. 
One  part  continues  and  flows  through  the  furnace  and  t  ho 
other  turns  in  a  horseshoe  and  passes  through  t  he  waste  gas 
ports,  which  are  by  the  side  of  the  incoming  ports.  Onlv  t 
part  that  enters  the  regenerators  comes  in  contact  witli  i\w 
heated  steel,  and  so  is  especially  suitable  for  heating  tlie 
checker  brick.  In  this  way  a  proportionately  small  'hmio 
serves  to  keep  the  regenerators  at  the  highest  iempei'atiircs. 
The  furnace  works  with  natural  draught.  There  is  a  posit  iv<* 
pressure  in  the  high  temperature  of  the  hearth,  so  that  as 
the  heated  steel  is  removed  no  outside  air  enters.  The  posi- 
tion of  the  four  regenerators  is  shown  on  the  illustrations. 
The  arrangement  of  gas  and  air  valves  is  the  same  as  in  t  lie 
ordinary  open-hearth  furnace,  except  that  the  ports  are  not 
at  opposite  ends  of  the  furnace,  but  side  by  side  at  the  dis 
charge  end.  The  arrow  shows  the  course  of  the  flame  wliich 
has  been  found  to  be  the  best  under  ordinary  conditions.  \<» 
systematic  temperature  measurements  have  yet  been  made, 
but  the  waste  gases  leave  both  the  charging  end  and  the  re- 
generators at  about  300°  C.，  and  the  average  temperature  of 
the  air  is  raised  to  about  1,100°  C.  It  is  claimed  that  in  addi- 
tion to  saving  in  fuel,  reduced  scaling  of  steel,  and  lower  repair 


Siemens'  Regenerative  Continuous-hkatinc;  Furn"t 

costs,  the  furnace  can  be  easily  regulated  to  meet  rhan;'ing 
conditions,  such  as,  for  instance,  the  heating  of  hard  or  soft, 
cold  or  hot  material,  in  large  or  small  billets.  The  fvirnare 
is  suitable  for  the  use  of  producer  gas,  coke-oven  gas,  l)last  - 
furnace  gas,  or  mixtures  of  these  gases. 


Blast  Roasting  of  Sulphide  Or". —In  the  course  of  a  short 
paper  on  this  subject  recently  presented  before  the  I ust  it m  ii»n 
of  Mining  and  Aletallur^v,  Mr.  J.  II .  Levings  tloscrihed  his 
experiences  of  this  process  in  a  Tasmanian  smelting  plant. 
He  detailed  how  t hey  came  to  abandon  the  use  of  liineston**  in 
the  charge  without  deleterious  results,  and  how  iron- 
manganese  ore  was  substituted.  A  further  improvement  in 
desul])luirising  was  effected  by  changing  the  sliapo  or' t  he  roast  - 
ing  pot  or  "converter  '  from  that  of  an  inverted  cone  to  a 
nearlv  hemisplierioal  shape,  and  a  much  l>ettor  projih't  was 
obtained  for  charging  in  the  })Listfuniaros. 


100 


THE    MECHANICAL    ENGINEER.  [January  24,  1913 


TROUBLES  WITH  ELECTRIC  MOTOR  WINDINGS. 

The  following  interesting  notes  relating  to  a  few  of  the  types 
of  trouble  which  have  been  experienced  in  stator  and  rotor 
windings  of  3-phase  plant  appeaml  in  a  recent  issue  of  "  The 
Times  Engineering  Supplement." 

Mechanical  Weakness.—  It  appears  to  be  sometimes  for- 
gotten by  manufacturers  of  3-phase  machinery  that  the  motors 
they  make  cannot  always  work  under  perfect  conditions  as 
regards  installation,  more  particularly  if  they  are  required  for 
factory  purposes,  inasmuch  as  perfectly  rigid  foundations  and 
i deal  conditions  of  temperature  cannot  always  be  secured. 
For  this  reason  a  good  many  machines  which  behave  most 
satisfactorily  on  the  test  bed  subsequently  develop  weaknesses 
which  may  really  be  traced  bo  a  certain  lack  of  strength  in  the 
design.  This  is  particularly  noticed  in  some  types  of  stator 
windings  for  large  machines.  In  one  particular  instance  a 
faulty  arrangement  for  holding  the  coils  in  a  large  stator  gave 
a  considerable  amount  of  trouble.  The  coils  were  held  in 
place  by  means  of  a  slight  groove  cut  in  the  slots  of  the  iron 
circuit,  into  which  a  piece  of  fibre  ^in.  thick  was  driven  after 
the  coil  had  been  placed  in  position,  the  fibre  acting  as  a  sort 
of  top  surface-  to  it.  This  can  hardly  be  described  as  a  very 
strong  method  of  securing  the  coils,  and  in  the  case  cited  it 
was  found  that  after  about  three  months'  running,  owing  to 
the  warming  up  which  took  place,  the  coils  expanded  and 
pushed  the  fibre  oui  of  the  slots,  especially  at  the  corners. 
The  absence  of  any  restraint  at  this  portion  of  the  winding 
allowed  the  coils  to  come'  down  and  eventually  to  rub  on  t lie- 
rotor,  weakening  the'  insulation,  and  ultimately  causing 
earths.  Efforts  made  to  get  the  coils  back  again  into  their 
place  and  to  insert  new  fibre  slips  proved  quite  useless,  and  in 
order  to  overcome  the  trouble  it  was  found  necessary  to  cast 
a  ring  of  brass,  made  con©  shaped,  so  as  to  take  the  ends  of  tli-e 
coils  outside  the  stator.  This  cone  was  thoroughly  insulated 
with  mica  before  being  put  in  and  fixed  to  the  coils,  and  the 
additional  support  it  gave  prevented  the*  coils  from  dropping 
down  any  further.  Owing,  however,  to  the  expansion  which 
had  occurred  before  this  device  had  been  arranged,  it  was 
found  necessary,  in  order  to  give  the  rotor  sufficient  running 
clearance,  to  turn  off  in.  from  its  surface,  and  of  course'  in 
this  way  the  characteristic  of  the  machine  was  altered  to  some 
extent,  owing  to  the  increa&ed  air  gap  between  the  stator  and 
rotor  iron - 

Defects  in  Insulation. ― A  good  many  motors  which  are 
made  for  factory  purpo&es  are  installed  in  situations  wh^re,  by 
the  nature  of  the  processes  involved,  they  are  necessarily  sub- 
jected to  high  temperatures  combined  with  a  certain  amount 
of  humidity  in  the  atmosphere,  and  similar  conditions  may 
arise  also  in  the  casei  of  motors  which  are  made  for  export  and 
which  are  eventually  installed  in  tropical  climates.  In  such 
situations  a  considerable  amount  of  weakness  in  insulation  has 
been  traced  to  the  use  of  materials  of  an  absorbent  character 
for  slot  insulation  in  stators.  The  use  of  these  materials  is 
perfectly  legitimate  in  ordinary  circumstances,  but  where  the 
motor  is  to  work  in  the  severe  conditions  mentioned  above,  a 
material  which  is  of  an  absorbent  nature  is  not  the  best  to 
adopt,  and  a  considerable  number  of  breakdowns  will  probably 
be  found  to  have  been  caused  by  thei  us&  of  such  materials  in 
such  circumstances.  In  some  cases  where  motors  have  failed 
in  this  way  they  have  been  rewound  with  micanite  insulation 
only,  used  next  to  the  wire,  and  the  insulation  tests  have  then 
always  been  found  satisfactory,  even  after  protracted  use, 
whereas  with  the  materials  referred  to  above  it  has  been  in 
some  cases  impossible  to  get  an  ohm  meter  reading  of  any  con- 
siderable value. 

Motor  designers  are  aware  that  so  far  as  possible  wires  or 
bars  in  the  conducting  circuit  which  possess  any  considerable 
voltage  between  tliem  should  be  kept  as  far  apart  as  possible, 
but  not  infrequently  owing  to  inadvertence  or  accident  this 
precaution  is  not  observed,  and  frequent  breakdowns  of  wind- 
ings in  rotors  and  stators  hav&  been  traced  to  one  section  of 
the  windings  short  circuiting  to  another  adjacent  section 
which  may  have  been  wound  over  it.  This  is  not  riiways  a 
fault  simply  of  tho  design,  since  with  ordinary  car©  in  manu- 
facture it  is  possible  to  insulate  so  thoroughly  that  breakdown 
need  not  occur,  but  in  some  instances  the  risk  caused  bv  the 
adjacence  of  different  potentials  is  aggravated  by  a  slight 
absence  of  care  in  the  choice  and  use  of  materials.      In  one 


such  instance  copper  bars  were  employed  for  the  windings  of 
a  large  motor,  and  the  sectors  connecting  one  bar  to  the  next 
l)ar  in  the  circuit  were  also  made  of  copper  bar.  Unfor- 
tunately, however,  the  edges  of  these  sectors  were  rough. 
They  had  not  been  cut  straight,  and  the  precaution  of  floating 
them  with  solder  had  not  been  taken.  The  result  of  this 
neglect  was  that  the  vibration  caused  the  insulation  to  rub 
away,  and  the  bar  became  short  circuited  to  an  adjacent  one. 
The  damage  could  not  be  repaired  without  taking  out  a  con- 
siderable portion  of  the  winding,  and  the  engineer  in  charge 
of  the  installation  unwisely  took  the  risk  of  allowing  the  motor 
to  run.  The  result  was  that  it  became  useless,  and  it  there- 
fore became  necessary  to  rewind  the  rotor  completely .  When 
this  was  being  done  care  was  taken  to  avoid  the  evils 
mentioned  above,  and  the  spaces  between  the  bars  were  care- 
fully packed  so  as  to  avoid  mechanical  abrasion.  As  an 
additional  precaution  extra  bands  were  put  on  tlie  rotor  to 
minimise  the  effect  of  vibration,  and  when  this  liad  been  done 
the  motor  ran  again  without  any  further  trouble  from  tliis 
cause. 


TEST  OF  A  STEEL  OVERSHOT  WATER  WHEEL 

A  series  of  tests  on  a  10ft.  steel  overshot  water  wheel  have 
recently  been  completed  at  the  hydraulic  laboratory  of  the 
University  of  Wisconsin,  the  results  of  which  are  recorded  bv 
Mr.  C.  R.  Weidner  in  a  recent  issue  of  "  Engineering  News." 
The  overshot  water  wheel  is  considered  by  some  as  out  of 
date.  It  is,  however,  still  capable  of  serving  a  distinct  field, 
where  the  power  to  be  developed  is  small  and  the  speed  of  the 
machinery  is  slow  and  requires  but  little  regulation.  The  fact 
that  wheels  of  this  type  are  still  being  installed,  after  careful 
engineering  investigation,  for  small  factories,  pumping  plants, 


Fig.  1.— Steel  Overshot  Water  Wheel. 

and  even  for  the  development  of  electrical  energy,  may  be 
taken  as  an  indication  of  satisfactory  and  economical  use  of 
this  type  of  motor. 

The  overshot  wheel  was  formerly  constructed  of  wood.  In 
recent  years,  however,  the  wheel  has  been  built  entirely  of 
steel  and  iron.  Although  the  initial  cost  of  a  wooden  wheel  is 
less  than  on©  built  of  steel ,  the  latter  possesses  certain  advan- 
tages which  make  it  more  desirable  to  install,  notwithstand- 
ing the  increased  cost.  Unless  a  wooden  wheel  be  kept 
continually  in  operation,  the  constant  swelling  and  drying  of 
the  wood  soon  causes  all  parts  to  get  loose  ；  tlie  buckets  leak 
and  a  considerable  percentage  of  the  available  energy  is 
wasted.  In  a  steel  wheel  the  buckets  can  be  shaped  more 
readily  to  accord  with  the  design  ；  a  larger  percentage  of  the 
total  head  is  made  available  on  account  of  the  smaller  thick- 
ness of  the  metal  ；  and  the  friction  in  the  bearings  is  decreased 
because  a  steel  wheel  is  lighter  tlian  a  wooden  wheel  well 
soaked  with  water.  For  these  reasons  the  steel  \vhe«l  is  more 
efficient.  Moreover,  it  is  more  durable,  the  cost  of  main- 
tenance is  less,  and  the  parts  are  more  readily  assembled. 

Fig.  1  shows  an  example  of  a  steel  overshot  wliwl  of 
modern  design ― the  wheel  tested  at  the  University  of  Wis- 
consin. The  buckets  are  formed  by  curved  vanes  attaclied  to 
the  cylindrical  surface  or  inner  circumference  of  the  wheel , 
called  the  soling,  and  to  the  segmental  circular  housings  on  the 
sides.  The  vane  thus  forms  the  front  or  outer  part  of  the 
hu('ket，  the  soling  the  back  or  inner  side,  and  the  housings 
form  the  sides.     The  buckets,  soling,  and  rims  are  made  of 
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flanged  steel  riveted  together.  To  the  housings  are  bolted  the 
radial  arms,  made  of  flat  bar  steel,  which  in  turn  are  bolted  to 
cast-iron  centre  flange®  keyed  to  the-  shaft.  Power  is  usually 
taken  from  the  wheel  by  means  of  gearing  and  is  transmitted 
by  shaft,  belt,  or  rope  drive.  In  some  designs  the  segmental 
spur  gearing  is  bolted  to  the  arms  of  the  wheel,  in  others  a 
gear  wheel  is  keyed  directly  to  the  shaft.  The  manufacturers 
furnish  either  ball  or  roller  bearings  as  specified. 

The  advantages  of  the  overshot  wheel  are :  (1)  Hi^l' 
efficiency  ；  (2)  adaptability  to  varying  discharge ；  (3)  sim- 
plicity in  construction  ；  •  (4)  reliability  ；  (5)  no  interference  of 
operation  on  account  of  clogging  with  debris  or  ice.  Of  these 
advantages  the  first  two  are  of  the  greater  importance.  The 
results  of  the  experiments  discussed  below  show  high 
efficiencies  under  a  wide  rang©  of  operating  conditions. 
Reliable  tests  of  turbines  have  been  reported  yielding 
as  liigh  as  89  per  cent,  efficiency,  but  it  is  rarely 
that  this  figure)  is  attained  in  an  actual  installation. 
In  the  smaller  plants  especially,  where  an  overshot 
wheel  would  be  capable'  of  competing  with  a  tur- 
bine, it  is  doubtful  whether  the  turbines  operate  with  an 
average  efficiency  higher  than  70  pe'r  cont.  It  is,  however, 
extremely  difficult  to  make  any  comparison  as  to  the'  efficiency 
of  two  types  of  motors,  unless  both  hav-e  been  tested  under 
exactly  similar  conditions  of  operation.  Tlie  installation  of  a 
turbine  requires  a  technical  analysis  of  the  problem,  and 
unless  the  turbine  is  set  properly  and  selected  for  the 
particular  conditions  under  which  it  is  to  operate,  the 
efficiency  will  fall  far  below  that  of  which  it  is  capable  when 
operating  under  the  proper  conditions.  Very  few  of  the 
small  water  powers  developed  receive  thei  proper  engineering 
supervision  to  promote  a  high  degree  of  efficiency  in  their 
operation.  Thei  ov-ershot  wheel,  on  the  other  hand,  suffers 
but  little  from  a  lack  of  proper  design  or  selection,  although 
to  obtain  the  highest  efficiencies  of  which  the  wheel  is  capable, 
it  is  not  advisable  to  dispeu&e  with  a  technical  analysis. 

To  engineers  familiar  with  the  variation  in  efficiency  of  the 
turbine  at  part  gate,  a  glance  at  the  curves  obtained  from  the 
Wisconsin  experiments  (Fig.  2)  will  be  convincing  as  to  tlie 
superiority  of  tli-e  overshot  wheel,  in  respect  to  its  adaptability 
to  varying  discharge'.  The  experiments  show  that  the  range 
in  the  discharge  may  be  as  much  as  400  per  cent,  with  only  a 
difference  of  5  per  cent,  in  the  efficiency  of  the  wheel .  The 
other  advantages  cited  are  of  minor  importance,  though  in 
particular  cases  they  may  influence  the  choice  of  type  of  motor 
to  b©  selected . 

The  limitations  or  disadvantages  arei :  (1)  An  economical 
limit  in  respect  to  the  head  and  discharge  to  be  developed  ； 
(2)  a  limit  in  respect  to  tlie  speed  of  tho  machinery  to  b© 
operated  ；  (3)  a  limit  in  respect  to  tha  variation  in  the  water 
levels  in  the'  head  and  tail  races  ；  (4)  larger  space  require- 
ments than  a  turbine. 

On  account  of  the  increase'  in  tho  weight  of  the  wheel,  as 
the  head  or  discharge  is  increased  beyond  a  certain  limit,  the 
cost  of  the  overshot  wheel  becomes  so  great  that  it  can  then 
no  longer  compete  advantageously  with  the  turbine.  The' 
economical  field  of  th©  wheel,  therefore,  lies  in  developments 
which  range  approximately  between  2  cub.  ft.  and  30  cub.  ft" 
per  second  discharge,  with  heads  varying  from  10ft.  to  40ft., 
corresponding  to  a  maximum  development  of  about  75  h.p. 
Within  this  field,  the  question  whethe-r  to  install  a  water 
wheel  or  turbine  must  be  decided  on  the  basis  of  the  particular 
conditions  of  the  power  to  be  developed,  the  class  of  machinery 
to  be  operated,  and  the  cost  of  installation.  Only  a  rougli 
approximation  can  be  made  a&  to  the  cost  of  the  two  types  of 
motors,  from  the  figures  furnished  by  the  manufacturers.  In 
general  it  may  be  said  that  the  initial  cost  of  an  overshot 
wheel,  up  to  a  diameter  of  16ft. ，  will  be  about  twic-e  that  of  a 
turbine  of  equal  horse-powor,  and  above  that  diameter  a  little 
more  than  twice  the  amount. 

The  peripheral  velocity  of  the  overshot  wheel,  when 
operating  efficiently,  varies  approximately  between  3ft.  and 
7ft.  per  second,  depending  on  the  diameter,  discharge,  and 
velocity  of  the  entering  water.  Hence,  there  would  be  a 
practical  limit  to  the  speed  of  the  machinery  to  be  served, 
beyond  which  the  loss  of  power  through  the  necessary  gearing 
would  probably  offset  any  gain  in  efficiency.  It  is,  therefore, 
particularly  adapted  for  the  operation  of  slow-spoed  maclii- 
nery,  and  should  find  a  field  of  usefulness  for  the  operation  of 
small  factories,  the  machinery  on  farms  or  country  homes,  and 
especially  for  pumping  plants,  where  the  pumps  may  be  con- 


nected directly  to  tho  wheel  shaft.  For  the  ojn-r;it  ion  <>! 
liigh-sj>e€d  niacliinery,  a  loss  of  from  3  to  10  \n-i-  c<*nt.  may  l>e 
estimated  to  occur  through  the  necessary  gearing  or  belting. 

The  principal  application  or  use  of  water  power  at  prwiit 
is  the  development  of  electrical  energy.  In  general  the 
opinion  is  held  that  only  turbines  on  iiccount  of  1  li<*i r 
speed  arc  applicable  for  this  purpose.  However,  a  iiuihImt  oi 
electrical  plants,  operated  with  wat^r  wheels,  hav*-  l>"'ii  built 
and  are  giving  satisfactory  service.  The  inertia  of  the  Im^iv v 
wheel  and  gearing  provides  a  very  uniform  motion,  and  high 
efficiency  at  part  load  is  a  very  desirable  feature  in.  eleH  i  p  "I 
plants.  It  is  a  matter  for  the  designing  engineer  to  decide 
which  type  of  motor  will  give  the  highest  total  efficiency  for  a 
plant  of  this  kind  . 

The  efficiency  of  the  overshot  wheel  drops  oi\  quit^*  r:t|'i'j|，,' 
if  the  bottom  of  tlie  wheel  is  submerged,  even  though  this  is 
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Fig.  2.— Efficikncy-Uiscuaiige  Curves  of  a  Steel  Ovekshot  W'ateu  VN'iii.i.i. 
(Power  Measuiied  at  Jack  Shatt. ) 

but  a  few  inches ；  therefore,  the  wheel  is  poorly  adapted  to 
conditions  where  there  is  a  considerable  variation  in  th"  t ;n I 
water  level.  The  turbine  will  operate  almost  as 
efficiently  when  submerged  as  when  not  submerged , 
and  by  use  of  the  draught  tube  there  is  hut 
little  occasion  to  have  it  submerged.  In  this  connection  it 
should  be  noted  that  in  periods  of  flood,  when  the  water 
is  likely  to  be  submerged,  there  is  an  excess  of  water,  an<\  as 
tho  wheel  is  particularly  adapted  for  overload  capacity,  the 
extra  power  developed  would  probably  make  up  for  any 
decrease  in  efficiency. 

Within  these  limitations  the  overshot  wheel  is  capable  of 
serving  a  iield  in  water-power  development,  and  or  competing 
successfully  with  the  turbine  both  in  efficiency  and  co.-r  n\ 
operation.  The  decision  as  to  water  wheel  or  tm'biiie  must  be 
made  after  careful  investigation  of  the  particular  conditions 
to  be  met  with  ；  eacli  type  of  motor  should  receive  equal  con- 
sideration. The  considerations  which  influence  this  choice 
are :  (1)  Head  and  discharge  available,  and  probable  variation 
in  these  ；  (2)  cost  of  the  motor,  including  setting  and  founda- 
tion ； (3)  relation  of  motor  cost  to  available  capital  for  plant 
construction  ；  (4)  class  of  machinery  to  be  served,  and 
whether  continuous  or  intermittent  power  supply  is  required. 

Laboratory  tests  of  a  machine,  when  properly  interpreted, 
undoubtedly  have  a  great  value,  but  it  must  be  borne  in  mind 
that  any  test  so  made  represents  results  under  the  exact  con- 
ditions of  the  test.  The  conditions  under  which  the  Wisconsin 
experiments  were  performed  approached  practical  conditions 
very  closely .  The  wheel  tested  was  of  a  standard  pattern 
taken  from  the  stock  of  the  manufacturers.  The  structural 
features  are  simple,  and  none  of  these  features  of  tlie  wheel 
itself  were  changed  during  the  tests.  Apart  from  the  struc- 
tural features  of  the  wheel,  the  chief  factors  which  influence 
tlie  efficiency  are  the  velocity  of  the  entering  water,  the 
relation  between  this  velocity  and  the  peripheral  velo- 
city of  the  wheel  and  the  discharge.  The  results  should, 
therefore,  be  readily  duplicated  in  actual  service,  if  the  wheel 
is  set  properly,  and  they  may  be  taken  as  a  guide  in  the  design 
and  installation  of  this  type  of  water  wheel.  A  summarv  <>t 
the  conclusions  reached  in  the  experiments,  the  details  of 
which  will  be  published  in  a  University  bulletin,*  is  given 
below. 

(1)  The  maximum  efficiency  obtained  was  89  ]>er  cent,  of 

•  "Theory  and  Test  of  an  Oversliot  Water  Wheel,"  by  C.  R.  Woulnci*.  Bnlletin 
of  The  University  of  Wisconsin,  No.  529. 
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the  theoretical  input  delivered  at  the  wheel  shaft,  or  86  per 
cent,  at  the  jack  shaft. 

(2)  The  transmission  loss,  through  the  spur  gear  and 
pinion,  including  the  friction  in  the  bearings,  reduced  the 
efficiency  of  the  wheel  3  per  cent,  at  maximum  efficiency  of 
operation.  Witliin  the  limited  range  of  the  experiments  this 
loss  increased  with  the  speed  and  decreased  with  the  horse- 
]H)\ver  traiisriiiUed. 

(3)  Tli,'  ellicifMH'y  of  t  wheel,  otlie r  c(jnditions  remaining 
constant,  increased  with  the  decrease  in  the  entrance  velocity 
of  the  water.  This'statement  is  limited,  however,  by  the  fact 
that  for  maximum  efficiency  a  definite  relation  exists  between 
the  peripheral  velocity  and  the  entrance  velocity,  so  that  a 
limit  is  reached  when  tlie  entrance  velocity  equals  or  slightly 
exceeds  the  peripheral  velocity. 

(4)  The  variation  in  the  discharge  within  reasonable 
limits,  so  tliat  the  coefficient  of  tilling  does  not  exceed  approxi- 
mately 0.50，  has  little  if  any  effect  on  the  efficiency  of  the 
wlieel. 

(5)  For  maximum  efficiency  of  operation  the  ratio  of  the 
peripheral  velocity  of  the  wheel  to  the  velocity  of  tlie  entering 
water  is  a  constant,  whose  value  is  approximately  0*90. 

， (6)  Submergence  of  the  wheel  in  the  tailwate-r  causes  a 
serious  decrease  in  the  efficiency.  A  submergence  of  3in. 
caused  a  loss  of  6  per  cent,  at  maximum  efficiency  of  operation, 
which  loss  increased  rapidly  as  the  submergence  was  increased. 

(7)  For  maximum  efficiency,  the  point  of  impact  of  the 
water  should  lie  as  high  in  the  wheel  as  possible.  The  point  is 
regulated  by  the  distance  of  the  entrance'  spout  or  orifice  from 
the  wheel,  and  must  be  adjusted,  otherwise  a  serious  loss  of 
energy  occurs  at  entrance. 


DESIGN  OF  SURFACE  CONDENSERS. 

BY  W.  H.  BOOTH. 

In  designing  surface,  condensers  the  maiu  object  generally 
seems  to  be  to  put  the  largest  possible  surface  in  the  direct 
path  of  the  steam  irrespective  of  any  consideration  for  the 
passage  of  steam  beyond  the  first  row  of  tubes.  About  the 
only  concession  in  this  directiou  is  the  omission  of  a  group 
of  tubes  so  as  to  produce  a  gap  of  V-forni  in  the  general  mass 
of  tubes.  These  gaps  serve  to  present  more  tube  surface  on 
the  one  hand,  while  on  the  other  they  provide  more  passage- 
ways  by  which  the  steam  can  reach  the  interior  of  the  nest  of 
tubes. 

Yet  the  modern  steam  turbine  is  found  to  be  so  arranged 
as  to  provide  a  pipeway  to  such  a  blocked  condenser,  the  full 
diameter  of  the  turbine  rotor.  If  so  great  a  diameter  of  this 
detail  be  desirable,  it  is  not  consistent  that  the  passage- 
way between  the  condenser  tubes  should  b&  so  much  reduced. 
Experience  also  points  to  the  error,  for  the  vacuum  differs 
by  as  much  as  an  inch  between  the  steam  entry  and  the  base 
cf  t  he  condenser.  Except  for  the  considerations  of  cost  and 
spar (？，  there  is  no  reason  why  a  condenser  should  not  be  】nany 
times  its  ordinary  cubical  capacity  with  widely-spaced  tubes 
dispersed  throughout  the  space.  If  strain  be  regarded  in  the 
li^iit  of  the  kinetic  theory  of  gases,  the  molecules  of  which 
are  darting  about  at  a  velocity  of  perhaps  1,800ft.  per  second, 
is  it  not  obvious  that  an  extra  few  feet  of  length  or  breadth 
will  have  little  effect  upon  the  time  required  by  each  mole- 
cule to  find  its  way  to  a  cold  tube  surface  ？  The  ideal  con- 
dition would  be  that  each  molecule  touch  a  cold  surface 
which  would  kill  its  self-translabory  activity  and  drop  it  to 
1  lie  coudenser  base  as  so  much  dead  water. 

Every  tube  carrying  a  stream  of  water  possesses  a  certain 
r;ipmity  for  absorbing  heat  from  tlie  molecules  whk-h  pass 
u|x)n  it.  But  if  too  川 aiiv  molecules  strike  the  tube  in  a 
oiven  time  tlie  tube  surface  will  become  hot,  for  there  is  a 
limit  t(，  tlie  r;i"'  of  lioat  roiuluction  through  the  walls  of  the 
\  u he.  From  the  hot  surfare  tlie  steam  molecules  will  rebound 
without  having  given  ii]>  much  of  their  heat  energy,  and  ii: 
t  lie  rebound  they  will  strike  against  the  oncoming  stream  of 
molecules  from  the  cylinder,  driving  these  back  to  some  ex- 
"、'it,  or  at  least  hindering  their  flow.  Undoubtedly  the 
major  port  ion  of  the  work  of  a  surface  condenser  is  accom- 
plished in  tlie  lirsi  row  of  i ul>es,  and  tlie  result  is  tliis  reflex 
nction  of  many  of  tlie  molecules  which  ought  never  to  have 


hit  any  of  the  first  row  of  tubes,  but  should  have  passed  for- 
ward to  the  second,  third;  and  subsequent  rows.  What  se6ins 
to  be  needful  is  that  only  oue  tube  in  three  of  the  first  row 
should  remain,  and  this  tube  should  be  fitted  with  a  light 
casing  of  thin  metal  with  lips  placed  vertically  toward  the 
flow  of  steam.  In  cross-section  this  casing  would  resemble 
the  letter  A  with  an  open  top.  The  tube  would  occupy  the 
lower  division  of  the  letter,  wliich  would  rest  upon  the  tube 
by  means  of  an  occasional  crossbar.  The  top  slot  would  have 
a  breadth  of,  say,  a  fourth  or  a  third  of  the  tube  diameter, 
thus  reducing  the  number  of  】nolecules  which  reach  the  tube 
surface,  and  therefore  keeping  down  the  temperature  of  that 
surface  so  that  it  ceases  to  be  a  surface  from  which  molecules 
can  rebound  with  any  great  velocity.  In  this  way  the  amount 
of  steam  dealt  with  by  the  first  row  of  tubes  is  reduced  to 
about  one-uinth  or  one-twelfth  of  the  old  arrangement.  The 
next  row  of  tubes  would  be  similarly  spaced  and  fitted,  and 
so  also  the  third,  or  even  the  fourth  rows  ；  beyond  that  the 
spacing  would  become  closer  and  the  covers  made  with  wider 
slots,  or  even  omitted,  and  so  on  to  the  base  of  the  condenser, 
where  the  tubes  would  be  closely  spaced. 

The  provision  for  wider  spacing  is  particularly  desirable 
where  the  contraflow  principle  is  employed,  for  if  this  is 
fulfilled  the  first  tubes  touched  by  the  steam  are  the  hottest, 
and  create  the  maximum  of  reaction.  Since  the  temperature 
of  saturated  steam  is  fixed  for  any  given  pressure  there  can 
be  no  temperature  difference  without  a  pressure  differenco, 
and  the  contraflow  principle  presupposes  such  a  pressure 
difference  and  indicates  a  loss  of  vacuum  in  the  cylinder.  It 
seems  more  rational  that  the  first  rows  of  tubes  should  be 
as  cold  as  possible,  and  that  the  last  rows  should  be  colrl 
also.  Any  marked  rise  of  iemperature  of  the  circulating 
water  should  be  iu  the  middle  tubes,  where  most  of  the  steam 
has  disappeared,  and  the  passage  way  is  ample  for  what  is 
left.  There  appears  to  be  no  difficulty  in  designing  a  con- 
denser on  these  lines  to  provide  for  intercepting  the  water 
condensed  in  each  division,  so  that  it  shall  not  drip  on  the 
tubes  below.  Summarised  briefly,  the  suggestion  is  that  the 
spacing  of  the  tubes  should  be  wide  in  proportion  to  their 
nearness  to  the  cylinder,  and  that  the  passage-way  siioulfi 
diminish  as  the  steam  diiniuishes  in  quantity. 

If  a  2in.  vacuum  is  attainable  under  certain  conditions, 
and  there  is  an  absolute  pressure  of  3in.  at  rhe  top  row  of 
tubes,  the  steam  volume  per  unit  weight  will  be  50  per  cent, 
greater  at  the  lower  tubes,  and  should  be  provided  for  ac- 
cordingly. But  such  a  loss  as  lin.  is  what  the  suggested 
design  aims  to  avoid  by  the  provision  of  ample  space  for  the 
passage  of  the  steam.  In  practice  it  appears  probable  tliat 
such  a  design  would  culminate  in  condensers  liaving  a  liiaxi- 
inuin  of  passage  area  transverse  to  the  path  of  the  steain, 
so  that  the  condenser  would  be  long  and  wide  in  order  that 
the  first  rows  of  tubes  should  still  possess  considerable  sur- 
face even  though  the  tubes  were  not  allowed  to  exceed  a  given 
fraction  of  their  full  duty,  as  provided  for  by  the  cover  sheds. 

Steam  is  perhaps  best  distributed  over  the  upper  row  of 
tubes  by  providing  for  its  entry  above  the  tubes  and  parallel 
with  them  in  a  wedge-shaped  chamber  extendino;  the  len;'tli 
of  the  tubes.  If  admitted  to  the  central  part  of  the  area  of 
the  upper  row  of  tubes  it  should  be  by  a  tapering  entrance  or 
a  reversed  hopper  springing  from  both  ends  of  the  tubes  ； nwl 
fitted  with  diverging^  plates  to  spread  the  steam  throughout 
the  length  of  tlie  upper  row.  Baffleplates  across  the  pat li  (>'' 
the  steam  are  bad  practice,  and  serve  to  cause  obstruction. 
It  is  better  to  jjuide  the  st^am  than  to  compel  it  to  spread 
by  the  interposition  of  a  baffle. 

The  ideal  condenser  is,  of  course,  a  large  ojhmi  (  liamlu'r 
with  cold  walls,  into  whicli  st-eani  is  admitted,  aiul  speedih' 
finds  one  of  the  six  cold  walls.  A  lari;e  cubical  room  wit  li 
a  bout  45  sq.  ft.  on  eacli  wall  would  give  oiilv  the  12,'H>0ft. 
of  surface  regarded  as  necessary  for  a  tubular  rondenscr 
occii|)vincr  a  mere  fraction  of  this  volume.  Even  cellular, 
flat  internal  walls  woulfl  diminish  the  volume  very  little,  anrl 
it  is  not  easy  to  esrape  from  the  tubular  rlesign.  But  tliis 
has  been  overdone  to  the  extent  that  tunes  lia ve  Ikhmi  sp;uo<l 
too  closely  to  permit  the  vacuum  formed  at  tlie  base  to  ； i<  t 
upou  the  cylinder. —- （（  Power." 
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INDUSTRIAL  AND  TRADE  NOTES. 

Safety  Lamps  in  Mines. ― Tlir  1 1 omc  S,、（T('i:ir,v  ^i\cs 
lir  Itiis  an  。r(l(、r,  under  srcl  ion  33  of  i  lie  ( 'o;i  I 

1  !)l  I ,  ； i|>|)i(>\  in^,  suhjcct  to  Um  condit  ions  spcci  lied  1 1 
(lir  II  ； li I 、、  (>(>(  1  laiii))  No.  I  ，  mid  tl"'  Oldha  it)  rm,'rw 
Li  ii)|>  tor  ust、  in  all  mines  to  uliicli  tlir  Act  applirs, 
lamp  Ik  ； ipprov(、（l  mil.v  lor  us"  i  it  (  he  、、（"'k  oi  r('s('ii'、  or 
in  tlir  c;isc  ol'  :m  accidciil  oi'  "llipr.i'iiit'rgpiir.v.  or  \t\  ( 
odiciMl  s|)('ciiic;iii()iis  of  llicsr  hi  nips,  \\  i  1 1 1  philcs  s 
gt、，"'r:»l  (lt、sigii  oi  (Nich,  ar<»  conta i ihi(I  in  order,  ("p"'N  ol  wliich 
、、ill  slioitly  Ik1  ])lac('(l  on  s;i Ic. 

Accidents  in  Mires  and  Quarries. ― An  :idv;m('*、  prool  Ims  j ust  U、,'ii 
issued  ".v  t'l"、  I  Ionic  Ofli  v  山、 s  pn、p;u'rii  under-  tlic  ('":，1  .M  i n*'s 

Act  showing  tlu'  immht'r  oi'  I'ntiil  :»c('i(l('iits  ；， nd  t  lis  in  :m(l 
al>out  tl"、  niiiics  ； md  (piMirics  of  t  he  I'nitcd  K  i  n^dom  d  urin^  11,12. 
Undor  Uit、  Coal  M  incs  Act  tlit'n'  、、- ("v  1,1  l-'i  s,'p:u':"'' 
<lciits,  <■；!  usin^  1 ,2(iS  (If  1 1  lis.  Tli。  totals  in  t  lie  prccfcdin^  、  t':ir 
、"'iv  I  .'212  and  1 n'sppcti vrl.v.  Ol'  tlir  tola 1  mm 山'' r  of  ;»(■(" 
(Irnt  s  in  1 912,  "71  、、  （"■(、  iiii(l(、rw<>im(l，  547  of  tlirm  licin^; 山 "、 to 
I  n  lis  oi'  ^；] -oiind,  71)  were  shaft  neciden I s,  ;i  nd  2i)  "  ("•('  explosions 
ol  Wvo  (lamp  or  coal  dust .  I  n  ilic  nu'iallitriM.is  miiirs  t  licic  u  i'iv 
■1(1  separate  I  a  in  I  accidents  In  si  、v:u'，  ； is  compared  w  it  li  1 1  in  I !  ；  I  I  , 
iln*  mim'M'r  oi'  deaths  U、ing  tlu>  sa im»  in  ,v ('； u' -  13.    Tl""  '' 

\\i\s  ;\  total  ol  70  scparn It*  lntal  (juju  ry  ； iccidt'iils  hist  yrar,  ;is 
compared  with  "(；  in  tl"1  in'cccdin^;  .v (、： u*.  Tliciv  wwc  7-5  dcatlis 
i'rom  tin'  accuUMits,  coni});uv(l  with  ！) «)  in        I . 

Machine  Tool  &  Engineering  Association. ― Since  tlic  hist  :mimal 
report,  the  directors  say,  23  firms  h;u<1  joiiunl  this  Association, 
I'ri'igiiig  the  wnilH'rsliip  up  to  ovrr  1UI I,  Tli。  lialnncc  in  nd, 
:i"i、r  nuM'tiii^;  all  currtMit  ] i;i l»i ! i i  irs,  is  I .     Tin1  c\ li i itit  ion 

； it  ()l,vmpi:i  su('(vsshil.     The  total  mimU'r  of  cxhiliitors  、、： is 

2!"J，  tlu>  toi;il  ； itttMulaiicc  of  the  pulilic  aliont  lnu.linn.  The  (lin'r 
tors  t' i illy  loaliso  that  owiiig  to  tho  want  oi"  ； i(lt'<iu; 山、 iiandliiig 
jipplin  nccs  thr  cost  to  iiiciiiIkts  of  installing  lluMr  oxliihils  、、： is 
undul\'  lii<j;li,  lint  euro  will  lio  taken  that  this  slmll  not  ivcm'  m 
con  licet  ion  、、  itli  i  ut  mv  cxhi  hi  ti(»ns.  Tlii、  Associ;i  t  ion  was 
approaclu'd  liy  the  l^xhihitions  Himik  Ii  ol'  the  Hoard  ol"  Tr:i(l<>  with 
tin*  \  iow  of  joint  action  in  or^nn isi njj;  a  ('()lli、cti v(>  cxliiUit  of 
niachitu'  tools  ； it  ilic  (Jlu'iit  l"l"l>iti。n，  and  the  su^^cstion  \v;'s 
;q)pro\  r<l  l»y  the  Associat  ion ,  I m t  、、  i  n\  it;itions  to  apply  I'm' 
space  w  ere  sent  out  to  tli(、  lm'iiiU'rs  tin1  response  w  ;is  so  inndi1 
(|uat(k  as  to  it  cl(iar  to  th(、  （liivctm's  that      r('i"vsriit;Ki v,' 

display  was  impossihlf,  nnd  tl"、  scliciiu1  w  ;is  tlicrdorc  m I);uk1oihhI. 
Tlit、  directors  li;u('  :"('('pte(l  the  invitation  of  tho  liriiish  Knipiro 
Tr:"lr  .Mark  Associat  ion  to  join  tlie  l>ro\  isional  Council  of  tliat- 
Associalion . 

Development  of  Tramways. ― Tli(*  annual  rt'tm'ii  of  cnju'ta! 
IraHic  l"r  I !M  I  :m(l  M )  1 2  trainw  ;»\  s  and  li^lit  railw  ;iy>  (,、tnvt 
and  l  oad)  -jiisl  issued  show  s  tlial  siii(v  the  vr:ir  1 S7S  llu*  route 
length  of  traniw  a\  s  and  light  rail\\  ays  on  pul'lir  roa<ls  ojxmi  Inr 
traffic  in  tl"'  I'nitrcl  K  iit^dom  lms  increased  from  2( il)  iiiik's  tn 
*2,(i37  niilos,  ； m(l  capital  oxpondiiuro  From  C  1，2'"7,3'一)（1  to 
£77,377,3lHt  ；  tlio  liuiiil'rr  ol  p;"ssrii carried  I'rom  1  1(1  millions 
to  :^127  millions;  ;t  nd  tlu、  net  receipts  1 1  uni  L"J.'i-  i,!»o(>  to 
L '>,Si )|  ,(i  IS.  01'  the  iot;iI  t»t  1,777  miles  of  liiir  o、vm'(l  Uy  local 
autlioril ics  1 ,571  mill's  ； uv  worked  liy  iliosr  ； nttlioritics  tlicni 
-M'hrs  in*  ( in  :，  \'v\\  cmscs)  liy  oilier  local  ,\ utlioritii's  lens,  njj;  t'rom 
tlicni,  and  tin1  rrniainin^  2(Ki  mi  Irs  \ty  Icnsi  n^;  conipjin  ii»s.  丁 'ast 
yc;i r  tluk  routt*  mik 、： igi、  、、（"l"'d  liy  clrciiic  tract i(»n  was 
i"il,、s，  out  of  a  total  of  2/>!»7  ；  tliis  year  it  is  *2,'>]S  mill's  out  ot 
2,637,  the  remainder  being  I  *)  per  cent,  of  the  total  length  of 
line.    OF  t lie  uiidci't, livings,    1 72  U>l()ii〔  to  h"':i】 ：、 tit  lmritii、s 

and  1  18  to  coinpanies  or  otlitM'  p;irti，'、.  I  n  t  he  cases  of  tlirtH1  local 
aut  liorit ics  and  six  coinpanies  tlu*  returns  show  an  excess  w  ork- 
iiig  t'x|"'ii(litiiri'  o、<、r  gross  r('('(、ipts.  The  i>(>r(vnt:i;j;('  ol'  working 
oxixMulituro  to  gross  t'(»<-oipts  was  (iO-fiO,  as  ； gainst  (；卜 7(>  in 
I'M I  I .  Tl"1  ivtm'n  slates  that  ;i  1Uiou<j;1i  tlirr(、  Ii;ul  lu-rn  ;i  snutll 
increast'  in  the  rati*  cnpiial  oipi'mli";^1  p(、r  niili、  oi  route  o|>rii 
and  au  iiuTiNist*  itt  the  nuiiiluvr  of  passengers  carried  p('r  ruut" 
milo  ； iml  pt'r  ('； ir  mile,  ('o，，pk'(l  w  ii  ]i  ； i  、； ，st、  in  tlie  r;\l io  of 

working  exponditurt*  of  gross  receipts,  tl"'  ii(、t  rrci'ipts  i mpru\  r<l 
t"  sucli  an  oxtpnt  a.s  to  ； iH'"r(l  ； i  l"、tU'r  ])or(*ciii;»^o  on  rnpitnl  out 
lay  than  、、  as  hl">、vn  in  the  return  tor  tlir  pr(*\  ions  year. 

A  Weighing-machine  Patent.  Action  by  Messrs.  W.  &  T.  Avery.— In 
the  Chancery  Division,  on  the  1 7tli  inst.,  Mr.  Justice  Neville 
<Iolivrn«d  jiKlgincnt  in  the  i»;itcnt  ;icti(»n  ol'  \V.  iV*  T.  A\ civ,  J'td.， 
H .  Pooloy  A:  Son,  Ltd. ,  l»otli  ol'  whom  ar«、  、vt'll  know  n  u  ci^liin^ 
luacliino  inamifactunMs.  Tl"'  plaintiffs  asked  lor  an  injunction 
ii'str;iini!i«x  (lolVndants  m.  I lu*ir  ji^miIs  or  servants  t  roni  intrin^ 
plaint  ids'  pattMil,  (lanin^;t*s  and  (li'li 、- ci',、  also  l"、iiig  clainu'd. 
Tlic  patent  in  (jnostion  ('omnribod  an  ingenious  do\  ito  tor  w ci^li- 


niK  trains,  trucks,  and  oilior  siurli  li(';i、,v  tliinu-s  at  iveciviiiti 
<i('l)(,ts  coIli(M-i(»s.    Tim  principle  ot    tli.*  m\ .-ntioti   w  tl.r 

construction  of  two  、w>igl 卜 I'rM^'s  aiif!  tlir''"  .stn-I  、： 卜  I" 
tlios"  DKNMis  tli"  \v«Muht  could  l><!  asc^rtiiinwl  "I  tuo  ,  Mli':r 

.separately  or  coinhiiicd.    Mr.  Du^ald  Clerk.  <  onstiltinu  ''iigiii, 
said  plaintifl's'  invention  was  an  important  iin|>ro\  .  in. m  'm  ,,tli''r 
scliomos.    Tl"'  flctcndaiits  ti!^(»<l  that  tlirn-  li;t,|  I>i>4*ii  no  iiilnw 
im'iit.     I)l;itl'()n"s  ； uid  strcl  yards  ils'"l  l,Hor,'.  :m,l 

； "Iditimi  of  ； ui  extra  steel  yard  r-onlfl  not  I"'  ； m  m、,'iiti'm. 

His  J/ordship,  in  giving  jiKlmncnt,  said  that  ； ill  tl"'  mrtl",(ls  in 
cxistenco  of  uoiuhiim  trucks  up  to  this  patent  I.-ft  soiiwtliin^  to 
l>o  (]<vsir«*(I,  l)ecaus(»  tlu'iv  was  no  niacliiii*-  in  ,'、 i|l;lt  、、','山1 
\voifj;h  oitluM-  a  ('oml'i or  two  s<'|>;i r;ii<-  |f>.i<ls  acfniflin^  to 
tl"、  will  of  tho  operator,  without  tl"'  iwssit.v  oi  rlciMt-li ji^  U"， 
tr" ('―  from  the  tr;iin.  A  useful  pmpw  u.is  :"lm -、， "I  1,、  this 
mn('hii"、  and  ol»\  iously  it  was  ； i  ,"'、、  m:"  lim«'，  miuI  also 
obviously  it  was  a  inachino  that  at  Uie  tiiiM'  "  :i、 
unknown.  It  was  quite  true  it  was  ； i  small  a[lv;m"'  upon  t  h<- 
niacliiinvs  alroatly  in  exisiciUM',  i>ut  it  w  as  ；'"  :i(l、  ;Hice  anrl  :i  w 
ful  a(lv;imv，  and  it  r(*(|uin»(I  tho  <»x('r('is(>  ai'  in\  cniion  to  giv«， 
<>flV('t  to  it.  Tli,'  plaintiffs  had  conic  to  Ui(>  rcsf-uo  in  tli''  flifficulty 
that  existed,  and  the  nay  tli(、y  liarl  solvinl  it  was  l,v  having  tlir'  '- 
•st(>(、l  yards  in  (  miM(>('timi  u  itli  two  、v("'gh-l,H(l anrl  that  i'ii- 
tithnl  tlicni  to  their  monopoly.  Tin'  plaintiffs  、、<mv  ri^lit  in 
their  contention  that  tliey  had  a  good  patent,  :uid  tliov  \\i-n* 
ontitlod  to  tho  injunction  w  itli  costs  ； uid  i'ii(|iiiry  as  to  d;ii";iy、. 
I"';iv('  U>  ； i[)p<vil  w  as  ^rantrd. 

British  Trade  with  Continental  Countries.— Tli,     |{o;u*l    ,,t  '! 
h;m、  issued  a  return  showing  tl 化 \  aluc  ol  tl"'  w"ls.  u  liolly  or 
mainly  manufju-turtHl,  imported  from  the  United  Kingdom  into 
J'，raii('('，  (uTniany,  licl^iuin,  ;uirl  H()II:iii(I  in  tlir  \v:ii、  I  >s  |  aiKj 
n^spoctivoly  ；  ； uul  tlio  valuo  of  ^orxls  \vlu>llv  m'  mainlv  mam 卜 
i'acturcd  exported  to  tho  Unittnl   Kiimdom  1 1 om  r:\ch  ot  tlicsr 
countries  in  the  sanu1  years.    The  following  ； m>  tlio  parti(Mil;ir- ： 
(ft)  Special  Imports  from  thr  K'nnjthtnx. 
Country-  1881.  1911. 

Into  France   £13,221  ,(K)0       ...  i;17J)38，00O 

，， Germany    9，31(»，000       ...       24 ,089,0*  K) 

，， Belgium    2，728，00O       ...  5,1.">^(MKI 

，， Netherlimds    13,320,(KH)       ...  14,30.1,01X1 

(b)  Special  I'Jj'ports  to  ihr  T'nifrd  /:'./'(/'/'〃". 
Country.  1881.  1911. 

From  France   £17,789 ，(顯       ...     £31,740， 咖 

"      Germany   13,583/ W  .. 

，， Belgium    5，816，000       …  13,2iO,(J(X) 

，，      Netherlands    5,153,000       ...  23,898,000 

Tli(、  aUovo  particulars  luive  been  conipilod  lrom  the  official  t i;irlr 
returns  of  the  countries  specified.  Tlir  \  mIucs  given  to  exports 
from  (jlcMinaiiy  in  11)11  、、(、rt'  in  ^oneral  thoso  (l(、('l;uv(l  l,.v  t In*  ,'\ 
porters.  Tlie  other  figures  relating  to  ("、rm:m.、'  mikI  all  tliw 
relating  to  F ranco  and  Hcl^iuin  lt'pn'MMit  tli"  results  of  calcula- 
tions ba'sed  upon  official  estimates  of  the  a、  i"';w  \  allies  iu  cacli 
yoar  ol  cmcIi  desci  iption  of  a rticlc.  I  n  t  \t、tl"、i.l;m(ls  n 
s('l"'dul。  of  \aluo  is  in  use  for  the  pm'poscs  of  the  official  tr;"l'' 
statistics  wliich  n»inains  sulKstantially  unaltorod  lrom  ymr  t'»  \ rar. 
I  lio  figures,  theroioro,  tho  i^h  useful  as  indicating  the  gr("v。i  ot 
tnulo  with  the  United  Kingdom  between  1881  and  1911,  aru  not 
to  bo  taken  as  representing  actual  values. 


Mines  Inspector's  Appeal  Dismissed.  .1  \i«l^inciit  、\ 卜 
(川  t  lie  1 7  th  iiist.  in  the  appeal  of  Mr.  John  Atkinson, 
inspector  under  the  Coal  Mines  Regulation  Act,  from  a 
decision  (jf  tlie  Gateshead  magistrates,  who  liad  derlineil  tu 
convict  Mr.  II.  M.  Inirie,  the  manager  of  the  Cliopwrll 
Colliery,  for  an  alleged  oirence  under  t  lie  Coal  M  iues  Ht'^wla- 
tion  Act.  The  case  was  heard  l>v  t  iie  Divisional  Court  〜'im'- 
time  ago,  and  the  question  was  whether  an  electric  switch  box 
in  the  mine  should  have  been  earthed.  It  appeared  tliat  an 
em])loye  touched  the  box,  and  was  fatally  injured,  and  t lu* 
manager  was  summoned  for  an  offence  under  tlie  okvt n«  it y 
section  of  tlie  Act,  the  contention  being  tliat  t \\e  switch  was 
part  of  an  in^tallat  ion  system,  ； ur]  shoiiKI  have  l>et*n  pw，,rl  v 
earthed.  For  Mr.  I  mrio,  it  was  argneil  that  t  lie  switch  w  as 
increlv  a  part  of  t  lie  elect  rical  construction,  aiul  t hat ,  this 
being  so,  tlie  rules  requiring  the  earthing  of  t he  ； i|>]»arat us  to 
the  insulation  system  did  not  apply,  as  t  ho  ajtparat  us  had  Ikhmi 
constructed  before  1911.  Tlie  magistrates  had  refused  to 
convict ,  and  from  that  decision  the  insi>ector  appealed.  Tin? 
court  now  dismissed  the  appeal .  wit h  cost s,  holding  tlii"  t lie 
magist rates  were  right . 
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NEW  PATENTS. 

Specifications  o)  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
" Mechanical  Engine er,1 3  53,  New  Bailey  Street j  Manchester. 


MECHANICAL  1911. 


1  (MHiiliustion 


Valve    mocha  n  ism    for  four-stroke 

tni^ines.    Br;i5ier .    23458 . 
A nii  friction  bearings.    (".('<'m'.  25924. 

Two-stroke  cycle  interna l-comlmst ion  cii^int'S.    Cloudsh^y.  ^i'yirlo. 
Balancing     of  reciproc;itiii<i;    riiginrs.    L;i nclicsliT.  niifl 
26777. 

Radial  multi- cylinder  engines  and  pumps.    Sliarp.  2G823. 
Furnaces.    Zulver.  28730. 

Rolling   metals   and    mills  ； m(i     ； i  j^ilianccs    ('mplo.v('(l    tlnTcin . 

Doughty.  28777. 
Woi  ni  gearing.    Brown .  28814. 
Machine  tools.    Gridloy.  28829. 

Force  pumps.    Aiulctson,  Sv nios,  and  Midland  Kaihv;i v  Company. 
28851. 

Steam  generators  for  turl"m's.  Wurtz.  28862. 
Ore  concentration.  Chapman  &  Tuckei'.  28929. 
Exhaust  valves  of  intei'nal comhustion  engines.      British  H  i^li- 

powor  Gas  Kii^iii^  C'onipany,  and  Nenstadter.  28943. 
(">iirr:ition  of  combustible  gas  or  vapour  from  liquid  tucl.  Jii<l(llc 

combe.  29021. 
Aeroplanes.    AVelford.  29058. 
Water  tube  boilers.    Maxted.  29183. 

Supply  of   secondary    air    for    combustion    in    1»(>il<»r  furnact's. 
Aliuorikawa. 

Process  oi:  mamifju-ture  of  artificial  fuel  ； ipp.uMtus  therefor. 

(； raigola  Merthyr  Company,  Too  &  Uosk:u'.  29220. 
Apparatus  for  regulating  the  temperature   of    molten  metal. 

Weigert-Sterne.  29223. 
Elastic  coupling  for  motor  gearing.    Soc.  Anon,  des  Autom (山 ih's 

et  Cycles  Peugeot.  29232. 
K  lying- m  ach  i  nes .    Mowbray  -    29268 . 

1  iiternal-coinbustioii  engines  having  sltcv"  、  a!v(、.  Ik'lden.  29314. 
Aeroplanes.    Pelaez.  29333. 

1912. 

Feathering  devices  for  propellers  and  fans.    Wilson.  11. 
Strain  generators.    Pielock.  58. 
Rock  drills.    Edgar.  77. 

Variable-speed  gearing.    Heymann  &  Hui'tiiiami.  91. 
Valve  mechanism  of  internal-combustion  engines.    Rothchild  and 
Jarvis.  179. 

Rotary  internal-combustion  engines.    Beeby.  203. 
Internal-combustion  engines.    Seeley  &  Wood.  253. 
Apparatus  for  evaporating  sea  water  and  for  generating  steam. 
Willis.  272. 

Fluid-pressure  operated  cylinders  and  pistons.    Craggs.  438. 
Pressure-regulating  means.    Lloyd.  482. 

Production  of  gas  from  hydrocarbon  oils.    McFarlane.  519. 
Feed  mechanism  for  machines.    Pilkington.  532. 
Railway  rail  joints.    Kay  lor.  610. 
Flying-machines.    Williams.  1324. 

Governing    mechanisms   for   centrifugal   compressors.  British 

Thomson-Houston  Company.  1863. 
l^aihvay  rail  joints.    Heywood  &  Thorpe.  2193. 
Construction  of  ships.    Carmichael.  2907. 

Valve  springs  of  internal-combustion  engines.    Ritson.    31  o3. 
Locomotives.    British  Thomson-Houston  Company.  3231. 
Carburetters  or  vaporisers  for  internal-combustion  engines.  ^\l(>r- 
gan.  3486. 

Apparatus  for  heating  and  pumping  boiler  food  water.  Morison. 
' 4547. 

Calorifiers.    Griffiths,  Tennant,  &  Barrs.  4550. 

l'V''(liiig  and  conveying  apparatus  for  metal  plate  rolling  mills. 

Gale  &  Whittle.  5518. 
Means   for    controlling    the    air    supply  to  tuyeres  tor  cupolas. 

Davies  &  Davies.  5846. 
Process  for  manufacturing  plates  for  foundry  us、、     You  Stiiiti. 

6631. 

Lubrication  of  bearings.    Geach.  7511. 
Swivels  for  crane  chains.    Johnson.  7647. 
Furnaces.    Goldie.  7742. 

Manufacture  of  suporlieatcr  tul>es.     Ki-andstMi.  8487. 

Means  for  governing  the  speed  of  wind  motors.    Tmulmll.  JS'S!). 

Belt  conveyors.    Afzelius.  10046. 

Force-feed  lubricators.    Smith.  10998. 

Steam  boilers.    Boult.  13033. 


Wrenches.    Gross.  14142. 
Couplings  for  shafts.    Kil(l(';u  .  l.?210. 
Turbines.    McDougall.  16292. 
Heducitig  valves.    Saugey.  IG'503. 

Liquid  power-transmitting  apparatus.    Z:m"""i.  1678.). 
Starters  for  internal-combustion  eii^int  s.    \'o!kni«'i r.  17('(i!>. 
Casting  of  steel  ingots.    Kohlhaas.  19657. 

Supplying  and  vaporising;  fuel  for  us©  witli  iiitornal-comliustion 
engines.    Tangyes,  Ltd.,  and  Rohson.  19(jVo. 

Rotary  elastic  fluid-pressure  ("igii"»s  of  the  revolvin^-cvlindcr 
type.    Da  Costa.  22349. 

-、' rial  propellers.    Maok.  25939. 

ELECTRICAL,  1911. 

Kloctric  switches.    Wliyuian.  2742-">1. 

Magnetic  separators.  Fried.  Krupp  Akt.-Ges.  Grusonwerk.  29201. 
Apparatus  for  the  magnetic  separation  of  ores.  Ullrich.  2923*). 
Electric  safety  lamps.    Dickie.  29334. 

1912. 

Wireless  telegraph  receivers.    Marconi  &  Franklin.  86. 
Electric  batteries.    Linoy.    is] . 
Kloctric  heating  elements.    TowiinIk-jkI .  387. 
Klec -trie  controller  regulators.    Scfton-Jones.    -、 23. 
Aerial  conductors  used  in  wireless  telegraphy.    Marconi's  Wire- 
less Tolograph  Company,  Ltd.,  and  Prinr-c.  2456. 
J':le('ti'i('  a rc  lamps.    Quint.  -S065. 

.、I("ms  for  supporting  electric  lamps.     H>       \-  (.ollinus.  7137. 
Electric  propulsion  of  vehicles,  boats,  airships,  &c.  Marino.  13V  80. 
I  txluction  olootric  furnaces. 

Islcctro-magnetic  track  brakes.    ^la^iict  hivinseii  Oes  2fi20-">. 
Connection  apparatus  for  electric  circuit  conductors.      -、 Iurr;i、. 
20337. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  2  1st. 

Aluminium  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  112/—  ，， 

，，        sheets        ，，  ,，   ，  120/-  ，， 

Antimony  £38/-/-  to  £40/-/-  per  ton. 

Brass,  rolled    9Jd.  per  lb. 

，， tubes  (brazed)    10|d. 

，，       ，，     (solid  drawn)   8|d. 

，，       ，，     wire   8|d. 

Copper,  Standard   £*>9/2/ti  per  ton. 

Iron,  Cleveland   65/-  ，, 

„    Scotch   71/-  ,， 

Lead,  English    €17/10/-  ，, 

，， Foreign  (soft)    £17/3/9  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ，，  ，，       medium   3/6  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- ,， 

Quicksilver   £7/15/-  per  bottle 

Silver   29d.  per  oz. 

Spelter    £26/5/-  per  ton. 

Tin,  block   £22<i/10/- ，， 

Tin  plates   15/1J  ,, 

Zinc  sheets  (Sileaian)   £29/7/0  ，， 

，，  (Stettin  ；  Vieille  Montagne)   £30/5/-  ，， 


Micro-Motion  Study,  A  imvel  method  of  taking  time  studies 
lias  been  introduced  by  Mr.  F.  W.  Gilbretli  and  consists  in 
the  use  of  the  cinematograph  or  moving-picture  machine  in 
conjunction  with  a  special  chronometer.  This  chronometer 
has  a  dial  about  18in.  diam.,  and  is  provided  with  a  single 
pointer,  which  makes  ten  revolutions  per  minute.  The 
dial  is  divided  into  100  divisions,  so  that  each  division 
represents  an  actual  time  interval  of  one-tliousanclth  of  a 
minute.  A  moving  picture  is  taken  of  any  operation  of  doing 
work,  the  chronometer  being  placed  alongside  so  as  to  include 
it  on  the  picture.  By  this  means  the  successive  positions  of 
the  workman  in  performing  each  miiiute  operation  of  bis  job 
are  clearly  shown  on  the  tilni,  while  the  length  of  time  be- 
tween each  operation  is  shown  by  the  position  of  the  chrono- 
meter pointer  in  the  successive  films.  These  films  are  studied 
under  a  microscope  after  they  are  developed,  and  a  careful 
analysis  of  each  operation  is  】nade，  and  the  standard  time 
for  each  operation  is  easily  obtained.  The  him  also  serves 
as  an  instruction  card  for  the  workmen,  showing  him  not  only 
what  to  do  but  how  to  do  it,  and  the  tiine  in  which  it  can 
be  done. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NflNI  EAK  JOINTING 
llUllLLMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 
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Condenser  Explosions. 

The  disastrous  explosion  of  a  condenser  on  the  6tli  insfc.  on 
board  tlie  Frencli  batt-le-ship  "  Messena,"  in  Toulon  Harbour, 
resulting  in  tlie  loss  of  nine  lives,  revives  interest  in  a  question 
t  liul  lias  given  rise  to  discussion  aiul  (lifference«  of  opinion  on 
several  occasions  amongst  those  responsible  for  t  lie  safety  of 
the  propelling  machinery  on  hoard  ship  in  1  his  country, 
especially  since  the  introduction  of  the#steam  turbine,  w  lie  re 
tlie'  possibilities  of  an  excessive  pressure  accumulating  is 
g  re  ate  r  tlian  in  reoiprocating  motors.  Some  of  our  readers 
may  remember  that  a  few  years  ago  tlie  rliH'eronces  assumed 
a  somewhat  acrimonious  form  and  t hat  Messrs.  Denny,  *•( 
Dumbarton,  appealed  against  a  refusal  of  tlie  Board  of  Trade 
to  grant  a  passenger  certificate  for  a  new  steamer  they  had 
built  and  equipped  with  steam*  turbines,  on  the  ground  that 
they  did  not  comply  with  the  official  requirement  for  safety.* 
】n  the  hearing  of  that  appeal  there  was  considerable  conflict 
of  evidence  as  to  the  possibilities  of  danger,  and  although  tlio 
Court  sustained  Messrs.  Denny's  appeal,  the  judgment  was 
ratlier  a  reflection  upon  tlie  harsh  way  in  which  the  Board  of 
Trade  insisted  upon  tlie  absolute  letter  of  their  regulations, 
than  upon  the  actual  need  of  tliem  in  spirit.  We  do  not 
mention  this  case  to  revive  any  details  of  it,  but  it  is  interest- 
ing in  view  of  events  that  have  since  occurred.  In  our  issue 
of  February  2nd  last  (page  122,  Vol.  XXIX.)  we  drew  atten- 
tion to  a  very  disastrous  turbine  condenser  explosion  tliat 
had  occurred  in  America,  wliich  l)v  its  violent  ami  (lest ni'  t  i、  *、 
character  demonstrated  the  potentialities  for  disaster  wliich 
turbine  condensers  afforded  unless  suital>le  pre<*autions  and 
margins  of  safety  are  adopted,  and  though  up  to  tlie  present 
such  failures  have  been  rare,  the  two  alhidecl  to  show  how 
terrible  they  may  be.  Strong  objection  ha9  been  taken  by 
some  to  the  Board  of  Trade  regulation  that  a  test  pressure 
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of  301bs.  should  be  applied,  but,  in  view  of  the  dangers 
attendant  upon  escape  of  steam  in  an  enclosed  engine  room, 
we  cannot  think  it  excessive.  We  have  no  details  of  the 
causes  which  led  bo  the  disaster  on  the  "Messena,"  but  it 
may  be  presumed  that,  being  a  warship,  no  expense  would  be 
spared  to  provide  what  were  deemed  adequate  precautions, 
and  in  view  of  this  fact  the  failure  emphasizes  the  necessity 
of  guarding  against  them. 


Locomotive  Boiler  Explosions  in  the  United  States. 

We  have  several  times  drawn  attention  to  the  extraordinary 
frequency  of  boiler  failures  in  the'  United  States,  as  compared 
with  this  country.  It  is  true  that  country  is  much  larger  than 
ours  and  contains  a  proportionately  greater  number  of  boilers, 
but,  making  every  allowance  for  this,  and  relying  only  on  the 
unofficial  and  imperfect  statistics  gleaned  from  newspaper 
reports,  the  percentage  of  explosions  in  relation  to  the  number 
of  boilers  employed  is  many  times  greater  there  than  here. 
Some  striking  evidence  of  this  is  just  furnished  in  the  first 
annual  report  of  the  federal  chief  inspector  of  locomotive 
boilers  for  the  year  ending  June  30th,  1912.  Figures  taken 
from  this  and  published  in  the  "  American  Railway  and 
Engineering  Review  "  show  that  the  total  number  of  locomo- 
tive boiler  accidents  alone  amounted  to  856，  killing  91  per- 
sons, and  injuring  1，005  others.  No  less  than  90  per  cent,  of 
the  fatalities  which  occurred  were  the  result  of  failures  either 
of  the  shell  or  the  firebox  crown  plate,  while  three  shell 
failures  alone  caused  the  deaths  of  27  persons  and  injury  to 
41  others.  Firebox  crown  failures  as  a  result  of  overheating 
from  shortness  of  water  are,  it  seems,  the  most  potent  source 
of  fatality  and  injury,  a  total  of  94  of  these  resulting  in  54 
deaths  and  injuries  to  168  others.  In  69  of  these  cases  the  cause, 
so  far  as  it  was  disclosed  by  inspection,  was  negligence  on  the 
part  of  the  engine  men  or  others  in  attendance,  a  state  of 
affairs  which  suggests  either  a  considerable  degree  of  careless- 
ness or  recklessness  on  the  part  of  the  men  employed,  or 
absence  of  safety  appliances  in  the  shape  of  fusible  plugs. 
It  is  certainly  difficult  to  understand  the  frequency  of  such 
accidents  in  th©  States,  in  view  of  their  comparative  rarity 
here,  unless  it  be  that  such  fittings  are  either  not  generally 
adopted  or  so  neglected  that  they  are  useless  when  an  emer- 
gency arises.  A  notable  feature  of  the  figures  given  by  our 
contemporary  is  th©  number  of  cases  of  injury  arising  from  the 
failure  of  fittings  and  attachments,  no  less  than  10  per  cent,  of 
the  fatalities  and  90  per  cent,  of  the  injuries  being  caused  in 
this  way  ；  165  cases  of  burst  water  gauge'  glasses,  for  instance, 
causing  one  death  and  injury  to  168  others  suggests  that  such 
an  ordinary  safety  provision  as  a  gauge'  protector  is  far  from 
general,  while  other  figures  demonstrate  equal  carelessness  in 
other  directions.  It  is  probable,  however,  now  that  the 
(' bull's-eye  "  of  a  public  department  has  been  turned  on  to 
th©  defects  of  American  locomotive'  equipment  and  working 
and  the  sad  results  arising  out  of  thorn,  that  steps  will  be  taken 
to  effect  improvement.  Th-ere  is  obviously  room  for  it  in 
many  directions. 


THE  SPONTANEOUS  COMBUSTION  OF  COAL 

At  the  Institute  of  Marine  Engineers,  Stratford,  on  Monday, 
January  20th,  a  paper  was  read  by  Mr.  James  E.  Milton  on 
" The  Spontaneous  Combustion  of  Coal."  In  the  course  of 
his  paper,  whicli  treated  the  subject  very  exhaustively,  Mr. 
Milton  detailed  the  results  of  researches  and  investigations 
by  Dr.  Richters,  M.  Henri  Fayol,  M.  Barrow,  Prof.  Vivian 
B,  Lewes,  the  British  Royal  Commission  of  1876,  and  the 


Royal  Commission  appointed  by  New  South  Wales  in  1897. 
Among  other  conclusions  derived  from  a  consideration  of 
these  investigations,  the  author  said  it  would  appear  that  all 
classes  of  coal,  bituminous  or  anthracite,  absorbed  oxygen  to 
a  greater  or  lesser  degree.  This  absorption  was  accompanied 
by  development  of  heat,  an  action  which  would  be  pro- 
gressive if  the  heat  was  not  abstracted  as  quickly  as  it  was 
generated.  All  classes  of  coal  were  therefore  liable,  given 
favourable  conditions,  to  spontaneous  ignition.  These  con- 
ditions were  dependent  on  the  air  supply,  surrounding  tem- 
perature, kind  and  size  of  coal.  The  through  ventilation  of 
a  coal  cargo  was  impracticable,  and  surface  ventilation, 
supplemented  as  it  frequently  was  by  the  opening  of  the 
hatches  in  fine  weather,  might  aid  the  spontaneous  genera- 
tion of  heat  by  supplying  a  slow  current  of  oxygen  through 
the  mass  of  the  coal.  Efforts  should  be  directed  towards 
reducing  the  air  supply  in  holds  to  a  minimum.  Bunker 
coal  required  different  conditions  from  that  forming  a  cargo. 
The  inflammable  gases  evolved  from  the  coal  when  freshly 
worked  or  broken,  and  which  when  mixed  with  air  in  certain 
proportions  became  explosive,  necessitated  ample  ventilation 
of  the  bunkers,  both  before  being  entered  with  a  naked  light 
and  during  the  whole  time  they  were  being  worked.  A  rise 
in  temperature  of  the  coal  increased  the  amount  of  gas 
evolved,  and,  as  large  coal  was  less  liable  to  heating  than 
small,  the  shoots  supplying  the  bunkers  should  be  so  arranged 
that  the  small  coal  could  not  accumulate  in  any  part  of  the 
bunkers  at  which  a  higher  temperature  than  normal  might 
be  expected.  In  places  where  high  temperatures  were  to  be 
expected ,  a  thorough  damping  of  the  coal  would  assist  in 
preventing  danger  of  spontaneous  ignition.  Limbers  in 
bunkers  required  special  attention  to  ensure  that  they  were 
tight. 

In  opening  the  discussion  which  followed,  Mr.  J.  Shanks 
commented  on  the  value  of  the  paper  in  view  of  the  small 
amount  of  reliable  information  on  the  subject  available  up 
to  the  present.  There  was,  he  said,  a  general  impression  that 
the  presence  of  moisture  in  the  coal  was  favourably  spon- 
taneous, a  belief  supported  by  the  Royal  Commission  of 
1876,  but  which  had  been  proved  to  be  unfounded .  He 
considered  that  holds  might  be  hermetically  sealed  and  inert 
gases  injected  as  a  preventive.  It  was  evident  that  a  pro- 
bable cause  of  spontaneous  combustion  was  the  breakage  of 
the  coal  under  the  hatches  during  shipment.  He  cit^d 
instances  where  a  tendency  to  spontaneous  combustion  bad 
been  checked  by  insulation  of  the  bulkhead  in  close  proximity 
to  the  boilers.  Mr.  R.  Balfour  considered  that  the  crux  of 
the  matter  was  contained  in  the  results  of  M.  Fayol's  experi- 
ments, which  proved  that  the  prime  essential  cause  of  spon- 
taneous heating  and  combustion  of  coal  was  the  absorption 
of  oxygen  from  the  air  by  the  coal,  and  that  the  conditions 
most  favouring  the  heating  of  any  coal  were  a  mixture  of 
pieces  and  powder,  a  high  temperature,  a  large  mass,  and  a 
certain  quantity  of  air.  He  referred  to  the  damage  done  to 
ceilings  and  hatches,  which  accounted  in  some  degree  for  the 
introduction  of  oxygen,  and  he  emphasized  the  necessity  of 
ensuring  that  the  limber  hatches  were  perfectly  tight .  Mr. 
G.  Shearer  said  he  had  always  found  it  to  be  of  advantage 
to  damp  the  coal  in  the  working  bunkers.  He  had  found 
from  experience  that  it  was  generally  at  the  bunkers  nearest 
the  boilers  where  the  tendency  to  spontaneous  combustion 
was  greatest.  Mr.  W.  McLaren  considered  that  surface 
ventilation  and  weather  conditions  had  a  decided  effect  upon 
spontaneous  combustion.  He  did  not  agree  that  the  practice 
of  wetting  tha  coal  was  a  good  one.  Mr.  J.  T.  Milton  pointed 
out  that  the  chief  value  of  the  paper  lay  in  the  fact  that  it 
contained  a  large  amount  of  information  which  had  been 
obtained  with  great  difficulty,  and  from  sources  which  were 
now  almost  inaccessible.  Of  particular  value  was  the  record 
of  experiments  by  M.  Fayol,  who,  among  other  things,  had 
disproved  the  theory  of  Dr.  Rioliters  that  the  amount  of 
oxygen  absorbed  was  projx)i*tionat-e  to  the  amount  of  hydro- 
gen in  the  coal,  by  showing  that  anthracite,  which  had 
practically  no  hydrogen,  absorbed  a  considerable  amount  of 
oxygen.  M.  Fayol  had  also  shown  that  all  classes  of  coal 
were  liable  to  spontaneous  ignition.  Many  people  were  still 
under  the  impression  that  wet  coal  was  dangerous,  but  this 
was  uot  the  case. 
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THE  CUTTING  AND  GENERATION  OF  GEAR  TEETH  BY 
MODERN  GEAR-CUTTING  MACHINERY.* 

BY  VINCENT  GAUTSIUK. 

(Continued  from  payc  0<s.) 

SrUH  GeAK  HoiililNG. 

Tin':  cutting  of  spur  gears  by  means  of  hobs  is  what  we 
iniglib  consider  one  of  the  latest  methods,  although  the  idea 
can  be  traced  back  for  quite  50  years.  In  order  to  understand 
tlie  principle  on  which  a  spur  gear  山 ing  macliine  works  it 
will  b&  as  well  to  consider  the  action  which  takes  place.  Wo 
are  all  familiar  with  the  old  type  of  worm  wheel  with  the 
teeth  in  the  wheel  cut  at  an  angle  with  the  axis  to  suit  the 
helix  angle  of  the  worm,  so  that  the  worm  will  work  at  right 
angles  to  the  axis  of  the  wheel.  Now,  instead  of  cutting  the 
teeth  at  an  angle,  if  we  cut  them  straight  across  and  then  lay 
our  worm  in  the  teeth,  it  will  be  found  tliab  the  worm  axis  is 
out  of  square  by  the  amount  of  helix  angle,  but  if  they  are 
mounted  up  in  this  position  the  worm  will  still  drive  the  wheel 
correctly.  If  you  imagine  a  worm  and  wheel  mount&d  up  and 
working  in  this  manner,  and  then  an  extra  movemenb  being 
given  to  the  worm  in  the  form  of  a  traverse  across  the  face  of 
the  wheel  you  have  the  whole  principle  of  the  action  of  a 
liobbing  machine  when  cutting  a  wh-eel.  It  is  only  necessary 
to  make  the  worm  thread  in  the  form  of  teeth,  so  that  they 
will  cut  their  way  in  the  wheel  while  traversing  across  the 
face,  and  spur  toeth  are  generated .  A  point  which  must  be 
considered,  however,  is  that  in  order  to  make  tho  worm  lie  in 
the  straight  cut  teetli  correctly,  tlie  normal  and  not  the  axial 
pitch  of  the  worm  must  be  th'ei  same  as  the  circular  pitch  of 
Ui&  wheel,  and  the  same  remarks  apply  to  the  hobs. 

The  action  of  a  worm  running  iu  a  wheel  is  the  same  as  a 
rack  running  into  a  wheel,  therefore  the  principle  on  which  a 
liobbing  machine'  works  is  the  same  as  generating  from  a  rack. 
Now  at  a  glance  it  would  appear  that  a  bobbed  gear  would  be 
a  perfect  gear  with  regard  to  th-e  tooth  forms,  but  this  would 
only  bo  the1  case  if  the  hob  had  an  infinite  number  of  teeth. 
Owing  to  tlie  thread  of  the  hob  having  to  be  made  into  t'e'e'th 
so  as  to  cut,  the  spiral  is  broken  up,  and  the  generating  takes 
place  intermittently  only  when  the  tooth  face  and  hob  axis 
aro  in  the  plane  of  thei  portion  of  the  wheel  being  cut. 
Between  each  tooth  coming  into  this  position  the  wheel  makes 
a  portion  of  a  revolution,  with  the  result  that  the  tooth  forms 
are  made  up  of  a  series  of  flats.  The  number  of  flats  art© 
dependent  on  the  number  of  teeth  in  the  hob.  The  accuracy 
of  the  tooth  form  is  also  depeiicl'ent  on  this,  so  that  it  is 
advisable  to  make  the  hobs  with  as  many  teetli  as  possible. 

This  could  be  improved  by  increasing  the  diameter  of  the 
hob,  but  is  not  advisable,  because  by  doing  this  it  would  be 
necessary  to  run  the  hob  slower.  Now  as  tlrei  feed  across  the 
face  of  the  wheel  is  put  on  each  revolution,  it  will  be  obvious 
that  by  slowing  down  the  hob  you  will,  therefore,  reduce  the 
revolutions  of  the  work,  and  consequently  reduce  the  amount 
of  feed  in  a  given  period  of  time,  thus  retarding  the  output  of 
tlie  machine,  because  it  is  not  advisable  to  force  the  cut,  other- 
wise there  is  danger  of  spoiling  the  hob. 

In  designing  the  hobs  these  points  have  to  be  considered, 
and  the  best  medium  taken.  These  practical  difficulties  limit 
the  use  of  hobs  for  pitches  up  to  about  3in.  Above  this 
pitch,  in  order  to  make  a  hob  with  a  suitable  number  of  teeth, 
the  diameter  would  be  such  that  the  price  would  b-©  altogether 
prohibitive,  irrespective  of  the  difficulties  in  the  manufacture. 

Even  in  the  sizes  which  are  in  us©  at  present,  several 
attempts  have  been  made!  to  produce  a  commercial  hob  with 
inserted  blades  in  order  to  reduce  the  cost,  and  enable  the 
teeth  to  be  replaced  instead  of  having  to  purchase  a  new  hob, 
and  secondly,  with  the  idea  of  grinding  the  teeth  to  correct 
form  and  pitch,  in  order  to  produce  more  accurate  work. 
With  regard  to  the  inserted  blade  hob,  the  author  has  not  yet 
seen  a  satisfactory  one  which  can  be  had  at  a  reasonable  price, 
and  with  regard  to  the  grinding  the  author  cannot  see  any 
great  advantage,  as  the  flats  will  always  be  produced,  and  it  is 
questionable  whether  they  would  not  be  mora  accurately 
produced,  and  consequently  be  more  obvious  to  the 
unskilled  eye. 

If  yoii  desire  to  produce  the  very  finest  class  of  gear  the 
above  points  cannot  be  ignored,  bub  for  ordinary  gears,  even 
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in  high-class  machine  tools,  liobbing  lias  ]>rov<-(|  (piite  、ui，al'l«'. 
The  continuous  action  is  a  particularly  good  feature,  as  the 
gears  produced  are  very  regular  in  pitch  all  round  tlie  wli<*(*! . 
The  hobs  themselves  lafit  a  considerable  time,  are  easy  to 
sharpen  and  keep  in  order,  particularly  where  a  special 
machine  is  used  for  the  purpose,  and  they  kec*|>  iJhmt  sIiiijh* 
after  repeated  grindings,  and  have  a  large  aifiounl  of  wear  in 
them  owing  to  the  number  of  teeth  over  which  the  work  is 
distributed. 

Now  with  regard  to  the  profile  of  hob  teeth.  This  is  taken 
on  a  normal  section  and  not  in  the  axial  section  of  tin;  1" 山， ;ui<j 
if  the  hob  is  laid  in  a  rack,  which  of  course  is  an  infinit**! v 
large  gear,  the  hob  thread  ought  to  exactly  fill  t  lie  rack.  Now 
owing  to  the  modification  in  the  rack  teeth,  as  shown  in 
Fig.  8  (see  p.  60  ante),  it  will  be  seen  that  the  roots  of  the  hob 
t&eth  must  be  rounded  in,  iu  order  that  when  cut t in^  iIk' 
largest  gears  the  points  of  the  toeth  shall  be  ro\it\(\fi\  ofT,  not 
to  interfere  with  tlie  flanks  of  the  pinions.  When  usin"'  a  Iioh 
of  this  shape  for  cutting  pinions,  however,  owing  to  tl「'  lir>l> 
teeth  not  bei ng  rounded  ofT  at  the  points,  exactly  the  same 
interference  takes  place  between  the  hob  teeth  and  tlie  ]>inioii 


Fig.  24. 


flanks,  and  excessive  undercutting  results.  The  teeth  of  the 
rack  and  large  wheels  are  rounded  off  to  avoid  this  under- 
cutting. It  appears  to  the  author  that  a  different  liob  with 
the  points  rounded  off  ought  to  used  for  wheels  where  this 
interference  occurs. 

All  the  modifying  and  compromising  is  owing  to  the 
particular  standard  in  use,  viz.,  the  15°  pressure  angle  and 
long  teeth.  By  shortening  the  beetli  and  increasing  tlie  pres- 
sure angle,  all  these  interferences  are  done  away  with,  and  a 
straight-sided  rack  is  only  necessary  and  no  modifications. 
This  is  the  chief  advantage  of  the  proposed  stub  tooth  system. 

Now  with  regard  to  the  machines  for  use  with  hobs.,  The 
general  design  and  arrangements  are  much  the  same  as  the 
disc  cutter  machines,  in  fact  the  machines  for  cutting  spur 
gears  only  are  really  simpler  machines,  because  there  is  m) 
automatic  intermittent  dividing  mechanism  required,  but  for 
th-e  ordinary  type  of  hob  the  head  has  to  swivel  in  order  to 
tilt  the  hob  to  the  required  angle.  The  diagram,  Fig.  24, 
shows  connections  required  between  the  hob  and  the  work 
and  tlie  movements  required. 

In  hobbing  machines  the  table  drive  ，'s  of  the  utmost 
importance,  and  as  it  is  continuous  in  its  action,  and  also  does 
the  driving  of  the  wheel  as  well  as  tlie  dividing,  it  is  generally 
constructed  of  a  much  heavier  pitch  than  is  usual  ou  disc 
cutter  machines.  Special  arrangements  are  also  provided  for 
taking  up  any  wear  that  takes  place  on  the  dividing  wheel. 
The  author  has  designed  several  arrangements  to  get  over  this, 
and  the  best  arrangement  has  proved  to  be  two  worms  at  right 
angles,  one  of  them  having  axial  adjustment  to  take  up  for 
wear.    An  advantage  of  this  arraugemeut  is  that  the  driving 
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woriii  is  placed  directly  under  t  lie  liul>.  This  somewhat 
eliminates  any  effect  through  a  slack  or  worn  central  spindle. 

In  order  to  do  away  with  the  coinplication  connected  with 
the  swivelling  head  on  spur  gear  bobbing  machines,  the  author 
made  a  hob  to  cut  the  gears  without  liaving  io  tilt  it  to  any 
angle.  The  mosl  (liHiculi  thing  lo  do  was  to  get  the  correct 
shape  of  thread,  bui  i  liis  was  obtained  witually  by  sh;i]>in^  ；' 
tlumniv  which  was  I'otl  past.  Uk、  tool  ；"'  t  lie  correct  pitcli.  The 


exactly  the  same  as  a  rack  gearing  into  a  wlieel,  as  rig.  26, 
and  that  the  sectional  shape  of  the  worm  wlieel  teeth  on  this 
plane  is  the  same  as  a  spur  gear,  only  the  worm  tb reads  have 
generally  st  raiglit  sides,  corresponding  with  the  straight -sided 
rack,  whicli  causes  interference  and  undercutting  on  the  small 
jimhiIhts  o\'  U'etli.  Tlie  (lifIi('uHv，  however,  which  presents 
itself  in  t he  inanui'aci lire  of  worms  and  worm  wheels  is  tliat 
all  tlic  shapes  of  cutters  and  tools  have  to  be  obtained  on  tlie 
normal  section  of  thread  of  tli**  worm, 
and  in  jiiany  cases  l-o  get  these  shapes 
by  laying  out  is  a  difficult  geometrical 
jjrobleni,  particularly  io  tin-  unex- 
])crieiK*ed  person  - 

The  most  modern  method  of  cut- 
ting* the  worms  is  by  milling,  hut  this 
has  its  limits  ；  in  fact,  it  is  sonietiines 
necessary  to  rough  out  by  milling  and 
fmisli  in  the  lathe,  which  ha])|>ens 
where  the  angle  of  the  thread  willi  tli" 
axis  is  great,  and  where  the  cutter 
in!  erf  ores  witli  the  tops  of  the  tli'.(';"ls 


Fig.  2j 

thread  produced  was  thinner  than  standard,  and  was  really 
the  shape  produced  by  tliinnijig  the  worm  Hi  read  unt  il  it 
exactly  filled  tlie  profile  of  tlie  rack  t'e'e^h  when  l;iid  in  t  \w 
rack  with  its  axis  parallel  with  tlie  rack .  In  ot  Iht  words,  it 
should  appear  to  fill  when  looking  through  towards  the  liglit. 
The  result  was  quite  satisfactory,  in  fact  Fig.  25  shows  a 
machine  which  is  working  quite'  successfully  with  this  type  of 
hob,  and  which  was  designed  to  use  this  type  only  when 
cutting  spur  goars.      Owing  to  the  peculiar  action  when 


as  it  leaves  the  work.  In  order  to  get  over  this  lathe  finish- 
ing, tlie  coniinon  pi'a(  "(  c  to-day  is  U)  increase  the  pressure 
angle,  wliirli  yives  wider  spaces  at  tlie  top  of  the  tlueads. 
In  the  production  of  Hie  highest  class  of  gears  it'  is  usual  to 
mill  out  the  threads  to  within  a  few  thousandths  of  rurr('H- 
thickness,  and  finish  In-  grinding  the  threads  after  harden- 
ing- . .  .  . 
In  the  】uilliiig  of  worms  the  】uast  import  ant  1 1 1 i 1 1 1：  is  I  u 

get  the  cutt-er  of  correct  shape.  For  ordinary  single  threads 
it  is  generally  suffi<  icnt  io  make  the  cutt-er  tlic  same  included 
angle  as  a  rack  tooth  space,  aud  make  it  the  normal  thk-k- 


l'，K"  27. 

cui  ting,  ilic  twth  seen  1  ")  li"v(、  ； l  kiinl  shcvit'iii^  cut ,  winch 
a)) pears  to  red uco  i  lie  rfVcci  ('I'  t  lie  tl;its  i>i.<mIu't'iI  l>y 
t  iIUm.I  liobs. 

WuliMS  AND  W()KM  WilEEI.8. 

丄 ii  dealing  witli  this  type  of  gearing,  only  t  he  imxlcni  ty  [io 
with  tlie  hollow  face  worm  wlieel  will  be  considered.  rFlio 
principle  used  in  the  cutting  of  、v()niis  and  wheels  will  be 
rai'lily  understood  it'  it  is  borne  in  mind  that  a  section  taken 
Ui rough  the  axis  ui'  the  worm  in  the  plane  uf  the  wheel  is 


Fk;.  28. 

ii(、s's，  wucknl  out  from  the  angle  of  the  t  lirrad  witli  tl"、  ； ixjs 
of  the  woi'iu  ；  l>tit  IW  loii'j;  leads  and  multiple  threads  t  liis  is 
not,  o(xk|  cuougli,  and  (lie  sliape  lias  to  be  accurately  (山" "m'*l， 
"ml  1  hv  best-  method  to  get  this  is  to  generate  tliis  for 川 in 
llic  following  nnuuier. 

Either  a  worm  milling  nicachine,  worm  gi'iiidiug  luacliinc, 
or  in  sonic  cases  ； 1  universal  nulling  machine  is  used  for  the 
ui)er;ition.  The  machine  is  set  up  exactly  as  for  】nilling  tho 
worm,  Imt  un  tho  rati  or  mandrel    is  placed  a  blank  uf  hard 
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wood,  hrass,  or  wliil'"'  metal.  I  n  111"  pl;n'c  of  t  lir  worm  is 
placed  a  mandrel,  wii h  a  tool  got'  u|)  to  Mio  exact  axial  w'rlimi 
of  i\w.  worm  Uimi(l，  which  is  t  lie  same  as  a  rack  1  tnA  Ii  space 
(see  Fig.  27).  Tlio  marliiiie  is  1  hou  started  up,  .'nul  as  the 
))laiik  revolves  t  he  tool  is  IV(I  |>ast.  1  Ik;  hhi  nk  al  t  lie  sam(， 
,s|tir;il  as  t  lie  woi'in  ；  in  ( I o i i i ^  so  it  mis  i  Ik;  hl;i  nl<  ； m'l  ^('iiiM';,t<'s 
t  lie  rm'ri'cl  sli;ipc  to  wliicli  I  Ik*  rul  icr  has  (o  l>c  i  o  pro 

山 irr  a,  I  hrtvid  on  1  lie  worm,  wliicli  will  have  i  In1  s;i inc  axial 
si'dioii  as  1  lie  l<n»l.  Alicr  generating  in  i his  niaimcr  a  ;rau"r<、 
is  ^(Micrallv  m;i 山' "》  i  lie  sli;i pc  and  1  Ih>  cul  tvv  nuidc  I (»  I  he 
g;i u^i'.     I  f  t  he  cutter  is  a  slaiuhird  mic  for  niaiiutaci  m  i"" 


Via.  -29. 

lni'w  iiumltci's  of  worms,  a  master  tool  can  1"、  made,  ； m(l 
relieved  cullers  made  ;is  often  as  required,  siinihir  t  <»  I  lie 
ordinary  type  of  spur  gear  cutters. 

One  drawback  to  the  use  of  relieved  cutters  lor  worm 
milling  is  that  they  do  not  cut  so  freely  as  an  ordinary  type 
uf  cutter  witli  saw  teeth,  but  the  difficulty  with  the  lal tcr 
type  of  cutter  is  that  they  are  not  so  suitable  for  the  curved 
]>rofiles  recjuired  for  tlie  long  leads  owing  to  the  difiiculty  of 
sIiMrpening  an<l  retaining  t lieir  form.  The  author,  however, 
has  cut.  worms  with  i  lie  nearest  straight-sided  cut ter  io  t  lie 
sli"litly  ciirved  theoretical  shape,  and  geiierat'ed  the  tool  for 
cut  I  ino  1  lie  worm  wheel  hy  milluig  i  liis  "i()l，  as  sliown  in 
Yig.  28，  thus  putting  the  curve  on  the  tool  for  1  lie  worm 
wlu'd  or  the  teet  h  of  the  liohs.  This  】netlio<l  has  given  excel - 
lout  results,  but  the  axial  section  of  the  worm  is  not  exact  Iv 
stiindard. 

With  regard  to  t-lie  macliines  for  "lilliiig  worms,  t hvvv  ； u'r 
" large  variety  now  m;ulo.  'I'liey  all  work  on  t lie  same  pri' 卜 
riplc,  which  is  t  he  same  as  an  orflinary  screw-cut  t  iiiL;  hit  ln\ 
only  a  cutter  is  used  instead  of  a  tool.  Diderent  makers  li;m、 
flillVrctit  desiyus  io  arrive  at  the  same  result.  Some  nwicliinos 
1  r;n  crsr  1  he  cutier,  s()im'  t  r  a  verse  the  work,  some  support  1  \\r 
work  in  centres,  and  others  in  stays  ；  all  t  licse  are  pcinis 
wliicli  liav(、  to  he  considered  in  I  lie  select  ion  of  a  niacliinc. 
Thr  mcst  iniporinnt  poinl ,  liowovcr,  is  t  lie  drive  I  o  t  lie  <  uH 
a iid  t  lie  '"rariiii;  for  1  his  sliould  Ih*  as  str (川" r  ； is  possiljlr.  1 1 
is  pi'ctoriihlc  wliere  possi  t  o  h;i  \  e  a  la  rye  driving  r  on 
Ui('  cut  t  (M1  spiiidk1.  This  can  on  1  v  he  done  wIhm  o  sliorl-  worms 
a  i  o  cut . 

A  s]K-M'i;i I  iiKirliiiir  li;is  Ik'cm  designed  tor  cuiiin^  nil  kinds 
ut'  wdrins  up  to  ； ihoul  "in.  (Ii;im.  l»v  |>it<*li.    The  rutt'、r 

^piiHllc  on  t  Ih*  macliiiH*  lias  a,  large  ini-ernal  driving  wltecl, 
wliirli  cnahlcs  t ho  \!/\n.  ])itrli  woi-nis  to  be  cut  out  of  t  \\v  solid 
；" mit、  cut .  'I'lio  maclnnc  is  ;ilso  supplied  、vitli  a  s[>e<'ial  IicjuI, 
a rran^ed  so  th;d  the  large  wlieel  can  1>(、  reimn'ed  ami  I  lie 
(Irivo  I ;iko  place  tlu'nugli  a  pinion,  so  tlial  worms  solid  、、- iUi 
shaft s  will  clear.    Tliese  marhines  are  s|KM  ially  <lt、sign('(l 

(""liiig  t  lie  steerini;  worms  and  hack  axle  driving  worms 
">r  motnr-cars,  "'('.  Anot \\vv  inacliino,  similar  io  the  last.  lmi. 
l;iri^、i'，  deals  with  worms  up  to  l'」iii.  diaui.,  'Mu.  pitrli. 

Wit h  regard  to  the  grindini;'  of  worms,  this  is  now  becom- 
ing common  practice,  in  order  to  rectify       、'•（  r  .  s  ； iH?r  they 


；" hanleucd,  ； ui'i  a  sperial  nia<  lunu  lias  \n*  n  dcigwl  by 
tlie  author  for  ( liis  purpose.  The  operation  of  the  ma'  hme  is 
as  follows  ：  Tlie  worm  is  carried  hetween  centres  with  a  suit- 
able driver,  il  is  given  a,  t  wist  in^'  mol  ion  iov  the  lead  by 
suit  able  <*haii^o  wheela,  aiul  tor  multiple  llu*'a'ls  ait  auto- 
Mi;i( ic  dividing  iiierljaiiism  is  prm'i 小 爿' wit  h  '  li;u'"'''  wheels  for 
t lie  mmil)tT  of  starts.  Tli«'  I  ； 山 I''  ； m'l  wmk  ti  a、''iv'l  l,v 
ho\tsy  n\\t\  li;iv<'  <jiii<'k  m'l'  in  Ikt  <lir<>*  t  i' 出， aiul  t lie 
dividing  run  "Is"  i  nkr  j>la (； o  at  vi\  Iht  t-wd  oi'  t  Uv  stroke  to 
suit-  the  work.  Tho  oinery  wlioel  is  <;i，ric'l  oil  a  utiiverHal 
which  allows  tlie  wliocl  Io  ；, (lj，'s"''l  in  t  h<>  ( I iffc rent- 
worn  is  I  o  I  h*  "p('r; 山'' I  on. 

WIiou  t  he  machine  was  fust 山' si"。i，w|  lor  t  his  work  i' "  ,'、 
； irran^ffl  lor  ^rindiii^r  t  lie  \  lin*;nls  hv  I  ;ikin^  -、 i,' ' ''、mv(  t-nin 
along  t  lie  face  of  tlie  tlin""l，  tVf'flm^  t  ho  wfieol  rlown  ； i'  ； m 
an^le  at  (';，rli  stroke  of  1  lie  t al>l(%  t  his  ； ，n"'le  l>ein^  sot  ； wor'l- 
iug  to  tlie  pressure  angle  of  tho  gear.  Tins  process  produrf.s 
the  most  accu rate  work,  and  is  nse*l  i'or  oxceptiojially  acru 
rale  gears  for  cxporimoni  n\  purposes.  1 1,  is  not,  userl 
generally,  because^  ii  t ak<^s  miik-Ii  longer  t  h;tn  1  \\o  mw'  "'('ikt'iI 
method  of  grinding  the  whole  (Iq)tli  of  la'  "  at  ,川"'. 

Wlien  ^riinlin^  i)y  the  latter  nifl  IhjiI  ,  Iiowrvcr,  111''  same 
<linicnlt  y  presents  ilself  as  wil  Ii  I  In-  milliii 乂  r>|'  I  lie  wdi  in,  ； iii'I 
t  hat  is  tliat'  t  ho  .sliapo  of  the  cnicry  wliocl  li;,s  I  o  Ik'  ma'lt*  1  o 
suit  twisted  form  of  tl'n""l.  A  n  ； 1 1 卞； •  r;'l  hs,  Fiy.  29,  whs 
devised  tor  generating  t liis  sliape.  Lt  is  arran^fd  \i>  1"' 
mounted  heiween  the  centres  and  I  lie  niacliinc  set  up  for 
^rindin^  the  worm,  t he  round  pillar  is  tiMeH  ovor  to  tli*' 
])ressure  au^le,  and  as  I  lie  a|>|>aral  us  IVo«ls  past  t  lie  wlif-l 
spirally,  the  diaDiond  wliicli  is  \\v\<\  in  ； i  IioUUt  which  slirles 
on  tlie  pillar  is  fed  down  ； ii  r;irli  strok(、，  i  Iw  flia 川" ml 
(loscribin^  a  pat  h  corrcsijoiidin^  w i 1 1 1  t  he  l';irr  of  t  lie  worm. 

The  t w'o  processes  of  grinding  t lie  worms  ron'e^pmi'l 
exactly  with  the  processes  used  in  finishing  in  a  lallu*,  t  lit' 
first  being  similar  to  the  linisliin^  l)y  sett in^  1  lie  compouiifl 
rest  over  to  the  an^le  ol'  t lie  t broad,  hikI  finisliing  by  feeding 
the  tool  down  tlie  face  of  tlie  wui'm  t  liread,  ； nul  (he  se<-oiifl 
bring  the  same  as  rutting  ； i  1 1 i read  wit li  ； i  veo-sliaperl  i«»ol. 
In  the  grinding  one  side  of  t  lie  thread  is  operated  on  at  once. 
The  niacliine  is  fully  aul<jnia1  ir  in  its  artioji,  and  is  also  suit- 
able for  automatically  sharpening  IioIjs,  aiul  t he  emery  true- 


•  Via.  30. 

iug  ； ippara I  us  is  aho  use<l  fur  the  omorv  、、  li'、、l、  l"r  >harpenin^ 
i|iiic*k  load  hobs  in  order  to  griud  a  true  ra'li ；，  1  rult ing  in>  v. 

W'nKM  WllKKI.s. 

Willi  reganl  I  o  rutting  \v<uui  、vli,'"l、  I  lirrr  :m'  t  lnoo 
mot  luxls.  (1)  Cutting  with  parallel  h<»l>s,  l»v  the  siiikini^-in 
process.  (2)  C'utt.iiig  witli  la  1^1*  I" 山 s  with  ； 1  tangential  feed. 
(3)  Cutting  with  fly  cutters  with  tangential  feed. 

1  Cutting  with  Parallel  Hobs. ― This  is  the  simplest  pro- 
cess, and  is  iu  most  general  use  for  ordinary  worm  wheels 
which  gear  with  single  aud  double  tliread  wunus,  and  where 
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1  lip  angle  of  worm  spiral  is  nob  very  great.  In  the  early  days 
of  cut  gearing  the  wheels  were  generally  gashed  out  first,  and 
then  finished  by  the  hob,  but  now  tliey  are  cut  from  the  solid 
l)v  t  lie  hob  only.  The  hob  thread  is  similar  to  the  worm 
thread,  the  only  excrpt  being  the  clifTerenc©  in  diameter  to 
allow  for  wear  and  also  an  amount  wliich  is  left  on  the 
diameter  of  the  hob  to  cut  t  lit1  cl(»ar;incc  the  outside 

diameter  of  the  worm  and  Uie  l)ottom  of  t lie  spaces  in  the 
worm  wlieel. 

'」 ati'l  Cutting  Worm  Wheels  with  a  Taper  Hob  or  Fly 
Cutter  Using  Tangential  Feed. ― 1'h'"'' 门'""'、'、 ； n-c  hir^cly  iis('(l 
for  ciiiting  w]ie>els  to  gear  with  worms  of  large  spiral  angles 


Fio.  31 

and  generally  with  mult  i\Av  1  h reads.  As  in  the  simpler  pro- 
cess (1)  the  shape  of  the  hob  thread  is  the  same  as  the  worm 
thread  plus  the  allowance  for  clearance,  but  instead  of  sinking 
into  the  wheel  the  hob  mandrel  is  set  at.  the  correct  centres  in 
relation  to  the  work  mandrel  +  and  then  the  liol)  is  fed 
tangentially  to  th-e  wheel,  the  hob  is  tapered  where  it  com- 
mences cutting  and  enters  the  wheel  similar  to  a  taper  tap, 
cutting  a  small  depth  to  commence  with  and  gradually 
increasing  the  depth  of  the  teeth  until  it  has  fed  the  whole 
distance,  across  the  wheel.  An  advantage  of  this  system  of 
cutting  is  that  fly  cutters  can  be  used  in  place  of  a  liob  and  the 
shape  of  th&  wheel  teeth  generated  correctly. 

These  fly  cutters  are  cheap  to  produce  and  can  be  easily 
made  to  cut  wheels  of  special  pitches  to  gear  with  special 
worms,  this  being  a  great  advantage  where  experimental 
worms  and  wheels  have  to  be  cut,  such  as  in  the  motor  trade, 
and  also  where  a  large  variety  of  wheels  liave  to  be  cut  to 
meet  varied  requirements.  Fly  cutters,  liowever,  cut  slower 
t  Iihu  a  hob,  and  where  the  ratio  between  tlie  worm  and  wheel 
is  even  and  the  number  of  starts  in  the  worm  large,  it  is  neces- 
sary to  cut  through  each  set  of  teeth  separately  ；  this  means, 
going  across  tlie  wheel  two,  three,  or  four  times,  according  to 
the  munber  of  starts  in  the  worm  and  necessitates  the  dividing 
round  of  tlie  wheel  each  time,  by  putting  in  a  hunting 
tooth,  when  one  pass  across  the  wheel  finishes  it. 

Fig.  30  shows  a  special  hob  which  the  author  had  made  to 
cut  a  number  of  wheels  to  gear  witli  six  start  worms  and  which 
is  really  equal  to  six  fly  cutters.  In  order  to  ensure  the  shape 
of  tootli  being  correct  it  was  milled  out  by  the  same  cutteT  as 
the  worm  and  at  the'  same  setting  and  was  tlien  gashed  and 
r&lieved  up  to  a  margin  on  the'  cutting  face'  of  the  teeth,  it  cut 
very  quickly  and  gave  excellent  results. 

A  difficulty  experienced  with  the  cutting  of  worm  、vhee】s  is 
to  get  the  worm  to  be'  exactly  square  in  the  wheel  owing  to  the 
allowance  on  the  diameter  of  the  hob  for  wear.  In  order  to 
overcome  this  the  author  has  tilted  the  hob  slightly  to  allow 
for  the  diffeirenoe  in  angle  owing  to  the  larger  hob  diameter, 
with  satisfactory  results,  gradually  reducing  the  angle  as  the 
hob  was  reduo&d  in  diameter  by  sharpening. 

Another  method  and  on©  which  has  proved  very  satis- 
factory is  to  make  a  liob,  as  Fig.  31，  viz.,  th©  tapered  portion 
is  made  similar  to  an  ordinary  fape'red  liob,  but  following  tliis 
is  a  hob  which  was  very  carefully  mad©  Avith  the  shape  of  tli-s 
thread  exactly  the  same  as  the  worm  thread  and  of  exactly  the 
same  diameter.  This  portion  of  the  hob  having  very  little 
relief  and  only  sharpened  very  seldom,   the  front  tapered 


l>ort  ion  roughs  out  the  wheel  and  is  the  portion  which  is 
sharpened  often,  the  follower  portion  being  used  for  finishing 
or  sizing,  and  owing  to  most  of  th©  work  being  done  by  the 
front  portion  the  follower  keeps  up  to  size  for  a  very  long  time. 

A  large  machine  has  been  designed  to  cut  wheels  up  to  6ft. 
diam.  and  oin.  pitch,  by  either  hobs  or  fly  cutters.  The  ratio 
between  the  cutter  and  work  is  governed  by  suitable  cliange 
gears,  but  an  extra  set  of  change  wheels  is  provided,  which 
through  a  differential  gear  train  gives  an  added  on  motion  to 
the  wheel  to  suit  the  pitch  or  lead  as  the  tool  is  being  fed 
tangentially  to  the  wheel.  The  feed  in  this  machine  is 
entirely  iiKle}>encIent,  being  put  on  by  means  of  a  silent  ratchet 
at  every  revolution  of  the  work. 
.  (To  be  continued.) 


BROWN  S  SPEED-REDUCING  GEAR. 

An  arrangeinent  of  speed  gear  for  reducing  the  speed  of  two  or 
more  driven  shafts  in  relation  to  the  driving  shaft  is  shown  in 
the  accompanying  illustrations.  The  gear,  which  is  the  inven- 
tion of  Mr.  R.  J.  \V.  Brown,  9,  Crocker  ton  Road,  Upper 
Tooting,  London,  S.W.，  is  of  the  kind  in  which  two  worms 
on  one  shaft  drive  worm  wheels  on  two  driven  shafts.  The 
shaft  bearing  th©  two  worms  is  driven  by  means  of  further 
worm  gearing  for  the  purpose  of  obtaining  a  greater  disparity 
between  the  relative  speeds  of  the  first  motion  shaft  and  the 
last  motion  shafts  without  the  consequent  noise  and  vibration 
which  obtains  with  other  forms  of  gearing.  The  primary 
object  of  the  arrangement  is  to  provide  a  gear  free  from  spur 
wheels,  chains,  &c.，  and  one  in  which,  it  is  claimed,  great 
strength  and  thorough  efficiency  are  obtained,  and  for  which 
only  a  comparatively  small  space  is  required.  It  is  particu- 
larly designed  for  use  between  】iigl 卜 speed  engines  and  the 
machinery  they  are  employed  to  drive,  and  is  therefore  par- 
ticularly applicable  for  use  on  motor-cars  or  to  screw-propelled 
vessels  having  internal-combustion  engines  or  between  high- 
speed turbines  and  the  propeller  shafts  they  are  employed  to 
drive.  Referring  to  the  illustrations,  which  show  the  gear  in 
side  elevation  and  plan  respectively,  the  shaft  A  transmits 
power  from  the  engine  through  worm  B  to  the  wheel  C.  On 
tho  shaft  D  of  the  wheel  C，  two  worms,  E  and  F,  of  opposite 
hand  are  fixed  and  adapted  to  drive  wheels  G  and  H  re  spec - 


G 
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Brown's  Speed  Reducing  Gear. 

tively,  these  wheels  being  keyed  to  the  propeller  shafts  J  K. 
It  will  be  obvious  that  the  gear  is  in  constant  meslt  and  that 
by  altering  the  ratio  of  the  worms  and  wheels  a  variation  iu 
speed  of  shaft  A  in  relation  to  shafts  J  and  K  can  be  obtained. 
The  whole  of  the  gear  can  be  run  in  an  enclosed  oil  bath  of 
simple  construction,  and  one  shaft  could  have  a  plurality  of 
worms  adapted  to  drive  different  wheels  on  the  same  or  diffe- 
rent shafts,  and  by  sliding  or  clutching  the  worms  and  wheels 
a  variation  iu  speed  is  obtainable. 
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CONDENSER  DESIGN. 

In  (  ho  discussion  on  M  r.  William  Weir's  \)ii\>v v  on  "  A uxili;i  i  y 
Units  H etwee- n  Exhaust  Pipe  and  Boilw,"  read  before  the 
Institution  of  Engineeis  ； uni  Slii|)l)iiil(lcrs  iti  Scol  land,  Mr. 
I).  H.  1V1  orison  i-ont  rihut otl  sonw  interesting  inforinat  ion 
i  i'lat  ing  to  condenser  design,  which  \vc  reproduced  i n  our  issue 
of  December  27th  last  (seo  p.  (S0'」，  Vol.  XXX.).  The  n>u 
yi(l(M*;itioii  of  Mr.  Weir's  paper  was  ('oiu'luded  at  1  lie  meeting 
of  t  lie  Institution  on  i  he  1 4th  inst and  wc  iimv  reproduce 
t hat  part  of  Mr.  Weir's  coinpreh^nsiv(i  reply  wliich  dealt  with 
Mr.  Morison's  conirihut  ion  ： ― 

With  regard  to  the  quest  ion  of  surface  r()ii(l'('iis'。r  design  I 


Fig.  1  — Contraflo  Condenser  Fir,  *2.— Circular  Contbaflo 

Tested  by  Prof.  \Veu;hton  in  1906.  Condenser,  190H. 

am  in  agreement  with  one  of  thei  speakers  that  an  amount  of 
intangible  discussion  has  grown  up  around  the  subject 
recently,  and  to  comparatively  unimportant  issues  tlier©  has 
been  devoted  an  amount  of  attention  which  might  with  advan- 
tage have  been  applied  elsewhere;  my  apology  for  adding  to 
Mi©  literature  on  the  subject  is  a  sincere  desire  to  clarify  the 
position,  and  to  apply  the  touchstone  of  actual  practice  as  a 
corrective  to  theories  and  assumptions  more  or  lees  academic 
and  unrelated  to  natural  conditions. 

Mr.  D.  B.  Morison  prefaced  his  remarks  by  a  statement 
that  it  would  be  of  greater  technical  service  to  relate  his 
€Xj)eriences  in  surface  condenser  design  rather  than  to  criticise 
my  references  to  the  subject.  My  references  to  surface  coil- 
denser  design  differ  from  those  in  almost  all  other  papers  on 
this  subject  in  their  brevity,  as  I  give  in  very  concise  form  all 
the  essentials  of  correct  design  within  the  limit  of  my 
experience.  I  then  follow  this  by  giving  a  large  number  of 
examples  of  actual  condenser  practice  ba&ed  on  these 
essentials,  together  with  the  actual  performances  of  the  con- 
densers. To  render  his  remarks  of  real  technical  service,  it  is 
obvious  that  Mr.  Morison  should  point  out  wherein  the 
described  practice  is  wrong,  or  if  my  statements  of  the 
essentials  of  design  are'  wrong,  he  should  correct  them.  As  lie 
has  not  don©  so,  I  am  put  in  the  position  of  requiring  to 
criticise  what  constitutes  practically  a  paper  1)y  Mr.  Morison 
on  condenser  phenomena.  As  liis  remarks  are  not  arranged 
systematically  to  lead  to  a  definite  conclusion,  I  am  compelled 
to  deal  with  tli€m  in  their  unrelated  sequence. 

In  the  first  place,  he  lays  great  stress  on  the  importance 
and  value  of  Prof.  Weighton's  paper  of  1906,  and  claims  that 
that  paper  definitely  established  the  correctness  of  certain 
principles.  While  I  hav-e  no  desire  to  depreciate  the  cost  and 
elaboration  of  Prof.  Weighton's  research,  I  totally  disagree 
with  Mr.  Morison  as  to  its  vahn*,  a  ml  csptviallv  as  to  its  effect 
mi  present-day  design.  The  paper  in  question  dealt  with  tlie 
coiuparative  performances  of  t  wo  condensers,  one  an  old- 
fashioned  rectangular  condenser  of  small  actual  size,  not  repre- 
snitative  of  practice  at  that  date,  and  the  second  a  condenser 
、、'itli  certain  special  features  of  design .  The  trials  showed  tliat 
the  new  condenser  gave  a  better  perforniance  than  the  old  one. 
Prof.  W^ightou  and  Mr.  Morison  attrihutvtl  the  iniproveiiient. 
to :  (1)  Conipartinental  drainage  of  the  Feed  water,  so  that 
the  surfaces  in  the  lower  compartnienis  are  not  impeded  in 
their  condensing  action,  the  importance  of  this  feature  being 
a}>parent,    and    its   influence   being   seen    on   tlie  results. 

(2)  Abolition  of  the  steam  space,  and  the  substitution  of  a 
passage  of  sucli  shape  and  section  as  will  secure  the  distribu- 
tion of  the  steai"  over  the  whole  lengt  h   of  i  lie  tubes. 

(3)  Tubeless  passages  connecting  the  conipartinents. 


Ill 

Prof.  Weightou  sta"'d  in  this  paper  in  at  least  four 
(JitlVreiit  instances  that  the  augmented  efficiency  of  t\ut  surface 
was  due  to  the  early  interception  and  rernoval  of  the  feed 
water.  Jle  also  said  Miat  the  higlior  hot-well  t^nii>erat  ur<-  ； 
t  lie  smaller  amount  of  condeiisiii^  w;i"'r  and  、iu  、'.'  r*-  U,i  li 
clue  to  the  same  cause —一 the  troinpart mhmi! 山'; ol'  t lie  con- 
(Icii  ser . 

In  Mr.  Morison's  discussion  on  tliis  ]>;i|>*m-  lie  stated  t  hat 
the  novel  features  of  the  apparat us  consist w|  of  sect  if'iial 
drainage,  maintenance  of  parallel  strain  litu*s  of  ilow,  mul 
alteration  of  direction  of  flow  in  小' ss  |>ass;t <_"  -.  II''  also 
stated  that  there  was  no  novel  feature  on  t  ho  water  side,  as 
the  water  flowed  througli  Mie  nests  of  tubes  in  .series  at  speeds 
adopted  in  modern  practice.  I  took  the  opportunity  in  tlie 
discussion  on  this  pap&r  of  stating  my  disbelief  in  sectional 
drainage.  With  reference  to  the  feature  concerning  the  steam 
flow  over  the  surface,  I  would  refer  you  to  iny  paper,  where 
you  will  find  the  first  enunciat  ion  regarding  surface  condenser 
design  ox[>ressed  as  follows :  "In  an  efficient  surface  con- 
denser tlie  steam  should  take  such  a  course  that  it  will  flow 
over  all  the  tubas,  and  at  a  uniform  velocity,  and  no  spaces 
should  be  left  which  permit  of  short-circuiting."  Tliis  feature 
is  essential  in  design,  and  is  referred  to  by  Mr.  Morison  as 
contained  in  his  patent  of  1904，  and  in  the  design  of  the  first 
"Contraflo"  condenser  he  "starts  off,"  as  lie  puts  it,  by 
t'ullilling  tliis  requirement. 

The  full  and  correct  value  of  Prof.  Weighton's  paper  can 
be  measured  by  the  extent  to  which  tlie  alleged  improvements 
have  become  embodied  in  modern  designs.  In  the  last  four 
years  I  have  personally  been  associated  with  the  design  of 
condensers  for  about  9,000,000  li.p.，  embracing  the  most 
important  examples  in  marine  practice,  and  in  not  a  single 
case  are  the  condensers  divided  into  compartments,  nor  are 
they  sectional ly  drained  ；  tliey  have  all  more  or  less  a  steam 
space,  and  none  of  tliem  have  tul)eless  passages. 

Further,  Mr.  Morison,  in  his  own  recent  practice,  does  not 
appear  to  embody  these  particular  features  to  any  extent,  and 
I  would  refer  you  to  tlie  diagrams,  Figs.  1  to  5，  showing  the 
development  of  design  of  "  Contraflo  ，，  condensers  since  1906. 
Th-ese  illustrations  are  taken  from  Mr.  Morison's  published 
papers  on  the  subject,  and  t:hey  serve  to  show  the  gradual  lack 
of  adherence  to  the  principles  which,  he  claims,  Prof. 
Weighton  established,  and  clearly  demonstrate  how  the 
feature  of  sectional  drainage  dominated  the  earlier  designs. 
It  accordingly  only  remains  for  me  to  point  out  the  factor 
which  was  mainly  responsible  for  the  better  performance  of 
the  1906  condensers,  particularly  as  it  was  a  factor  barely 


Fig.  3.™CntcuLjui  Contuai-lo  1'  "..  I.-Contrafiaj  Coni>knskk. 

CONDENSEK.  1U08.  1910. 


mentioned  either  iu  the  pajxer  or  in  the  disoussiou  ；  it  certainly 
was  not  emphasized.  Tliis  factor  was  undoubtedly  the 
increase  in  velocity  of  flow  of  the  circulating  water  through 
tli©  tubes. 

With  reference  to  Mr.  Morison's  remark  regardiug  the 
provision  for  dealing  with  large  quantities  of  air  leakage, 
resulting  from  accidental  leakage  into  t Ite  svstom.  I  would 
simply  say  that  I  have  uo  experience  of  accidental  leakage 
which  a  normal  air  pump  could  not  handle  satisfactorily 
enough  under  the  ciroiunstaiuvs  unt il  the  ；"' cident.  was 
repaired  ；    and  I  think  it  quite  unneoess;irv  to  i>rovide  air 


112 


THE    MPXHANICAL    ENGINEER.  LJanuary  31,  1913 


juimps  to  maintain  tlxe  highest  degrees  of  vacua  under  otli<?r 
arcidental  condi tions . 

We  now  come  to  the  most  important  part  of  Mr.  Morison  s 
n'marks,  wherein  he  states  :  "  In  practice  the  crucial  problem 
in  the  attainment  of  liigh  vacua  was  how  best  to  treat  the 
small  quantity  of  air  which  normally  entered  the  condenser 
with  the  steam  ，，  ；  and  he  suhmits  a  theory  whereby  a  solution 
mi^lit  be  found  along  the  simple  lines  of  elementary  first  prin- 
ciples. Now  careful  observation  of  phenomena  is  generally 
more  helpful  than  theory  in  offering  solutions  of  problems. 
Mr.  Morison's  theory  occupies  much  space.  I  will  venture  to 
olVcr  a  solution  of  the  problem  in  a  very  few  words.  The  best 
way  to  treat  a  quantity  of  air  in  a  conden&er  to  attain  high 
vacua  is  to  fit  an  air  pump  to  the  condenser  capable  of 


water  outlet 

Fig.  5— Circular  Contraflo  Condenser,  1912. 

removing  the  air,  and  I  am  afraid  difficulty  will  be  found  in 
obtaining  any  other  solution  of  the  problem. 

Dealing  now,  howover,  with  the  theory  and  its  basis',  Mr. 
Morison  says  Mr.  J.  A.  Smith  carried  out  experiments  to 
determine  the  eff  ect  of  air  on  the'  heat  transmission  through  a 
condenser  tube,  and  certain  results  are  quoted  from  these 
experiments.  I  cannot  omphasiz©  too  strongly  that  any 
theory  or  practice  based  or  affected  by  tlies&  experiments  will 
be-  absolutely  valueless',  while,  generally  speaking,  the  results 
have  no  bearing  whatever  on  surface  condenser  design  or 
practice.  Mr.  Morison  himself  confirms  the  unfortunate  effect 
of  tliese  fallacious  results  when  he  states  that  a  film  of  air  of 
minute'  thickness  has  a  degrading  effect  on  the  heat  transmis- 
sion of  a  condenser  tube.  Now,  in  the  first  place,  there  are  no 
films  of  air,  nor  arei  there  any  films  of  steam,  in  a  condenser. 
There  is  a  mixture,  of  air  and  steam  or  air  and  aqueous  vapour, 
each  occupying  the  whole  space.  Next,  it  will  be  recollected 
that,  one  of  my  essentials  of  design  was  that  the  steam  path 
must  be  such  as  io  maintain  the  velocity  of  steam  flow,  and 
this  is  a  most  important  factor.  The  relative  weights  of  steam 
and  air  play  no  appreciable  part  in  these  condenser  pheno- 
mena. In  Mr.  Smith's  experiments  the'  steam  conditions  were 
practically  static,  and  accordingly  have  no  direct  connection 
with  condenser  phenomena,  and  the  basis  flaw  of  Mr. 
Morison's  theory,  and  his  conclusion,  is  that  he  always  con- 
siders a  condenser  in  a  static  condition  rather  than  in  a 
working  condition. 

The  effect  of  air  in  a  working  surface1  condenser  is  not  in 
any  way  due  to  a  resistance  imposed  on  heat  transmission  by 
its  presence  and  through  being  a  poor  heat  conductor,  but 
solely  and  simply  to  tlie  physical  conditions  of  temperature 
and  pressure  caused  by  its  admixture  with  aqueous  vapour.  I 
totally  disagree1  with  Mr.  Morison's  illustrative  hypothetical 
diagrams  showing  air  distribution,  and  only  fear  that  these 
may  lead  to  further  misconception  of  the  real  conditions.  In 
a  working  conden&er  tho  phenomenon  consists  of  a  mass  of 
cooling  surface  working  at  high  transmission  rates,  with  a 
more  or  less  clearly  defined  air  zone,  wherein  the  total  trans- 
mission per  square'  foot  (not  per  degree'  difference'  per  square 
foot)  is  impaired,  due  to  the  physical  conditions  of  tempe- 
rature and  pressure.  Accordingly,  if  the  essential  condition 
of  uniform  steam  flow  be  maintained  in  a  condenser  design, 
the  contour  of  the  oondemser  becomes  a  wedge,  and  having 
obtained  that  all  else,  is  dependent  on  the  air  pump,  assuming 
fixed  circulating  water  conditions.    The  function  of  tlie  air 


pump  is  to  reduce  the  air  zone  level,  and  to  allow  the  working 
part  of  the  condenser  to  extend  itself,  and  only  the  air  pump 
can  perform  this  function. 

Mr.  Morison's  remarks  regarding  eddies  and  means  of 
preventing  air  particles  making  multiple  appearances  in  any 
one  plane  can  hardly  be  accepted  as  serious  wlien  the  actual 
velocities  are  remembered.  To  understand  an  air  particle 
" lingering  in  a  modern  condenser  with  uniform  steam  flow 
is  an  effort  of  imagination  of  which  I  am  incapable.  The 
worst  eddies  in  a  condenser  are  those  cau&ed  by  the  tubes. 
Any  other  eddy  troubles  are  caused  by  the  preseoce  of  baffle 
plates  or  deflectors. 

Having  now  by  means  of  his  theory  obtained  the  highest 
attainable  vacua,  Mr.  Morison  goes  on  to  consider  its  value, 
and  therein  raises  an  interesting  question,  and  at  the  same 
time  falls  into  an  unfortunate  error.  I  have  already  been 
subjected  to  a  considerable  amount  of  criticism  by  Mr.  Morison 
for  pointing  out  that  in  reciprocating  marine  installations  the 
highest  attainable  vacuum  is  not  synonymous  with  overall 
economy.  Sir  Charles  Parsons  in  the  early  days  of  the 
turbine  published  a  diagram  showing  the  effect  of  vacua  ou 
the  steam  consumption  of  the  turbine,  and  this  diagram  is 
practically  reproduced  by  Mr.  Morison  in  Fig.  5.*  This 
diagram  is  probably  literally  correct,  but  it  is  used  and 
applied,  and  inferences  drawn  from  it,  in  a  dangerous  and 
misleading  manner.  In  the  first  place,  I  will  not  consider 
the  part  of  the  diagram  below  27in.,  as  lower  degrees  of  vacua 
need  not  be  considered  in  association  with  turbines.  I  look 
on  the  introduction  of  these  into  the  diagram  as  perhaps 
impressive  to  tlie  uninitiated,  but  of  no  practical  value.  The 
diagram  shows,  therefore,  the  effect  of  a  drop  of  2in.  in 
vacuum,  from  29in.,  on  the  steam  consumption  of  the  main 
turbine.  Mr.  Morison  then  applies  this  commercially,  but 
taking  a  power  station,  for  -example,  money  is  not  expended 
on  the  direct  purchase  of  steam  ；  it  is  coal  which  is  purchased. 
Now  the  diagram  doe®  not  show  the  efiFect  of  the  vacuum  drop 
on  the  only  item  which  matters ― the  coal.  The  correction 
for  the  hot-well  temperature  and  the  reduced  cost  for  circulat- 
ing water  for  th©  2in.  in  question  is  a  very  important  and  vital 
matter,  but  it  is  completely  ignored  by  Mr.  Morison.  As  the 
effect  of  these  factors  varies  according  to  the  type  of  installa- 
tion I  have  prepared  a  diagram  (Fig.  6)  showing  the  necessary 
correction  for  two  conditions,  the  first  being  a  power  station 
condition,  with  55°  inlet  water  and  electrically-driven  circulat- 
ing pumps  ；  the  second  condition  being  a  British  warsliip  with 
steam-driven  circulating  pumps,  wherein  the  exhaust  is  led 
to  the  low-pressure  turbine,  and  not  to  the  feed  water.  As 
will  be  sesn  from  the'  diagram,  Mr.  Morison's  figures,  in  the 
7000^  sense  in  which  he  asks 

them  to  be  applied,  are 
wrong  to  the  extent  of  35 
per  cent,  in  one  case  and 
65  per  cent,  in  the  other 
case. 

Mr.  Morison's  state- 
ment that  the  highest 
attainable  vacuum  is  re- 
presented on  a  warship 
by  incre ased  military 
efficiency,  and  is  of 
supreme  importance,  is  a 
p ure  assumption,  and 
when  he  has  more  experi- 
ence of  warship  ma- 
chinery problems  be  will 
then  tind  that  it  is  an  ill- 
considered  assumption. 
In  my  paper  I  have  pointed  out  that  every  condeuser 
installation  is  a  compromise,  and  in  warship  practice  the 
factors  governing  this  compromi&e  are  especially  varied.  It 
may  be  of  interest  to  say  that  my  firm  have  recently  supplied 
designs  for  condensing  plant  to  a  foreign  navy  for  a  very 
high-speed  cruiser,  wherein  the  vacuum  at  full  power  is  27]in., 
and,  further,  I  am  prepared  to  demonstrate  that  that  will  be 
the  best  vacuum  for  that  ship  at  full  power.  I  take  this 
opportunity  of  indicating  that  the  value  of  vacuum  over 
28iin.  for  marine  turbines  is,  in  my  opinion,  becoming  under 
many  conditions  open  to  question.      Almost  everything  in 

*  See  "  The  Ricchanieal  Enyiueer,"  December  27th,  1912,  page  803. 
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Fig.  6.— Columns  Represent  Turbine  Effi- 
ciency Loss  due  to  Fall  in  Vacuum  from 
29in.    Black  Portions  represent  Actiwl 
Overall  Loss. 
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engineering  is  a  compromise,  and  while,  on  tlie  one  hand,  you 
xnay  have  a  fair  percentage  of  improvenxMit,  in  t  he  steam  con- 
sumption, on  tlie  other  hand ,  you  have  io  consider  the 
increased  circulating  pump  roiisumpt ion,  the  increaned  weight 
and  space  for  air  and  circulating  pumps,  t  he  increased  weight 
and  space  of  the  main  condensers,  the  effect  of  reduced  hot- 
well  temperature,  and  tho  increased  weight  and  space  of  the 
low-pressure  turbines  to  satisfactorily  utilisa  the  high  vacuum, 
so  that  in  the  end  we  may  come,  perhaps,  to  regard  even  for 
turbines  a  practical  limit  in  the  reduction  of  back  pressure  as 
desirable. 


LIQUID  FUEL. 

The  first  of  three  Cantor  lectures  ou  liquid  fuel,  by  Prof. 
Vivian  B.  Lewes,  was  recently  delivered  before  the  Royal 
Society  of  Arts.  He  stated  that  by  "  liquid  fuel  "  was  meant 
liquids  which  by  their  combination  with  the  oxygen  of  the 
air  generated  energy  in  such  a  form  as  to  be  easily  utilised. 
For  such  liquids  to  have  commercial  value  they  must  be 
sufficiently  plentiful  to  enable  them  to  compete  with  solid 
fuel,  both  in  distribution  and  price.  All  kinds  of  fuel  con- 
sisted of  bodies  formed  by  the  absorption  and  rendering 
latent  of  energy  during  processes  of  vegetable  or,  more 
rarely,  animal  life.  Originally  the  energy  was  derived 
directly  or  indirectly  from  the  sun,  and  when  by  the  processes 
of  combustion  the  bodies  were  again  resolved  into  the  carbon 
dioxide  and  water  vapour  from  which  they  were  formed,  the 
energy  latent  within  them  for  perhaps  geological  ages 
reappeared  as  the  sensible  heat  that  was  utilised  for  domestic 
comfort  aud  conversion  into  the  other  form  of  energy  em- 
ployed for  light  and  power. 

A  number  of  theories  were  put  forward  as  to  the  forma- 
tion of  oil,  and  th©  one  most  favoured  by  the  theoretical 
chemist  was  that  it  was  the  product  of  the  action  of  steam  at 
high  temperatures  on  metallic  carbides  taking  place  probably 
at  great  depths,  and  that  the  hydrocarbon  gases  and  oil  had 
then  found  their  way  into  and  collected  in  the  strata  in 
which  the  oil  was  now  found.  It  had  also  been  suggested 
that  petroleum  was  produced  by  the-  heating  of  already- 
formed  deposits  of  shale,  lignite,  or  coal  by  the  intrusion  of 
igneous  rocks  ；  but  in  the  oil-bearing  measures  themselves 
signs  of  such  volcanic  action  were  rarely  to  be  found.  All 
the  evidence  went  to  prove  that  the  oil  was  of  organic  origin, 
and  many  observers  had  ascribed  it  to  the  checked  decom- 
position over  long  periods  of  animal  remains  from  the  low 
forms  of  fish  life.  There  were  several  points  in  favour  of  this 
view,  as  undoubtedly  brine  and  salt  deposits  were  nearly 
always  found  in  the  oilfields,  and  in  most  cases  with  the  oil 
itself,  while  fossilised  deposits  pointed  to  a  marine  origin, 
and  the  work  of  Engler  and  Hofer  showed  that  oil  could  be 
produced  from  such  forms  of  animal  matter.  Practical  con- 
siderations, however,  made  it  clear  that,  even  taking  into 
account  the  differences  between  the  atmospheric  conditions 
then  and  now,  which  would  affect  not  only  terrestrial  but  also 
marine  growth,  it  was  impossible  t-o  ascribe  the  origin  of  the 
vast  quantities  of  petroleum  occurring  in  nature  to  any 
such  source,  although  it  was  not  only  possible  but  extremely 
probable  that  some'  portions  of  certain  oil  supplies  had  been 
formed  in  this  way. 

He  had  always  held  the  view  that  the  real  source  from 
which  the  main  bulk  of  oil  had  been  derived  was  marine 
vegetation,  which  under  the  conditions  existing  in  those  early 
days  probably  grew  in  shallow  seas  in  far  greater  quantities 
than  at  the  present  day.  He  was  well  aware  that  some 
authorities  of  wide  experience  were  opposed  to  this  view  and 
held  it  up  to  scorn,  but  all  lie  had  seen  pointed  to  this  being 
the  real  source  from  which  the  chief  bulk  of  oil  was  formed. 
The  utilisation  of  seaweed  for  the  production  of  various  com- 
mercial commodities  led  to  a  good  deal  of  work  being  done 
upon  it  during  the  last  century,  and  researches  made  by 
Mr.  E.  C.  Stanford  showed  that  when  any  kind  of  seaweed 
was  submitted  to  destructive  distillation  at  a  low  red  heat 
large  volumes  of  gas  were  evolved  and  an  oily  tar  was  pro- 
duced, which  on  redistillation  yielded  paraffin  oil  (as  lie 
termed  it)  in  considerable  quantities.  From  a  ton  of  wovd 
of  the  genus  fucus，  the  most  common  marine  growth,  it  was 
possible  to  obtain  6' 7  galls,  of  oil.  This  theory  of  tlie 
formation  of  oil  from  marine  grow t lis  of  the  earlier  period 
of  the  world's  history  fitted  in  better  with  most  of  the  facts 
observed  iu  the  oilfields  than  any  other,  but  it  would  be  a 


great  mistake  to  imagine  all  oil  to  have  been  i'oniR'd  from 
this  source,  as  in  special  conditions  uiHloubtedly  oil  w;i> 
formed  from  local  distillations  of  carbonaceous  material  aixl 
also  from  animal  remains.  It  was,  howi'vcr,  saiV  。,  、； iv  tli.-it 
j)iiti(>l(Mun  was  a  flfconijxjsitioii  pnxlurt  <,(  ov^nnif  m;iU*'r. 

To  all  intents  the  substance  sj>ok€*n  of  as  petroleum  was 
a  mixture  of  hydrocarbons  having  a  specif":  gravity  \vlti<  h 
varied  from  0  7  to  10，  either  of  which  limits  was  but  rarely 
reached,  and  capable  of  being  separated  by  fractional  dis- 
tillation into  a  number  of  more  simple  mixtures  1，*"iii- 
sylvanian  petroleum  consisted  of  a  mixture  of  coinpoimMs 
containing  many  belonging  to  the  saturated  or  paraHiti  s«'r"'s， 
but  the  oil  from  the  Baku  district  in  llussia  contained  ； i 
large  proportion — some  observers  put  it  as  high  as  80  per 
cent. — of  hydrocarbons  of  different  character,  known  as 
naphtlienes,  and  isomeric  with  the  ct  liylenos.  Many 
observers  had  conjectured  that  the  difference  in  cornpf^it  k»m 
indicated  a  difference  in  source  ；  that  might  be  so,  but  the 
fact  remained  that  by  heating  under  proper  conrlitions 
Pennsylvanian  oil  could  be  converted  into  a  mixture  of 
naplitheiies  and  other  hydrocarbons  of  much  the  same  com- 
position, as  the  Russian  oil,  and  it  seemed  more  probable; 
that  the  difTerences  marked  different  phases  of  formation 
rather  than  different  sources,  more  especially  as  the  two 
classes  of  oil  might  be  found  in  fields  not  far  apart. 

The  variations  between  the  different  crude  oils,  and  still 
more  between  the  fractions  of  medium  boiling  point,  were 
remarkably  small  considering  tlie  variation  of  the  conditions 
under  which  they  had  been  formed.  This  uniformity  in 
composition  of  the  crude  oil,  and  the  small  variations  found 
in  the  definite  fractions  obtained  from  it  by  distillation  were 
important  factors  in  its  use  as  liquid  fuel,  because  instead 
of  being  obliged  to  select  the  source  of  the  supply  and 
character  of  the  material,  as  was  the  case  with  coal,  it  was 
known  that,  given  a  satisfactory  gravity,  flash  point,  vis- 
cosity, and  sulphur  content,  fairly  uniform  results  would  be 
obtained,  whether  an  American  residuum  or  a  Russian  astatki 
was  being  dealt  with. 

It  was  now  recognised  that  very  few  countries  existed  in 
which  small  quantities  of  petroleum  were  not  to  be  f()u"(l. 
Even  England  was  fluttered  during  the  past  year  by  a  <k"'p 
boring  near  Newark  yielding  some  few  gallons,  while  traces 
had  been  found  as  near  London  as  Willesclen.  But  it  by  no 
means  followed  that  there  existed  many  fields  of  the  pro- 
lific character  of  the  Baku  or  Pennsylvanian  districts,  whicli 
during  some  40  years  yielded  the  bulk  of  the  world's  supply, 
and  which  were  now  pointing  the  moral  that  an  oilfield, 
however  prolific,  was  only  a  natural  storage  tank  for  a  long- 
dead  manufacture,  and  that  the  more  fields  were  developed 
and  the  more  petroleum  used  the  nearer  was  the  inevitable 
end  of  the  supply  coming.  The  world's  output  of  petroleum 
was  now  nearing  50,000,000  tons  per  annum.  Last  year 
something  like  1,250,000  tons  of  products  were  imported  into 
the  United  Kingdom,  70  per  cent,  of  which  came  from 
America,  while  the  Dutch  East  Indies,  Rumania,  and  Russia 
in  the  order  named  made  up  the  bulk  of  tlie  remainder.  The 
percentages  of  tbe  total  oil  produced  were  :  United  St  ;ii  *■>, 
63*99  per  cent,  ；  Russia,  21*48;  Galicia,  3*87  ；  Dutch  East 
Indies,  3*37;  Rumania,  2*97  ；  India,  1'87 ;  Mexico,  1*02  ； 
Japan,  '59  ；  Peru,  '40;  Germany,  32;  Canada,  *10;  and 
other  sources,  '02. 


Electrical  Locomotives. —  At  a  recent  meet  in*:  <)i  the 
Scientific  Society  of  the  Glasgow  Royal  Technical  College, 
a  paper  on  electric  locomotives  for  main  line  and 
suburban  services  was  read  by  Mr.  B.  P.  Haigh,  of  the  Engi- 
neering Department  of  the  University  of  Glasgow.  Remark- 
ing that  public  interest  in  the  problem  of  electric  railways  had 
mainly  been  roused  by  the  work  of  electrical  engineers,  the 
author  dealt  with  the  mechanical  side  of  the  problem  rather 
than  the  electrical.  Several  difficult  mechanical  problems 
were  raised  in  the  design  of  heavy  electrical  locomotives,  these 
being  mainly  due  to  the  great  weight  of  the  moving  parts. 
For  slow  speeds  the  motors  could  be  geared  to  the  wheels,  as 
was  done  on  tramway  vehicles  ；  but  for  higher  speeds  it  was 
necessary  that  the  motor  should  be  spring-borne.  Rigid 
attachment  of  the  motor  to  tlie  driving  axles  involved  risk  of 
derailment,  as  well  as  excessive  wear  of  the  permanent  way, 
and  vibration.  Different  methods  of  coupling  the  axles  to  tlie 
motors  were  discussed,  aud  slides  illustrating  recent  designs 
were  shown. 
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BOOK  REVIEWS. 
A  Manual  of  Marine  Engineering,         A.  K,  Seaton，  .M .  I nst.C.l^, 

M.Inst.  Naval  Arohitects,  M.Inst.M.E.,  &c.  Seven- 
teenth edition,  revised  and  enlarged.  London  :  Chas. 
Griffin  &  Co.，  Ltd.  9in.  by  7in. ;  966  pp.  Price 
28s.  net. 

Mr.  Sea  ton's  work  has  been  so  long  before  the  public,  and 
reoogui&ed  as  a  standard  authority,  thai  it  calls  for  nothing 
iu  the  way  of  introduction -  During  tlie  quarter  of  a  century 
that  has  elapsed  since  it  made  its  first  appearance  con- 
siderable revision  has  been  necessary  to  keep  abreast  with 
current  practice.  In  the  last  few  years  the  pace  in  cer- 
tain directions  of  marine  engineering  practice  has  been, 
if  anything,  faster  than  formerly,  and  to  do  justice  to  the' 
many  new  phases  of  it  that  now  present  themselv-es  has 
necessitated  iu  this  edition  not  only  groat  enlargement,  but 
also  rewriting  a  large  portion  of  the  work.  The  inti-(jJu<-i  um 
of  the  turbine,  the  internal-combustion  engine,  and  tlie 
innumerable  applications  of  electricity,  combined  with 
developments  in  thei  metallurgy  of  many  of  tlie  materials  used 
for  constructive  purposes,  has  led,  in  some  directions,  to 
changes  that  are  almo&t  revolutionary.  It  is  impossible  in 
the  limited  space  at  our  disposal  to  evon  epitomise  the  con- 
tents of  a  volume  like  this,  containing  some  thousand  pages, 
and  having  regard  to  tlie  fact  that  the  general  scope  of  the 
work  is  familiar  tx>  most-  people  interosted  in  marine  engineer- 
ing, it  is  perhaps  hardly  necessary  to  do  so.  Suffice  it  that 
the  work  deals  fully  with  practically  all  the  details  of  power 
equipment  in  modern  steamships,  and  sustains  the  roputaiion 
it  has  so  long  enjoyed  of  being  one  of  the'  loading  text  books 
on  the  subject. 

The  Journal  of  the  Institute  of  Metals.  Vol.  VIII.  Edited  by 
G.  Shaw  Soott,  M.Sc.  The  Iustitute  of  Metals,  Caxt (川 
House,  Westminster,  S.W.  21s.  net. 
The  major  portion  of  this  issue  of  the  journal  consists 
of  papers  read  at  the  annual  autumu  meeting  of  the 
Institute  in  September  last,  and  include  c  c  The  Struc- 
tural Resolution  of  the  Pure  Copper- Zinc  Beta  Con- 
stituent into  Alpha  plus  Gamma/ J  by  Prof.  H.  C.  H. 
Carpenter,  M.A.，  Ph.D.  ；  "  The  Annealing  of  Coinage 
Alloys,"  by  T.  Kirke  Rose,  D.Sc. ;  "The  Effect  of  Tempe- 
rature on  Tensile  Teste  of  Copper  and  its'  Alloys/'  by  Prof.  A. 
K.  Huntington  ；  "Inter-Crystalline  Cohesion  in  Metals/'  by 
W.  Ro&enhaiu,  D.Sc"  and  D.  Ewen,  M.Sc.  ；  "  The  Solidifica- 
tion of  Metals  from  the  Liquid  State/'  by  G.  T.  B'eilby, 
LL.D.，  F.R.S.  ；  "  Oxygen  in  Brass/'  by  Prof.  T.  Turner, 
M.Sc.  ；  "  The  Joining  of  Metals,"  by  A.  E.  Tucker,  F.I.C. ； 
and  u  Autogenous  Welding/ '  by  Prof.  Dr.  F.  Carnevali.  In 
addition,  the  volume  contains  a  verbatim  report  of  the  third 
May  lecture  by  Sir  J.  Alfr'&d  Ewing,  K.C.B.，  F.R.S.,  on 
" The  Inner  Structure  of  Simple  Metals,"  as  well  as  a  selec- 
tion by  the  Editor  of  interesting  abstracts  of  papers  relating 
to  the  non-ferrous  metals. 

*    #  * 

Practical  Geometry  and  Graphics.  David  Allan  Low,  Wh.Sc, 
M.I.Mech.E.,  Prof,  of  Engineering,  East  London  Col- 
lege ； with  800  illustrations  and  700  exercises.  London  : 
Longmans,  Green,  &  Co.  8|in.  by  6in.  ；  448  pp.  Price 
7s.  6d.  net. 

This  is  essentially  a  book  for  thei  student,  and  though  the 
subject  is  one  on  which  existing  text  books  supply  an  ample 
field  for  selection,  the  on©  under  notice  presents  some  features 
which  should  commend  it  to  thosi©  who  are  making  a  choice. 
The  principal  one  is  its  comprehensive  character.  Most  text 
books  which  deal  with  this  subject  treat  only  of  a  limited 
portion,  and  two  or  three  books  would  usually  be  necessary 
to  bring  uuder  the  eye  of  the  student  the  matter  contained 
in  this  work.  Prof.  Low  has  had  very  wide  experience  as  a 
teacher,  and  is  particularly  acquainted  with  the  needs  of 
engineering  students,  to  whom  geometry  in  on©  form  or 
another  is  an  important  part  of  their  training,  not  only  for 
its  many  practical  applications  in  problems  relating  to  stresses 
in  structures  and  accurate  presentation  of  mechanical 
constructions  in  the  shape  of  orthographic  or  perspective 
plans,  elevations,  and  sections,  but  also  for  the  excellent 
mental  training  whicli,  apart  from  everything  else,  co-ordi- 


nate or  descriptive  geometry  affords.  Not  the  least  of  the 
valuable  features  of  the  book  is  the  admirable  selection  of 
examples,  with  illustrated  diagrams  relating  to  their  solution. 
The  book  is  divided  into  some  28  chapters,  and,  broadly 
speaking,  deals  with  the  plane  geometry  of  the  line  and  circle 
and  conic  sections,  problems  relating  to  】oci，  graphic  statics 
and  periodic  motion,  co-ordinate  geometry,  including  the 
intersections  of  lines,  planes,  and  solids,  isometric  and  per- 
spective projection,  including  problems  of  shadows,  and  also 
a  useful  chapter  on  questions  relating  to  helices  and  screws. 
The  work  is  good  in  every  way,  and  we  doubt  not  will  take  a 
prominent  position  in  the  estimation  of  those  interested  in 
this  subject. 

*    *  * 

Evolution  of  the  Internal-combustion  Engine.      I  i y   Ivl.  Butler. 

With  188  illustrations.  London  ：  Chas.  Griffin  &  Co.， 
Ltd.  8|in.  by  6in.  ；  237  pp.  Price  8s.  6d.  net. 
The  contents  of  this  book,  as  the  title  implies,  are  inainlv 
historical,  and  though  the  development  of  the  internal- 
combustion  engine,  as  we  know  it  to-day,  has  taken  place 
almost  entirely  within  the  lifetime  of  a  generation  still  living, 
it  is  surprising  to  find  how  much  there  is  to  say  and  record. 
The  author's  experience  gives  him  excellent  qualifications  for 
the  task  he  has  undertaken,  for  in  several  directions  lie  lias 
aided  notably  in  the  progress  that  has  been  made,  and  his  love 
of  the  subject  is  manifest  by  the  painstaking  way  in  which 
details  are  illustrated  and  described.  All  who  are  interested 
in  the  practical  working  of  combustion  engines  will  find  this 
volume  interesting  and  worthy  of  a  place  on  their  bookshelf. 

Machine  Design  ：  Hoists,  Derricks,  Cranes.  By  H.  D.  Hess,  M.E., 
Professor  of  Machine  Design 3  Sibley  College,  Cornell 
University  ；  with  318  illustrations.  London  :  Lippin- 
cott  Company.   9^in.  by  6^in.  ；  368  pp.   Price  21s.  net. 

The  coubents  of  this  book  may  be  said  to  consist  of  the 
mechanics  of  the  constructional  details  in  the  way  of  belts, 
gearing,  shafting,  bearings,  hooks  aud  beams,  brakes, 
clutches,  &c.，  with  special  reference  to  their  employment  in 
hoisting  apparatus,  and  a  very  brief  introductory  reference  to 
the  properties  of  constructional  materials.  The  author  has 
an  established  reputation  in  America  and  is  well  known  for 
his  contributions  on  many  engineering  problems,  and  his 
treatment  of  the  matters  herein  dealt  with  is,  as  we  should 
expect,  both  sound  and  practical.  The  only  adverse  criticism 
one  is  inclined  to  make  with  regard  to  the  book,  and  it  applies 
more  or  less  to  nearly  all  American  text  books  that  come 
under  our  notice,  is  in  respect  to  the  price.  This  is  certainly 
stiff,  wlien  compared  with  the  information  of  a  more  or  less 
similar  character  available  to  those  who  desire  it  iu  British 
text  books .  Though  thick  paper,  large  type,  and  wide 
spacing  help  to  make  text,  formula,  and  illustrations  clear  aud 
imposing,  American  publishers  push  these  features  to  excess, 
with  the  result  that  on©  feels  that,  without  any  material 
sacrifice,  their  text  books  could  be  compressed  into  much 
smaller  dimensions,  with  advantage  in  every  way. 


BOOKS  RECEIVED. 

The  Manufacture  of  Iron  and  Steel.     Bv  H.   K.  Hearson, 

M.I.Mech.E.  London:  E.  &  F.  Spoil,  Ltd.  8|iu.  by  5^in. ； 
100  pp.    4s.  6d.  net. 

Hygiene  for   the  Worker.     New   York  :  American  Book 

Company.    7.Un.  by  5]iu.    50  cents. 


Foundry  Pig-iron, — The  third  meeting  <'t  the  、t's、iun  in  cuu- 
nection  with  the  Birmingham  Branch  of  the  British  Foiuulrv- 
men's  Association  was  lield  on  Saturday  last,  when  Mr.  W.  L. 
Parker,  F.I.C.  (Rugby)  read  a  paper  entitled  "  Specifications 
of  Foundry  Pig-iron. M  The  question,  he  said,  was  essentially 
a  national  oue.  The  fracture  of  pig-iron,  he  contended,  was 
not  a  sufficient  test  as  to  its  properties.  Grading  by  fracture 
at  the  blastfurnace  was  left  in  the  hands  of  men  who  had  uot 
liad  sufficient  education  on  the  subject.  Mr.  Parker  proceeded 
to  detail  his  system  of  grading  pig-irou  by  combining  carbon 
and  silicon,  and  afterwards  dealt  with  the  composition  of 
foundry  cokes,  the  gas  of  cold,  semi-cold,  aud  hot  blast,  the 
ores  used  in  the  blastfuruaces,  the  refining  of  pig-iron,  and 
the  would-be  use  of  specifications. 
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STATOR  BLADES  FOR  STEAM  TURBINES. 

In  respect  of  the  fixing,  a  difVoreiu'&  has  hit  IhmI o  Ixm-h  m;i'l(' 
between  two  kiiuls  of  st  eani  1  urhine  si  ni  ov  blades,  iwunely, 
41  built  in  "  and  "  cast  in  、，  blades.  In  tlie  first  arraiigcMiiont 
the  blades,  wliicli  are  made  separately,  are  inserted  in  corre- 
spoiuling  recesses  in  the'  slat  or  discs  of  i  lie  turljincs.  St  ； d  or 
discs  of  this  kind  with  "  built  in  ，，  blades  ©nable  great  accuracy 
to  be  attained  in  const rucl ion ,  hut  ;\vv  not  sat  ist'aci oi-y  in  i  lie 
case  of  blades  of  great  length,  and  when  ihv  "n'hii">s  ar。 
worked  under  full  admissioi!  do  not  satisfy  the  requirements 
as  to  strength  deniaiid ed  of  the  blade  rims,  and  consequently 
do  not  permit  the  length  of  tlie  Mad^s  to  be  increased  as  may 

be   desired   in  turbines 
worked  under  full  ad- 
mission.   For  these  cases 
the   casting    in   of  the 
stator    blades   is  usual. 
By  this  method  of  con- 
struction    the  requir(!tl 
strength  of  the  blade  rim 
can,  it  is  true,  be  obtained, 
but  it  has  other  disadvan- 
tages which  limit  its  ap- 
plicability.     First  and 
foremost,  the  casting  in 
of  the  blades  easily  im- 
pairs the   accuracy  and 
uniformity  of   the  angle 
of   the   blades   and  the 
distance   between  them, 
and  owing  to  shifting  of 
the  cores  the  areas  of  the 
blades  are  easily  rendered 
different.    Moreover,  the 
casting  in  of  the  blades 
necessitates,  on  account 
of    the   cores  which 
h  ave    to     be    i  n  ser  ted  ， 
a  somewhat   considerable   minimum   distance  between  the 
several  blades,  so  that  when  cast  in  blades  are  used,  it  is  not 
possible  to  make  the  division  betwe&n  the  blades  as  small  as 
the  most  effective  guiding  and  utilisation  of  the  steam  would 
require.      This  difficulty  is  very  considerable  in  the  case  of 
stator  blades  in  particular,  becau&e  the  exit  ends  of  the  blades 
lie  very  close  to  each  other  owing  to  the  small  outlet  angle. 
Again,  the  production  of  the  cores  and  the  moulding  thereof 
must  be  carried  out  with  scrupulous  care,  so  that  this  method 
of  construction  is  both  tedious  and  expensive.    Even  with  the 
most  careful  construction  the  subsequent  possibility  of  the  disc 
being  of  any  use  at  all,  depends  on  the  success  of  tlie  casting. 

The  arrangement  illustrated  herewith  has  been  designed 
and  patented  by  Messrs.  Krupp  Bros.  ，  Kiel-Gaardon, 
Germany,  with  the  object  of  providing  a  stator  device  which 
shall  have  th-e  advantages  of  the  known  methods  of  construc- 
tion without  exhibiting  their  defects.  Fig.  1  is  an  axial 
section  through  the  stator  blade  rim  of  a  turbine.  Fig.  2  is 
a  developed  section  on  the  lino  2 ― 2  of  Fig.  1，  looking  in  the 
direction  of  the  periphery  of  the  disc.  Fig.  3  is  a  section  on 
the  line  3 一 3  of  Fig.  2,  looking  from  th©  right,  and  Fig.  4  is 
a  detail .  A  is  the  disc  of  the  stator  disc  of  a  steam  turbine, 
and  B  is  the  ring  which  bounds  the  stator  disc  on  the  outside. 
Tlie  stator  blade  rim  proper  consists  of  two  separate  systems 
of  blades,  namely,  a  blade  rim  C  for  the  admission  of  the 
steam,  and  a  ring  of  blades  D  for  the  outlet  of  the  steam.  Tlie 
blade  rim  C  consists  of  straight  or  curved  plaies  which  are 
cast  into  the  stator  disc  A  B.  The  second  blade  rim  D  is 
connected  to  the  outlet  end  of  the  first  blade  rim  C，  the 
divisions  between  the  blades  D  being  smaller  than  divisions 
between  the  blades  in  the  rim  C.  This  second  rim  is  formed 
by  short,  sharply  curved  blades  D，  which  are  pushed  into  a 
dovetail  shaped  undercut  groove  in  the  stator  ring,  and  are 
held  in  position  by  inserted  intermediate  pieces  E.  The  stator 
ring  may  in  this  case  be  divided,  or  provided  with  an  opening 
for  the  introduction  of  the  blades.  The  intermediate  pieces 
E,  the  cross-sectional  form  of  which  is  shown  in  Fig.  4，  have 
projections  ex  which  engage  in  corresponding  recesses  in  tlie 


adjacent  blades  D.  By  this  means  the  intermediate  pieces 
tli(»nisf!lvcs  are  prevent t'roni  f;illin^  out . 

The  arrangement  lias  the  following  advantage  Firstly, 
the  cast  in  steam  inlet  blades  C  favourably  influence  (he 
strength  of  the  entire  rim,  even  when  the  blades  are  o\  y  '  a， 
length  and  under  full  admission.  These  blades  may  also,  as 
they  are  mostly  straight  or  only  sli^litly  curved,  he  ronM  rurt  wl 
without  making  too  severe  demands  on  the  foundry,  and  the 
theoretically  correct  distribution  maintained,  whereby  good 
guiding  and  a  favourable  action  upon  the  speed  of  tlie  steam 
issuing  from  the  adjacent  rotor  is  obtained.  The  "  cast  in  '， 
straight  blades  also  give  greater  strength  to  tlie  stator  blade 
rim  in  the  direction  of  tlie  axis  of  the  turbine,  in  comparison 
with  the  wliolly  cast  in  bladas  whiclx  are  curved  over  almost 
their  entire  length,  so  that,  as  -experience  has  shown,  the 
blades  may  be  shortened  in  this  direction  and  a  reduction  in 
the  width  of  the  stator  rings  and  of  the  whole  turbine  thereby 
obtained.  The  steam  outlet  blades  D  lying  alongside  the 
steam  inlet  blades  C  and  built  into  the  stator,  in  contra- 
distinction to  cast  in  blades,  permit  any  desired  fineness  of 
curvature,  and  enable  absolute  accuracy  of  the  form,  area, 
and  angle  of  the  blades  such  as  is  required  for  the  most  favour- 
able utilisation  of  tlie  steam  to  be  maintained.  The  number 
of  steam  outlet  blades  is  entirely  independent  of  the  number 
of  steam  inlet  blades,  but  is  in  most  cases  greater  and 
may  amount  to  a  multiple  thereof.  Thus,  for  example, 
in  the  constructional  form  illustrated,  tlie  number  of 
the  built  in  steam  outlet  blades  is  double  the  number  of  the 
steam  inlet  blades.  The  whole  construction  of  the  stator  disc 
can  be  made  especially  simple,  if,  as  shown,  th-e  cast  portion 
of  the  siator  device  also  acts  as  the  carrier  for  the  built  in 
blade  rim.    This  is  not,  however,  imperatively  necessary. 


POWER  FACTOR  OF  ALTERNATING-CURRENT  SYSTEMS. 

At  a  recent  me&ting  of  the  Institution  of  Electrical  Engineers 
a  paper  was  read  by  Prof.  Miles  Walker  on  "  The  Design  of 
Apparatus  for  Improving  tlie  Power  Factor  of  Alternating- 
current  Systems."  The  paper  was  confined  to  a  statement  of 
the  principles  involved  and  a  description  of  the  phase^advancer 
built  by  the  British  Westinghouse  Company.  Prof.  Walker 
pointed  out  that  the  main  reason  why  the  phase-advaucer  had 
a  fair  chance  of  commercial  success  was  that  it  was  a  machine 
of  small  output  in  comparison  with  tlie  amount  of  change  of 
wattless  load  which  ifc  was  capable  of  effecting  when  used  in 
conjunction  with  an  induction  motor  of  suitable  size.  A 
phase-advancer  of  only  30-k.v.a.  capacity  was  capable  of 
changing  the  power  factor  of  a  1,300-k.v.a.  motor  from  088 
lagging  to  0-95  leading.  That  was  to  say,  the  motor,  instead 
of  requiring  to  b©  fed  with  lagging  wattless  current  to  the 
amount  of  600  k.v.a.,  would  relieve  the  generators  supplying 
the  system  of  a  wattless  load  of  400  k.v.a.,  making  a  total 
change  in  the  wattless  power  of  1,000  k.v.a.  to  the  good.  The 
reason  was  that  th©  phase-advancer  stood  in  the  same  relation 
to  an  induction  motor  as  an  exciter  did  to  a  synchronous 
motor.  An  exciter  of  comparatively  small  capacity 
could  over-excite  a  synchronous  motor  so  as  to  make 
it  supply  a  wattless  load  50  tim^s  as  great,  measured 
in  k.v.a.,  as  the  rating  of  the  exciter.  Now  if 
for  some  mechanical  work  a  large  induction  motor  must 
be  employed,  the  extra  cost  of  making  that  motor  run  at 
unity,  or  even  at  a  leading,  power  factor  was  not  very  great. 
It  was  merely  a  question  as  to  the  cost  of  an  advancer  of  which 
the  rated  output  was  some  3  to  6  per  cent,  of  the  rating  of 
the  motor,  and  the  cost  of  a  3-phase  double  throw  switch  for 
putting  it  in  and  out. 

The  cases  that  would  be  found  most  suitable  for  the  addi- 
tion of  a  phase-advanoer  to  induction  motors  were  t  hose  where 
the  motors  were  intended  to  run  continuously  in  one  direction 
throughout  the  greater  part  of  the  day.  If  a  motor  was 
intended  to  be  started  and  stopped  frequently,  or  reversed , 
then  it  was  not  suitable.  Large  induction  motor  generators, 
whether  tlie  continuous-current  load  was  steady  or  not,  might 
very  well  be  fitted  with  ])hase-advancers  to  improve  the  power 
factor  of  the  system  to  which  tliey  were  connected  ；  also  large 
induction  motors  driving  fans  or  otlier  machinery  which  ran 
continuously  in  one  direction. 
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THE  STRENGTH  OF  GEAR  TEETH.* 

BY  GUIDO  H,  MAJtX. 

(Continued  from  page  83.) 

The  Lewis  formula  is  based  upon  tlie  theory  of  flexure 
under  tlie  assumptions  that  the  entire  load  is  borne  by  a  single 
tooth,  the  point  of  application  of  the  load  being  the  extreme 
end  of  the  tooth,  and  the  direction  of  the  acting  force  being 
normal  to  the  tooth  profile  at  that  point.  The  line  of  action 
of  tlie  force  is  considered  carried  to  tlie  centre  line  of  the  tooth 
(Fig.  5)  with  W  equal  to  th-ei  transverse  component  as  applied 
at  this  point.  Subsequently  it  treats  IV  as  the  load  at  the 
pitch  circumference.  The  effects  of  the  compressive  and  shear 
components  are  ignored.  Fracture  is  assumed  to  take  place 
on  a  plane  section,  the  position  of  which  is  determined  by 
inscribing  a  parabola  of  uniform  strength  with  the  vertex 
lying  at  the  intersection  of  the  centre  line  of  the  tooth  and  the 
line  of  action  of  the  force.  The  dangerous  section  is  the  plane 
section  containing  the  points  of  tangency  of  the  parabola 
with  the  tooth  outline.    That  these  assumptions  are  too  severe 


Table  III. 


—Equivalent  Static  Breahivq  Loads  W  at  Pitch  Line 
Series  4,  Sept.  11-13,  1912. 

Position  of  Stressed  Teeth  and  Equivalent  BRtAKiNo  Load 


Single  Tooth  Loaded 


2-Teetb  Loaded  |3- [？]  Teeth  Loaded 


c  i 

3 

E 


Test  No'  W 

Test  No. 

Test  No- 

W 

Test  No. 

W 

Test  No. 

W 

1216 

12 

_ 1440~ 

1632 

9 

1600 

20-r 

5 

1184 

13 

1470 

2 

1696 

8 

2176 

10 

1472 

6 

1152 

3 

1664 

11 

1632 

Aver. 

1184  . 

Aver. 

1458 

Aver. 

16b  4 

Aver. 

2144 

Aver. 

1568 

~ 18 ~ 

1472 

25 

1877 

~ 14 ~ 

"1941 

― 20 ~ 

2003  ― 

23 

3o-r 

19 

1429 

26 

1707 

15-16 

Void 

21 

2176 

24 

1856 

27 

1728 

17 

1899 

22 

2965 

Aver. 

1451 

Aver. 

1771 

Aver. 

1920 

Aver. 

2581 

Aver. 

1846 

31 

Void 

39 ~ 

~ 2416 

"*28 

241ti 

n~ 

3360— 

~ 36 ~~ 

Void 

40-r 

32 

2616 

40 

2336 

29 

2272 

35 

3360 

37 

2560 

33 

1600 

30 

2208 

- - • 

38 

2528 

Aver. 

1608 

Aver. 

2376 

Aver. 

2299 

Aver. 

3360' 

Aver. 

2544 

or  unfavourable  for  accurately  cut  gears  is  evident  from  the 
result  of  these  tasts,  as  will  be  shown  later. 

To  check  the  applicability  of  thei  Lewis  formula  to  the 
form  of  gear  tooth  employed  in  these  experiments,  the  teeth 
of  the  20，  30，  40，  80，  100，  and  150  tooth  14|°  involute  gears 
were  carefully  measured  by  gear-tooth  micrometer  calipers. 
They  then,  together  with  a  theoretical  rack  tooth  of  th-e  same 
system,  were  accurately  drawn  to  a  scale  of  100  times  full 
size.  In  theso  te&th,  parabolas  were  inscribed  by  the  Lewis 
method  and  the  dangerous  section  located.  Th-e  factors  for 
strength  do  not  s&riously  vary  from  those  given  by  the  Lewis 

expression  for  15°  involute  teeth,  ie.,  0*124 -  ^       •  If 

n 

the  assumptions  in  the  previous  paragraph  are  correct,  the 
Lewis  formula  should  give  the  actual  static  breaking  loads 
when  the  actual  modulus  of  rupture  is  inserted  for  s.  To  test 
this,  consider  first  the  case  of  a  20-tooth  10-pitch  1  Ain.  face, 
cast>iron  pinion,  the  material  having  a  modulus  of  rupture  of 
39,000.    Substitution  in  the  Lewis  formula 


the  actual  value  shown  by  the  tests.  Similarly,  the  Lewis 
formula  gives  a  value  of  l，3171bs.  for  the  static  breaking 
strength  of  the  30-tooth  gear,  while  Fig.  4  shows  this  to  be, 
for  a  30-tooth  meshing  with  a  40-tooth,  2,2601bs.  Again  the 
Lewis  value  is  much  too  low,  being  but  60  per  cent,  of  the 
actual  test  result. 

The&e  discrepancies  demonstrate  that  the  assumptions 
upon  which  the  Lewis  formula  are  based  are  too  severe,  and 
they  indicate  the  necessity  of  taking  into  consideration  the 
length  of  the  arc  of  action  ；  for  if  the  length  of  the  arc  of 
action  exceeds  the  pitch  arc,  it  is  evident  that  the  previously 
engaging  teeth  will  not  have  gone  out  of  action  at  the  time 
when  the  load  first  comes  on  the  newly  engaging  teeth,  and 
it  is  only  at  the  instant  of  engagement  or  disengagement  that 
the  load  can  be  applied  at  the  end  of  a  tooth.  This  is  not 
only  theoretically  so,  but  it  can  be  counted  on  with  reasonable 
c&rtainty  for  modern,  accurately  cut  gears.  It  must  be  borne 
in  mind  that  this  is  the  least  stiff  position  of  the  tooth,  and 
that  it  would  therefore  tend  to  yield  slightly  under  the  load, 
thus  allowing  another  pair  of  teeth  to  com, into  engagement 
or  remain  in  engagement.  This  elastic  yielding  would  be  apt 
to  make  up  for  the  slight  errors  in  tooth  spacing. 

In  order  to  test  the  actual  static  strength 
of  the  teeth  in  various  positions,  and  with 
one,  two,  or,  if  possible,  three  pairs  engaging 
simultaneously,  experiments  were  carried  out 
with  results  as  shown  in  Table  III.  The  loads 
were  applied  in  each  case  by  a  steel  30-tooth 
pinion  with  all  teeth  save  three  single  ones, 
two  pairs  of  two,  and  one  set  of  three  having 
been  milled  off  in  such  a  way  as  to  leave  gaps 
between  the  remaining  teeth.  Because  of 
this  there  could  be  positive  assurance  that 
only  as  many  pairs  of  teeth  engaged  in  any 
test  as  was  intended.  The  gears  were  set  up 
with  the  teeth  engaging  in  the  position 
desired,  the  cast-iron  gear  to  be  tested  being 
the  one  on  the  brake  shaft  and  a  surface 
gauge  being  used  to  test  the  accuracy  of  con- 
ditions. All  play  was  taken  up  and  the 
brake  was  tightened  down  with  emery  cloth 
between  it  and  the  wheel,  so  as  to  prevent  all 
slip.  Tlie  breaking  power  was  supplied  by 
means  of  a  special  hand-operated  lever 
instead  of  by  motor.  Position  A  corre- 
sponds to  the  loading  assumptions  of  the 
Lewis  formula,  and  it  is  interesting  to  com- 
pare these  results  with  those  obtained  by  using  the  Lewis 
formula  with  a  modulus  of  rupture  of  39,0001bs.  Table  IV. 
presents  this  comparison  in  concise  form. 

Table  IV. ― Equivalent  Breaking  Loads. 

Size  of  gear                                                   20  T    ...    30 T  ...  40 T 

W  by  test,  position  A                                       1184    ...    1451  ...  1608 

W  computed  by  Lewis  formula                          1170    ...    】317  …  1392 

The  test  values  of  W,  as  given  in  Table  IV.,  correspond  to 
a  formula  for  this  position  of  engagement  and  static  con- 


：6 


Tf  =  spf  (0154 


W  =  sPf  (  0 


124  — °^4、 


gives 

F  =  38,000 
therefore 


0-3U16  x  1-0625  (  0-124- 


0-684、 


TF=l，1701bs. 

But  from  curve  A,  Fig.  3，  it  is  se&n  that  the  static  strength 
<J .e "  equivalent  breaking  load  at  zero  pitch  velocity)  is 
approximately  l，6501bs.  for  a  20-tooth  pinion,  in  mesh  with  a 
30-tooth  gear.  The  value  computed  by  the  Lewis  formula, 
when  using  the  real  modulus  of  rupture,  is  only  two-thirds  of 
•Abstract  of  paper  read  before  the  American  Society  of  Mechanical  Engineers. 


This  equation  would  make  the  static  strength  of  single 
teeth  vary  from  that  of  a  theoretically  correct  rack  tooth  down 
to  a  20-tooth  pinion  in  the  ratio  of  0154  to  0  091  ；  in  other 
words,  the  rack  tooth  would  have  1*69  times  the  strength  of 
the  20-tooth  pinion.  The  Lewis  formula  would  give  a  ratio 
of  0.124  to  0'090  for  the  same  gears.  The  discrepancy  can  be 
explained  by  the  fact  that  the  theory  of  flexure  is  recognised 
as  only  approximately  correct,  particularly  for  oblique  forces, 
material  which  has  not  the  same  strength  in  tension  as  in 
compression,  and  for  stresses  beyond  the  elastic  limit. 
Furthermore,  the  Lewis  factors  neglect  entirely  the  effect  of 
the  angularity  of  the  force  in  producing  a  compressive  stress. 
In  the  case  of  the  20-tooth  gear  this  angularity  is  such  as  to 
make  the  compressive  component  of  the  acting  force  more  than 
50  per  cent,  of  the  transverse  component.  The  theory  of 
flexure  upon  which  the  Lewis  formula  is  based  would  have  the 
fracture  occur  on  a  plane  section  (as  shown  in  Fig.  5)  and 
would  have  the  breaking  loads  vary,  approximately  as  the 
square  of  the  thickness  of  the  tooth  at  this  section.    As  *a 
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matter  of  fact  tlie  fracture  of  the  teeth  in  every  case  took  place 
lower  down  on  the  root  than  at  the  points  of  tangency  of 
parabolas  inscribed  on  the  I.-ewis  assumption.  Tlie  fractures 
took  plao&  rather  at  the  points  of  tangency  of  parabolas  con- 
structed for  loads  applied  at  the  pitch  points,  as  shown  in 
Fig.  6，  and  the  breaking  loads  varied  more  nearly  in  propor- 
tion to  the  squares  of  the  thickness  at  this  section.  The 
surface  of  the  break  invariably  was  in  the  form  of  a  curve 
running  down  into  the  root  as  shown  and  in  no  case  did 
a  tooth  break  square  across. 

Mention  is  made  above  of  th©  necessity  of  taking  the  arc 
of  action  into  consideration  in  dealing  with  the  load- 
carrying  strength  of  gear  teeth.  It  would  9&em  that  the 
breaking  load  of  a  gear  would  depend  not  solely  upon  itself, 
but  also  upon  the  gear  with  which  it  meshed.  The  larger  t  ho 
meshing  gear,  the  greater  the  arc  of  action  ；  and  the  greater 
the  arc  of  action,  the  more  likely  tlie  load  is  to  be  borne  on 
two  or  more  pairs  of  teeth  simultaneously,  and  the  less  likely 
that  tho  entire  load  will  fall  on  a  single  tooth  in  its  position 
of  least  strength .  It  is  desirable  to  see,  then,  what  effect,  if 
any,  the  length  of  arc  of  action  has  on  the  breaking  load.  To 
sae  what  the  effect  was  under  static  (zero  pitch  velocity)  con-一 
ditions  a  series  of  tests  (Series  5)  was  conducted.  Tests  were 
made  of  30-tooth  gears  in  mesli  with  30，  40，  60,  and  80-tooth 
gears.  It  was  found  in  making  these  tests  that  the  position 
of  the  toe tli  in  engagement  made  a  vast  difference  in  results. 
It  was  therefore  necessary  to  find  by  trial  the'  position  of 
engagement  corresponding  to  the  least  carrying  power  of  the 
tooth.  The  results  ar-e  given  in  Table  V.  There'  is  nothing 
to  account  for  the'  foregoing  variation  in  strength  except  the 
differences  in  arc  of  action.  It  was  the  intention  to  carry 
similar  tests  out  on  30-tooth  meshing  with  80-tooth  and 
100-tooth,  but  it  was  found  in  trying  the  30  and  80  pair,  that 
the  rim  of  the  80-tooth  broke,  cracking  the  arms  and  hub, 
before  a  breaking  load  of  the  te'&tli  could  be  reached.  Fig.  7, 
curve  Ay  shows  the  results  of  tbe&e  tests,  the  ordinabes  being 
equivalent  breaking  loads  at  pitch  point,  and  the  abscissae 
being  arcs  of  contact.  There  being  no  unbroken  20-tooth 
gears  to  ，】se  in  series  5,  the  value*  for  static  strength  of  30-tooth 
meshinp  with  20-te>&th  (arc  of  action,  0'53938in.)  is  taken 
from  Fig.  3,  curve  A, 

Table  Y  —Static  Strength.     Series  5，  September  26-27,  1912. 
Breaking  Loads  W  of  30T  in  mesh  with 


30T 

40T 

60T 

Scries 

Test 

IK 

Scries 

Test 

w 

Series 

Test 

W 

4 

23 

1835 

5 

1 

l'4S(i 

5 

14 

2453 

4 

24 

185(i 

5 

6 

2368 

5 

15 

2453 

5 

17 

2475 

5 

2080 

5 

18 

2304 

5 

8 

2112 

Average  2118 

Arc  of  action  0«(>1158in. 


Average   2260 

Arc  of  action  0.62814in. 


Average   2453 

Arc  of  action  0-64919in. 


From  Table  IV.  it  is  seen  that  the  static  strength  of  a 
single  tooth  of  a  30-tooth  gear  in  its  weakest  position 
= l,4511bs.  This  would  measure  th-e  strength  of  teeth  with 
an  arc  of  action 

f  A  oi  j  •         ，        •       i       , i     arc  of  action 
ot  U  J14in.  or  less,  i.e.  when  the  ~ 5 = ~ 

pitch  arc 


-土  1, 

> 


From  Fig.  7，  curve  Ay  for  a  30-tooth  meshing'  with  a 
20-tooth  th©  arc  of  action  equals  0'53938in.  and  the  corre- 
sponding Hr=  l,6601bs.  From  these  facts  and  Table  V.  it  is 
possible  to  construct  Table  VI.  to  show  the  relationship,  under 
static  conditions,  existing  between  length  of  arc  of  action  and 
equivalent  breaking  load.      The  rang©  in  breaking  strength 

Table  VI. ― Relation  between  Arc  of  Action  and  Equh 、(！ lent 
Static  Load. 


Arc  of  Action 
Ratio  

0*31416 

0*53933 

 =172 

031416 

1660 

114 

0-61158 

 = 1*95 

031410 

2118 

1  46 

068214 

 = 2 

0&4919 

 = 207 

Pitch  Arc 

Breaking  Load 

Breaking  Load 

Ratio  

1451 

031416 
1451 
1 

031416 

2260 
1*56 

0314 1G 
2453 
169 

due  to  varying  arcs  of  action,  from  1  to  169  shown  by  this 
table,  is  as  great  as  that  due  to  form  between  20  t^eth  and 


150  teetli  ；  and  it  is  greater  than  that  due  to  variations  in 
velocity  from  zero  pitch  speed  to  over  500ft.  per  minute.  If 
form  of  tooth  and  velocity  are  of  sufficient  importance  to  be 
taken  into  account  in  a  formula  for  gear  tooth  strength  it  is 
demonstrated  that  there  should  also  be  introduced  a  factor  for 
arc  of  action. 

Further  light  is  thrown  upon  the  extent  of  the  influence 
of  the  length  of  arc  of  action,  if  from  series  1  and  J  tli*-  n 
involving  30-tooth  gears  made  at  nearly  a  uniform  pitch 
velocity  are  selected.  The  results  of  such  testa  made  at  about 
290ft.  pitch  velocity  are  shown  graphically  in  Fig.  7,  rurve  fi. 
There  are  no  running  experiments  involving  an  arc  of  action 


r- 國 

一" A 

a3io 


a3S0  0390 
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1800 1 
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Arc  of  Action,  Inches 
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Fig.  7.— Relation  betwf.en  Equivalent  I?rkakinc;  Load  and  Arc  op 
Contact. 

of  0.31416.  But  from  Figs.  3  and  4  it  is  clear  that  the  break- 
ing strength  at  300ft.  per  minute  is  about  70  per  cent,  of  the 
static  strength.  It  is  therefore  not  improper  to  assume  that 
tlie  breaking  strength  for  an  arc  of  contact  of  0*31416  at  a 
pitch  velocity  of  300ft.  per  minute  would  be  70  per  cent,  of 
l，4511bs.，  or  l，0161bs.  On  this  assumption  and  the  data  of 
Table  VI. ，  Table  VII.  has  been  computed.  It  is  interesting 
to  not©  how  closely  this  agre-es  with  Table  IV. 

Tahle  VII. ― Relation  betioeen  Arc  of  Action  and  Breaking 
Load  under  1  limning  Conditions. 


Ratio : 
Arc  of 
Action 


0-31416, 


Pitch  Arc  0 '3 14  lti 

BreakinR 
Load 


Ratio  : 
Breaking 
Load 


0  61158  _ 


J'31416 


1193 


HO"     -    Gt49I9_.- 〜 


066-209 


=  2-11 


1637 


•61 


1636 


1632 


Table  VIII. ― Coefficients  Based  on  Arc  of  Action. 


„  L.      Arc  of  Action 
Ratlo:    Pitch  Arc 

1-6 

1*7 

1-8 

1'9 

1-05 

2*00 

Corresponding  a 

1 

1-05 

1-15 

1-24 

1-38 

J*47 

1*60 

The  results  in  Tables  VI.  and  VII.  may  now  be  combimnl 
and  a  table  of  coefficients  a  constructed  by  which  the  effect  of 
the  arc  of  action  may  be  introduced  into  the  formula  for  the 
strength.  The  entire  formula  as  derived  from  these  experi- 
ments for  the  safe  equivalent  load  at  pitch  line  may  now  be 
written 


•"pi 


0-151 


1-2G 


which 

W=  safe  working  load  at  pitch  line  in  pounds, 
s  — modulus  of  rupture  =  39,000  in  tliese  tests  but  ordi- 
narily to  be  taken  =36,000. 
jp  =  circular  pitch  in  inches. 
/=  width  of  face  in  inches. 
i  =  factor  of  safety. 
n  =  number  of  teeth  in  gear. 
v  =  velocity  coefficient  from  Table  IT. 
a  =  arc  of  action  coefficient  from  Tal)!e  VTTT. 
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The  general  effect  of  arcs  of  action  and  of  pitch  speed  on 
the  breaking  strength  of  gear  teetli  as  found  in  these  experi- 
ments can  best  be  &&&n  by  combining  Fig.  3,  curve  A}  Fi^.  \ 
and  Fig.  7，  curves  A  and  B,  into  a  single  isometric  chart. 
This  is  don©  in  Fig.  8.  The  ordi nates,  as  heretofore,  repre- 
sent equivalent  breaking  loads  at  pitch  point  in  pounds.  One 
set  of  abscissae  represents  pitch  speeds  in  feet  per  minute  ；  tlie 
other  &&t  represents  lengths  of  arc  of  action  in  inches. 

To  complete  th©  record  of  this  oxper i men t ation  nient ion 
should  be  made  of  the  tests  which  were  designated  as  series  3. 
In  planning  these  it  was  thought  tliat  the  remaining  unbroken 
gears  could  have  their  width  of  face  turned  down  to  one- half 
its  previous  value,  and  tlien,  the  teeth  being  theoretically  just 
lialf  as  strong  as  those  of  the  full-width  gears,  tests  might  be 
conducted  at  higlier  pitch  speeds  and  the'  gears  ruptured 
within  the  capacity  of  the  motor.  The  observed  breaking 
load  oould  then  be  doubled,  and  th©  breaking  load  of  tlie  full- 


Fig.  8.— Relations  between  Arc  op  Action,  Pitch  Rpeeu,  and  Breaking 
Load,  Shown  Isometrk  ally. 

width  gears  and  points  so  obtained  be  used  to  extend  the  curve 
of  direct  observations.  The  results  of  a  very  few  tests  proved 
that  this  could  not  be  done.  The  data  and  results  are  briefly 
tabulated  in  Table  IX.  It  is  evident  from  tests  48-49  and  50-51 

Table  IX.— Series  3，  July  1st,  1912. 


Test 
No. 

Width 

of 
Face. 

Change 
Gears. 

Test  Gears. 

Motor 
E.P.M. 

Net 
Brake 
Load, 

Lb. 

Pitch 
Speed 
Brake 

Gear.  Ft. 

per  Min. 

Equivalent 

Load  at 
Tee  lb,  Lb. 

Sproc- 
ket. 

Inter- 
tnediate. 

Inter- 
uifili;it-' 

r.iaki'. 

48 
49 

17/32 
1  1/16 

70 
70 

40 
40 

30 
30 

30 
30 

720 
720 

28 
66 

508.18 
508.18 

597 
1408 

50 
51 

17/32 
1  1/16 

40 
40 

20 
20 

30 
30 

30 
30 

720 
720 

28 
62 

580-77 
580-77 

597 
Could  not 
break.  Circuit 
Breaker  out. 

.52 

1  1/16 

70 

40 

30 

30 

720 

66 

508-18 

14(»S 

vSame  Gears 
a3  Test  51. 

that  the  half-width  teeth  have  not  one- half  the  strength  of 
the  full-width  teeth.  Only  speculations  can  b«  offered  as  to 
this  apparent  discrepancy.  It  may  be  that  the  wider  teeth 
forced  better  alignment  conditions  without  unduly  stressing 
the  teeth .  Or  it  may  be  that  the  additional  mass  plays  some 
part  in  shock  absorption.  But,  since  observations  could  not 
b©  used  to  supplement  those  on  full-width  gears,  no  further 
runs  were  mad-e. 

It  would  appear  that  the  factors  of  safety  in  common  use, 
in  so  far  as  breaking  strength  of  th©  teeth  is  concerned,  while 


they  niiglit,  properly  serve  for  rough  cast  gears,  are  much  too 
large  for  modern,  accurately  cut  gears  ；  and  that  Mr.  Lewis 
and  Mr.  Christie  were  quite  right  in  assuming  that  the  factor 
of  safety  at  any  speed  need  not  be  more  than  double  that 
which  will  suffice  for  the  slowest  speed. 

A  few  words  may  be  added  about  the  general  design  of  the 
gears.  Tli-e  almost  invariable  breaking  of  the  20-tooth  gears, 
l^in.  bore,  ^in.  keyway,  tends  to  indicate  that  this  is  just 
about  the  maximum  limit  of  bore  which  can  be  used  with 
tlie&e  gears  while  getting  the  maximum  out  of  the  tooth 
strength .  Any  larger  bore,  it  seems,  would  simply  allow 
these  gears  to  split  at  the  keyway  without  stripping  any  teeth. 
Of  the  30  and  40-tooth  gears,  and  of  the  proportions  of  the 
60-tooth  there  can  b©  no  criticism.  In  all  cases  the  failure 
cam©  at  the  teeth,  although  it  is  indicated  that  the  60-tooth 
gears  could  have  borne  heavier  loads  if  they  had  been  solid. 
As  a  whole  the  tests  involving  gears  with  more  than  60  teetli 
were  indecisive  so  far  as  throwing  any  light  on  the  strength  of 
the  teeth  was  concerned.  These  gears  were  not  solid  nor 
webbed  but  had  arms,  and  their  less  rigid  design  allowed  t'hem 
to  yield  and  fracture  at  rim,  arms,  and  hub  before  the 
breaking  strength  of  the  teetli  could  be  reached.  To  bring 
the  rest  of  the  gear  up  to  the  strength  of  the  teeth  would  seem 
to  require  a  larger  diameter  of  hub,  thicker  rims,  and  heavier 
arms.  In  loading  the  gears  up  to  the  breaking  strength  of 
the  teeth  considerable  difficulty  was  encountered  with  shearing 
and  battering  of  keys.  This  was  practically  overcome  by  the 
use  of  hardened  tool-sieel  keys. 


OIL  FUEL  FOR  POWER  PURPOSES. 

In  the  course  of  a  paper  recently  read  before  the  Liverpool 
section  of  the  Society  of  Chemical  Industry,  Mr.  W.  Hamilton 
Patterson  pointed  out  the  ambiguity  existing  in  the  nomen- 
clature of  various  liquid  fuel  products,  e.g.,  the  terms  paraffin, 
benzine,  solar  oil,  naphtha,  &c.，  and  proposed  the  use  of  the 
term  u  oil  fuel  "  for  products  used  for  internal  combustion, 
and  11  fuel  oil"  for  those  used  for  external  combustion,  f  f/.y 
burning  under  a  boiler  for  steam  raising.  There  was  a 
difference  in  the  requiremeTits  in  the  two  cases.  In  oil  fuels, 
volatility  was  of  greater  importance,  and  ifc  was  necessary  to 
obtain  oils  which  would  neither  corrode  nor  give  trouble  in  the 
cylinders  on  explosion  or  burning.  In  fuel  oils,  on  the  other 
hand,  the  more  vital  factors  were  cheapness,  a  fairly  higli  flash 
point,  and  high  calorific  value.  When  liquid  fuels  had  to 
compete  with  coal,  only  crude  products,  by-products,  or 
residues  could  be  considered.  The  available  sources  might  be 
divided  as  follows :  (1)  Crude  petroleum  or  its  residues  and 
products  ；  (2)  tar  oils  from  coal  distillation,  coking,  or  pro- 
ducer plants,  especially  bituminous  coal  producers  ；  (3)  liquids 
or  oils  from  vegetable  or  animal  sources,  f  •(/.,  alcohol  (at 
present  of  little  importance)  ；  and  (4)  oils  from  lignite,  peat, 
wood,  of  shale.  A  gas  oil  which  gave  trouble  in  Diesel 
engines  was  found  to  have  a  net  calorific  value  of 
16,153  B.Th.TJ.,  with  5"98  per  cent,  of  hydrogen  and  0.67  per 
cent,  of  sulphur,  whereas  the  net  calorific  value  of  a  petroleum 
oil  that  worked  well  in  those  engines  was  18,344  B.Th.U.,  and 
the  percentages  of  hydrogen  and  sulphur  respectively  12'92 
and  0*17.  Figures  were  put  forward  illustrating  sudden 
changes  at  a  certain  temperature  for  each  oil,  and  it  was 
pointed  out  that  irregularities  might  arise  if  an  engine  was 
taking  its  feed  at  that  particular  temperature. 

Wireless  Telegraphy:   Committee  of  Enquiry  Appointed. ― In 

accordance  with  the  recommendation  of  the  Select  Committee 
of  the  House  of  Commons  on  the  Marconi  Contract,  the 
Postmaster-General  has  appointed  a  Committee  to  report  on 
the  merits  of  the  existing  systems  of  long  distance  wireless 
telegraphy,  and  in  particular  as  to  their  capacity  for  con- 
tinuous communication  over  the  distances  required  ljv  the 
Imperial  cliain.  The  Committee  will  consist  of  Mr.  Justice 
Parker  (chairman)  ；  Mr.  W.  Duddell,  F.K.S.,  President  of 
the  Institute  of  Electrical  Engineers;  Mr.  R.  T.  Glazebrook, 
C.B.,  director  of  the  National  Laboratory,  Past -President  of 
the  Institute  of  Electrical  Engineers  ；  Sir  Alexander  Ken- 
nedy, F.R.S.,  Past-President  of  the  Institute  of  Mechanical 
and  Civil  Engineers  ；  Mr.  James  Swinburne,  F.E  .S.,  Past- 
President  of  the  Institute  of  Electrical  Engineers.  They  have 
been  requested,  as  desired  by  the  Select  Committee,  in  view  of 
the  urgency  of  the  question,  to  report  as  soon  as  possible,  and 
in  any  case  within  three  months  from  the  present  date. 


///////、//、、、/、、/ 
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INDICATORS.* 

HY  JAMES  O.  STEWART. 

(Continued  from  po(/e  0:.J ) 
Discussion  of  Results  of  the  Experiments  on  the  Pressure-indicating 
Mechanism  of  Indicators. t ― The  Crosby  indicatoi*,  (laspit"  tli" 
accuracy  of  its  workmanship,  is  very  sensitive  to  small 
defects ；  that  is,  small  inaccuracies  in  workmanship  of  rt'rtai'i 
parts  lead  to  large  errors  in  indicating.  The  piston  is 
secured  to  the  ball  on  the  indicator  spring ；  any  inaccuracy 
in  manufacture  which  results  in  deflecting  that  Ijall  froin  its 
true  position  in  the  axis  of  the  indicator  cylinder  will,  when 
the  piston  and  spring  are  put  in  place,  result  in  a  side  pres- 
sure of  the  piston  on  the  cylinder  wall.  Thus  friction  is 
introduced.  If  the  inaccuracy  be  in  the  indicator  cyliiHtfir 
or  cover  the  amount  of  side  ])ressure  will  be  greater  for  stifFer 
springs,  and  so  the  friction  will  be  proportional  to  the  stifT- 
ness  of  the  spring.  This  effect  is  sren  in  Fig.  7.  If  tlif'r:' 
is  any  inaccuracy  in  placing  tlie  ball  of  the  spring  exact  lv  in 
the  axis  of  the  spring  this  will  introduce'  a  side  thrust  and  a 
consequent  error  ；  such  an  error  does  exist,  as  is  shown  bv 
Fig.  9.  . 

As  it  happens,  all  errors  are  much  greater  in  the  No.  2 
Crosby  than  in  the  No.  1.  The  most  readily  comparable 
point  is  that  at  atmospheric    pressure    using  400  springs. 
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Fig.  14.— Stretch  of  Indicator  Cord. 


From  the  No.  2  Crosby  we  would  expect  3-^lbs.  per  inch2 
friction  (Fig.  7， 營 -turn  pencil  pressure),  whereas  the  No.  1 
Crosby  only  showed  a  friction  of  lib.  per  inch2  under  the 
same  conditions.  There  can  thus  be  great  differences  between 
two  indicators,  and  it  becomes  important  to  be  able  to  select 
good  ones.  A  fair  clue  to  the  quality  of  an  indicator  can 
be  obtained  by  testing  it  for  friction  by  Reynolds's  static 
method,  using  not  only  the  weak  spring  but  springs  of  all 
stiffnesses.  With  stiff  springs  the  error  should  be  so  small 
that  it  cannot  be  measured.  Doing  this  on  the  No.  2  indica- 
tor, the  author  found  errors  of  the  same  order  of  largeness 
as  those  found  kinetically  ；  but'  by  the  nature  of  the  case  the 
measurement  is  inaccurate.  On  the  other ^and,  the  friction 
measured  statically  on  the  No.  1  indicat^ was  small  with 
weak  springs  and  immeasurable  with  stiff  springs.  In 
making  such  a  measurement  as  this  it  is  essential  tliat  t】"'re 
should  be  no  play  in  the  joints  of  the  pencil  gear,  or  else 
that  its  amount  should  be  separately  determined  and  a  cor- 
rection made. 

The  irregularity  in  the  behaviour  of  indicators  is  very 

*  Paper  read  before  the  Institution  of  Mechanical  Engineers.  January  lTtli.  1913. 
t  In  tli is  discussion  reference  will  be  made  to  only  the  Crosby  and  the 
Hopkinson  indicators.  This  does  not  mean  that  other  indicators  are  free  from 
the  faults  of  these  ；  in  fact,  it  is  the  author's  opinion  that  tlu  iv  is  not  a  nitH-lmnical 
type  indicator  superior  to  the  Crosby  nor  au  optical  ouo  which,  withm  his  kuow- 
lfdge.  is  superior  to  the  Hopkinson. 


unsatisfactory  ；  it  means  that  in  any  acruriiU1  work  iiwlirator 
diagrams  cannot  be  accepted  unless  acompa'iied  by  a  state- 
ment of  the  peculiar  behaviour  of  the  iiswl  in 
taking  them.  With  regard  to  past  work,  it  wf>uhl  be  neces- 
sary, if  its  results  are  to  be  acceptwl,  Uiat  the  experinu-ntfi 
.sliould  get  back  to  his  original  indicator  and  .suppleuient  liis 
work  by  a  statement  of  its  errors.  Tliat  error  wliich  variea 
with  the  pressure  and  which  is  due  to  restraining  conph-s  in 
the  most  troublesome  ；  its  presence  can  only  \m  fl''t'  '  tf'fl  l>v 
some  such  method  as  that  used  in  these  experiments.  The 
difficulty  of  detecting  even  its  presence  is  no  reason  for 
believing  it  to  be  small.  It  is  probably  not  too  much  to  say 
that  the  indicated  horse-power  is  frequently  10  per  cent,  or 
more  greater  than  the  true  value.  The  author's  friend,  Dr. 
W.  E.  Fisher,  has  drawn  his  attention  to  an  engine  test 
winch  shows  the  presence  of  errors  of  this  magiiitude.  With 
diagrams  of  the  ordinary  form  the  effect  of  fric!  un\  is  to 
increase  the  diagram,  and  when  this  friction  increases  with 
the  pressure,  the  increase  in  the  size  of  the  diagram  will  be 
greater  for  higher  initial  and  back  pressures  in  the  c.yWwd^r. 
This  effect  Dr.  Fisher  obtained  by  working  a  Willans  engine 
― (1)  condensing,  (2)  non-condensing  ；  maintaining  tlirough- 
out  the  same  brake  horse-power.  He  used  selected  indica- 
tors. He  found  an  increase  of  indicated  horse-power  between 
the  two  cases  of  3  per  cent,  using  Crosby  indicators,  ami  an 
increase  of  4  6  per  cent,  using  Mclnnes  Dobbie  indicators. 
The  Mclnnes  Dobbie  indicators  throughout  gave  much  larger 
indicated  horse-powers  than  the  Crosby  indicators  ；  between 
the  indicated  horse-power  (condensing)  as  obtained  by  the 
Crosby  indicators  and  the  indicated  horse-power  (non- 
condensing)  as  obtained  by  the  Mclnnes  Dobbie  indicator 
there  is  as  great  a  difference  as  10  per  cent.  If  to  this  be 
added  the  percentage  error  in  the  Crosby,  we  obtain  the 
result  that  the  indicated  horse-power  as  obtained  by  the 
Mclnnes  Dobbie  indicator  is  greater  than  the  true  horse- 
power by  more  than  10  per  cent.  In  this  experiment  the 
assumption  is  made  that  the  mechanical  efficiency  of  the 
engine  is  constant  when  the  brake  horse-power  is  maintained 
constant ~ an  assumption  which  there  is  much  reason  to 
believe  is  true,  or  very  nearly  so. 

It  has  been  assumed  that  the  friction,  as  measured  from 
the  oscillation  diagrams,  is  the  same  as  that  in  the  indicator 
when  the  motion  is  that  of  the  ordinary  indicator  diagram. 
This  requires  justification.  It  has  already  been  pointed  out 
in  the  analysis  of  the  oscillation  diagram  that  the  friction 
is  practically  independent  of  the  velocity  ；  consequently  its 
magnitude  is  equally  great  even  when  drawing  a  constant 
pressure  line.  It  is  generally  believed  that  the  vibration  of 
an  engine  is  sufficient  to  relieve  the  indicator  of  all  solid 
friction.  To  determine  whether  this  was  true,  an  indicator 
was  fitted  to  a  Belliss  high-speed  engine  and  a  weak  spring 
was  put  in  the  indicator.  The  drum  was  rotated  by  the 
indicator  gear.  The  indicator  cock  was  open  to  atmosphere 
throughout.  The  indicator  pencil  was  deflected  first  above 
and  then  below  the  atmospheric  line,  as  in  the  Reynolds 
static  friction  test.  On  releasing*  it  gently,  it  took  a  final 
position  which  even  after  many  revolutions  was  almost  as 
far  distant  from  the  atmospheric  line  as  it  would  have  been 
if  it  had  not  been  subject  to  any  vibration.  With  heavier 
springs  the  possibility  of  relieving  friction  by  vibration  is 
still  less.  The  motion  of  the  piston  and  pencil  gear  may 
cause  additional  vibration.  But  such  was  present  in  the 
oscillation  experiments,  and  its  effect  is  therefore  included  in 
the  friction  as  obtained  from  them.  The  same  result  was 
obtained  on  the  Premier  gas  engine.  The  particular  Hopkin- 
son indicator  which  was  tested  showed  errors  much  greater 
than  the  Crosby.  It  is  probable  that  its  errors  may  be  con- 
siderably lessened  by  change  in  the  nature  of  the  rubbing 
surfaces  of  the  supports  and  spring,  but  it  is  not  likely  to 
be  altogether  eliminated.  A  peculiarity  of  this  method  of 
support  is  that  there  is  a  range  corresponding  to  points 
within  the  loop,  Fig.  13,  tlu'oughout.  which  there  is  no  slip- 
ping of  the  beam  in  its  supports.  Its  stiffness  as  a  spring 
is,  under  these  conditions,  greater,  and  consequently  ita 
periodic  time  is  much  less  than  that  corresponding  to  slipping 
in  the  supports.  Probably  this  rapid  oscillation  is  the 
secondary  oscillation  seen  superimposed  on  the  main  oscil- 
lation of  Fig.  12.  That  friction  was  negligibly  small  for 
conditions   corresponding    to    points   within  the  loop  was 
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evident,  small  oscillabions  set  up  within  this  range  being  very 
slowly  damped. 

Experiments  to  Determine  the  Periodic  Times  of  Oscillating  of 
the  Pencil.  ―  For  these  experiments  the  drum  of  the  indicator 
was  insulated  and  a  spark  made  to  pass  at  timed  intervals 
from  the  pencil  point  through  the  paper  to  the  drum,  piercing 
in  its  passage  a  hole  in  the  paper.  The  pencil  was  set  in 
oscillation  and  the  drum  rotated  as  in  the  friction  experi- 
ments. The  result  was  a  diagram  the  same  as  previously 
obtained,  with  the  addition  of  the  small  pierced  holes  caused 
by  the  spark.  To  obtain  the  timed  spark,  a  commutator 
driven  by  a  small  motor  was  put  into  the  low -tension  circuit 
of  an  induction  coil  and  the  trembler  of  the  coil  was  put  oui 
of  action.    The  small  motor  was  a  3-phas©  induction  one; 


Fig.  15.— Diagram  of  Forces  on  Drum  Cord. 

in  these  experiments  its  slip'  has  been  neglected.  The  fre- 
quency of  the  supply  was  known  accurately.  The  estimation 
of  the  time  interval  between  sparks  was  thus  fairly  accurate. 
Much  greater  errors  were  involved  in  the  variable  resistance 
offered  by  the  paper  to  the  passage  of  tlie  spark.  To  obtain 
pierced  holes  in  the  paper  it  was  found  necessary  to  dry  it 
carefully.  It  was  found  that,  due  to  inequalities  in  the 
paper,  the  spark  did  not  always  take  the  shortest  path 
between  the  pencil  point  and  the  drum,  the  spark  hole  being 
in  some  cases  almost  ^ in.  from  the  pencil  line.  To  eliminate 
this  error  as  far  as  possible  a  judicious  choice  of  diagrams 
was  made  and  an  average  taken.  In  choosing  diagrams, 
those  were  selected  which  showed  that  the  sparks  had  passed 
a^t  times  when  the  pencil  was  moving  with  its  maximum 
velocity  ；  this  minimised  the  effect  of  the  error.  The  number 
of  oscillations  or  fractions  of  oscillations  occurring  between 
two  or  three  spark  intervals  could  easily  be  measured  from 
the  diagrams;  a  simple  calculation  then  gave  the  time  of 
one'  oscillation. 

Table  I. ― Periodic  Times  of  Oscillations  ( Crosby  Indicator). 
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Spring. 
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-2 
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+  6.4 

The  results  which  were  obtained  are  given  in  Table  I.， 
which  also  gives  the  calculated  values  of  the  equivalent  mass 
M  and  the  corresponding  calculated  periodic  times  of  oscil- 
lations with  different  springs.  (See  Appendix  II.).  The  last 
column  gives  the  percentage  divergence  of  the  experimental 
result  from  the  calculated.  Tlie  agreement  generally  is  very 
close  considering  the  difficulties  of  measuring  so  very  small 
periods  of  time  and  the  errors  involved  in  the  assumptions 
made  in  obtaining"  the  calculated  values.  There  is,  however, 
a  noticeable  progressive  lengihening1  of  the  period  from 
experiment  compared  with  that  from  calculation,  in  advanc- 
ing from  lighter  to  heavier  springs.  This  is  not  satisfactorily 
explained  by  any  of  the  causes  of  error  mentioned  above. 
Despite  these  variations,  the  calculated  values  are  so  near  the 
experimental  that  for  most  practical  cases  it  will  be  sufficient 
to  take  them  as  accurate. 


Other  Sources  of  Error  in  Pressure  Indication.    ^Ipntion  should, 

perhaps,  be  made  of  some  of  these.  They  are，  however, 
better  known  than  errors  due  to  friction  and  are  consequently 
guarded  against  by  all  careful  experimenters  ： ― 

(1)  Errors  due  to  water  in  tlie  indicator  or  in  its  connection 
with  the  cylinder.  The  effect  of  a  mass  of  water  on  the 
indicator  cannot  be  predicted  ；  not  only  does  it  alter  the  shaj)e 
of  the  diagram,  but  it  may  introduce  a  large  error  in  the 
measurement  of  mean  pressure,  particularly  in  】iigh-speed 
engines. 

(2)  The  connection  between  the  indicator  and  the  cylinder 
may  be  of  too  small  a  bore.  Tliis  will  not  generally  introduce 
any  great  error  except  in  cases  in  which  water  may  possibly 
get  into  it.  In  particular  cases  oscillations  of  the  steam  or  gas 
may  be  set  up  in  this  connecting  pipe.  This  is  more  common 
in  gas-engine  work  where  a  long  pipe  cannot  always  be 
avoided,  and  where  the  necessity  for  a  large  bore  is  not  so 
evident  as  in  steam-engine  work. 

(3)  The  scale  of  th«  spring  may  not  be  known  with 
accuracy.  Springs  can  be  calibrated  accurately  at  room 
temperatures  or  at  212°  Fah.  Between  these  two  tempe- 
ratures there  is  a  difference  in  the  rate  of  2  to  3  per  cent.  In 
steam-engine  work  no  appreciable  error  is  involved  in  assum- 
ing that  in  working  conditions  the  temperature  of  the  springs, 
if  internal  springs,  is  212°  Fall.  In  gas-engine  work  no  such 
assumption  can  be  accepted  as  accurate  ；  all  that  can  be  done 
is  to  form  a  rough  estimate  of  the  probable  working  tempe- 
rature of  the  spring  when  used  in  the  particular  way  adopted. 

(4)  Slackness  in  any  of  the  joints  of  the  pencil  gear  or  in 
tlie  screw  of  the  piston  rod  is  a  more  serious  trouble  and  one 
which  it  is  extremely  difficult  to  avoid  ；  in  fact,  the  best  of 
indicators  of  the  mechanical  type  readily  develop  looseness  of 
the  joints  when  used.  For  accurate  work  this  slackness  must 
be  taken  up  or  th©  indicator  rejected - 

(5)  Sampling  of  diagrams  has  scarcely  received  sufficient 
attention.  Without  proper  care  large  errors  in  the  indicated 
power  may  be  introduced.  The  difficulty  is  greatest  where  tlie 
area  of  the  diagrams  is  subject  to  large  variation.  In  a  steam 
•engine  with  a  good  governor  sampling  is  comparatively  easy, 
but  in  a  gas  engine  the  variation  in  diagrams  is  often  large, 
particularly  if  it  is  working  on  power  gas.  In  a  gas-engine 
test  in  which  cars,  each  of  three  working  cycles,  were  taken 
every  fiv-e  minutes  throughout  an  hour  (that  is,  36  diagrams  in 
all),  a  difference  of  1'7  per  cent,  was  found  between  the  average 
of  all  the  diagrams  and  the  average  of  the  first  30.  The  effect 
of  large  or  small  diagrams  in  causing  such  a  divergence 
becomes  less  as  tlie  total  number  of  diagrams  increases.  In 
tlie  particular  test  instanced,  in  which  the  load  was  artificial 
and  of  constant  amount,  the  maximum  variation  of  one  of  tlie 
sets  of  three  diagrams  from  the  mean  was  about  8^  per  cent. 
In  one  instance  two  successive  sets  each  gave  8h  per  cent,  above 
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Fig.  16.— Drdm  Errors  Caused  by  Yielding  of  the  Indicator  Cord. 
Comparison  Between  Theory  and  Experiment. 

the  mean.  Roughly,  these  occurring  together  represent  an 
excess  of  17  per  oeiit  .  above  the  mean .  In  order  that  two  such 
diagrams  occurring  at  the  end  of  a  test  should  not  affect  the 
final  result  by  more  than  h  per  cent,  it  would  be  necessary  to 
take  34  sets  of  diagrams,  that  is,  almost  throe  times  the 
number  actually  taken.  Mond  gas  was  used  in  the  test  aud 
the  mixture  was  weak  ；  with  richer  mixtures  the  variations 
are  not  so  large.  In  a  test  giving  a  mean  pressure  of  921bs. 
per  inch2  the  greatest,  variation  from  the  mean  of  any  one 
set  of  diagrams  was  5  per  cent.    In  order  that  two  such  sets 
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occurring  at  the  end  of  a  icst  should  not  affect  the  results  by 
more  than  !2  \>ev  cent.,  20  sets  of  diagrams  would  ivquii'"  1o  he 
taken . 

(6)  In  measuring  the  area  of  the  diagrams  inaccuracies 
may  be  introduced.  The  usual  method  of  planimetering  each 
diagram  and  averaging  is>  probably  most  accurate,  as  chance 
errors  will  average  out.  This  can  only  be  done  when  the 
pressure  scale  of  the  diagram  is  uniform,  a  condition  wliich  is 
found  in  the  Crosby  but  not  in  tlic  I  l(">kiiis()n  iixlicjitor. 

Mechanism  for  Recording  Position  of  Engine  Piston.  In 
the  mechanical  type  indicator  the  drum  with  its  associated 
parts  records  th©  position  of  the  piston.  In  the  optical 
indicator  this  is  done  by  that  part  of  the  mechanism  which 
causes  the  crossways  motion  of  the  spot  of  light.  The  motion 
will  be  true  if  the  indicator  paper  or  tlie  spot  of  light  moves  in 
exact  accordance  with  the  motion  of  the  piston.  Errors  are 
introduced  into  th©  motion  if  tlie  mecliaiiism  is  subjected  to 
variable  farces  and  if  it  yields  und-er  these  forces.  Tlu'  tm  'vs 
to  wliich  it  is  subjected  in  the  case  of  the  drum  are :  (1)  that 
of  the  drum  spring  ；  (2)  that  due  to  inertia  of  the  moving 
parts  ；  (3)  that  of  frictional  resistance.  In  the  case  of  the 
optical  indicator  there  are  similar  forces,  but  both  they  and 
tli©  yielding  of  tlie  mechanism  can  in  general  be'  reduced  until 
their  effect  is  negligible.  A  drum  must  have  a  cord  or  flexible 
wire,  yielding  of  which  cannot  be  avoided. 

Errors  are  often  introduced  by  faulty  design  of  the  indi- 
cator driving  mechanism.  These  are  external  to  the  indicator 
and,  as  they  are  well  understood,  they  will  not  b©  discussed 
here.  Geometrical  errors  are  always  present  in  the  optical 
indicator  when  a  flat  scro&n  is  used,  but  by  careful  design 
they  may  b©  made  negligibly  small . 

The  Inertia  of  the  Moving  Parts. ― The  moment  of  inertia 
about  its  axis  of  rotation  of  the  Crosby  drum  with  its  paper 
and  with  part  of  the  drum  spring  and  cord  is  roughly 
415  g.-enr.  This  was  obtained  partly  by  an  oscillation  experi- 
ment on  tlie  drum  and  partly  by  calculation.  For  convenience 
in  calculation  a  mass  of  110  grammes  situated  on  the  surface 
of  the  paper  may  be  taken  as  giving  the  same  moment  of 
inertia  about  the  axis  as  the  drum  and  its  associated  parts. 
This  may  be  called  the  equivalent  mass  of  the  drum. 

Stretching  of  the  Cord  or  Wire. ―  Any  cord  shows  consider- 
able variation  of  length  under  varying  load,  even  when 
precautions  have  been  taken  to  initially  stretch  th-e  coixi. 
Fig,  14  shows  the  result  of  a  test  on  a  4ft.  length  of  Crosby 
cord,  which  had  previously  been  stretched  by  hanging  a  weight 
of  8^1bs.  to  it  for  24  hours.  In  use  the  pull  on  the  cord  does 
not  exceed  half  this  amount  and  is  usually  much  less.  To 
measure  the  stretch  the  indicator  was  put  in  place  on  the 
engine  (this  was  done  for  convenienoe,  but  the  engine  was  at 
rest  throughout).  The  drum  axis  in  this  position  was  hori- 
zontal ； the  cord  was  attached  to  the  drum  in  the  usual  way 
and  its  lower  end  was  fastened  to  the  lever  of  the  indicator 
gear,  which  was  vertically  under  tlie  indicator  and  was  rigid . 
Another  cord  was  attached  to  th©  drum  and  hung  over  its 
other  side.  To  the  end  of  this  other  cord  weights  were  hung. 
As  the  drum  spring  had  previously  been  removed,  th-ese 
weights  gave  a  measure  of  the  pull  on  t'he  string,  corrections 
being  made  for  the  friction  of  the  drum.  As  such  cord  is  not 
perfectly  elastic,  the  test  was  performed  with  increasing  and 
diminishing  loads.  To  obtain  the  correction  for  friction  both 
cords  were  allowed  to  hang  free  and  equal  weights  were  hung 
to  each .  Additional  weights  we're  hung  to  on©  cord  until 
the  friction  was  just  overcome.  This  gave  a  measure  of  the 
force  required  to  overcome  friction  for  a  load  on  tlie  drum 
corresponding  to  the  weights  on  the  cords.  If  the  indicator 
had  not  been  perfectly  rigid  under  the  forces  applied  to  it  in 
measuring  tlie  stretch  of  th©  cord  a  correction  would  have  to 
be  applied  to  the  above  results.  No  appm'ial>l"  want  oi 
rigidity  was  present,  for  no  effect  was  apparent  on  hanging  a 
heavy  weight  to  the  end  of  the  drum  spindU1  or  bv  taking 
it  off. 

The  Frictional  Resistance  to  Motion  of  the  Drum  and  the  Rate 
of  the  Drum  Spring.  --  These  we  it  incasurcd  slat  icallv  bv  stM-ur 
nig  the  indicator  in  a  support  with  the  axis  of  its  drum 
horizontal,  hanging  weights  to  the  cord  and  marking  the  posi- 
tions of  the  drum  for  each  weight  for  increasing  and  diminish- 
ing loads.  Tlie  spring  was  found  to  have  a  rate  of  014  kg.  per 
movement  of  Hie  diagram,  and  the  friction  of  the 
(hum  was  found  on  an  average  equal  to  017  kg.    The  friction 


increased  with  tlw  load,  but  tlie  variation  was  not  very  great. 
0*17  kg.  corresponds  to  a  pull  on  the  cord  of  about  1 A  kg., 
、、'liidi  may  be  taken  as  tlie  pull  under  working  condit ions. 

Theory  of  Drum  Motion.  In  this  theory  it  will  1": 
assumed,  as  a  first  approximation,  that  the  motion  of  tlie 
drum  is  true,  in  order  to  be  able  to  calculate  the  variation 
pull  on  the  cord  duo-  to  accelorat  ion  of  t  lie  moving  |>;irts  ；  also, 
in  the  first  instance,  the  cord  will  be  assumed  to  be  perfectly 
elastic,  its  rate  of  stretch  being  0*357  cm.  per  kilograinine, 
vvhicli  is  tho  rate  corresponding  to  the  average  pull. 

The  case  corresponding  lo  tlie  experiments,  which  are  given 
later,  is  taken.  The  forces  wliich  exert  a  pull  on  the  cord 
are :  (1)  that  of  the  drum  spring  ；  (2)  that  due  to  the  accele- 
ration of  the  moving  parts;  (3)  the  friction  of  the  druni. 
Tho  mean  pull  on  the  drum  spring  was  1*47  kg.  and  its  rate 
014  kg.  per  cm.  Friction  of  the  drum  =  017  kg.  The 
forces  due  to  acceleration  are  obtained  by  calculation  from 
the  following  data  :  revolutions  per  miuute  of  engine =540  ； 
length  of  diagram  =  3.92  cm.  (l'54in.)  ；  equivalent  mass  of 
drum,  &c.，  at  surface  of  paper=  110  g. ;  ratio  of  crank 
to  connecting  rod  =  one-fifth ;  the  speed  of  rotation  of  t  Ih* 
crank  is  assumed  to  be  uniform.  As  the  calculation  is  similar 
to  that  of  the  inertia  forces  of  the  piston  and  piston  rod  in  tlie 
determination  of  the  turning  moment  exerted  at  the  crank,  it 
will  not  b©  given  here.  These  forces  are  shown  graphically  in 
the  diagram,  Fig.  15.  R。S"  is  the  resultant  of  the  inertia 
forces  and  the  force  exerted  by  the  drum  spring  for  the  inward 
motion  of  the  drum.    The  effect  of  friction  is  to  reduce  the 


Fig.  17.— Ebrors  in  Drum  Motion  wnEN  Spkings  aue  Introduced  into  Duive. 


pull  ou  tlie  cord  by  an  amount  equal  to  the  friction  ；  th© 
resultant  pull  on  the  cord  for  inward  motion  of  the  drum  is 
therefore  R;S'.  For  outward  motion  the  pull  of  the  cord 
must  overcome  the  friction  as  well  as  give  the  drum  its  proper 
motion,  and  consequently  the  resultant  pull  on  it,  represented 
in  figure  by  SW，  is  greater  by  the  force  required  to  over- 
come friction  than  the  pull  for  a  frictiouless  drum.  The  forces 
therefore  required  to  give  the  drum  its  true  motion  are  repre- 
sented by  R'S'S〃H".  Under  tliese  forces,  however,  the  string 
stretches,  introducing  an  error  into  the  motion,  and  so  to  some 
extent  modifying  the  resultant  pull  on  the  cord.  This  is 
particularly  so  at  the  ends  of  the  diagram.  There  can  hr  no 
sudden  transition  from  the  conditions  of  S'  to  those  of  S*,  or 
from  those  of  R"  to  those  of  W  ；  instead,  some  such  gradual 
changes  as  are  shown  by  S'MN  and  R"KL  would  take  pl;"，'. 
If  it  were  possible  for  the  drum  to  actually  pause  until  the 
tension  in  tlie  cord  rose  or  fell  to  tliat  theoretically  required 
to  make  the  remaindei*  of  the  motion  true,  the  changes  in  pull 
would  he  represented  by  S'PN  and  R';QL  ；  but  the  conditions 
required  for  an  actual  pause  cannot  be  attained,  since  the  pull 
exerted  by  the  string  is,  except  iu  exceptional  oases,  in  excess 
of  the  friction  of  the  drain.  The  error  clue  to  stretch  of  the 
cord  for  the  cycle  of  forces  RffKLS'MNR"  has  been  calculated, 
and  is  plotted  in  Fig.  16.  Throughout  the  cord  has  been 
assumed  perfectly  elastic.  Actually  it  has  an  inelastic  stretch 
of  roughly  0'4  cm.  (see  Fig.  14).  This  will  cause  au  additional 
lag  of  0*2  cm.  for  both  outward  and  inward  uiotiou.  The 
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diagram  of  errors  therefore  becomes  abcda,  obtained 
theoretically. , 

Experimental  Determination  of  Drum  Motion  Errors. 一 As  the 

theoretical  estimation  of  th©  error  can  be  made  without  much 
trouble,  it  becomes  of  value  to  know  whether  it  is  verified 
quantitatively  by  experiment.  To  this  end  experiments  were 
made  on  a  Belliss  and  Morcom  high-speed  engine  at  540  revs, 
pe'r  minute.  The  method  of  passing  sparks  from  the  pencil 
through  the  paper  to  the  drum  at  definite  positions  of  tlie 
piston  was  used.  This  method  had  been  used  by  Dr.  Bright- 
more  in  his  experiments.  In  the  author's  experiments  for 
convenience  a  circular  com  unit  ator  was  used,  which  was  bolted 
to  tlie  end  of  the  shaft.  A  brush  consisting  of  a  single  strip  of 
copper  pressed  against  the  commutator.  The  commutator  had 
three  brass  segments  on  its  circumfereaic&  and  thus  throe 
breaks  occurred  in  each  revolution.  This  commutator  served 
to  make  and  break  the  current  of  an  induction  coil,  thus  taking 
tlie  place  of  the  trembler,  which  was  pub  out  of  action. 
Sparks  only  passed  at  the  break  of  the  current  in  the  primary, 
under  which  condition  the  lag  between  the  time  of  break  and 
the  passage  of  the  spark  is  so  very  small  that  it  may  generally 
be  neglected.  Th©  brush  could  be  adjusted  in.  position  rela- 
tive to  a  stationary  graduated  disc.  By  this  adjustment  a 
spark  could  be  timed  to  pa&si  and  so  pierce  th©  indicator  paper 
at  any  oho  sen  position  of  the  crank . 

In  these  experiments  the  brush  was  given  eight  different 
positions.  For  each  po&ition  of  the  brush  there  werei  three 
sparks.  In  all  24  points  were  investigated,  corresponding  to 
eacli  15°  of  crank  motion.  To  find  the  true  positions  which 
the  drum  ought  to'  have  occupied  at  the  passage  of  tlie  sparks 
a  static  experimeait  was  made  ；  this  was  necessary,  as  the 
indicator  gear  did  not  give  a  motion  sufficiently  correct  to 
enable  one  to'  calculate  the  true  positions.  In  the  static 
experiment  the  engine'  was  successively  s&t  to  each  position  at 
which  sparks  passed  in  the  kinetic  experiments.  A  mark  for 
each  position  was  mad©  on  the>  indicator  diagram  by  moving 
th©  pencil  by  hand.  Each  position  was  approached  in  both 
directions  and  a  mean  taken.  To  eliminate  errors  due  to 
stretch  of  th©  cord  the  cord  was  replaced  by  a  stranded  copper 
wire.  Th©  difference  between  the  kinetic  and  static  positions 
of  the  drum  for  any  oim  crank  position  giv-e®  the  error  in  the 
drum  position.  In  Fig.  16  these  errors  have  been  plotted  on 
a  base  which  represents  proportion  of  stroke.  As  the'  ordi- 
nates  are  the  same  as  those  for  the  curve  of  errors  which  has 
already  been  plotted  on  Fig.  16，  the  two  results  can  readily  be 
compared. 

From  a  consideration  of  thes&  it  appears  that  thei  error 
found  experimentally  is  slightly  greater  than  that  predicted  by 
theory.  Also  oscillations  about  the'  mean  position  appear  in 
the  experimental  results.  The  difference'  to  some  extent 
between  the  experimentally-found  error  and  th©  theoretical 
may  be  du©  to  errors  in  measurement  ；  the  difference  is  small 
and  could  be  accounted  for  partly  by  a  small  lag  of  the  spark 
or  by  a  small  systematic  error  in  setting  the'  engine  to  the 
correct  position  in  thei  static  experiments.  The  latter  is  more 
probable  ;  th©  brush  had  b&en  s&b  to  that  position  at  which  it 
was  just  leaving  the  commutator  segment.  But  sparking  at 
the  brush  was  apparent  in  the  kinetic  experiment,  and,  con- 
sequently, there  would  be:  a  lag  in  the  time  of  breaking  of  the 
current.  This  lag  could  not  bei  calculated  and  was.  therefore 
neglected.  Another  possible'  source  of  error  lay  in  the 
variable  nature  of  thei  indicator  paper  :  the  spark,  did  not 
always  pass  directly  from  the  pencil  to  the  drum,  but  took 
sometim'ss  a  longer  path,  choosing  a  part,  of  the  paper  which 
offered  less  resistance.  A  pureh'  chance  error  of— this  nature 
could  only  be  ©liminaied  by  taking  a  sufficient  number  of 
diagrams  and  averaging  or  choosing  that  position  which  was 
repeated  oft&nest.  The  latte'r  method  was  used,  and  the  fact 
that  a  fair  curve  can  be  drawn  through  the  experimental 
points  so  obtained  is  sufficient  to  warrant  one  in  concluding 
that  chance  variations  were  eliminated. 

The  theoretical  and  experimental  results  show  so  close  an 
agreement  that  it  may  be  taken  as  demonstrated  experi- 
mentally that  the  error  deduced  theoretically  with  the  assump- 
tions made  is  very  near  the  average  actual  error,  but  that 
there  are  in  addition  secondary  oscillation  err  or  s.  These  may, 
in  certain  cases,  become  very  large.  The  fact  that  the  cord 
has  considerable  inelastic  stretch  is  possibly  an  important 
factor  in  damping  them. 

In  order  to  obtain  errors  of  measurable  magnitude  as  long 


a  cord  as  possible  was  used.  This  was  necessary  to  obtain 
sufficient  accuracy  to  check  the  theory.  The  theory,  however, 
is  equally  applicable  to  other  cases.  All  that  is  necessary  is 
that  the  rate  of  elastic  stretch  and  tlie  corresponding  inelastic 
strain  of  the  drive  should  be  known  and  their  values  substi- 
tuted for  th-s  particular  values  in  these  experiments.  The 
data  can  be  readily  obtained  for  any  particular  case  by  follow- 
ing the  method  u&ed  to  obtain  the  results  of  Fig.  14.  To 
improve  the  accuracy  of  tlie  drum  motion  it  is  advisable  to 
substitute  a  wire  for  the  string.  Necessity  compels  that  a 
flexible  wire  be  used,  at  least  for  that  part  where  bending 
takes  place.  A  wire  of  stranded  copper  was  found  to  give 
good  results  ；  it,  however,  also  showed  a  small  amount  of 
stretch  and  inelastic  strain.  The  error  in  the  drum  motion 
when  flexible  wire  was  used  was  investigated  experimentally  ； 
it  was  found  to  be  small,  Fig. 】7;  it  would  have  been  still 
smaller  had  a  stiff er  and  less  elastic  wire  been  u&ed  in  the 
straight  parts  of  the  length  of  the  drive.  In  slow-speed 
engines  inertia  beoom-es  less  important  and  long  diagrams 
become  possible,  with  consequent  diminution  in  the  percentage 
error.  Some  experiments  were  made  with  short  springs  in  the 
length  of  the  driving  wire.  The  results  are  of  interest  in  that 
they  show  the  presence  of  very  large  oscillations.  The  errors 
in  th©  motion  were  of  cour&e  very  large,  but  there  was  nothing 
in  the  appearance  of  any  one  set  of  diagrams,  unless  they  were 
compared  with  another  set,  which  could  enable  one  to  detect 
the  presence  of  oscillations  or  errors  of  any  kind.  The  results 
are  shown  in  Fig.  17,  the  ordinates  of  which  are  the  same  as 
those  of  Fig.  16. 

(To  be  continued.) 


THE  OXYACETYLENE  PROCESS  OF  WELDING  AND  CUTTING 

METALS.* 

BV   M.   S.  PLUMLEY. 

In  the  oxyac^tylene  process  there  are  two  recognised  systems 
of  generating  th©  acetylene  used 一 the  high  and  low-pressure 
schemes.  The  low-pressure  system  delivers  acetylene  directly 
from  the  generator  to  the  blowpipe  under  a  pressure  of  a  few 
ounces  only .  With  this  system  a  uniform  pressure  is  main- 
tained at  all  times,  something  which  is  an  absolutely  essential 
requirement.  The  high-pressure  system  delivers  acetylene  to 
the  blowpipe  under  a  pressure  of  more  than  lib.  per  square 
inch  from  a  generator  operating  under  151bs.  or  by  acetylene 
stored  in  sfc&el  tanks ；  a  diaphragm  reducer  is  used.  This 
system  gives  excellent  results,  especially  for  emergency  work, 
where  portability  is  essential. 

Both  systems  have  their  advantages  under  certain  con- 
ditions. The  low-pressure  system,  however,  is  more  generally 
recognised  as  completely  fulfilling  the  multitude  of  problems 
that  the  process  is  called  upon  to  solve  iu  metal-working  shops 
and  foundries.  With  either,  two  parts  of  iron,  steel,  brass, 
copper,  bronze,  aluminium,  platinum,  and  other  metals  may 
be  welded  by  fusion  and  without  subsequent  compression. 
Temperatures  ranging  from  6,000°  to  6,500°  Fah.  are  available 
in  small  spaces.  This  process  is  the  raostr  economical  method 
of  cutting  iron  and  steel. 

The  practicability  of  the  oxy acetylene  welding  and  cutting 
process  has.  been  thoroughly  established  by  successful  use 
under  ordinary  every -day  working  conditions  in  thousands  of 
plants.  The  commercial  possibilities  of  the  process  are  being 
rapidly  extended,  since  many  of  the  largest  engineering  con- 
cerns throughout  the  world  have  adopted  and  are  studying 
the  process.  Now  applications  are  being  discovered  dailv. 
Many  operations,  which  a  few  years  ago  were  considered 
impossible  or  difficult  of  accomplishment,  are  being  carried  on 
to-day  as  a  matter  of  ordinary  shop  practice. 

In  considering  either  the  theoretical  or  practical  applica- 
tions of  the  oxy  acetylene  process,  we  must  bear  in  mind  the 
inherent  characteristics  of  the  metals  upon  which  we  work . 
Due  allowance  must  bo  made  for  expansion  and  contraction  in 
every  stage  of  the  manufacture  of  irou  and  steel.  On  the 
other  hand,  some  metals,  such  as  aluminium,  brass,  copper, 
&c.，  oxidise  veiry  rapidly  at  certain  temperati^r-es. 

Failures  which  in  the  past  have  been  attributed  to  the 
oxyacetylene  process  are  almost  without  exception  traceable 
to  two  causes  :  first,  poor  equipment  (including  generators, 
torches,  and  other  accessories)  ；    and,  second,  lack  of  intelli- 
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gent  handling  by  the  operator.  It  must  not  be  inferred  from 
this  that  the  process  is  either  extremely  difficult  or  that  it 
requires  more  than  an  ordinary  intelligent  operator  to  secure 
successful  results ~ quite  the  contrary. 

There  are  two  m-ethods  of  making  autogenous  welds.  The 
first,  suitable  for  thin  plates,  requires  that  tlie  edges  be 
brought  into  perfect  contact.  They  are  tlien  fused  together 
without  the  use  of  additional  material.  The  second,  used  for 
thick  plates,  consists  of  fusing  into  a  groove  formed  by  the 
bevelled  plate  edges  material  similar  to  that  in  the  plate. 
The  thickness  generally  given  as  a  dividing  line  between  t \\v 
two  methods  is  ^in.  4 

The  claim  of  100  per  cent,  efficiency  for  a  w-eld  is  not  made, 
even  by  the  most  enthusiastic,  95  per  cent,  being  about  as  high 
as  may  be  obtained  provided  the  weld  to  be  tested  has  tlie 
same  thickness  as  the  original  piece. 】ii  many  cases  the  tensile 
strength  and  efficiency  of  th©  weld  is  increased  by  hammering 
lightly  while  at  the  proper  temperature  and  subsequently 
annealing  the  piece.  The  operator  of  the  oxy acetylene  blow- 
piltc  may  at  will  build  up  his  weld  by  means  of  a  pieoe  of  steel 
or  iron  wire  which  is  fua&d  in  the  flame  so  that  the  section 
at  the1  weld  is  greater  than  the  section  at  any  other  part  of  t  lie 
material  on  whicli  he  is  working.  In  this  way  even  still 
greater  efficiency  is  gained. 

Tlie  natural  contraction  and  expansion  of  steel  when  sub- 
jected to  the  necessary  welding  hoat  has  been  readily  provided 
for  wherever  careful  and  int-elligeiit  thought  has  been  applied 
to  the  problem  at  hand.  For  instance,  not  long  ago  an 
operator  tried  to  weld  a  new  half-side  sheet  in  a  locomotive 
Jirel)ox  by  putting  the  sheet  in  its  correct  position,  fastening 
it  securely  with  bolts,  then  applying  the'  blowpipe  to  the 
longitudinal  seam  to  be  welded.  The  result  was  that  upon 
applying  the  heat  to  thei  rigid  plates-  expansion  set  in  and,  as 
the  plates  were'  not  free  to  move ,  there  was  an  upsetting  of 
the  metal.  Upon  subsequent  cooling  and  contraction  the 
plates  were  left  under  stress - 

That  operator  did  not  apply  what  he  already  know  per- 
fectly well  about  the  action  of  metals  when  subjected  to  high 
temperatures.  The  job  was  laber  done  in  an  intelligent 
manner  with  perfect  success  as  follows  ：  The  edges  which  were 
to  be  welded  were  separated.  Under  the  effect  of  ilie  heat 
they  gradually  drew  together  as  the  wold  progressed  along  the 
longitudinal  &eam.  Being  free'  to  move  at  will  in  this  way 
under  tlie  force  of  expansion  and  contraction,  no  strains  were 
left  in  the  finished  work. 

It  is  interesting  to  note  in  this  connection  that  a  ^in.  plate 
will  draw  together  at  the  rate  of  gin.  per  foot.  A  simple  and 
efficient  method  of  taking  care  of  expansion  and  contraction  in 
cases  where  plates  are  not  movable  is  to  overcome  the  tendency 
to  internal  strain  by  the  general  application  of  heat  in  the 
vicinity  of  the  weld  or  by  providing  corrugations  or  boxed 
plaoes  in  the  platt^  which  tend  to  bend  more  or  pull  straight 
under  the  action  of  t'liese  natural  forces. 

The  welding  and  cutting  of  steel-plate  work  can  be  done 
with  great  economy.  Upon  the  introduction  of  the  process, 
many  operations  could  not  be  economically  carried  out  because 
of  the  】iigh  cost  of  oxygen,  but  it  is  now  possible  to  obtain 
oxygen  at  such  a  reasonable  rate  that  a  welded  joint  may  be 
made  in  steel  plate  at  a  lower  cost  than  a  riveted  joint,  pro- 
vided both  are  to  be  absolutely  tight:  The  oxyacetylene 
cutting  blowpipe  since  its  adoption  has  had  no  competitor  in 
this  branch  of  the  metal-working  industry.  A  lin.  steel  plate 
can  be  cut  at  the  rate  of  lft.  per  minute,  at  a  cost  not  exceed- 
ing 5d.  per  foot.  A  clean  narrow  slot  can  be  cut  through 
plates  12in.  in  thickness  and  over.  In  fact,  this  is  about  the 
only  possible  way  of  working  on  a  plate  or  slabs  of  special 
steel.  The  speed  at  which  this  work  can  be  done  is  very  higli, 
varying  from  65ft.  per  hour  for  metal  Jin.  thick  to  5ft.  per 
hour  for  12in.  thickness.  The  cost  varies  from  Id.  per  foot 
in  |in.  plates  to  14s.  per  foot  run  in  12in.  slabs 

In  the  steel  foundry  the  process,  both  for  welding  and 
cutting,  has  been  accepted  from  the  start.  Enormous  savings 
ar'e  possible  in  reclaiming  defective  castings  of  all  sizes.  Tlie 
castings  in  many  cases  may  have  slight  blow-holes  or  cold 
shuts,  affecting  only  their  appearano©,  or  they  may  be  defec- 
tive in  such  plaoes  as  to  render  them  entirely  unserviceable. 
In  either  case  the  welding  blowpipe  is  used  to  make  the  defec- 
tive casting  perfect.  Recently,  in  oi\e  of  the  large  foundries, 
a  cast -steel  pinion  weighing  4,1001bs.  was  defective  when 
taken  out  of  the  moulds.  New  teeth  were  built  on  and  after 
the  casting  was  machined  no  tr a 03  of  the  weld  could  be>  dis- 


covered .  It  is  soiaetinics  well  to  preheat  steel  caBting»  in 
the  vicinity  of  the  weld,  thereby  reducing  the  coat  of  t liat 
particular  operation.  However,  this  preheating  process  ih  not 
always  applied. 

The  cutting  blowpipe  is  a  valuable  instrument  in  the  steel 
foundry  for  removing  sprues,  risers,  and  gates  from  steel 
castings.  This  work  can  be  performed  at  one-half  the  cost  of 
sawing.  This  statement  takes  into  consideration  tlie  fact  that 
it  is  not  necessary  to  set  large  heavy  castings  at  tlie  saw  and 
change  their  position  for  each  separate  riser.  A  vast  amount 
of  time  is  saved  by  being  able  to  bring  to  these  heavy  castings 
the  necessary  equipment,  which  can  be  operated  to  cut  from 
any  position  whatever.  In  one  particular  case,  risers  measur- 
ing 4in.  by  8in.  were  cut  from  a  cast-steel  gear  in  1  h  minutes 
each.  Manganese  steel  castings,  when  containing  from  6  to 
18  per  cent,  manganese,  are  so  hard  that  it  is  impossible  to 
cub  them  with  steel  tools.  For  such  work  the  oxyaoetylene 
blowpipe  is  the  only  method  available. 

The  oxyacetylene  welding  blowpii>e,  as  applied  to  the 
factory  of  the  pressed-stoel  speciality  maker,  has  made  remark- 
able progress  from  both  the  standpoint  of  efficiency  and 
economy.  For  the  manufacture  of  metallic  furniture  it  is 
indispensablei.  Joints  can  be  made  which  are  absolutely 
impossible  to  detect  after  the  work  is  finished,  and  tIieblowjji]>e 
is  the  only  device  which  can  be  used  to  accomplish  such  satis- 
factory results.  In  the  manufacture  of  pressed -steel  products 
the  natural  tendency  of  the  metal  to  expansion  and  contrac- 
tion has  been  very  readily  taken  care  of.  Jigs  are  used  to 
hold  the  light  sheet  metal  in  a  very  rigid  position,  so  that  when 
the  weld  is  finished  there  is  no  evidence  of  buckling  or  war]> - 
ing.  The  possibilities  of  the  process  in  this  class  of  work  liave 
been  largely  extended  by  the  introduction  of  automatic 
welding  machii.es,  of  which  there  are  already  a  number  in  very 
successful  use'. 

With  an  automatic  welding  machine  we  are  able  to  weld 
sheet  metal  of  thicknesses  varying  from  No.  26  gauge  to  ^in. 
This  is  done  in  most  instances  without  the  addition  of  the 
filling  material  such  as  is  used  on  heavy  metal .  Such  welding 
can  be  done  either  by  feeding  the  blowpipe  to  the  work  or 
feeding  the  work  to  the  blowpipe,  tlie  most  advisable  method 
relying  entirely  upon  the  class  of  work  at  hand.  The  auto- 
matic welding  machine,  as  its  names  indicates,  eliminates  the 
item  of  labour  almost  completely.  A  vast  amount  of  steel 
tubing  is  being  produced  abroad  by  automatic  welding. 

In  the  forge  shop,  the  oxyacetylene  process  has  been  ]>er- 
manently  adopted  in  every  instance  where  it  has  been  intro- 
duced, as  its  possibilities  and  accomplishmentfi  are  her©  practi- 
cally unlimited.  Forgings  frequently  develop  very  serious 
defects  known  as  cold  shuts.  Before  the  introduction  of  the 
oxyaoetylene  process  these  defective  forgings  were  only  of 
scrap  value,  as  there  was  no  suitable  method  at  hand  to 
reclaim  them.  Now,  however,  they  are  very  readily  welded 
at  a  low  cost.  In  welding  this  class  of  work,  the  most  satis- 
factory results  for  every  practical  use  are  obtained  when  a 
soft  Norway  iron  is  fused  into  the  defect  as  a  filling  material. 

The  cutting  blowpipe  has  b«en  found  indispensable  in  tlie 
forge  shop  for  such  work  as  slotting  engine  connection  rods, 
crank  shafts,  side  rods,  <fec.  In  a  connecting  rod  6ft.  4in. 
long,  13in.  across  the  face,  and  Gin.  thick,  a  slot  was  recently 
cut  7in.  wide  by  9iin.  long  in  15  minutes.  Eight  hours'  time 
would  liave  been  required  for  the  old  method  of  drilling  and 
chipping  out  tlie  same  slot.  This  operation  is  typical  of 
hundreds  that  might  be  instanced  to  show  tliat  from  the  stand- 
point of  economy  the  cutting  blowpipe  cannot  be  equalled. 

When  we  speak  of  the  oxyacetvlene  process  as  applied  to 
structural-steel  work  we  consider  it  cliiefly  from  the  st  a  n <  1  - 
point  of  cutting.  However,  the  welding  blowpipe  is  very 
useful  for  filling  up  misdrilled  bolt  holes,  which  brings  more 
strength  to  the  structural  part  than  it  would  have  if,  as  has 
been  the  practice  before  tlie  introduction  of  the  process,  the 
holes  were  allowed  to  remain.  Tlie  cutting  blowpipe  wliieh, 
since  its  use  in  removing  the  wreck  of  the  Quebec  Bridge,  lias 
been  used  for  such  work  to  the  exclusion  of  all  other  methods, 
was  employed  extensively  in  raising  tlie  wreck  of  the  old 
United  States  battle-ship  "  Maine." 

In  the  machine  shop,  the  process  has  become  recognised  as 
a  necessary  part  of  general  sliop  equipment,  as  there  is  a  con- 
tinual demand  for  its  use.  While  well  adapted  to  work  in  all 
classes  of  metal,  it  is  here  most  frequently  applied  to  grey 
iron.  In  all  machine  shops,  workmen  continually  make  mis- 
takes, such  as  cutting  away  too  much  metal  from  the  piece  ou 
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which  tliey  are  working,  drilling  holes  in  the  wrong  place,  &c. 
Such  errors  generally  mean  throwing  away  the  piec<? 
altogether,  although  in  some  cases  there  are  methods  of 
making  repairs.  This  process  lias  been  found  most  satis- 
factory iu  reclaiming  such  parts,  especially  since  neither  the 
original  mistake  nor  the  weld  its&lf  can  be  detected  after  the 
surface  has  been  machined  or  ground.  Tlie  blowpipe  can  be 
also  very  sucoessfully  applied  to  the-  repair  of  broken  macliine 
parts  ；  even  large  engine  bedplates,  punch  press,  lathe,  and 
planer  frames,  &c.，  ar-e  being  successfully  mended. 

As  it  is  not  possible  to  cut  cast  iron  with  the  blowpipe, 
because  of  the  high  percentage  of  un combined  carbon  and 
silicon,  which  will  not  oxidise1  even  under  the  highest  tempe- 
rature, the  oxyaoetylene  process  as  applied  to  operations  in 
this  branch  of  industry  is  restricted  to  welding  alone.  It 
might  be  well  to  state  here  that  the  cutting  process  is  entirely 
； I  ''hi'inical  act  ion,  which  will  imt  1"'  successful  on  any  metal 
which  does  not  readily  oxidise  after  it  reaches  a  temperature 
of  from  1，500°  to  2，000o  Fall. 

The  flame  of  the  welding  blowpipe  has  no  tendency  to 
appreciably  change  the  chemical  contents  of  grey  iron.  How- 
ever, difficulty  was  at  one  1  imt*  met  in  welding  this  metal  on 
account  of  the  weld  tending  to  be  porous  after  it  was  finished. 
Wo  have  overcome  this  difficulty  successfully  by  adding  a 
suitable  flux  containing  principally  borax,  which  brings  the 
fusion  temperature  of  the  iron  to  a  slightly  lower  degree  than 
would  otherwise  be  the  case,  and  gives  a  more  homogeneous 
weld  of  the  proper  texture  when  the  cast  iron  fuses  together. 

In  welding  cast  iron  it  has  been  found  good  practice  to  use 
a  "  filling-in  "  rod,  which  is  fused  to  the  original  material 
being  welded.  By  experiment  it  has  been  demonstrated  that 
a  cast-iron  rod  containing  about  3  per  cent,  silicon  gives  the 
most  satisfactory  results.  This  high  percentagei  of  silicon, 
through  its  influ-enoe'  on  the  carbon  of  the  iron,  reduces  the 
hardness  of  the  weld  considerably,  so  that  it  may  be  easily 
machiued. 

The  contraction  and  expansion  of  grey  iron  is  taken  car© 
of  by  preheating  and  annealing,  the  value'  of  which,  with  this 
class  of  work,  cannot  be  too  strongly  emphasized.  Preheating 
the  whole  part  to  he>  welded  to  a  temperature  of  about  1,000° 
to  1,500°  Fah.  more  ev-emly  distributes  the  expansion 
throughout  the  entire  casting,  preventing  an  unequal  strain  in 
any  part.  This  samei  principle  applies  after  the  weld  has  been 
finished,  annealing  quickly  bringing  the  entire  casting  up  to 
an  even  temperature,  so  that  when  it  cools  the  qontraction 
takes  place  uniformly  throughout  tlie  whole  structure.  Care 
must  be  taken,  of  course,  while  preheating  and  annealing,  to 
avoid  warping  the  casting.  The  most  satisfactory  and 
economical  method  of  preheatiug  and  annealing  large  iron 
castings  is  with  charcoal  and  compressed  air，  principally 
because  the  casting  can  bo  left  on  the  fire  while  the  welding  is 
being  done.  Far  small  castings,  probably  the  most  satis- 
factory method  is  with  a  burner,  using  oil  and  compressed  air. 

In  cases  of  defective  iron  castings  it  is  perfectly  safe  to 
assert  that  provided  a  blow-hole,  crack,  or  other  defect  can  bo 
repaired  in  15  minutes,  and  provided  the  casting  weighs  more 
than  501bs.，  welding  is  tli-e  most  economical  way  of  handling 
it.  This  is  a  fair  working  formula.  Only  in  the  case  of  very 
small  castings,  in  most  instances,  will  it  b&  found  the  most 
economical  procedure'  to  throw  it  back  into  the  cupola. 

With  all  metals  which  tend  to  oxidise  readily  at  high 
temperatures,  a  flame  should  bo  used  having  a  slight  excess  of 
acetylene,  and  using  a  smaller  amount  of  oxygen  than  is 
required  for  doing  the'  samei  thickness  of  work  in  steel.  This 
action  reduces  the  temperature  of  the  flame  and  gives  tlie 
operator  better  control  of  the  molten  metal .  The  amount  of 
either  acetylene'  or  oxygen  used  in  the  blowpipe  may  be 
instantly  regulated  so  that  any  desired  quality  of  flame  may  be 
produced,  either  reducing,  neutral,  or  oxidising  in  character, 
de}>eiiding  upon  the  class  of  work  to  be  done.  In  this  one 
respect  alone,  the  process  demonstrates  its  flexibility  and 
adaptability  to  all  classes  of  work. 

In  welding  aluminiinu  ii  is  customary  to  counteract  its 
natural  tendency  to  oxidation  by  using  a  flux  which  breaks 
down  the  oxide  and  prevents  oxidation  of  the  metal  wlien 
under  fusion.  A  mixture  of  lithium,  potassium,  and  sodium 
chlorides  performs  this  function  with  entire  success,  and  is 
now  used  in  all  cases.  As  with  oasfc  iron,  the  preheating  aud 
annealing  process,  already  described,  effectively  prevents 
undue  -expansion  and  coni  raction.  In  some  cases  cold  ajipli- 
cations,  placed  around  the  part  to  be  welded,  produce  the  same 
results  by  preventing  expansiou  from  extending  any  distance 


through  tlie  structure.  Aluminium  being  more  ductile  than 
cast  iron,  only  a  very  slight  stress  will  be  left  in  the  vicinity 
of  tlxe  weld,  even  if  not  subsequently  annealed.  Defective 
aluniiiiiuin  castings  of  all  kinds  can  be  successfully  repaired  by 
this  process. 

The  welding  of  sheet  aluminium  is  being  most  extensively 
used  in  the  manufacture  of  kitchen  utensils,  for  which  work  it 
has  no  substitute.  The  welding  of  aluminium  is  now  a  verv 
important  branch  of  tlio  industry,  especially  in  the  brewing 
industries,  where  it  is  largely  supplanting  enamelled  ware. 
In  welding  sheet  aluininium,  as  with  castings,  tlie  fluxes  and 
reducing  flame  overcome  the  tendency  of  the  metal  to  oxidise. 

Results  from  welding  rolled  brass  sheets  have  so  far  been 
satisfactory,  even  in  view  of  their  high  zinc  content  (20  per 
cent,  to  40  per  cent.),  which  oxidises  at  a  low  temperature. 
Fluxes  consisting  principally  of  borax  are  used  with  the  reduc- 
ing flame  described  above.  When  the  zinc  forms  into  an 
oxide,  it  comes  out  of  the  alloy  in  the  form  of  a  white  cloud  - 
In  welding  brass  castings,  a  manganese-bronze  alloy  rod  is 
generally  used  for  a  filling  substance.  This  makes  a  good, 
strong,  homogeneous  weld  and  answers  all  practical  purposes. 
In  view  of  the  value  of  these  castings  the  welding  process  can 
generally  be  accomplished  with  a  wide  margin  of  profit,  as  it 
costs  no  more  to  weld  them  than  it  does  grey  iron  or  steel 
castings. 

In  the  welding  of  copper  the  tendency  to  oxidise  is  taken 
care  of,  in  addition  to  using  the  reducing  flame,  by  covering 
the  surface  of  the  plate  with  a  mixture  of  potassium  phosphate 
and  potassium  carbonate  to  a  depth  of  about  |in.  and  2in. 
wide  on  each  side  of  the  seam.  Upon  the  application  of  the 
flame,  the  mixture  will  melt  and  form  a  glaze  over  the  surface 
of  the  metal,  preventing  oxidation  and  assuring  good  work. 
In  welding  copper  plates  it  is  best  to  use,  as  a  filling  material, 
strips  of  the  original  sheets,  although  the  manganese-bronze 
alloy  rods  used  in  welding  brass  also  give  very  satisfactory 
results. 

In  conclusion,  it  is  well  to  mention  three  important  factors 
upon  which  tlie  success  of  the  oxyacetylene  process  depends ― 
oxygen,  acetylene,  and  competent  operators.  When  the  pro- 
cess was  first  introduced  no  adequate  supply  of  oxygen  was 
available,  and  this  indeed  was  a  serious  drawback.  Oxygen 
was  generated  chemically  from  potassium  chlorate  at  a  very 
high  cost  and  with  a  high  percentage  of  impurities.  This  not 
only  prohibited  the  process  in  many  cases  from  the  standpoint 
of  economy,  but  also  gave  poor  results  on  all  classes  of  work 
because  of  the  chemical  effects  of  the  flame.  After  the  intro- 
duction of  the  liquid-air  process  for  the  manufacture  of 
oxygon,  the  gas  was  produced  with  a  higli  degree  of  purity  aud 
at  a  low  cost. 

Acetylene  can  be  had  in  convenient  form  to  meet  practi- 
cally every  condition  demanded  by  any  working  problem.  It 
is  usually  made  in  "  c  arb  i  de-  to  -  w  a  ter  "  type  generators,  wliere 
small  quantities  of  calcium  carbide  are  added  to  large  quan- 
tities of  water  (lib.  of  carbide  to  1  gall,  of  water) ,  ensuring 
cool  and  safe  generation.  Generators  may  be  had  which  in 
design  and  construction  meet  all  of  the  requirements  of  the 
proper  standards  of  safety  set  by  the  insurance  interests . 
Calcium  carbide  may  be  obtained  at  exceedingly  low  prices. 

The  only  condition  demanded  by  the  oxyacetylene  process 
which  is  not  met  by  stationary  acetylene  generators  is  where 
the  object  to  be  handled  cannot  be  brought  to  the  plant,  such 
as  in  wrecking  bridges  or  in  structural  work  aud  in  emergency 
welding,  repair  work,  &c.  In  such  cases  there  may  be  substi- 
tuted acetylene  stored  in  steel  tanks  filled  witli  acetone,  a 
liquid  hydrocarbon  whicli  has  the  property  of  dissolving 
25  times  its  own  volume  of  acetylene  for  every  atinospliere  of 
pressure.  By  compressing  the  gas  up  to  about  10  atniosi)heres 
a  large  volume  of  the  gas  is  obtained  in  a  very  small  space. 
These  tanks  are  easily  portable. 

Labour  has  had  a  great  deal  to  do  so  far  with  the  am 出 i- 
])lishments  of  tlie  process,  and  will  have  a  most  import  ant 
bearing  on  its  future  developments.  Int-elligent  workmen 
have  naturally  taken  a  liking  to  this  class  of  work  and  are  very 
liaich  interested  in  it.  Large  mimbers  are  becoming  daily 
more  and  more  familiar  with  the  most  eflective  and  economical 
operation  of  the  blowpipe. 

British  Foundrymcn*s  Association.-  A  meet in^  o\  tlie  Lanca- 
shire Branch  will  be  lield  to-morrow,  February  1st，  at  tho 
School  of  Technology,  Manchester,  when  ^\r.  (r.  Barnes  will 
open  a  discussion  by  reading  a  short  paper  on  "  Cores  aud 
Cure  Sand  Mixtures." 
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COMPRESSED  AIR  IN  MINES. 

At  a  recent  meeting  of  the  Midland  Institute  of  Mining, 
Civil,  and  Mechanical  Engineers  held  at  Leeds,  a  paper  on 
" The  Generation  and  Use  of  Compressed  Air  in  Mines  "  was 
pead  by  Mr.  G.  Blake  Walker.  The  author  directed  atten- 
tion to  the  manner  in  which  coinpresscd  ；) ir  had  l>eoii  l)r (川 "lit 
to  the  front  in  recent  years,  more  particularly  for  rock  drills 
in  "lining  and  tunnelling  work.  There  had  also  been  wit- 
nessed the  wide  adaptation  of  electricity  to  mining  operations, 
and  the  introduction  of  air  compressors  driven  by  electric 
motors.  The  extended  use  of  coal-cutting  machinery  in 
recent  years,  and  the  limitation  of  t ho  use  of  elect ricity  in 
coal  mines  consequent  on  the  provisions  of  t he  Coal  Mims 
Act  of  1911，  liacl  also  brought  about  an  increased  demand 
for  air  compressors.  Even  with  the  most  modern  com- 
pressors, however,  it  was  not  possible  to  transmit  air  with 
the  same  economy  as  the  electric  currtMit,  and  in  practice 
the  loss  from  leakage  was  a  great  deal  more  in  the  former 
than  in  the  latter  system .  Losses  in  air  comprevssioii  and 
iransmission  were  due  chiefly  to  two  causes ― friction,  aiui 
the  loss  of  heat  in  the  air  from  the  moment  of  compression. 
Ii】 all  compressors  there  was  loss  through  drawing  in  the  air 
through  valve  spaces,  and  expelling  it  through  the  outlet 
valves.  Its  whole  course  was  then  one  of  friction  through 
pipes  (often  too  small  in  diameter),  and  it  finally  had  to 
overcome  much  friction  in  the  valves  and  cylinders  of  the 
motor.  Air  could  be  used  expansively,  but  not  to  the  same 
extent  as  steam,  and  the  essential  difference  was  due  to  the 
beat  losses  in  compression  and  expansion. 

It  was  when  the  actual  practical  results  obtained  in 
return  for  the  cost  of  producing  compressed  air  were  esti- 
mated that  disappointment  was  felt  at  obtaining  poor  a 
return  for  the  expenditure.  The  practical  fact  remained 
that  with  ordinary  dry  compressors  fitted  with  jacket  water- 
coolers  there  was  usually  a  loss  of  25  per  cent,  by  the  time 
the  air  entered  iuto  the  receiver.  This  included  clearance 
losses,  and  the  actual  amount  of  the  loss  varied  according  to 
the  superiority  or  inferiority  of  the  cylinder  aud  valve  design. 
The  loss  in  the  motors  actuated  by  the  compressed  air  was 
quite  as  inuch  as,  or  greater  than,  it  was  iu  the  generator, 
lii  the  one  case  heat  was  given  off  by  compression  ;  in  the 
other,  cold  was  produced  on  expansion.  It  happened  fre- 
quently that  the  air  actually  converted  into  work  under- 
ground was  only  30  per  cent,  of  the  energy  created  by  the 
steam  engine.  In  such  a  case  25  per  cent,  might  be  due  to 
compressor  losses,  25  per  cent,  to  motor  losses,  and  the 
balance  to  friction  in  the  air  mains  and  leakages.  This  was 
where  electric  power  showed  itself  more  economical  than 
compressed  air,  because  the  losses  in  the  generator,  in  the 
conductor,  and  in  the  motor  were  all  much  less.  Where, 
however,  electric  power  was  not  permissible,  compressed  air, 
if  somewhat  more  costly,  became  indispensable.  Where  the 
units  were  small  and  dispersed  throughout  a  mine,  it  had 
been  attempted  to  distribute  these  losses  by  installing  small 
electrically-driven  air  compressors  as  near  as  possible  to  the 
places  where  air  power  was  required.  This  was  particularly 
the  case  with  air  for  driving  rock  drills.  The  system  was 
less  cumbrous  and  more  convenient,  but  he  questioned 
whether  the  actual  power  economy  was  much  greater  th  mi 
with  direct  air  transmission. 

The  small  portable  air  compressors  could  scarcely,  by 
the  nature  of  the  case,  be  as  efficient  and  economical  as 
larger  compressors.  There  were  the  motor  losses,  the  gearing 
or  belt  drive,  and  the  drop  in  current  to  allow  for  ；  and  these 
little  compressors  must  have  some  supervision,  as  well  as 
maintenance  and  stores.  Wlien  all  come  to  be  reckoned  out, 
the  balance  in  favour  of  small  underground  compressois 
could  not  be  large.  At  Wharncliffe  Silkstone  Colliery,  a 
modern  two-stage  compressor  placed  underground,  driven  by 
a  70  h.p.  motor,  was  insufficient  to  drive  two  coal-cutting 
machines,  which  required  about  25  h.p.  each.  It  would  just 
drive  one  coal-cutting"  machine  and  one  face  conveyer,  the 
latter  requiring  8  h.p. 


MORISON'S  APPARATUS  FOR  HEATING  AND  PUMPING  BOILER 
FEED  WATtR. 

We  illustrate  herewith  a  design  of  apparat  us  I'm*  ln*at  iug  and 
pumping  boiler  feed  water,  the  invention  of  Mr.  D.  B. 
Morison,  JIartlepool  Engine  Works,  JIarl  l<*po(j|.  T1r'  ol>j(*<-t 
of  the  arrangement  is  to  obtain  a  hi^h  efficiency  of  euch 
apparatus  under  variable  conditions  of  working.  For  this 
purpose  the  rotary  pump  A,  removiiig  the  water  of  (  ()ii'l，：iisa- 
tion  from  the  condenser  C,  discharges  inl  o  an  elevated  heat'  r  B 
preferably  of  the  spray  type,  but  which  iiklv  bo  of  any  other 
direct  contact  or  surface  contact  type,  and  in  which  the  water 
is  heated  by  exhaust  or  low-pressure  steam,  the  discharge  I'nxn 
the  heat&r  being  connected  to  the  inlet  ciul  oi  the  multi- sU"'(， 
rotary  feed  pump  D，  which  discliargr's  tin*  lieated  wat<-r  to  t  In* 
boilers.  The  elevated  heater  B  is  provided  with  a  water 
res&rvoir  E  containing  a  float  F  which  operates  a  valve  H 

through  which  the  supple- 
mentary feed  water  may 
be  delivered  into  the 
system,  the  same  float  P 
also  operating  another 
valve  L  connected  with 
the  discharge  pipe  M  from 
the  multi-stage  feed  pump 
D  to  the  boiler.  The 
arrangement  is  such  that 
when  there  is  a  deficiency 
in  the  supply  of  feed 
water  and  the  water  level 
in  the  reservoir  E  of  the 
heater  B  is  reduced  below 
the  normal,  the  float  F, 
by  falling,  opens  the 
supplementary  feed  water 
supply  valve  H  and  addi- 
tional water  is  delivered 
into  the  system,  prefer- 
ably into  the  condenser  C  ； 
or  alternatively,  if  at  any 
time  the  supply  of  feed 
water  is  greater  than  is 
required  for  the  boilers 
and  the  level  in  the  water 
reservoir  rises  above  the 
normal  level,  the  float 
opens  the  valve  L  con- 
nected to  the  discharge  pipe  M  and  water  is  by-passed  into  the 
condenser,  through  a  spraying  device,  so  that  it  is  discharged 
over  tubes,  or  elsewhere,  and  becomes  reduced  iu  tempe- 
rature before  re-entering  the  pumping  system,  whereby  steam 
in  the  heater  B  is  continuously  condensed  and  water  continues 
to  flow  through  the  feed  pump  D  in  sufficient  quantity  to  pre- 
vent it  from  being  unduly  lieated  therein.  The  valves  H  aiul 
L  may,  if  desired,  b©  placed  in  the  reservoir  E,  so  that  should 
there  be  any  water  leakage-  such  water  will  pass  into  the 
system -  The  float  F  may  also  control  a  valve  N  in  the  dis- 
charge pipe  from  the  heater,  as  represented  by  the  dotted 
lines,  for  tlie  purpose  of  throttling  the  flow  of  water  to  t  lie 
feed  pump  D  should  the  water  level  in  tlie  reservoir  E  fall 
below  a  predetermined  limit.  In  tliis  apparatus  the  working 
of  the  pumps  being  maintained,  they  are  continuously  supplied 
with  a  sufficiency  of  water,  irrespective  of  the  amount  of  feed 
water  delivered  into  tlie  boilers,  and  facilities  are  afforded  for 
the  continuous  condensation  of  steam  in  the  heater  aud  for 
the  de-aeration  of  the  lieated  water. 


MOUISON'S  Al'l'.VRATUS  FOR  HlOATINd  ANU 

I'ujii'ing  Boiler  Feed  Watkh. 


Sequel  to  a  Boiler  Explosion. 一  At  Ilnim:'  、 
Friday  last  an  official  of  the  B-elliaven  Conipanv  ( Limited),  of 
Allanton  Foundry,  Morningside,  was  charged  with  culpable 
homicide  in  connection  with  the  boiler  explosion  at  the 
foundry  on  July  10th  last,  when  three  lives  were  lost.  In  thr 
charge  it  is  alleged  that  accused,  in  breach  of  his  dutv,  allowed 
a  boiler  which  he  knew  to  be  defective  to  be  used,  in  con- 
saquence  of  which  defects  the  boiler  exploded  and  three  nieu 
were  so  seriously  injured  that  they  died  on  the  same  day. 
Accused  declined  to  emit  a  declaration,  and  was  committed  for 
further  exaniination.  Later  in  the  dav  he  was  liberated  ou 
bail  of  £30. 
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THE  DESIGN  AND  CONSTRUCTION  OF  SHOP  CRANES, 

•  BY  FRANK  、V.   SUFKIELD,  A.M.I.MECH.E. 

It  is  my  purpose  to  deal  chiefly  with  the  general  design  of 
cranes  and  to  exclude  the  motive  appliances  with  the  excep- 
tion perhaps  of  treating  them  in  abstract.  It  will  perhaps  be 
interesting  to  consider  first  of  all  a  few  very  early  applications 
of  mechanism  to  lift  weights  which  may  have  formed  the 
original  ideas  of  the  crane.  It  is  thought  that  the  first  idea 
of  a  crane  suggested  itself  when  lifting  broken  off  branches  of 
trees  from  a  river  by  the  means  of  a  rope  of  twisted  thongs  or 
Jibres  of  bark  thrown  over  the  fork  of  an  extended  branch. 

The  windlass  used  on  the  British  merchant  vessel  up  till 
about  the  year  1769  appears  to  have  advanced  but  little  on 
the  primitive  form,  with  the  exception  of  two  points :  (1)  It 
did  not  rest  on  the  side  of  the  main  deck,  but  in  two  strong 
timbers  fixed  on  opposite  sides  of  the  main  deck,  a  little 
behind  the  foremast,  called  "  windlass  bitts,"  and  made  in 
halves  to  enable  an  easy  removal  of  the  windlass,  and  (2)  the 
windlass  was  furnished  with  pawls.  The  gin  appears  to  liave 
been  the  next  development  and  used,  for  raising  water.  The 
power  was  applied  by  a  transverse  beam,  at  each  end  of  which 
a  horse  was  yoked,  the  track  being  about  7  to  8  yards  cliam., 
so  that  the  horse's  force  was  not  expended  in  an  oblique  direc- 
t  ion.  This  enabled  them  to  get  a  fair  pull  at  the  start.  This 
of  course  was  the  origin  of  the  term  "  horse-power." 

The  combination  of  ropes  and  rollers  to  gain  mechanical 
power  led  to  the  contrivance  of  the  "  block."  At  first  it  was 
merely  a  piece  of  hard  wood  with  a  hole  iu  it  to  reeve  the 
rope  through,  such  as  are  used  to  tighten  the  rigging  of  ships. 
These  blocks  had  three  holes,  through  which  the  rope  passed, 
and  then  greased  to  reduce  the  friction.  The  round  shape  of 
ihe  block  and  the  position  of  the  three  holes  resombled  a 
human  skull,  or  death's  head ,  hence  the  word  "  dead-eye. 
Iu  blocks  constantly  used,  the  friction  and  rigidity  of  the 
ropes  caused  so  great  a  loss  of  power  that  it  led  to  the  addition 
of  a  roller  or  sheave  in  thei  block  itself,  which  with  other  added 
ituprovements  brought  up  the  present  crane  blocks  to  their 
existing  state  of  comparative  perfection.  The  application  of 
these  early  devices  of  mechanism  were  developed  as  they  were 
applied  to  workshop  and  practical  use. 

The  method  of  combining  the  advantages  of  the  derrick 
with  those  of  the  crane  was  patented  by  a  Mr.  Henderson. 
The  jib  of  this  crane  was  fitted  with  a  joist  at  the  foot  and  had 
a  chain  instead  of  a  tension  bar  attached  to  it  at  the  top,  so 
tli;"  the  inclination  of  the  jib  and  of  course  the  radius  could 
be  varied  as  required.  A  similar  design  was  used  in  stone 
quarries,  but  Henderson  introduced  a  parabolic  barrel,  similar 
to  the  fusee  of  a  watch ,  upon  which  the  chain  winds  as  it 
raises  the  jib  and  th©  barrel  decreases  in  diameter  as  the  jib 
approaches  the  horizontal  line,  so  that  the  power  to  raise  or 
lower  the  jib  is  equalised  at  all  times. 

In  the  construction  of  all  machinery  it  is  seldom,  if  ever, 
t  Iiat  complete  fitne&s  to  requirements  is  attained  until  com- 
petition simplifies  the  design,  and  in  no  instance  has  this  been 
more  apparent  than  in  th©  first  cranes,  which  were  chiefly 
applied  to  wharfs  and  quays.  Those  in  tlie  early  part  of  the 
18th  century  were  made  rude  and  clumsy,  the  design  being 
borrowed  from  the  Dutch,  many  of  them  worked  by  a  man 
walking  in  the  wheel.  To  lower  the  load  the  man  walked 
backwards,  a  pol-e  was  suspended  from  the  axle  for  the  man 
to  hold  on  to  in  case  the  weight  overbalanced  the  man  lower- 
ing it  and  thus  prevent ing  his  being  hurled  round  in  the 
wheel. 

The  first  improvement  on  these  primitive  cranos  seems  in 
have  been  to  do  away  with  the  man  in  the  wheel,  which  was 
reduced  in  size,  and  was  fixed  upon  the  external  part  of  the 
jib.  The  next  advance  seems  to  have  been  the  shipwright's 
crane.  The  general  form  appears  to  have  i-emaiiied,  with  the 
exception  of  the  material  of  which  the  jibs  were  made,  then 
of  wood  and  cast-iron  ends,  afterwards  of  cast  iron,  and  now 
built  up. sections. 

One  of  the  earliest  examples  of  travelling  cranes  was 
dosigued  by  Eennie  for  the  inaliogany  sheds  at  the  West 
Indian  Docks.  Josepli  Glynn  in  】iis  book  says,  "A  kind  of 
railway  was  constructed  iu  the  roof  upon  parallel  frames  of 
limber  extending  across  tlw building,  and  upon  this  a  carriage 

*  Abstract  of  paner  rend  before  the  Biriiiintiham  Association  of  Mechanical 
Engineers,  Jiuuuiry  ltilh  1913 


travels  from  side  to  side  of  the  house."  Then  followed  th(， 
movesinent  of  the  carriage  from  ,end  to  end  of  the  building. 
Another  early  idea  of  travelling  crane  was  the  old  bridge  or 
" A  ，，  frame  crane  used  in  timber  yards,  entirely  made  of 
timber.  The  carriage  was  moved  from  one  side  of  the  bearer 
to  the  other  by  an  endless  chain  passing  over  wheels  on  the 
crab  and  each  end  attached  to  winches  fixed  on  each  u  A  n 
frame.  To  raise  the  load  the  chain  was  wound  on  l>ot  1  l 
winches. 

The  first  successful  attempt  to  work  detached  cranes  hv 
mechanical  power,  and  without  manual  labour,  apjwars  to 
have  been  made  by  a  Mr.  Hague,  of  London,  by  means  of  air 
]>umps  worked  by  steam  power.  The  next  was  a  steam 
cylinder  attached  to  the  crane. 

The  first  hydraulic  crane  was  erected  on  the  tjuay  of 
Newcastle-oil -Ty n e .  It  was  designed  by  Sir  William  Ann- 
strong.  The  tanks  or  reservoirs  were  placed  100ft.  above  ilic 
level  of  the  quay,  three  cylinders  being  placed  under  the 
ground  ；  for  ordinary  weights  the  centre  cylinder  was  used 
alone,  and  for  extra  weights  it  was  assisted  by  the  two  external 
ones.  A  fourth  cylinder  was  used  to  turn  tlie  crane  round. 
A  similar  one  was  erected  at  Glasgow  with  a  column  of  water 
210ft.  high  and  lifted  15  tons. 

I  have  given  you  a  resume  or  retrospect,  and  I  will  now 
iake  up  the  modern  and  up-to-date  metliocls.  In  designing  ； i 
crane  we  must  first  know  all  the  loads  that  it  will  be  sub- 
jected to,  both  moving  and  fixed,  and  tlien  proceed  to  set  out 
the  diagrams  showing  all  the  stresses  to  which  it  will  be  sub- 
jected. It  has  often  been  said  sound  judgment  is  a  requisite 
of  a  sucoeasful  designer,  as  no  precise  rules  can  ever  be  forniu- 
lated  to  cover  all  cases  as  they  arise  in  practice,  and  tlu* 
judgment  of  the  designer  is  called  upon  repeatedly  to  decide 
the  correct  proceeding  when  there  is  no  precedent. 

The  jib  cranes  for  workshops  and  foundries  are  as  a  rule 
hand-power  cranes,  but  the  introduction  and  development  of 
the  electric  motor  has  perhaps  influenced  the  design  of  ih> 
other  auxiliary  apparatus  so  much  as  that  of  the  crane. 
There  are  some  fixed  jib  cranes  in  railway  shops  driven  by 
electric  motors,  but  these  are  not  general.  There  is  also  a 
pattern  of  jib  crane  which  is  very  useful  travelling  on  one 
rail,  aud  called  the  walking  crane,  this  being  driven  by 
electricity  and  designed  on  tlie  same  basis  as  the  jib.  The 
simplest  application  of  electric  motors  to  an  overhead  lifting 
and  travelling  application  is  when  the  carriage  is  suspended 
, and  run  on  the  bottom  flange  of  rolled  steel  joists,  which  are 
suspended  in  their  turn  in  the  sliops  over  macliines  or  work 
where  lifting  is  required.  Thev  are  termed  runways  and  are 
largely  used  in  small  foundries  and  loading  warehouses. 

Overhead  travelling  crau^e  are  probably  iu  greater  demancl 
than  other  types  on  tlie  market.  Electrically  driven,  tliey 
are  universally  adopted  for  heavy  loads,  especially  when  con- 
tinuous running  and  rapidity  are  required.  The  three-motor 
crane  is  the  most  efficient  for  modern  workshop  practice,  but 
until  recently  the  single-motor  crane  was  considered  the 
cheapest  for  engin-e-houses  and  places  wliere  only  an  occasional 
lift  was  required . 

In  selecting  the  given  speed  of  the  lifting  load  it  should  not. 
be  overlooked  that  the  nominal  load  is  seldom  more  than 
20  per  cent,  of  the  full  capacity  of  the  crane.  It  is  better, 
therefore,  to  consider  the  highest  and  safest  speed  at  which 
this  load  can  be  worked,  and  then  select  a  full  load  speed 
which  will  give  the  same  foot-tonnage  of  work  done.  Bv  tlie 
use  of  series-wound  motors  a  variation  above  the  rated  speed 
of  about  50  per  cent,  increase  proportional  to  the  load  can  l>c 
obtained.  It  is  therefore  unnecessary  to  use  change  t^oars  on 
the  main  lift.  On  cranes,  say,  over  20  or  25  tons,  wIhmv  t  lie 
full  load  is  only  occasionally  handled,  and  tlie  crane  is  used 
frequently  for  light  loads,  it  is  often  economical  to  have  an 
auxiliary  barrel  fitted  on  the  crane,  and  worked  by  a  separate 
motor  with  a  capacity  of  5  to  6  tons,  and  a  speed  of  20ft.  to 
40ft.  per  minute,  the  lift  being  one-fifth  of  tlie  full  capacity 
of  the  crane  and  the  speed  such  as  will  give  the  same  foot- 
tonnage  as  the  maiu  lift.  It  is  never  worth  while  having  a 
change  of  gear  to  the  cross  traversing  and  travelling  motors. 
The  speeds  are  variable  according  to  the  work  required  to 
be  done. 

,) ust  a  few  remarks  about  obtaining  the  horso-j)o\ver  for 
the  motors.  The  lifting  mot-or  depends  j)iu*olv  on  tlie 
work  done  on  the  load  and  tlie  power  absorbed  in  thv  frirliou 
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oi'  the  gearing,  journals,  It  varies  with  the  number  of 

reductions  and  the  type  of  gearing.  A  connnon  rule  in 
practice  is  to  allow  10  foot  tons  of  work  done  at  the  hook 
l>(、i'  brake  liorse-power,  this  being  ^juivalenl  U>  a  nuM'lianical 
efficiency  of  about  66  per  cent.  This  is  very  near  for  medium 
or  large  cranes,  but  for  smaller  sizes  it  allows  a  slightly 
lar^(ir  motor  than  is  really  necessary,  which  is  perhaps  good, 
as  it  is  the  smaller  cranes  whirh  ； ire  in  more  constant  use. 
The  power  required  for  cross  traversing  and  travelling  must 
I"'  sulficieni  to  overcome  the  rolling  and  axle  friction  ami 
I  he  friction  of  the  intermediate  driving  gear.  For  practical 
purposes  resistances  of  401bs.  to  501bs.  per  ton  for  cross 
travensing,  and  GOlbs.  t.o  701bs.  per  ton  for  travelling  are 
allowed  for  the  best  class  of  travelling  cranes  which  have 
l:ir"M，  din  met  rr  wheels  and  iiiacliine-cut  gears. 

I  will  now  c(,nsider  a  few  details  of  the  framing  and  general 
details  of  (he  crabs.  Tlic  di (Terence  in  appearance  is  rhiHlv  in 
the  design  of  the  crabs  themselves.  Tliere  has  been  a  (liflV- 
r('ii('p  ol'  opinion  as  to  the  best  materials,  some  makers  using 
cast-iron  frames  up  to  considerable-  sizes,  but  it  is  now  almost 
universal  to  use  a  steel  framing  for  all  sizes.  The  chief  idea 
in  d(isigniiit;'  is  to  make  all  pari s  as  accessible  as  possible  for 
riMiiovals,  repairs,  and  general  attention,  and  to  keep  t ho 
st  ruct.ure  as  light  as  possible  with  stability.  Some  makers 
use  steel  plates  either  double  or  single,  but  these  box  xij)  the 
motors  and  gearing  too  much,  and  perhaps,  what  is  worse, 
necessitate  solid  bearings. 

I  ii  designing  the  framing  For  ci-abs  it.  is  almost  impossiltlr 
to  give  definite  calculations  as  general  rules,  but  care  must 
be  taken  that  the  stress  limit  does  not  exceed  5  tons  per 
s(|iia!'(i  incli,  to  avoid  possible'  dcllfM-t  ion  or  bending  of  shafts. 
1  n  crabs  for  light  cranes  it  is  difficult  to  design  a  stiff  enough 
i'ramc  without  putting  more  material  in  than  is  required  for 
actual  strength.  The  running  wheels  and  axles  are  the  first 
to  be  considered,  and  the  material  from  which  they  are  made 
is  important.  For  first-class  work  cast  iron  should  not  be 
usod  above  10  tons.  Cast  steel  should  be  used.  The  wheels 
sliould  l)e  made  as  large  as  possible,  in  order  to  reduce  the 
tractive  resistance.  The  axles  should  be  made  as  small  as 
possible.  The  overhang  from  oentre  of  bearing  to  centre  of 
wlieel  should  not  exceed  5in.，  and  the  working  strain  sliould 
not  exceed  5*5  tons  per  square  inch.  The  length  of  the  bear- 
ings should  bo  so  designed  as  not  to  give  more  than  9001bs. 
per  square  inch  of  projected  area.  They  are  usually  of  cast 
iron  with  brass  bearings  on  the  top.  The  most  important 
pjirt  is  1  lie  lubrication,  and  for  crabs  over  40  tons  self -oiling 
o\ws  should  be  adopted.  Roller  bearings  are  also  sometimes 
adopt-wl  for  these  bearings  for  heavy  cranes.  Sometimes  for 
very  heavy  crabs  the  axle  bearings  are  put  on  both  sides, 
wliieli  enable  less  width  in  bearings  to  bo  used,  and  the 
^carin^  ran  be  more  compactly  arranged.  One  wheel  on 
o;h'1i  Hide  would  require  to  be  geared  with  this  arrangement . 
The  barrels  are  usually  made  of  cast  iron,  and  the  rope 
grooves  iurned  in  to  suit  the  diameter  of  n>[)e  to  be  used. 
The  I'ol lowing  table  gives  the  approximate  sizes  of  the  steel 
roprs  suilalile  for  this  work. 

Loads  in  Tuns.  No.  of  liopcs.  Circum.  in  In. 


Tlu'  usual  factor  of  safety  is  8，  which  allows  a  good  margin 
ii'  ； i  iV»\v  strands  sliould  break.  The  life  of  a  rope  depends 
larp'lv  on  the  diameter  of  the  barrel  and  the  number  of 
l>ulk'ys  it  passes  round.  Some  makers  recoinmend  t  inics 
tluv  circiunferenoe  of  the  rope.  This  a])j>ears  suitable  for 
ropes  under  ^> J,in .  circuinfereiu'e,  hut  above  this  5  \  \i>  I; 
yliould  be  quite  large  enough  for  the  barrel.  An  important 
j)oint.  is  the  spacing  of  the  ropes  on  the  barrel,  the 
centres  of  the  grooves.  For  all  ropes  up  to  4in.  circumfenMH  c 
； l;in.  sliould  be  left  between  the  sides  of  the  ropes,  but  alim  " 
that  si/.e  ^in.  if  possible.  This  is  to  allow  for  the  flaitenin^ 
of  1  hr  n)jK's  whilo  under  load,  ami  to  avoid  their  ^riii(liui,r 
together.    The  usual  practice  is  to  allow  tlie  lift  to  Ih'  take  ii 


in  the  centre  of  the  Ijji rrel  io  distril)，ih、  t  In*  load  m',",  4*vtMily 
on  the  girders.  From  7  to  .V)  tons  the  load  shonl'l  lv  l'f"''i 
on  four  parts  of  the  rope,  i.t.y  two  parts  in  ri^liL  aii'l  l**ft- 
hand  grooves  on  the  barrel,  the  oIIht  <mi<I  passing  round  a 
pulley.  This  pulley  need  not  exceed  twice  the  circu'"fV"''i"'' 
of  the  rope. 

For  cranes  up  to  three  tons  the  load  sIkjuUI  1化 liftr-rl  in  a 
single  pull  of  rope,  for  5,  6，  and  7  tons  with  two,  a\w 
being  on  the  barrel  ；  four  ropes  up  to  .">()  tons,  six  to  75  tons, 
and  so  on.     Jt  is  not  so  important  to  lift  fi-nt  railv  w"  li  small 
cranes  as  the  load  on  the  girders  can    never    excoe<l  tl，c 
strength  of  the  material  used,  and  it  always  umst-       in  *■ 
of  requirements.    The  thickness  of  metal  in  the  barrel  imnt 
be  considered,  and  the  stress  of  bending  musl  not 
75  tons  per  square  inch,  this  giving  ample  strength.  Tlu; 
barrel  shaft  must  be  considered  in  the  same  way  as  ot  lid- 
shafts,  also  the  bearings  with  the  same  bearing  pressure. 

Gearing  is  one  of  the  most  important  parts  of  rran<- 
design.  For  heavy  loads  it  is  advisable  to  have  ^asl  iron 
for  the  barrel  gear  and  pinion,  because  it  is  advisa ble  to 
shroud  the  pinion,  and  the  speed  being  low  the  \o>> 山 i«'  to 
friction  is  not  worth  considering.  Rawhide  motor  ])inions 
are  found  to  be  suitable  for  the  first  reduction  up  to  20  t',n、. 
gearing  into  cast  iron.  These  run  very  smoothly,  and  do 
not  require  lubricating.  Above  20  tons  the  motor  pinions 
ought  to  be  machined  steel,  running  with  cast  iron,  or  steel 
wheels  in  an  oil  bath.  The  barrel  wheel  and  piuion  up  to 
20- ton  cranes  are  made  in  cast  iron,  but  above  this  cast  steel 
is  better,  and  in  all  cases  above  7  tons  the  pinions  must  he 
shrouded.  For  cranes  above  20  tons  it  is  good  practice  to 
make  all  the  pinions  of  steel.  Altogether  the  sizes  of  tlie 
pinions  should  be  as  small  as  possible  ；  no  pinion,  however, 
should  have  less  than  12  teeth. 

In  crane  work,  as  in  all  other  gearing,  the  strength  of  tlie 
teeth  is  most  important,  and  the  question  of  the  stress  to 
which  these  are  subjected  is  very  variable  in  actual  practice. 
The  average  ultimate  strength  of  cast  iron  and  cast  steel 
subject  to  bending  (as  in  a  tooth)  is  18  and  30  tons  respec- 
tively. Due  to  the  nature  of  the  metals  and  the  methods  of 
manufacture,  one  would  be  justified  in  allowing  a  factor  of 
safety  of  8  for  cast  iron  and  6  for  cast  steel  for  slow  running. 
I  do  not  purpose  to  go  into  the  detail  of  the  design  of  teeth. 
Using  reliable  formula  such  as  Prof.  Unwin's  would  be  quite 
satisfactory.  Involute  teeth  with  radial  flanks,  which  give 
a  short  tooth  with  a  broad  root,  are  mostly  used  because  of 
their  great  strength.  Some  makers  shroud  the  barrel  gear 
and  pinion  to  the  pitch  Hue,  but  if  the  calculations  are  tak'n 
at  this  point  the  object  is  defeated.  The  chief  value  of 
shrouding  is  to  minimise  the  tendency  of  the  teeth  breaking 
across  the  corners,  especially  cast-iron  ones.  Double  helical 
gears  are  sometimes  U9ed  for  cranes,  say  over  30  tons  on  the 
barrel  and  pinion. 

Electrically-driven  cranes  must  be  fitted  witli  effective 
brakes,  and  of  these  there  are  two  kinds ~ magnetic  and  mecha- 
nical. Magnetic  brakes  are  generally  onliua rv  -st'rap  or  clamp 
brakes,  which  are  held  off  by  a  magnet  or  solenoid  connected 
with  the  motor,  so  that  when  the  current  is  taken  off  tlie 
brake  comes  into  action.  To  avoid  a  too  rapid  action,  I lir 
solenoid  forms  in  itself  a  clash  pot,  the  air  being  tlnut  t  lei  m 
a  small  hole  at  the  top  of  the  body.  It  must  be  sufficiently 
strong  to  hold  the  full  load  in  the  event  of  the  mechanical 
brake  failing.  When  both  brakes  are  used  the  solenoid  is 
almost  solely  used  for  stopping  the  motor  rapidly,  and  as  it 
will  run  both  ways  the  cramp  type  of  brake  is  found  to  i"' 
the  rriost  suitable.  Brake  pulleys  on  the  motors  should  be  as 
large  as  possible,  but  the  peripheral  speed  should  not  ex'  ，',  <i 
2,000ft.  to  2,500ft.  per  minute.  Automatic  invohanical 
brakes  vary  in  design. 

We  now  come  to  the  consideration  of  the  main  ;'ir'l，''.、 
The  selection  of  the  type  to  apply  for  a  given  era  no  is  an 
important  point,  since  the  general  efficiency  of  the  rrain-  is 
affected  by  this  question.  Further,  if  it  is  to  be  a  *om- 
petitive  machine  economy  lias  also  to  be  taken  into  roiisitl^r  i- 
tioii.  A  great  variation  of  opinion  exists  amon^  makers  as 
to  t-he  basis  of  working  stress  on  which  they  design  their 
girders.  Frequently  firms  whose  designs  are  th,'  most  vx|nin- 
siye  and  elaborate,  work  on  4  tons  to  the  square  iiuli. 
whereas  others,  whose  aim  is  to  mtvt  t he  'lei'mwl  for  tli*1 
clieaj>est  crane,  work  on  7*5  tons  per  square  inch,  or  even 
higher.      My  (3j)iinon  is  tliat  for  a  good  sound  result  tu 
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5^  tons  per  square  inch  should  be  the  limit,  and  this  will 
cover  all  contingencies  and  avoid  all  undue  deflection  in  the 
shafts,  &c.  There  are  four  principal  types  of  girders :  (1) 
Rolled  steel  joists  ；  (2)  box  plate  girders  ；  (3)  single-web 
plate  girder  ；  (4)  braced  or  lattice  girders. 

The  rolled  steel  joist  is,  of  course,  the  simplest  type  of 
girder,  and  is  frequently  used  for  spans  up  to  40ft.  for  light 
loads,  and  30ft.  span  up  to,  say,  20  tons.  For  cranes  above 
15  tons  in  spans  up  to  65ft.  the  box  girders  are  considered 
excellent.  One  disadvantage  is  that  they  cannot  be  got  at 
for  painting  inside.  The  sections  and  proportions  required 
for  such  loads  generally  ensure  the  girder  being  stiff  enough 
without  causing  any  lateral  distortion.  For  cranes  up  to  15 
tons,  say  up  to  40ft.  span,  where  rolled  steel  joists  are  not 
stiff  enough,  the  single  web  plate  girder  can  be  made  economi- 
cally with  one  or  two  provisions.  The  speed  must  not  be 
excessive,  and  platform  girders  should  be  added  and  braced 
horizontally  to  the  main  girder.  For  cranes  up  to  and 
including  4  tons,  above  40ft.  and  all  65ft.  or  75ft.  spans, 
braced  girders  are  the  most  economical.  They  are  cheaper  to 
make  and  less  in  weight,  and  consequently  use  less  power. 
The  most  important  thing  is  to  adopt  the  right  kind  of  brac- 
ing for  each  specific  case.  From  the  points  of  cost,  weight, 
anfl  convenience  the  best  is  the  Warren  type.  Where  rolling 
load  is  large  and  heavy  in  proportion  to  the  structural  load, 
the  double  or  partly  double  lattice  girder  is  adopted. 

The  first  step  of  calculation  for  crane  girders  is  to  obtain 
the  bending  moment  in  the  ordinary  way.  This  must  include 
the  forces  due  to  (1)  rolling  】oad，  (2)  weight  of  crabs,  (3) 
structural  load,  i.e.,  weight  of  girder,  platform,  and  cross 
shaft  ；  (4)  if  the  driving  motor  is  in  the  centre  this  must  be 
added.  I  do  not  propose  to  consider  impact  forces  in  any  one 
case,  as  these  are  often  neglected  by  crane  builders,  although, 
in  my  opinion,  something  should  be  added,  especially  for 
liigh-speed  cranes. 

If  the  crab  is  symmetrically  built  the  rolling  load  may  be 
considered  as  being  divided  equally  on  the  four  wheels  ；  con- 
sequently it  shortens  the  effective  span  of  the  girder  by  the 
distance  of  the  centres  of  these  whe'&ls.  This  bending 
moment  of  t'lie'  rolling  load  is  obtained  by  multiplying  the 
reaction  at  either  support  by  the  distance  from  that  support 
to  the  centre  of  the  crab  wheel  nearest  the  support. 

The  bending  moment  due  to  the  structural  load,  in  the 

W.  L. 

usual  way  for  a  distributed  load  M.B.  =  ^ g ~~  and  that  of  the 
driving  motor  ； is  a  concentrated  load  M.B.  =  — ^ ~ 

These  can  be  obtained  by  diagrams,  but  can  be  developed 
as  follows,  assuming  a  crane  of  25  tons,  50ft.  span,  with  a 
crab  of  5  tons  carried  on  a  wheel  base  of  5ft.,  and  the  girder, 
platform,  &c.，  at  5  tons,  and  the  travelling  motor  [ton. 
B.M.  Rolling  load  =  270in.  x  7*5  =  2,U25in. -tons 


Structural 
Motor 


5x600 
^ 8^ 
3  x  600 
4x4 


= 375  ，， 
=      112-5  ,， 


Total  *J, 512-5  in-ton.s. 


The  next  question  is  the  depth.  For  crane  work  one- 
twelfth  to  one-sixteenth  is  usually  allowed  according  to  the 
size  of  the  crane.  For  heavy  loads  it  is  more  economical  to 
increase  the  depth  than  to  make  the  flanges  heavy.  We  must 
first  assume  a  suitable  section  now  that  we  can  decide  the 
depth,  allowance  being  made  for  rivets,  say  -Jin.  larger  than 
the  diameter.  We  can  then  proceed  to  obtain  the  moment 
of  inertia,  which  must  be  taken  about  the  neutral  axis,  this 
being  for  rectangular  symmetrical  sections  one-twelfth  multi- 
plied by  the  breadth,  multiplied  by  the  height  cubed.  The 
modulus  of  a  symmetrical  section  is  equal  to  the  moment  of 
inertia  divided  by  the  distance  from  the  neutral  axis  to  the 
extreme  outer  edge  of  the  section,  and  this  must  be  equal  to 
the  bending  moment  divided  by  the  working  stress. 

The  web  plates  should  not  be  less  than  {in.  thick  under 
any  circumstances  to  allow  for  deterioration,  and  for  box 
girders  these  can  be  used  up  to  20  tons  ；  ^in.  for  30  to  50 
tous;  and 碧 iu.  above  these  loads.     Whereas  for  single  web 


girders  |in.  】）lates  can  be  used  for  cranes  up  to  7  tons,  ^in.  to 
20  tons,  and  gin.  above.  ThtS3  are  only  approximate,  and 
require  in  some  cases  stiffeners,  which  are  usually  of  T  irons. 
They  do  not,  however,  require  to  be  at  such  clos3  centres  as 
for  bridge  work.  About  4ft.  tc  5ft.  apart  is  all  that  is  neces- 
sary in  most  cases,  but  it  depends  entirely  on  the  size  cf  the 
girder  and  the  loading.  It  is  quite  unnecessary  to  hav3  the 
full  length  of  the  girder  the  same  depth,  and  it  is  usually 
niade  "  fish-bellied  '，  or  the  bottom  flange  made  polygonal", 
the  angles  occurring  wher9  t:ie  stiffeners  come. 

For  high-speed  cranes  we  must  consider  lateral  strssscs, 
due  to  suddenly  stopping  tlie  load.  If  we  take  tl'-二  previous 
example,  and  assuma  it  runs  at  300ft.  per  minute,  cr  5ft.  per 
second,  under  full  load,  the  momentum  of  load  and  crab  at 
full  speed  will  be  ll'5ft.  tons.  If  I  assume  the  crar.?  travels 
5ft.  after  the  current  has  been  cut  off  and  ths  brak?  put  on, 
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23ft. 


the  horizontal  force  on  the  two  girders  would  be 

tons,  giving  115  tons  per  girder.  To  this  must  be  added  the 
distributed  effort  as  well,  which  would  equal  about  Co  on  the 
same  formula.  We  must  therefore  see  that  the  total  lateral 
stress  does  not  exceed  4  tons  per  square  inch  under  thsse 
conditions,  so  as  to  avoid  any  possibility  of  distortion  from 
the  concentrated  lead.  It  is  quite  obvious  that  tlie  girders 
might  fail  this  way,  and  yet  be  amply  strong  to  carry  tlie 
load  in  the  span,  but  the  fixing  of  the  platforms  often  assists 
very  materially  to  overcome  the  difficulty. 

In  order  to  calculate  the  strength  of  the  end  carriages  we. 
must  know  the  load  of  the  crab  at  the  extreme  end,  to  which 
must  be  added  the  weight  of  the  girders  thems.e]v33.  It  is 
also  necessary  to  fix  the  centre  of  the  girders  and  the  travel- 
ling whe&ls.  The  first  depends  upon  the  requirements  cf  the 
crabs,  and  the  second  should  b©  about  one-fifth  of  the  span. 
Channels  are  most  convenient,  or  plates  and  angles.  The 
wheels  should  be  from  18in.  to  30in.  diam.,  according  to  tne 
size  of  the  crane,  and  of  cast  sbe&l  or  cast  iron  with  steel 
treads.  The  toothed  wheel  should  be  by  preference  bolted  to 
the  wheel,  rather  than  keyed  separately  or  cast  in  one  piece. 
Que  of  the  greatest  objections  to  the  cheap  crane  is  allowing 
these  wheels  to  be  bushed,  and  to  run  loose  on  the  spindles, 
and  this  is  one  of  the  many  bad  features  which  are  adopted 
to  cheapen  the  cost.  This  is  seldom  noticed  by  buyers,  who 
do  not  trouble  to  look  into  details  or  get  anyone  to  assist  them 
who  may  know. 

The  platforms  may  add  to  or  detract  from  tlie  appearance 
cf  a  crane,  and  it  is  very  largely  a  matter  of  opinicn  as  to 
whether  there  shall  be  one,  two,  or  none  at  all.  Fcr  light 
cranes,  when  rolled  steel  joists  are  adopted  for  the  main 
girders,  four  girders  are  used,  and  wood  battens  laid  between 
tiie  two  outside  girders.  For  light  lattice  or  single  web 
girders  it  is  found  cheapest  to  fcrm  light  subsidiary  girders 
and  fix  to  main  girders  with  diagonal  bracing,  so  that  this 
will  increase  the!  lateral  stress.  In  some  cases  the  top  plate  of 
the  girder  can  be  extended  to  form  the  platform  of  chequered 
plate,  which  practically  strengthens  the  construction.  Wlien 
the  crane  girders  are  stiff  enough  brackets  can  be  carried  on 
the  sides  of  them,  and  these  must,  be  designed  to  be  uniform 
with  the  remainder  of  the  work.  Timber  is  usually  used  for 
this  purpose  on  account  of  its  cheapness  and  lightness.  Tha 
cab  is  made  of  a  very  light  construction,  and  suspended  from 
the  end  of  the  main  girders.  It  should  be  just  large  enough 
to  contain  the  ccntrollcr,  switches,  and  for  the  driver  to  sit 
down.  Lubrication  is  a  very  important  point,  and  every 
facility  must  be  mad©  for  fixing  lubricators  wheu  oil  baths 
are  impossible. 


Fatal  Flywheel  Burst. ― One  man  "as  killed,  and  four  others 

injured,  as  t:ie  result  of  the  bursting  of  a  big  flywheel  at  the 
Clydesdale  Iron  and  Steel  Works,  Moss  End,  Lanarkshire, 
on  Saturday  last.  It  appears  that  the  men  in  Xo.  4  Mill  were 
engaged  in  rolling  some  unusually  heavy  steel  material  when 
the  flywheel  burst,  the  main  part  flying  through  the  roof  of 
the  structure  and  smashing  the  overhead  steam  pipes.  One  of 
the  men  was  terribly  scalded,  and  died  on  his  wav  to  the 
infirmary.    Extensive  damage  was  done  to  the  mill. 
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AIR  GAS  AND  ACETYLENE  FOR  LIGHTING  PURPOSES. 

Two  interesting  papers,  one  on  petrol  air  gas  by  Mr.  E.  Scott 
Snell,  and  the  other  on  acetylene  by  Mr.  C.  Hoddle,  were  pre- 
sented at  a  recent  meeting  of  the  【 lhuiiinat  iiig  ISnginee'ring 
Society. 

In  the  course  of  his  paper,  Mr.  Scott  Snell  explained  that 
petrol  air  gas  consisted  of  air  to  whicli  had  been  added  a  small 
percentage  of  petrol  vapour.  The  mixture  was  generated  by 
suitable  machines,  and  subsequently  forced  through  pipes  in  a 
similar  way  to  coal  gas.  The  pipes  contained  only  a  mixture 
of  air  and  petrol  vapour,  and  the  percentage  of  the  latter  was 
invariably  small  (1|  to  6  per  cent.).  It  could  therefor©  be 
claimed  to  he  quite  safe  when  properly  designed,  for  it  would 
hardly  be  possible  for  a  leakage  of  petrol  air  gas  to  give  rise 
to  serious  danger,  over  94  per  cent,  of  the  escape  being  pur© 
air.  On  the  other  liand,  petrol  air  gas  was  not  a  true  gas, 
but  only  a  mixture  of  certain  volatile  hydrocarbons  with  air, 
and  some  of  thess  hydrocarbons  miglii  condense  if  a  wrong 
mixture  or  an  imperfectly  designed  form  of  plant  were 
enijiloyed.  Special  burners,  having  ni])ple  a]>ertur^s  much 
larger  than  those  used  for  gas,  were  required.  The  fact、that 
such  a  large  proportion  of  air  was  taken  into  the  burner 
through  th©  pipes  also  renclered  it  possible  to  obtain  at  the 
comparatively  low  pressure  of  1  hin.  conditions  of  combustion 
comparable  with  thoss  obtained  by  higli -pressure  gas.  The 
size1  of  inverted  mantle'  commonly  used  (the  Bijou  type)  yiel(l。 (！ 
a  much  more  brilliant  light  than  would  be  obtained  with  corre- 
sponding mantles  with  low-pressure  coal  gas.  Some  tests 
recently  carried  out  at  the  County  Works  showed  that  some 
new  mantles  were  giving  70  c.p.  to  80  c.p.,  while  others,  which 
had  been  in  us©  for  some  hundreds  of  hours,  were  still 
giving  48-50  c.p. 

With  regard  to  cost,  claims  varying  from  ^d.  to  4d.  per 
1,000  c.p.  hours  were  made.  The  price  of  light  from  petrol 
must  be  a  function  solely  of  the  price,  and  value  of  the  spirit 
it&elf ,  and  could  not  be'  influenced  by  th©  methods  of  its  genera- 
tion, provided  that  the  apparatus  worked  efficiently.  Prof. 
Vivian  Lewes  reported  an  efficiency  of  5,000  c.p.  hours  per 
gallon,  whereas  Mr.  O'Connor  gave'  a  test  of  about  6,500  c.p. 
hours  per  gallon.  Tlie'  author  was  present*  at  a  test  giving 
4,500  c.p.  hours  per  gallon  ；  whilst  Mr.  Strode  issued  a  report 
which  worked  out  at  6,000  with  one'  burner,  and 
9,350  c.p.  hours  per  gallon  with  another,  both  with  rich  gas. 
In  some  recent  rough  tests  the  candle-power  of  a  burner  with 
a  new  mantle,  guaranteed  to  consume  not  more  tlian 
one-ninetieth  of  a  gallon  an  hour,  gave  a  maximum  reading 
of  70  c.p.,  which  was  equal  to  6,300  c.p.  hours  per  gallon. 
The  average  of  all  the»  foregoing  figures  was  6,800  c.p. 
hours  per  gallon.  With  petrol  at  Is.  9d.  net,  this  was 
equivalent  to  only  3'ld.  per  1,000  c.p.  hours.  All  these  tests 
relab&d  to  plants  consuming  light  spirit.  There  would  be  a 
substantial  pecuniary  gain  from  tlie'  use  of  heavy  petrol  if  the 
whole  of  the  spirit  were  used  for  giving  light,  as  in  the  case  of 
a  weiglit-driven  plant  using  0*680  fuel. 

Mr.  Hoddle,  in  his  pape'r,  said  that  with  acetylene  it  was 
possible  to  obtain  about  40  c.p.  of  a  pure  white  light  for  a 
consumption  of  1  cub.  ft.  of  gas  an  hour,  which,  at  the  present 
price  of  calcium  carbide,  13s.  6d.  per  cwt.,  was  equal  to 
about  7d.  per  1,000  candle-hours.  The  light  was  quite  con- 
stant, and  could  be  used,  if  necessary,  in  burners  giving  only 
10  c.p.  In  an  ordinary  house-lighting  installation  the  burners 
took  from  I  cub.  ft.  to  1  cub.  ft"  according  to  position  ；  but 
the  burner  most  generally  in  us&  took  1$  cub.  ft.  an  hour.  The 
lights  could,  he  claimed,  be  turned  up  or  down  and  the 
illumination  regulated  much  more  per  fee  Uv  than  was  possible 
when  mantles  were  used.  The  cost  of  lighting  an  average 
country  house  bv  means  of  acetylene,  assuming  that  such  a 
house  required  50  lights,  giving  a  total  candle-power  of  about 
1，000  with  two-thirds  of  the  lights  on,  would  amount  to  about 
7d.  an  hour.  If  the  majority  of  the  lights  were  used  on  an 
average  three  hours  a  night,  the  yearlv  cost  of  carbide  would 
be  about-  £30.  Tlve  total  cost  of  installation,  including  fittings 
and  piping,  should  not  bo  more  than  £100.  The  generator 
installed  would  probably  be  of  the  twin  type,  which  enabled 
one  section  to  be  used  while  the  other  was  being  recharged. 
The  charge  in  the  two  generators  would  keep  the  Hglits  going 
for  eight  hours,  assuming  that  only  two-thirds  of  the  lights 
were  going  at  once.  One  of  the  most  useful  purposes  to  which 
acetylene  would  shortly  be  put  was,  he  said,  the  cinemato- 
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graph.    A  mixture  of  acetylene  and  oxygen  used  on  a  special 
disc  of  ceria  gave  a  light  almost  equal  to  the  electric  arc,  the 
candle-power  immediately  opposite  the  iiicancIeHcent  disc 
nearly  1,100. 


STILZ  OIL  BURNER. 

The  fuel-oil  burner  shown  in  the  accompanying  illustration, 
for  which  we  are  indebted  to  "  Engineering  News,"  has 
been  designed  and  patented  by  Mr.  II.  B.  Stilz,  1,938,  N, 
Marvine  Street,  Philadelphia,  Penn.  A  characteristic  of 
many  low-pressure  oil  burners  has  been  their  iuoffective 
atomisation  of  the  oil  and  a  consequent  low  rornlni^t  ion 
efficiency.    Therefore  recourse  has  usually  been  to  hi^li- 

pressure  air  or  steam  for  atomising,  but  the  general  rliflicult v 
which  seems  to  have  been  oncountt-red  licr^  lies  in  t lie  diili- 
culty  of  thoronpli  mixture  of  1  lie  oil  |>'irli。l,'s  wii  h  tli('  proper 
amount  of  air  on  account  of  the  high  velocit  v  of  the  for 川'' r. 
The  design  shown,  which  atomises  oil  at  high  jm.、、im'  with 
air  under  low  pressure,  comprises  an  inner  nozzle  through 
which  oil  is  forced  at  501bs.  pressure.  At  the  end  of  t 
passageway  in  this  nozzle  is  a  small  orifice,  and  within  tl"' 
passage  is  placed  a  spindle  bearing  a  spiral  fin,  which  is 


Stit.z  Oil  Burner. 


claimed  to  cause  the  oil  on  delivery  to  rotate  and  spread  out 
in  a  cone-shaped  film.  Around  the  inner  nozzle  above  men- 
tioned is  a  casing  through  which  air  passas,  and  within  this 
casing  is  a  larger  spindle  also  with  a  spiral  fin,  which  it  is 
claimed  gives  the  air  a  whirling  motion  as  it  passes  out. 
By  the  velocity  of  the  air  in  a  radial  direction  from  tlie 
burner  axis,  a  certain  amount  of  suction  seems  to  b&  pro- 
duced which  draws  the  oil  particles  into  the  current  of  air. 
This,  it  .is  claimed,  results  in  the  desired  intimate  mixtu!v 
and  atomisation.  The  shape  of  the  issuing  flame  is  con- 
trolled by  the  shape  of  the  bell  mouth  of  the  outer  orifice. 
It  is  reported  that  competitive  tests,  conducted  in  1912,  at 
the  plant  of  the  Link  Belt  Company  in  Nicetown,  Pa., 
showed  that  this  type  of  burner  required  only  some  31  per 
cent,  of  the  amount  of  fuel  of  high-pressure  burners  in  use. 
Sizes  have  been  made  to  give  a  capacity  range  of  from  under 
1  gall,  of  oil  per  hour  to  over  400  galls. 

METAL  QUOTATIONS. 

TUESDAY,  JANUARY  28th. 

Aluminium  ingot   95/ -  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  1 12/-  ，， 

,,        sheets        ,，  „   ,  120/-  ，， 

Antimony  £38 /-/-  to  £40/-/-  per  ton. 

Brass,  rolled    Ohi.  per  lb. 

，，    tubes  (brazed)    10{d. 

，，       ,，     (solid  drawn)   8Jd. 

,,       ，，     wire   s\d. 

Copper,  Standard   £68/12/fi  per  ton. 

Iron,  Cleveland   65/3  ,' 

„    Scotch   71/3  ，， 

Lead,  English    £17/2/0  ,, 

,， Foreign  (soft)    £ll»/l.')/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ，，  ，,       medium   3/6  to  6/-  ,' 

，，  ，，  ，，       large  ^   7/6  to  11/- ,' 

Quicksilver   £7/l">/-  per  bottle 

Silver   28^.(1.  per  oz. 

Spelter    £20/5/-  per  ton. 

Tin,  block   £22ti/-">/-  ,, 

Tin  plates   15/-  ,, 

Zinc  sheets  (Sileaian)   £29/7/6  ,， 

',  (Stettin  ；  Vieille  Montagne)   £2D/12/«)  , 
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WORLD  S  SUPPLY  OF  IRON  ORE. 

Thk  pi'odiu't  ion  and  consumjjt  ion  iron  and  steel  in  the 
United  Kingdom  and  tli©  principal  foreign  countries  in  1911 
； iiv  dealt  wit  h  ill  ； i  Hoard 川' Tr:i<"'  Paper  jus)  [>ul»- 

lishcd.  The  world's  total  output  of  iron  ore  in  1910  was  about 
I  milli(m  tons,  but  in  1911 ― though  tli"  li^un's  at'('  not-  vH 
,iv;iil;il'l('  — tliere  would  appear  t o  li;iv('  l>een  ； i  (leoreasc  ovvin^ 
lo  tlu>  falling  off  in  tlie  production  of  the  United  States  from 
f)G,890,000  tons  to  40,990,000  tons.  Germany  produced 
'29,399,000  tons,  its  best  total  on  record ,  and  the  United 
Kingdom  15,519,000,  as  against  15,226,000  in  1910  and 
15,732,000  in  1907.  Our  greatest  output  was  over  18  million 
I  'ins  in  188*2.  Third  place  was  for  the  first  time  taken  by 
France,  which  country,  with  a  total  of  16,127,000  tons,  main- 
1  ai lied  1  lie  rapid  advance  whicli  it  has  shown  during  recent 
years.  Other  large  producers  were  Russia,  Sweden,  and 
A ust ria-Hungary 一 all  ct'^ist ering  an  increase. 

The  iron  ores  used  for  smelting  are  of  varying  chemical 
romposition,  and  occur  in  several  diflferent  geological  f orina- 
t  inns.  Tliey  are  also  of  different  richness,  the  quantity  of 
iron  they  yield  ranging  from  as  little  as  20  p-er  cent,  to  over 
65  per  cef\t.  of  tlieir  weight.  A  report  on  the  extent  of  1  lie 
iron  ore  resources  of  the  world  was  pre&ented  at  the  Eleventli 
International  Greological  Congress  at  Stockholm  in  1910，  in 
which  it  was  estimated  that  the  total  actual  resources  of  iron 
ore  existing  in  deposits  that  can  'at  present  be  worked  at  an 
economic  profit  amounts  to  22,408  million  tons,  representing 
10，  192  million  tons  of  iron.  This  total  would  supply  the 
requirements  of  the  world  for  considerably  less  than  two 
centuries,  even  w-ere  the  present  rate  of  output  not  exceeded 
on  the  average.  The  actual  resources  of  the  principal  ore- 
producing  countries  are  estimated  to  be,  in  the  United  State®, 
4,258  million  tons,  the  equivalent  in  metallic  iron  being 
2,305  million  tons  ；  in  Grermany  and  Luxemburg,  3,878 
million  tons,  estimated  to  yield  1,360  million  tons  of  metallic 
iron  ；  in  tho  United  Kingdom,  1,300  million  tons,  equal  to 
455  million  tons  of  metal  ；  in  France,  3,300  million  tons,  equal 
to  1,140  million  tons  of  metal  ；  and  in  Spain,  711  million  tons, 
equal  to  349  million  tons  of  metal. 

In  addition  to  these  quantities  the  potential  resources  of 
the  world  not  yet  developed  are  estimated  to  amount  to 
123,377  million  tons  of  ore,  repre&enting  53,136  million  tons 
of  iron.  Fui'ther,  very  large  supplies  of  iron  or©  are  under- 
stood to  exist  in  China,  Canada,  and  other  countries,  but  no 
definite  information  is  at  present  available  as  to  their  extent. 
The  actual  resources  of  the  United  Kingdom  arei  calculated  at 
455  million  ton's  of  iron,  and  the  potential  supplies  at  10,830 
million  tons,  including  9,500  tons  of  metal  contained  in  clay- 
iron  stone  deposits  in  South  Walee,  Scotland,  and  el&ewhere 
which  are  not  yet  workable. 

The  total  world's  production  of  pig  iron  in  1911  was  about 
63  million  tons,  the  United  States  (23 h  million),  Germany 
(15/0，  and  the  United  Kingdom  (9^),  accounting  for 
seven-ninths  of  the  total  -  The  following  sitatement  shows  tlie 
output  of  pig  iron  in  the  first  half-year  of  1912，  so  far  as 
pai-i  iculars  ai*e  available,  compared  with  the  output  in  the  two 
previous  half-years  ： —— 

1911.  19】 1.  1912. 

First  Second  First 

Half-year.  Half-year.  Halt-year. 

Thousand  Thousn  m  I  Thousand 

Country.  Tons.  Tons.  Tons. 

United  States    11,666    11,984    14,072 

Germany    7,559    7,763    8,289 

United  Kingdom  ....     5,111    4,608    3,606 

France    2,159    2,277    2,307 

Belgium  •   1,008    1,005    1,104 

Particulars  of  the  output  of  pig  iron  in  other  countries  in 
t  lie  first  lialf-vear  of  1912  are  not  available.  Tlie  reduction  in 
the  output  of  the  United  Kingdom  in  the  first  half-year  of 
1912  was  due  to  the  stoppage  of  works  owing  to  the  dispute  in 
the  coal  trade.  The  output  of  pig  iron  in  the  United  States 
in  tlie  second  half-year  of  1912  is  -estimated  at  about  15,600,000 
tons,  that  of  Germany  at  about  9,277,000  tons,  and  that  of 
Belgium  at  about  1,203,000  tons.  Taking  tlie  average  of  tlie 
last  five  years,  in  the  United  Kingdom  over  56  per  cent,  of  tlie 
pig  iron  made  was  steel -making  iron  (hematite,  basic  pig, 
spiegeloisen,  &c.)，  in  France  about  66  per  cent.,  in  the  United 
States  over  74  per  cent.,  in  Germany  over  75  per  cent. ,  and  in 
Belgium  about  87  per  cent.  Tlie  oombined  output  of  sieel  in 
the  United  Kingdom,  Germany,  and  the  United  States  in  1911 
exceeded  45  million  tons,  and  the  world's  output  might  be 
estimated  at  between  59  and  60  million  tons. 


INDUSTRIAL  AND  TRADE  NOTES. 

South  Wales  Tinplate  Trade.— The  South  Wales  tinplato  mainifar- 
turers  have  decided  to  hold  a  meeting  at  an  early  date  to  con>i*U-r 
^  proposal  for  restriction  of  output,  having  regard  to  the  unsatis 
factory  condition  of  the  trade.  A  leading  mamiracturor  :it  Sw  ；! n 
sea  said  the  trade  was  in  a  deplorable  state,  and  ii'  prioos  did  not 
improve  the  masters  would  havo  no  option  but  to  stop. 

United  States  Patents. ― The  annual  it-port  of  tl"'  r  S.  Connnis 
sioner  of  Patents  for  the  fiscal  year  ended  June  30th,  1912,  sIiowk 
that  there  were  69^236  applications  for  patents  for  inventions. 
The  number  of  patents  granted  was  34,220.      During  the 
19,034  patents  expired.    During  the  past  five  yoars  tlu»  ii'm 山 
of  patents  granted  annually  has  not  variod  to  a  suhst:uiti;tl  d<»^roo. 

The  Recovery  of  Waste  Products.— An  invention  n-ccntly  jkm- 
fected  by  Sir  Oliver  Lodge  and  his  son,  Mr.  丁 jiom"  Lo<l^o,  has 
for  its  object  to  recover  the  metal  from  tlio  i'm"  、  cM-apin^ 
from  smelting  works-  These  fumes  are  heavily  Inilon  with  mot  a  Is 
and  acids  of  considerable  commercial  value.  Sir  Oliver  Lod^o 
has  been  working  since  1884  on.  the  and  it  is  rlaiiin  <l 

that  over  90  per  cent,  of  the  metal  whicli  now  escapes  can  bo 
saved  by  its  use.  Exhaustive  practical  tests  of  its  utility  a  re 
ln'ing  made  in  Birmingham  and  North  Country  metal  works. 

Lighting  of  Factories. ― The  Homo  Secretary  has  appointed  a  foni- 
mittee  to  enquire  and  report  as  to  the  conditions  necossa  r v  i'or 
the  adequate  and  suitable  lighting  (natural  and  artificial)  of  fac- 
tories and  workshops,  having  regard  to  the  nature  of  tlu*  a\  <n  k 
carried  on,  the  protection  of  the  eyesight  of  the  persons  em- 
ployed, and  the  various  forms  of  illumination.  Tl"、  （omniittc,1 
are:  Dr.  R.  T.  Glazebrook,  C.B.，  F.RS.,  Director  of  tho 
National  Physical  Laboratory  (chairman)  ；  Mr.  Leon  G:，s"'i' ； 
Prof.  Francis  Gotch,  D.Sc.，  F.R  S.  ；  Mr.  J.  Herbert  P:u、"ii、. 
M.B.,  D.Sc"  F.R.C.S.;  Mr.  W.  C.  D.  Whetliarn.  F.R.S. :  Sir 
Arthur  Whitelegge,  K  C.B.,  Chief  Inspector  of  Factories.  Tho 
secretaries  of  the  committee  are :  Mr.  D.  R.  Wilson,  one  oi'  H  is 
Majesty's  Inspectors  of  Factories  ；  and  Mr.  C.  C.  Pat<'i'>oii. 
M.I.M.E.,  A.M.Inst.C.E.,  of  the  National  Physical  Laboratory. 

Geared  Turbine  Steamer  for  India.— Messrs.  A.  &  J.  Inglis,  Point 
house,  launched  a  few  days  ago  the  turbine  steamer  "Hardinge/' 
the  second  of  three  sister  ships  which  they  are  building  t'oi-  tlio 
South  Indian  Railway  Company.  The  steamers,  which  have* 
designed  for  ferry  service,  have  a  length  over  all  of  about  2<iUft.， 
a  breadth  of  38ft.,  and  a  depth  to  promenade  decks  of  nearly  19ft. 
They  will  be  rather  less  than  700  tons  gross.  The  propelling 
machinery,  constructed  by  the  builders,  consists  of  two  s(、t、 
geared  turbines  of  the  latest  Parsons  type,  one  high- pressure  and 
one  low-pressure  being  coupled  to  each  of  the  two  shafts  l>y  moans 
of  machine-cut  gears  and  each  shaft  driving  one  of  the  twin 
screws.  The  revolutions  of  the  turbines  will  l>o  about  3.~>' HI  p('r 
miimte，  which  will  give  a  high  turbine  efficiency.  By  mefms  of 
the  mechanical  reducing  gear  the  propellers  will  revolve  at  a 
much  less  speed ― 500  revs. ― and  so  secure  greater  propulsive  effi- 
ciency.   The  boilers  are  of  the  Yarrow  type. 

Canadian  Trade. ― The  report  of  the  Department  of  Trado  and 
Commerce  of  the  Dominion  of  Canada  for  the  fiscal  year  ended 
.March  31st，  1912,  contains  statistics  of  Canadian  trade  、vitli 
France,  Germany,  the  United  Kingdom,  and  the  United  States. 
This  shows  that  the  value  of  the  trade  of  Canada  with  the  world 
has  grown  uninterruptedly  since  1893.  Her  total  imports  and 
exports  in  that  year  were  valued  at  $247,638,620,  whereas  in  tho 
last  fiscal  year  they  ran  up  to  $874,637.794.  From  and  to 
France  the  value  of  the  trade  last  year  was  slightly  less  than 
in  1911，  but  since  1908  it  has  greatly  increased.  Trade  with  Ger- 
many has  materially  improved  since  1910，  but  the  total  trado  with 
France  and  Germany  last  year  amounted  only  to  $28,971,071,  as 
compared  with  $269,045,844  in  the  trade  with  the  United  King- 
dom. There  was  a  big  increase  in  the  trade  with  the  States- 
The  imports  and  exports  amounted  last  year  to  ；、  total  of 
$488,679,741. 

Trade  Circulars  and  Catalogues. 一 AVo  liav^  mvived  from  、、r、 
Vicars,  Ltd.,  of  Shoffiehl  and  Westniinstor,  a  hnndsomolv  illus- 
trated booklet  ()f  photo  illustrations  slio、ving  intorior  \io\vs  of 
tlieir  works  and  installations  of  various  kinds  whicli 
thoy  liave  supplied.  There  is  no  descriptivo  inn  t  tor, 
but  tho  views  tliemselves  testify  to  the  wide  range 
ni*  work  with  which  this  eniinont  Sheffield  firm  is  asso- 
ciated.—Messrs.  Wailes,  Dove,  &  Co"  Ltd.,  St.  Nicliolas  Build- 
ings, Newcastle-on-Tyne,  the  well-known  makers  of  bituniistic 
enamels,  cements,  ami  coverings,  send  us  a  little  pamphlet  desori])- 
tivo  of  tho  merits  of  their  various  propnrations  and  of  tho  vario<l 
uses  to  which  thoy  ;i ro  put,  especially  in  oonnoction  with  shipping 
and  civil  engineering  enterprises. ― Messrs.  Edwin  A.  Mansfield 
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iind  Co.,  12，  IJi、cki'iil"mi  K'>m<I,  、•''、、  Hri^liton,  send  us  a  oircuhu 
tloscripiivo  of  their  system  of  locMtin<f  im(l,'rgrom"l  pipes. 
Messrs.  A.  E.  Heed  &  Co.,  Ltd-  I  I,  Vi('""  i:i  SUv't,  W'csLniin.strr. 
sotid  us  an  illustrated  catalo^u*^  of  (>l('、'：iti"g  arul  ronvcyinji; 
】n:i(4"'ipr,v  mikI  (("l-striictiomil  stcol  work  ；  mikI  .Messrs.  \V.  A. 
WjiIImt  &  Co.,  38,  Victoria  Strci^t,  a  list  "t  tlioir  power  li.i  inmn  s. 

New  Type  of  Diesel  Engine.  --T1"'  lir、l  ni  ； i  new  l.vp'' 
on<j;in(>  lias  i'oc(、iiU.y  Ihhmi  completed  ;\t  tl"'  works  of  .Messrs.  W'il- 
Ihiiii  Doxford  &  Sons,  Ltd.,  oi'  Suii(l*'rl;u'(l.  The  (Mi*-inc  consists 
of  ； i  sinjj;lo-('.vlindor  unit,  i\nd  is  int<Midod  ultimately  to  t.mni  oim 
of  four  or  six  .similar  units  necessary  to  produce  the  powoi*  ri" 
((uirod  to  propel  a  fi,<H)()  ton  vessol.     The  cylindor  is  di;im  , 

wit  li  ； i  .'57 in.  strok<\    Tli'、  riigim'  w  licti  running  on  lo;ul  at 
voya.         iniiiuU\  and  driving  its  own  sca\ eliding  ])U!np  :"，'- 
compressor,   lias  ^iven   ；{')()  l>.h.p.   ior   prolon^pd  periods.  Tht、 
w;iv("igiiig  pump  is  driven  l>y  rocking  levers   from    the  cvoss 
hcjul,  :m(l  (luring  t  rials  the  pivwuv      the  sea vengin^  air 

(Mitcrin^  tlic  <  yliiuh»rs  did  not  ox  coed  21l»s.,  、vhil、'  the  punip  pics 
sure  \\;vs  not  ^nsitor  than  4 lbs.  per  sqimro  inch  ；  four  s (  ； u'o  igiiig 
\  ;i  l\  cs  ;iiv  uso<l  on  tl"、  （'.vliii(l('r.  I{('v('r.、iii^;  is  effected  l>y  nu  n- 
ing  tlio  cam  si  in  It  tliroii<ili  ;ui  ； m<;l*'  of  30°  to  40°  relative  to  the 
(Tank  Khait  l)>*  moans  ol  ； t  l(i、、'r,  t \u-  t、i,'l  and  scavenging  v:ilv" 
caiiis  U、i,ig  thus  set  in  tl"、ir  correct  posit  ion  ior  nstci  n  running. 
'I'w  (i  <  nms  ； m'  provided  tor  starting,  (""'  for  ； istt、ni  ;\iu\  on<»  ioi* 
alicad  I'uiniin^,  l>y  side.    Tli'、  ！ r、  （、r  oi'  t ！"、  \  al\  *'  1ms 

"、<»  rollers,  oi"'  ot"  wliicli  is  1" 小 1  off  the  ('am  and  the  other  is 
dropped  on  it,  Mccordin^  to  tl"'  rtMiuhvd  ilirtn-tioit  oi.  rotation. 
Tlu、  supply  to  the  cvlitidcrs   is  ('nntn)llp(l    i'roni  the  sta it 

ing  platform  hy  operating  on  the  suction  valve  of  the  vt*i't"';il  oil 
punip,  ;uh1  tho  govt'i'nor  simply  controls  tl"、  fuol  admission.  Tl"， 
arran^onuMit  ol'  tho  cams  and  cam  shaft  is  simple,  and  reversing 
has  proved  to  be  both  rapid  and  p(>.、itiv". 

Shipbuilding  Output  in  \*)\2. ― In  tlicir  'vvii、、、-  oi  sliii 山 uildiiig  at 
lioiru、  ； m(l  abi'oatl  in  191 2,  Lloyd's  JG'gistpr  point  out  that,  cxclu 
sivo  ol'  worships,  712  vessels  of  1,738,514  tons  gross  (viz.,  (；  13 
stoniiHM's  of  J  ,72(  1,057  tons  ;uul  (J9  sailing  vessels  of  173oo7  tons) 
lia\r  liocn  launched  in  tho  U nit<Hl  Kingdom.  The  warships 
l;um('l"'(l  at  both  Government  and  pri\att»  yards  amount  to  30 

1  !)1 ,737  tons  displaconiont.  The  tola  I  nutinit  ol  tl"'  United 
Kingdom  for  the  year  has,  therefore,  Ikmmi  742  vessels  of  1,930, 2ol 
tons.  rriu>  a  mount  of  tomia^o  launclicd  for  a  ln'oad  (hiring  1912 
was  41-"), 51 9  tons,  forming  23*9  per  cent,  of  the  total  output,  as 
compjircd  with  2*2  ；1,  pt'i'  cfiil  in  I  Ml  1 .  Tl"1  British  ('olonics  ha\e 
provided  the  largest  a  mount  of  w  ork-  Tlie  mi:nl)t'i'  oi.  l:u'w 
stc;i mci's  lauiicluul  in  tlu1  I'nitrd  Kingdom  during  1912  】'；，s 
<j;ro;itl\  excoeded  the  average  oi.  recciit  yt*;us.  Th',、  n  tunis  show 
lli;»t  (luring  this  period  、wt'ls  of  (j，00(>  tons  and  :il")v<'  were 
launcliod.  Of  those,  1(:  "  ovrv  1()，000  tons  oarli.  At  the  end 
ot  Dcct'iuln'i'  there  were  under  constriu'tion,  including  a  mnnl>er 
oi'  \"*issols  already  1;uiiic1hm1  hut  not  complettHl ,  vossels  of  be- 
t、v (屮 li  (；， (XW»  and  1  (),(K HI  tons;  2o  of  between  10,000  and  15,000 
tons  ；  10  of  between:  15,000  and  20,000  tons;  2  of  between  20,000 
;iixt  i0，000  tons  ；  and  2  of  over  ln.(H ).»  tons  Altliou^h  the 

iH'tivity  whicli  has  ('liai':u't('risrd  tin1  sliiplniil  liim  industry  in  the 
TInitod  Kingdom  tlirou^liout  the  yoa r  1912  has  never  been 
lici'trc,  tlu1  amount  of  tonn«w  nctuallv  launclu'd  (liu'ing 
tho  twelve  months  tor  \  arious  reasons  fell  ljelow  the  total  output 
ol'  1  Itv  .some  Go, (XX)  tons.  Foreign  shipyards,  howovor, 
； "liicvocl  a  r(、c'or(l  output  durinp;  1012,  liaviiig  launched  no  loss 
than  317,000  tons  of  merchant  vcssi-ls  in  excess  of  tlie  tonna^t1 
put  into  the  water  during  1911.  Tho  liigliest  foreign  individual 
iiicivasi's  for  th(、  year  are  :  I'nittnl  States  (；  ])ei*  cent.,  Geruiaii  v 
•")'»  ]>rr  (("it;.,  and  Italy  4o  ]>or  cent.  ( )i  tin'  loniui^t*  huuu-ht'd 
in  Llui  world  during  1912，  the  United  Kingdom  has  acquired 
l-")"8  per  cent,  whilt*  (if)  pw  ('("it.  wms  launcluKl  in  the  United 
K  in^doni. 

The  Training  of  Apprentices. ― T\w  Edinhur^Ii  >rerrliant  Company 
has  just  issued  an  important  report  on  the  training;  of  apprentices, 
jn'oparod  by  a  joint  committee  appointed  l>y  a  conference  of  repro- 
sontatives  of  educational  bodies  and  of  coniniercial  associations  in 
l':ilinburgh，  held  in  Juno,  191 1 .  The  coin  nittoc  iormulated  tho  follow 
ing  preliminary  proposals :  (1)  That  each  trade  should  appoint  an 
approntico  trainin*r  committee  for  tlie  Kdinlmr^li  district  t;>  suptT 
viso  the  proper  training  oi'  appi  onticos  ；  that  this  conunittoc  should 
contain  ropresoiitatives  of  the  (iii]]>loyers(  representative*  of  tho 
worknion,  and  representatives  of  the  educational  authorities  at 
prosont  oi、gag(Hl  in  toclmical  instriiction  ；  that  th**ro  should  bo 
l^repa red  a  list  of  firms  who  were  willing  to  work  iti  conjunction 
with  this  apprentice  training  oonnnittoe  ；  ;uul  that  tho  (  ()mmittt、(' 
should  <1  raw  up  a  list  of  all  tho  appn'iitic^s  employed  l)v  tln-M' 
iiniis,  with  full  information  as  to  tho  innnhor  ot"  years  of  apprt-n 
tioosliip,  tho  classes,  if  any,  boin^  atti'iulod,  and  the  cortifirntos 
g:iii、p(1.    (2)  That  this  appi'ent""1  tr;iinin»z  comniittoo  shoultl  con 
si  dor  as  to  framing    svst"m:it  ic    w'lu'u"'        (、山 ":iti("i   tor  tl"' 


Mpprcnticcs,  anrl  、vlr»t  oourso  slionK  1  I"'  tollow  <wl  to  iiidiu-f  tliriu 
to  pass  tliroti^li  such  ;i  cowrsa  of  tiiiinin^.    (3)  That  ：ip|，r'"i 
tico  training  ('o"miit"'<-  should  also  c(»iisi<lcr  u  lia t  sti'ps,  if  any, 
should  lie  tnki'ii  、、  iUi  ;i  、  i«'、、  t'，  （h'、  乂  I  urtlicr  tin*  iii''i1i'mI、 

of  education  at  pr('-s('nt  in  \  o^uo.  .、|,|,r''Mti。*.  trainiii^  (•""• 
mit tt'cs,  compos* >d  of  an  (k(|iial  n uiiiIxt  <'m|'l''v''i、  .mil  work im*ii , 
were  :ip|""iit"(l,  :ui(l  :i  ;_"ii，'r:il  :w''.'i"'iit  u:i、 （力'，"' t"  tmi  tin* 
tollow  in^  lines  ：  ( I )  'I'liat  the  a，""、'iiti('p  triiinin^  ('"mmiLt'''',, ：卜 
at  prosont  constituted,  sliould  for  tin1  ctisuin^  y'':i r  rontiol 
;ippr*'iitir('s  in  all  niaLtcrs  rclatinji  to  tlu»ii-  tr;iinin»£  ；  (2>  that  tin* 
expenses  niaiia^ciin'iit,  apart  t i  om  any  voluntary  uraiits  u  liirh 
may  I  jo  iv"*ivwl，  should  home  nnitn;illv  I'.v  tin*  iii,i、t''r«'  ； iimI 
workmen's  associations  ；  (3)  that  li、ts  of  f'm|jlov»'rs  and  apprcii 
tic's  should  In'  ^oi  f  rom  tin'  m:i、t''i、'  ：i 、、"'-i  i  ，  i'.'i  -  .  '  1 1  i  h.it  .ill 
iipprt'nticos  should  Ixj  ro^istcrcd  liv  car  Is  in  :i  f'，rm  prdposrd  I'.v 
Principal  Laurie  ；  and  (o)  that  a  ctTtiiicatc  I'.v  ilic  ;i|'pi''iitir'， 
training  conimittc"  slmuld  gr;i!ii*'fl  1  o  '':"  |,  ； i|,|,r'  ii， '' <-  on  tin- 
t  omplctioii  (".  his  ti'rm  oi  si'rvic".  Tin*  l  ommiU'''-  t  iii  t)i<-i  r<*poi  t 
that  it  would  U'  fliflicult  to  r('vi"'  the  s\  slcrii  ol  i m I'-ii t m''  in 
trades  、vl"'ro  it  lias  boon  wholly  ov  pai'tially  almiidoiiwl,  :m'l  tli''.v 
do  not  think  tho  tinio  is  ripo  for  ，'"'l",(lvii'g  any  proposed  ri'P>rm、 
in  ;i  l)'<iisl;iti\c  mons'irc. 

The  World  s  Coal  Production. ― Tin-  t ni  ； 1 1  I, now  n  (""tl  jno<l m  t  ion  <.i 
tlie  world  ill  1911,  Mccordiiiy;  to  a  ictiu  n  just  ismi*'(I  l,v  tin-  Hriaxl 
of  Trad",  "as  ；山 out  I  ,*).)(；  million  tons,  oi  、、  tin-  I '  int.-<|  Km"' 
(l(im  jn'iKliicc<I  inort*  tlian  ont^-iourt  i  and  tlie  I'liiU-d  Statos  m(nv 
than  two-fifths.  Tliis  excludes  br()、vii  coal,  or  lignite.  Tlu»  nut 
puts  of  tlu1  fi、  ，'  ]>rin(  i));ii  coal  producing  founiries  w «*i  t*  ：  l'iiit，  《1 
States,  443,025, 賴 tons;  United  King("):ii,  271,s<H).( mmi  tons;  (； "r 
many,  lo8, 164,000  tons  ；  France,  38,023,000  tons :  H«  ^ium. 
22,683,000  tons.  In  tho  United  Ki'i"(l"m，  （；" rm:m 、-  and  l''r:m',' 
tlu*  pioduction  exceeded  that  of  any  previous  year,  but  in  ]M 
giiun  it  was  less  than  in  any  of  the  p r^cedin^;  liv"  v;';ir、，  ：m(l  in 
tho  I'nitt'd  States  it  foil  short  of  tl"1  1010  total  l>v  I；；  .million  ton-. 
Tlu'  aggregate  output  of  thes;'  fi、（'  countries ― nearly  niillion 
tons ― sliowtnl  a n  increase  of  II  million  tons  on  1910.  \{ \iss\a  卜 
the  only  other  country  producing  20  million  tmis  y ，'； u  l、 .  TIkmi^Ii 
the  United  States  produftion  in  1  ill  1  ('\(  ('*'dt"l  tlia L  ol:  tl"'  I'nitcd 
Kingdom  I'v  nearly  60  per  cent',  this  countrv's  output  per  licad 
is  still  the  greatest,  being  (i  tons,  compared  with  under  ■>  tons  in 
the  United  States,  3  tons  in  Belgium,  :m(l  2=  in  Germany,  and 
less  than  one  ton  in  Franco.  Tlio  average  value  of  th*4  ro;i I 
produced  at  the  pit's  mouth  during  1911  is  given  as:  I'nitod 
Kingdom  8s.  1  Jd.,  G(、r"i:ui〉  Ms.  "1(1.,  Belgium  12s.,  United  States 
5s.  li ijcl.  Tli is  represents  a  fall  of  Jd.  in  this  country  and  2' <1. 
in  (jI  or  many  ;  and  ； i  rise  oi'  \d.  in  the  States  and  1  Jd.  iu  Belgium. 
A  far  larger  liuinlter  of  persons  are  engaged  in  the  ooal-inininc: 
industry  in  tlie  I'n i ted  Kingdom  tli:m  in  any  other  country,  ti"、 
l«':ulinf/  figures  for  1910  l'niU、d  Kinudoin  1,027,000,  Unit",l 

States  725,000,  Germany  021,100  、、V  onlv  productnl,  therefore, 
2o7  tons  per  person  tMiiployod,  compMrcd  with  the  United  Statos 
output  of  618  tons.  Botli  in  this  country  and  Gormany  the 
amount  tends  to  decrease.  As  an  exporting  country  the  United 
Kingdom  still  stands  easily  at  the  head  of  the  list  with  a  net 
expoi't  of  87,04U'(H"1  tons,  tin*  noarest  rivals  being  Germany  witli 
24,727,000  tons  and  the  Unitod  States  with 】 7,"03，<JOO.  Tho  t'nitod 
States  consumed  4*54  tons  por  head  as  conipaivd  、、  itli  4*08  in 
this  country.  Belgium  used  3*21  tons  per  l"、;i(l,  and  (； (Minany 
and  Fraiu-e  only  2'():3  and  1  "44  tons  respectively,  o\vin<^  la rjiely  to 
tluk  use  of  other  fuels.  The  petroleum  production  of  tho  l'nit*'d 
States  in  191 1  was  7,713  million  gallons,  an  increase  of  381  mil 
lion  gallons  o\  ov  ")in:  w  liile  that  of  K ussin  <lecreaso<l  Uy  luS 
niillion  gallons. 


Association  of  Electrical  Station  Engineers.  —  rii.*  r"rm;m' : 
an  association  devoted  to  the  int en\sts  ot*  electrical  station 
erginesrs  was  decided  on  at  a  meeting  held  on  the  16th  iust . , 
at  which  21  representatives  of  electrical  stations  attended . 
It  was  announced  that  close  on  1,000  engineers  had  promised 
to  join  the  new  association .  A  general  meeting  has  been 
arranged  for  February  6th.  The  following  resolutions 
were  passed  :  (1)  That  the  Association  be  called  "  Association 
of  Electrical  Station  Engineers. "  (2 )  That  the  objects  of  tlie 
Association  be  :  To  raise  the  efficiency  and  general  status  of 
members  of  the  Association.  To  provide  means  for  s< m-h ! 
intercourse  among  its  members,  for  their  improvement , 
advancement,  and  recreation.  To  form  an  information 
bureau  for  the  general  assistance  of  members  and  employers. 
(3)  That  the  essential  qualification  for  meinhership  shall  be 
that  the  prospective  member  must  be  qualified  for,  and  hold 
a  responsible  position  in,  an  elect rii'al  undertaking  for  ]X>\ver, 
lighting,  or  traction.  M r.  \V.  J.  Ebhen  was  ele'、t«''l  lioit. 
secretary. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  tve  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
11  Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Aerial  machines.    Nos worthy  &  Prescot 仁  22025. 
Universal  couplings.     Ii;irdy.  24181. 
(1onveycr  chains.    Gouklen  &  Reeson.  26308- 

,\ ppunitus  for  tlio  continuous  distillation    and    purification  of 

crudo  petroleum  coal  tar.    Barbet.  27005. 
Cha ruinfj;  in;ichiiH\s  for  gas  retorts.    Aldrid^e.    271 0.1 , 
1  liter nal-rombustiou  olivines.    Cleaver.  27279. 

1912. 

Valves  for  internal-combustion  eiiRinos  and  driving;  means  tliore- 

for.    Russell.  172. 
Propellers  for  iia、  igable  vessels,  airships,  &c.    Parsons.  200. 
Furnace  draught  indicator.    Von  Lossuu.  244 
Idigine  or  means  for  generating  power.    Wall.  297. 
Kni-naces  for  stc.un  ^  Mirr,,tors.  A ikKm-sou ,  Meikle,  &  Fulkm.  304. 
Change-speed  gear.    Biuldicom.  324. 

Hydraulic  apparatus.  1 1  c!c  Sliaw,  Martinoau,  &  Bo;ic])ani.  336. 
Apparatus  for  i)r('lir:dii'^;  th(、  t'u^l  of  oil  firt'd  steam  generators. 

Yarrow'.  527. 
Furnaces  for  melting  metals.    Davis.  550. 
Internal-combustion  engines.    McGuire.  58o. 
Fire-I)ars  for  furnaces.    BtMu'liing  t、'  Spctcli.  649. 
Stea ni  boilers.    Hudson.  655. 

Fuel  and  water  injection  devices  for  internal-combustion  engines. 

Rundlof.  689. 
Superheaters.    Wincqz.  698. 

V;ilves  of  internal-combustion  engines.    Ford.  823. 

gear  for  internal-combustion  engines.    Wolseley  Tool  and 
Motor  Car  Crmipaii'v,  and  Remington.  831. 
Apparatus  for  turning,  shaping,  and  screw  cutting.    Land.  888. 
Tachometer  or  speed  indicator.    Brown.  13'— >1. 
Mamifac'ture  of  manganese  steel.    Potter.  1470. 
AVorni  geariiifz-    Robinson.  2067. 
Speed-indicating  instruments.    Cash.  2078. 
Acetylene  gas  generators-    Forsyth.  2590. 
Crucible  furnaces.    Ionides.  2839 

Combined  steam  and  internal-combustion  engines.    Beech.  2889. 
Starting  systems  for  interna l-coni I tustion  engines.    Bell.  2960. 
Vices.    Bottomley  <fe  Lindley.  3155. 

Control  and  propulsion  of  flving-machines.    Roe.  3588. 
Expanding  boring  head  and  screwing  head.    Bradley-  371G. 
Treatment  of  ln^tais.    British  Thomson-Houston  Company.  3752. 
M<itlmd  for  the  microscopic  oxaminiiLion  of  test  pieces  and  for 

obtaining  micro-photographs  of    same    \vliil(v   undor  strain. 

Winder.  3891. 
Furnaces.    Sillery.  4162. 
Rotary  on<ri!ics.    Fletcher.  4437. 

Driving  and  reversing  gear.    Bateman  &  Bateman.    44(il . 
Method  of  bending  pipes-    Schitzkowsky.  5238. 
Automatic  block  system  for  preventing  collision  between  trains. 
Icard.  5352. 

Di'iving-mechanism  for  speedometers.    Beckniann.  G55C. 
Steam  superheaters.    Bolton.  6765. 

Steam  superheaters  for  locomotive  boilers.    Robinson.  6774. 
^Manufacture  and  production  of  artificial  fuel.     London  Indus- 
trial Contract  and  Finance  Syndicate,  Ltd-,  and  Eaton.  6981. 
Furnace  fronts.    Hume,  and  James  How  den  &  Co.  7437. 
1  ntci'tial-coinliustion  turbines.    Kasley.  7960. 

Automatic  coupling  devices  for  railway  vehicles.      Prokin  and 

Misskewicz.  8156. 
Stop-mechanism  of  turret  lathe  slides.    Herbert  &  Vernon.  8393. 
Annealing  ovens.    Falter.  9024. 

Extraction  of  copper  and  nickel  from  low-grade  ores  and  pro- 
ducts.   Borchers  &  Petersen.  9146 
Steam— power  plants     "Warwick  ^[acbinery  Company  (1908).   ！ I . 
Rotary  internal-combustion  engines.    Crayssac.  9716. 
Steam  superheaters.    Stenning.  9727. 

Carburetter  for  internal-combustion  engines.    Smith.  10292. 
Ships.    Muir.  10468. 
Coke  ovens.    Moss-  30819. 
Valves.    Froehlich.  12043. 

Feed-check  valves  for  boilers.    Buckl:ui(l.  12207. 
Motors.    Orth.  12579. 

Gauges  for  verifying  the  dimensions  of  screws  and  screw-throads. 

Dubail.  13710. 
Aeroplane.    Danclrieux.  138.">o. 

Apparatus  for  treati ag  or  softening  water.    Wilson.  13912. 
Water-tube  steam  generators,    Stirling  Boiler  Company.  13963. 


Rotary  valves  for  internal-rombustion  engines.    Bright.  14073. 
Water-tube  boilers.    Couperie  &  Bernard.  14743. 
1  ntt^rnal-comlmstion  <'nyin('s.    Kind.  1**5132. 

Liquid  transmission  of  power  apparatus.  Karmiiiski,  Peters,  and 
31och-  L5136', 

Rocordin^  indicator  for  steam  engines.    Graham.  1000(3. 
Reversing  carriages  in  gi'imling  macliincs.    General  Composing 

Company  Ges.  17063. 
Device  for  regulating  the  extent  of  the  feed  movoin.Mit  in  surface- 

Kriiidii)^    inachinos       Cl(""'ral    Cninposin^    Conii)any,    (；  cs. 
17395. 

C'lnu'ks  tor  pcrcussivo  drills.    Drinuaii.  17477. 

Process  of  refining  aluminium.    Leggett.  17594. 

Turret  lathes.    Atkins  &  Colien-  17994. 

Shaft  or  axle  bearings.    Hani.    1 8581 . 

Three-way  plug  valvi'.    Blake.  18593. 

J{oUor  bearings.    Newman n.    20(1  is. 

Railway  rail-joints.    Weekes.  21636. 

Automatic  closure  device  for  lubricators.    Blod  22-117. 

Steam  stop  valves.    Groatorox.  22799. 

Floating  cranes.     I  mray.    237(il . 

Automatic  r-oupJiiiKs  for  railway  vohioles.  H iiidoro*£ger  &  Klee 
23957. 

Means  for  consuming  smoke  in  boiW  furnaces.    Inirav.  24130. 

Water  engine.    Spicker.  26348. 

Cages  for  use  in  ball  bearings.    Bruhl.  20447. 

AIultiplo-spiiHlIe  sci e\v  macliine.    Spencer.  26977, 

Cylinder  for  superheated  steam.    Schmidt.  28765. 

ELECTRICAL  1911. 

Electric  Printing  Telegraphs.  Johnson,  Varley,  M"h:"'li.s， 
Power,  &  Johnson  Secret  Wireless  Tcloo;raph  ;uifl  Telephone 
Testing  Syndicate.  22079. 

1912. 

Telephone  systems.    Derrim in.  687. 
Electric  \nn\\)  liolders.    Day.  7:)(>. 

Electrical  apparatus  for  transmitting  and  receiving  signals.  Daw- 
son &  Buckh'im.  777. 

Apparatus  for  the  electrolytic  manufacture  of  alloys  of  light 
metals  with  heavier  metals.    Ashcroft.    1001  and  1003. 

Circuit  interrupters  for  telephone  transmitters.    Lo^an.  1168. 

Operation  of  direct-current  motors.    Peck  &  Kfkm;um.  136-3. 

Electric  metallurgical  furnaces.     Stobie.  2081. 

Telephones-    Hammer.  4358. 

Two-way  electric  switch.    Markt,    4498.  . 

Decreasing  the  injurious  effects  due  to  capacity  in  electric  con- 
ductors . Becker  •    6061 . 

Electric  controllers.  British  Thomson-Houston  Company,  and 
Hastings.  7704. 

Electric  lighting  apparatus.    Dussaud.  8087. 

Electric  ignition  device  for  internal- comhustion  engines.  Baiu-r 
and  Eckmeier.  9492. 

Electro-magnetic  separator  for  the  wet  separation  of  ores.  Elek- 
tromagnetische  Ges.  10619. 

Regulation  of  electric  installations.    Earl.  11871. 

Spark  plugs.    Forrester.  12809. 

Electrical  switch  contact  devices.    Hosford.  13432. 

Automatic  electro-magnetic  cut-outs.    Wessel  <&  Gysler.  14120^ 

Production  of  high-frequency  oscillating  currents     Feeny  1473"). 

Electric  ignition  apparatus.    Rothschild-  14738. 

Methods  for  compensating  for  the  fluctuations  in  the  load  of  elec- 
tric motors.    Siemens-Schuckertwerke  Ges.  15469. 

Magneto-electric  machines.    Hinksman.  15704. 

Overhead  contact  conductors  of  electric  raihvays.  Bertiniaini 
Elektricitats-Werke  Alct.-Ges.  15930. 

Electric  transformer  boilers.    Bally.  16043. 

Revolving  electric  furnace.    Soc.  Generale  des  Nitrures.  16-106. 

Rotary  magnets.    Blathy.    16538.  ...  . 

Device  for  automatically  adjusting;  the  time  of  ignition  in 
internal-combustion  engines.  Robert  Bosch  (Firm  of).  17029. 

Portable  electric  hand  lamps.    Hunt.  17850. 

Hand-regulated  electric  arc  lamps.    Hi^l>y.  19099. 

Connection  apparatus  tor  electric  circuit  conductors.  Murray. 
19535.  v  , 

Electric  locomotives  and  motor  1>oats.  ^laschinenfaorik  Oorlikon. 
19890. 

Arrangements    for    obtaining  sparkless  conmnitation  in  rotary 

converters  con  plod  to  alternatin^curront  boosters.  Siemens 

Schuckertwerke  Ges.  23285. 
Connectors   for   electric    conductors.    British    Thonison-H  >uston 

Company.  2o77-"). 
Differential  arc  lamp  with  inclined  converging  oloctrodes.  Kort- 

ing  <&  Mathiesen,  Akt.-Ges.  26318. 
Solenoid  coil  for  alternating-current  arc  lamps.      Korting  and 

Mathieson  Akt.-Ges.  27024. 
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A  Proposed  New  Power  Unit:  The  Myriawatt. 

An  attempt  is  being  made  in  America  to  add  another  to  the 
long  list  of  electrical  units  with  which  engineers  are  familiar, 
and  as  the  attempt  has  the  official  support  of  the  American 
Institute  of  Electrical  Engineers,  and  also  of  the  Amerit  a n 
Society  of  Mechanical  Engineers,  it  seems  desirable  that 
notice  should  be  taken  of  it .  The  attempt  had  its  origin  in 
a  proposal  made  in  a  coinnninicaliou  by  H.  G.  Stott  aiul 
IJaylett  O'Neill  to  the  Electrical  Engineers  to  connect  the 
steam  output  of  the  boiler  witli  the  electrical  output  of  the 
generator.  Stated  briefly,  it  is  an  effort  to  revive  our  old 
and  obsolete  friend  "  boiler  horse-power.*'  The  authors  of 
the  suggested  unit  "  Myriawatt,"'  which  as  its  name  implies 
is  10,000  watts,  or  10  kw.,  base  its  claims  upon  the 
resemblance  between  the  value  of  this  unit  in  B.Th.U.  s 
per  hour,  viz.,  34,150  and  the  value  of  a  very  artificial 
American  unit  for  "boiler  horse-power/'  viz.,  301bs.  of  steam 
raised  from  water  at  100°  Fah.  to  a  pressure  of  701bs.  per 
square  inch,  which  is  equivalent  to  33,479  B.Th.U.  per  hour, 
and  is  roughly  assumed  to  represent  the  evaporative  duty  t*i 
10  sq.  ft.  of  water  tube  boiler  heating  surface.  Thermally 
speaking,  one  horse-power,  33,000  ft. -lbs.  per  min.,  is  '—VI 7 
B.Th.U.  per  hour,  more  or  less,  according  to  the  value 
assigned  to  the  mechanical  equivalent.  But  there  is  obvi- 
ouslv  110  relation  whatever  between  this  value  and  33,47U 
B.Th.U.'s.  and  to  assume  that  because  this  latter  nuinber 
approximates  to  34,150  B.Th.U.  per  hour ― the  thermal 
equivalent  of  10  kw.  per  hour ― it  will,  therefore,  simplify 
the  relations  between  boiler  output  and  generator  output  is 
absurd,  quite  as  absurd,  in  fact ,  as  earlier  attempts  to  link 
steam  boiler  outputs  with  steam  onyine  outputs  proved, 
after  boiler  pressures  had  risen  above  the  atmospheric 
level.  There  may  have  been  some  justification  of 
the  phrases  "  boiler  liorse-]>o\ver.''  and  the  noinin;>l 
horse-power  '•  in  the  days  when   pre^sure>  were  at   ； 1  com- 
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mon  level  and  steam  boilers  were  equipped  with  vacuum 
valves,  but  this  disappeared  entirely  when  pressures  began 
to  rise,  and  became  utterly  lm'ani"" 小' ss  wIhmi  ('iigiiip  sp, 屮 (Is 
varied  also  witliin  wide  limits.  Tin*  ini  rcxluclion  tin-  term 
" Myi'iawatt  ，，  will  not  in  any  way  simplify  tlie  relation 
between  the  steam  boiler  and  the  electrical  generator  to-day， 
;uul  is  】i()t  likely  to  lind  any  favour  in  this  country. 
Without  a  more  general  consensus  of  opinion  as  to  it" 
utility  it  is  to  b&  trusted  no  sanction  will  be  given  to  its 
use  by  the  lutci  nat  ion;i]  Klect  n,- Twhiiical  Commission 
which  has  recently  been  sitting  in  Switzerland,  and  to  whom 
the  suggestion  has  been  referred.  The  "Myriawatt"  fulfils  no 
purpose  thai  could  not  well  be  fulfilled  by  the  kilowatt, 
and  there  is  notliing  to  prevent  anyone  rating  their  boilers 
by  tins  unit  if  they  so  desire.  In  any  case,  the  connec- 
tion between  the  steam  boiler  and  the  generator  can  only 
be  established  by  an  intermediate  prime  mover,  and  all  the 
engineer  wants  to  know  about  the  boilers  in  dealing  with  the 
calculation  (K.wer  is  how  much  steam  they  will  produce  at 
a  given  pressure  in  a  given  time.  AVhat  amount  of  power 
or  electricity  is  produced  is  another  question  depending  on 
the  efficiency  of  the  prime  mover  and  generator,  aird  the 
relationship  b&tween  them  and  bailer  performance  is  not,  in 
our  humble  opinion,  simplified  in  any  way  by  introducing 
into  the  calculation  an  electrical  unit  of  the  kind  pre  posed. 


Progress  in  Steel  Manufacture. 

To  t hose  who  live  in  an  age  of  rapid  progress,  familiarity  and 
close  contact  often  tend  to  destroy  a  proper  sense  of  perspec- 
tive and  correct  appreciation  of  the  advances  made.  This  is 
forcibly  impressed  upon  us  by  a  perusal  of  Professor  Arnold's 
n'o'iit  lecture  before  the  Royal  Institution.  Many  engineers 
ran  recall  the  interest  excited  when  Mushet  first  introduced 
bis  self-hardening  steel  to  tool  makers  some  40  years  ago，  and 
the  feeling  for  a  long  time  prevailed  that  the  last  word  on 
cutting  steel  had  been  said.  The  display  made  by  the  Bethlehem 
Steel  Company  at  the  Paris  Exhibition  in  1900，  with  tools 
made  by  the  Taylor- Wliifce  process,  which  showed  mild  steel 
being  cut  at  a  speed  which  rendered  the  nose  of  the  tool  red- 
hot,  came  as  a  startling  demonstration  of  undreamt  possi- 
bilities,  until  subsequent  enquiries  showed  that  the 
chemical  composition  in  their  alleged  patent  embodied  noth- 
ing that  had  not  been  included  in  the  Mushet  type  of  steel 
some  20  years  previously,  though  the  possibilities  of  these  had 
lain  dormant.  Tlie  Paris  demonstration  undoubtedly  gave 
a  great  impetus  to  Sheffield  tool  steel  makers,  and  although 
the  claims  of  the  Taylcu'-Wliite  patent  were  subsequently  pro- 
nounoed  to  be  invalid,  no  one  can  deny  the  important  stimu- 
lus they  gave  to  further  discoveries.  Experimental  researches 
have  carried  forward  the'  results  they  attained  with  astound- 
ing rapidity,  until  at  the  present  day  engiu^ers  ； ire  familiar 
with  "  high-speed  "  steel  in  which  the  t  hermal  stability  of  the 
fortified  hardenite  is  about  700°  C.  Tlie  awakened  interest 
and  research  into  the  metallurgy  of  steel  has  been  uot  less  pro- 
lific of  results  in  other  directions,  ； mcl  it  is  pleasant  to  feel 
that  in  these  enquiries!  tlie  Sheffield  University  lias  led  the 
way.  Tin*  rosearclics  of  ProtVssor  Arnold  and  Dr.  A. 
McWilliaiti  threw  a  flood  of  li^hi  <m  the  cluoniium  steels,  and 
later  researches  respecting  lli"  iniluence  of  vanadium  have 
revealed  the  existence  in  connection  with  this  alloy  of  physical 
properties  as  remarkable  as  ； uiv  previous  ones,  especially  in 
regard  to  tenacity  and  clayl icity.  Lt  was  <mlv  so  recently  as 
.huiuary,  190!),  1  hai  Professor  Anml'l  |'r ('山 （'"'（1  t  lie  coming  of 
a  new  British  steel  having  ； i  cutting  power  four  times  as  great 
as  the  l>est  steel  t hen  on  the  market,  and  so  rapidly  has  been 
the  skilful  application  of  vanadium  by  Sheffield  , steel  makers 
that  this  prediction  is  already  practically  fulfilled. 


ELECTRICITY  IN  MINES. 

At  a  joint  meetini:  of  the  Yorkshire  branches  of  tin* 
National  Association  of  Colliery  Managers  and  the  Associa- 
tion of  Mining  Ele<  t ri('al  Engineers,  heM  at  Leeds  on 
Saturday  last,  a  lecture  was  delivered  by  Prof.  D.  Bowen,  of 
the  Mining  Dejiarlinenl,  Sheffield  University,  entitled  "  An 
Account  of  Experiments  on  Safety  Devices  in  roiine<*iioii  witlj 
Electrical  Machinery  for  Coal  Mines."  Prof.  Bowen 
prefaced  his  remarks  with  a  careful  and  critical  review  of 
the  experiments  of  Geriiian  aiul  A  nierican  investigators, 
whicli  he  siuinnerl  up  as  being  iix  onclusive  and  carried  out 
without  any  real  knowledge  of  wliat  was  required  under 
practical  conrlitions.  The  future  of  the  economic  working  of 
coal  mines  was,  in  his  opinion,  uiKjuostionably  bound  up  in 
the  application  of  electric  power  and  macliinery  in  mines. 
No  one  who  had  compared  other  svsumiis  of  the  transmission 
of  power  with  transmission  by  elect  ririiy  ha'l  any  doubt  as 
to  the  superiority  of  the  latter.  During  the  j)a^t  few 
years  a  very  considerable  amount  of  anxiety  had  existed 
in  the  minds  of  mining  engineers  as  to  the  dangers  attending 
the  use  of  electricity  in  mines,  and  tliis  uneasiness  was  justified 
to  a  certain  extent  by  the  faulty  designs  placed  upon  tlie 
ma  rkel . 

In  consequence  of  the  scare  created  by  the  occurrence  of 
certain  disastrous  explosions  which  might  possibly  liave  been 
caused  by  defective  electrical  apparatus,  there  liad  recently 
been  introduced  in  this  and  other  countries  legislation  of  a 
restrictive  character.  In  this  country  electrical  machinery 
and  apparatus  were  now  placed  on  the  same  plane  as  naked 
lights,  and  they  were  considered  as  being  more  dangerous 
than  ordinary  so-called  safety  lamps.  The  problem  was,  he 
said,  capable  of  a  satisfactory  solution,  but  it  was  essential  to 
have  the  co-operation  of  colliery  managers  and  "iiiii，i"' 
engineers,  and  similar  support  was  asked  for  on  Hie  part  of  all 
concerned  in  the  electrical  industry  as  applied  to  iniiiiii^, 
and  there  were  reasous  for  hoping  that  this  support  would 
soon  be  forthcoming. 

.The  composition  of  explosive  mixtures  found  in  mines  was 
dealt  with  by  Prof.  Bowen,  and  the  latter  portion  of  bis 
paper  described  in  detail  the  various  types  of  safety  devices 
on  the  market  or  suggested.  These  included  the  flange 
protection,  wire  gauze  protection,  perforated  plates,  j)late 
protection,  tube  protection,  and  labyrinth  protection.  The 
results  of  the  German,  United  States,  and  Prof.  Bowen's  own 
experiments  demonstrated  that  plate  protection —— based  on 
the  same  idea  as  that  underlying  flange  protection ― was  so 
far  the  safest  devised.  The  value  of  oil  for  its  spark 
quenching  properties  in  high-tension  switches,  transformers, 
&c,  was  also  dealt  with.  The  experiments  described  demon- 
strated the  fallacy  of  the  common  supposition  that  increased 
capacity  in  a  safety-casing  gave  greater  pressure  on  explosion. 
The  conclusion  he  arrived  at  finally  was  that  no  protective 
device  was  effective  unless  it  prevented  any  flame  or  incan- 
descent spark  to  pass  through,  and  a  point  of  importance  that 
had  been  established  was  that  the  pressure  was  increased 
where  fans  were  inserted  in  the  motor-casings,  as  a  result  of 
the  agitation  of  the  explosive  atmosphere  inside. 


Safety  of  Automatic  Signalling.— A  d<Miial  ("  t he  critK'isins 

which  have  recently  been  levelled  against  the  system  of  auto- 
matic signalling  in  xis&  on  the:  London  Underground  Railways 
is  given  by  Sir  Horatio  Yorke.  the  Board  of  Track1  Iuspei'tor, 
in  a  report  published  on  the  23rd  ult.  concerning  the  enquiry 
recently  held  into  the.  collision  on  the  Great  Nortliern, 
Piccadilly,  and  Brompton  Railway  on  September  4tli .  He 
states  that  "  As  many  sensational  statements  have  been  pub- 
lisli^d  in  conuection  with  this  incident,  T  think  it  right  to  say 
that,  in  my  opinion,  ther?  is  no  reason  whatever  for  suggesting 
that  automatic  sigiuilling  has  proved  to  be  a  failure.  <>f 
course,  no  machine  has  vet  l>een,  or  ever  will  be,  const rurte<l 
which  will  never  break  down.  If  it  had  been,  we  vshould  havo 
attained  the  realisation  of  the  chimera  of  perpetual  】noti(>". 
But  I  am  sure  that  with  proper  attention  ；' ml  niaint^namv 
automatic  signalling,  combined  with  train  stops,  may  be 
regarded  at  the  present  time  as  the  safest  svsteni  tliat  can  be 
adopted  on  tlie  underground  electric  railways  of  London,  and, 
in  fact,  as  the  only  one  whereby  the  douse  traffic  on  those 
railways  could  be  conducted. 


FKina^AKV  7，  1013]  THE    MECHANICAL    KXGINEER.  n— ' 


LARGE  BATTERIES  FOR  LIGHTING  LOADS. 

In  tlie  course  of  a  paper  entitled  "  The  Use  of  a  large  Light  iiig 
Battery  in  connection  with  (ventral  Station  Supply,"  read  by 
Mr.  F.  11.  Wliysall  before  U"'  Manchester  section  ol'  tl"' 
Institution  of  Electrical  Ki»^iiie»M-s,  on  January  28th  last, 
author  referred  to  tlie  results  ohiaiiu'd  during  two  years'  work- 
ing of  the  12,000  ani])ere-iiou r  battery  installed  in  March, 
1910，  at  the  Manchester  Corporation  Electricity  Works, 
Dickinson-street,  wliich  at  that  lime  was  the  largest  battery 
ever  constructed.  The  paper  also  showed  to  what  extent  the 
predictions  regarding  tlie  use  of  the  battery  had  been  fulfilled 
and  tlie  relief  obtained  in  the  cost  per  unit  supplied.  Tl"' 
battery  consisted  of  210  cells,  each  cell  <'oiitaining  38  positive 
plates  and  39  negative  plates  of  the  following  dimensions  ： ― 
Positive  plates,  20^!iii.  wide  by  29in.  deep  by  0'4i".  tliirk  ； 
negative  plates,  20:"".  wide  by  29in.  deep  by  0'31in.  thick. 
Tlie  positive  plates  were  of  the  Plante  formation,  cast  in  ('"e 
piece,  but  Hie  negative  plates  were  of  the  improved  box  type 
composed  of  half-grids  securely  riveted  together,  the  spaces 
\n  i  ween  ihein  bein^  filled  with  active  material-  Specially  im- 
pi r^naied  wooden  separators  were  employed  between  adjacent 
j)hit,es,  and  a  free  space  of  8in.  was  left  at  the  bottom  of  t  \\o 
<  ell  for  the  accumulation  of  deposit. 

Tlie  chief  duty  of  tlie  battery  was  to  take  3,000  kw.  off  the 
lighting  peak.  It  was  also  regarded  as  a  stand-by.  But 
its  chief  duty  was  load-levelling;  ；  and  it  was  there- 
fore decided  to  have  three  h.;m(l -regulated  reversible 
boost ers,  and  to  run  them  in  parallel  at  times  of  maximum 
discharge.  At  other  times  one  or  two  would  be  used  as 
required.  It  might  be  noted,  however,  that  such  importance 
was  attached  to  the  question  of  overload  in  emergency  that 
it  was  the  universal  custom  on  the  continent  to  use  regulating 
cells  in  all  central-station  batteries. 

The  improvement  in  load-factor  on  the  units  generated, 
observed  monthly  over  two  years,  was  approximately  71  ]>er 
cent . ,  and  the  value  obtained  from  the  chart  was  0'08d.  on  30A 
million  units,  representing  a  saving  of  £10,166.  There  were , 
therefore,  two  distinct  annual  savings  on  running  charges  due 
to  t  he  battery ― (1)  stand -by  boiler  fuel  costs  ；  and  (2)  differ- 
ence between  steam  generation  at  8  per  cent,  load-factor  and 
f  uel  bare  cost. 

The  author,  in  concluding  his  paper,  said  that  batteries 
were  installed,  when  central  stations  were  first  built,  large 
enough  to  maintain  the  supply  during"  the  night,  and  at  the 
week-ends,  without  the  assistance  of  running  plant.  They 
were  found  a  great  convenience  :  but  generators  would  be 
udded  as  the  demand  on  the  station  grew,  and  the  battery 
would  fall  out  of  use,  except  for  balancing  purposes,  until, 
through  neglect  and  ill-usage,  it  would  become  of  no  value  to 
the  sclieine.  Tn  no  case  would  the  battery  be  used  except  as 
a  luxury,  and  it  was  generally  expected  to  require  no  atten- 
tion until  it  got  into  a  very  bad  state.  It  was  now  being 
recognised  that,  provided  the  battery  was  installed  to  reduce 
generating  plant,  it  was  a  sound  commercial  proposition  when 
considered  in  connection  with  a    large  lighting  load. 

Too  niucli  had,  he  observed,  been  made  in  the  past  of  the 
*  supposed  inefficiency  of  batteries  ；  as  a  matter  of  fact,  70  per 
<*ent.  commercial  efficiency  could  be  maintained  with  care  ； 
if  this  were  not  so,  efficiency  was  the  least  important  al tri- 
bute of  peak-load  plant,  and  especially  so  in  tlie  case  of  a  bat- 
tery. Peak-load  units  were  costly  to  generate,  and  allowance 
was  】nade  for  this  in  fixing  charges  for  lighting.  Power  or 
daylight  units  were  much  lower  in  price  because  the  cost  of 
generation  was  much  less ― so  in  effect  the  battery  was  charged 
at  power  costs,  and  discharged  at  lighting  rates.  If  some  of 
the  large  consumers  on  public  supply  mains  only  realised  this, 
tltey  would  install  batteries  of  their  own,  buy  current  at  power 
rates,  and  cheapen  their  own  lighting  supplies  by  arranging 
with  the  supply  authorities  for  a  restricted-hour  1}  supplv, 
f-e-y  they  would  take  no  current  from  the  mains  at  peak-load 
"me.  Batteries  hitherto  had  usually  only  been  installed  by 
consumers  for  the  sake  of  making  supplies  reliable  and  inde- 
poudent  of  accidents  outside  their  own  premises. 

Tt  did  not  matter  how  short  a  period  of  time  during  the 
<lav，  or  the  year  for  that  matter,  a  siipplv  was  demanded. 


there  must  be  plant  installed  to  meet  it,  and  it  had  been  found 
that  for  all  duty  of  less  than  8  per  cent .  rlaily  loa<l  i';i-  toi  ' 
of  less  tlian  two  liours'  demand  during  I  lu*  21  hours  ol"  I  W<*  »iav, 
the  matter  was  in  no  floul)t.  It  most  certain ly  paid  to  make 
storage  battery  provision  i'or  t  his.  lieyond  tliis  pcii"  advan- 
tages must  be  looked  to  other  than  direct  saving  in  capit ;tl 
cost  and  nnuMng  charges  to  justify  the  extension  of  the 
principle.  It  was  often  said,  "  Wliat  about  the  o、'("  l',;"l 
capacity  of  the  steam  plant  ；  was  not  this  sufficient  to  deal 
with  the  peak  the  battery  was  intended  for  '  '  On  ,'  <  ;r-if'ii, 
yes  ；  but  if  reliability  of  supply  was  to  be  assured,  the  occasion 
must  be  that  brought  about  by  the  failure  of  the  battery,  a 
possible  but  unlikely  occasion  if  proper  f-a re  was  tnkfii. 

Booster  regulating  plant  could  go  wroiit(,  and  batteries 
wore  protected  normally  by  cir<Miit-hie;ikfMs  vvliicli  might  open 
through  defect.  It  was  generally  possible,  however,  in  t lie 
event  of  serious  trouble  to  parallel  the  battery  without  i  In- 
boosters  in  circuit:  and  under  such  circiunsl :ni'fs  1  lie  l>at ir*rv 
would  prevent,  total  failure  of  supply  under  t lie  worst  con - 
ditions.  From  other  causes  of  failure  a  b;ittei  v  was  practi- 
cally free.  It  was  very  important  that  the  battery  should  be 
of  large  enough  capacity,  not  only  for  normal  discharges,  but 
for  any  short,  heavy  loads  it  might  be  called  upon  to  give 
out.  On  the  other  hand,  if  t  he  hatt'"  v  was  lai'i^'r  t  lia n 
would  be  necessary  to  deal  with  load  of  the  proportions  indi- 
cated, the  direct  saving  it  was  possible  to  show  was  corres- 
pondingly decreased. 


THE  PROGRESS  OF  ELECTRICITY. 

At  a  recent  meeting  of  the  Birmingham  Electric  Club,  Mi' 
H.  Roberts  delivered  his  presidential  address,  in  which  he 
dealt  with  the  progress  made  in  the  science  and  use  of  elec- 
tricity since  the  advent  of  the  first  arc  lamp  about  100  years 
ago.  Induced  currents  were  established  in  1831，  but  it  was 
36  years  after  that  time,  he  said,  that  the  possibilities  of  the 
dynamo  were  realised.  Following  the  invention  of  the  Edi- 
swan  lamp  in  1878  electricity  was  boomed,  and  many  com- 
panies were  formed  to  exploit  it.  A  large  number  of  people 
took  shares  in  these  companies,  and  hundreds  lost  their 
money.  This  led  to  the  passing  of  the  Electric  Lighting 
Act  in  1882,  the  object  of  which  was  to  protect  the  public, 
but  it  also  succeeded  in  crippling  the  industry,  until  it 
was  repealed  six  years  later.  At  this  time  electric  light 
was  more  or  less  of  a  luxury,  and  currents  were  generated 
for  lighting  only.  The  total  number  of  lamps  connected  in 
London  even  in  1893  was  only  349,000，  and  only  50  towns 
in  the  United  Kingdom  had  generating  stations  of  their 
own.  He  then  proceeded  to  trace  the  vicissitudes  of  the 
industry  in  its  competition  wit  h  gas  lighting,  and  the 
growth  of  the  us©  of  electricity  for  power  purposes,  an 
epoch-making  event  being  the  opening  of  the  London  Elec- 
tric Railway  in  1890.  From  that  time  electric  lighting 
had  gone  on  until  to-day  every  city  and  town  of  note,  and 
even  outlying  villages,  had  their  electric  supply. 


Coal  Dust  Explosions  and  their  Prevention.  A  paper  on  tliis 
subject  was  read  by  Dr.  \V.  E.  Garfortb,  at  the  University 
College,  Nottingham,  on  Saturday  last.  He  said  the  recent 
experiments  at  Altofts  had  led  to  the  conclusion  that  it  tlu* 
principle  be  adopted  of  strewing  stone  dust  wherever  there 
was  coal  dust,  an  effective  remedy  for  a  coal  dust  explosion 
existed.  It  had  been  proved  that  stone  dust  could  be  applied 
in  practice  in  such  a  manner  as  to  be  thoroughly  effective, 
for,  wherever  coal  dust  could  find  its  way,  the  fine  stone  dust 
could  also  be  easily  deposited,  rendering  the  coal  dust 
innocuous.  Dr.  Garforth  emphasized  the  great  importance  of 
carrying  out  the  principles  of  stone  dusting  iii  the  most 
rigorous  manner,  and  at  the  same  time  pointed  out  that 
much  could  be  done  towards  preventing  accumulations  of 
coal  dust  by  not  allowing  coal  (lust  made  on  the  surfa«  e  to 
be  carried  down  the  downcast  pits  and  by  keeping  tubs  dust 
tight.  If  these  measures  were  carried  out  he  believed  that 
the  risks  of  explosion  would  be  reduced  to  a  minimum,  and 
collieries  would  be  put  in  a  safer  condition  than  at  any 
previous  period  in  the  history  of  (oil  miniiijj:. 
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GRAHAMS  CONTINUOUS  INDICATOR. 

The  accompanying  illustrations  show  a  design  of  indicator 
for  steam  or  gas  engines  in  which  a  continuous  series  of  dia- 
grams are  produced  on  a  long  strip  of  paper,  the  invention 
of  Mr.  James  Graham,  Oak  Street,  Southport.  There  are 
several  designs  of  indicators  of  t h e  recording  or  continuous 
type  already  in  use,  but  the  design  under  notice  differs  from 
these  ir-  the  fact  that  it  is  provided  wit li  a  double-acting 
escapement  for  giving  an  instantaneous  feed  of  the  paper. 
This  feed  occurs  in  every  case  at  the  toe  of  the  diagram,  thus 
recording  every  successive  stroke  of  the  engine  in  an  a  ecu- 


Figs.  1  and  2.— Graham's  Continuous  Indicator. 

rately  drawn  enclosed  diagram,  which  may  be  calculated  for 
mean  effective  pressure  in  the  usual  way,  also  long  records  up 
to  120  lineal  feet  may  be  taken  in  ink  or  in  pencil  by  this 
instrument.  Figs.  1  and  2  show  a  general  arrangement  of 
the  instrument,  Figs.  3，  4,  5，  6,  7，  show  the  escapement  details, 
Figs.  8  and  9  show  sample,  diagrams.  The  usual  pendulum  or 
other  reducing  gear  is  employed  for  (■oinmunicating  a  re- 
duced piston  motion  to  the  record  drum.  Use  is  also  made 
of  the  steam  part  of  an  ordinary  steam  engine  indicator. 
The  ordinary  record  drum,  however,  is  removed,  and  in  its 
place  is  fixed  the  apparatus  (lcscril)erl  belmv. 

The  arrangement  consists  of  m  l>ase  on  wliicli  is  mounted 
the  record  drum  B  anrl  idle  drum  C，  1  lie  wliole  being  attached 
to  the  indicator  arm  A  hy  a  bolt,  so  that  tlie  record  drum  B 
occupies  the  correct  position  for  the  ink  marker  on  the  pen- 
cil lever.  The  record  drum  oscillates  in  ilie  usual  way,  due 
to  the  reducing  gear  motion  being  connected  up  to  the  cord 
which  works  this  drum.  The  idle  dnnn  contains  the 
supply  roll  of  paper  inside  the  casing.  The  paper  is  wouiul 
by  handle  J  on  to  the  record  drum.  This  handle  also  acts  as 
a  tell-tale,  and  is  provided  with  a  spring  friction  fulcrum,  so 
that  the  handle  remains  at  rest  thou^li  t  lie  drum  B  is  work- 
ing : when  pin  L  taps  the  handle  at  each  oscillation  it  pushes 
it  forward,  thus  showing  when  the  paper  is  feeding.  The  p;ip,、r 


tension  is  produced  by  winding  up  the  coiled  spring  M  by 
the  crank  handle  situated  below  the  idle  drum.  When  the 
indicator  cord  is  pulled  forward  by  the  reducing  gear,  the 
paper  uncoils  from  the  idle  drum  and  coils  on  to  the  record 
drum.  For  the  return  stroke  this  process  is  reversed.  After 
the  diagram  is  drawn  by  the  ink  marker  the  record  becomes 
wrapped  round  the  outside  of  drum  C  due  to  the  pulling 
action  of  the  coiled  spring  M.  The  paper  feed  takes  place 
instantaneously  at  the  toe  of  the  diagram  due  to  the  escape- 
ment lever  O  striking  the  adjustable  spring  buffer  P  for  a 
front  end  diagram,  and  Q  for  a  back  end  diagram.  One 
tooth  on  the  escapement  wheel  R  escapes  each  time  this  strik- 
ing action  occurs. 

An  ordinary  diagram  can  be  taken  by  throwing  back  the 
lever  S  as  shown  by  dotted  lines  ；  this  removes  the  spring 
buffers  P  and  Q  from  the  path  of  the  escapement  lever  O 
so  that  the  striking  action  is  omitted,  consequently  no  feed 
takes  place.  In  this  case  if  the  ink  marker  is  kept  on  the 
paper,  successive  diagrams  will  be  piled  up  on  the  top  of 
each  other.  The  pillar  T  carries  a  pencil  arm  having  a  s]>ring 
action  on  the  paper  ；  the  arm  can  be  adjusted  to  any  height 
so  that  a  continuous  atmospheric  line  is  drawn  on  the  record. 
Without  interfering  with  recording,  the  idle  drum  in  ay  be 
wound  up  at  intervals  by  turning  the  crank  handle.  On 
completion  of  an  indication  the  cord  is  unhitched  from  the 
reducing  gear,  the  paper  released  from  drum  B，  unwound 
from  the  outside  of  the  idle  drum,  severed,  and  removed 
from  the  instrunient. 

The  cord  drum  X  is  actuated  in.  the  usual  way.  Inside 


Figs.  3  to  9.— Graham's  Continuovs  Indicator. 

this  cord  drum  a  bracket,  is  fixed  which  carries  between 
centres  the  escape  lever  fulcrum.  The  lever  O  passes  out 
through  an  opening  (Fig.  3)  iu  the  side  of  the  cord  drum  X， 
whilst  the  upper  arm  D  engages  tlie  saw-teet】i  of  wheel  R， 
causing  release  and  instantaneous  feed  of  paper  each  time  a 
tooth  is  released  (see  Figs.  4  and  5).  The  escapement  lever  O 
when  at  rest  occupies  a  central  position  in  the  opening,  Fig. 
3，  so  that  the  central  advance  tooth  E  engages  the  saw-teeth 
of  wheel  R  ；  it  is  retained  in  this  position  by  the  circular  spring 
II.  The  ends  of  this  spring  act  on  each  side  of  the  lever  0， 
so  that  to  whichever  side  the  lever  is  pushed  by  the  action 
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of  the  t>iiirers  V  and  Q  it  always  ivlurns  to  llic  roniml  l".si 
tion  ；  only  one  end  of  the  circular  spring    H  can  art  at  the 

one  time.  . . 

The  central  advance  tooth  E  in  its  normal  position,  witli 
reference  to  its  fixture,  stands  out,  one  tootli  pilch  in  ； i(lv;im'(' 
of  the  two  fixed  teeth  F  G,  and  is  liold  in  this  position  l»v 
means  of  a  spring  ；  the  tooth  may,  however,  be  pressed  back 
flush  with  FG  (as  it  is  after  release)  or  li  may  l>,'  \>u)\^] 
forward  as  in  winding  on  paper  on  the  record  drum,  in  wliicli 
case  it  acts  as  a  ratchet  tooth,  that  is,  it  allows  wmimIid^  (m  of 
paper  but  opposes  unwinding.  In  rtvonling  the  escapement 
action  is  similar  to  a  typewriter  carriage  escapement,  except- 
ing that  in  this  indicator  it  is  Rouble-acting,  the  release  occur 
ring  on  the  return  stroke  after  the  lever  is  pushed  over  to 
the  one  side  or  the  other.  Fig.  3  shows  the  escapenient  lever 
O  in  its  central  position,  th;il  is,  the  advance  tooth  E  is 
pressed  flush  with  the  two  fixed  teeth  F  G，  due  to  tlie  pull  of 
the  paper  pressing  the  wheel  teeth  R  against  the  tooth 
When  the  escapement  lever  O  is  pressed  over,  as  in  Fig. 
6,  the  advance  tooth  E  escapes  one  tooth  pitch  t'orwfud  and 
waits  there,  outside  of  wheel  R,  bub  no  feed  of  paper  ocmrs 
1) (屮; mse  fixed  tooth  G  holds  wheel  R  and  pr('\('uts  r。tation. 
On  the  return  stroke  of  the  escapement  lever  the  wailing 
tooth  E  slides  back  into  the  adjacent  tooth  space  to  that 
whicli  it  occupied  on  the  outstroke,  when  G  passes  llirou^li 
clear  of  tooth  ring,  E  is  instantaneously  pressed  back  (htsli 
with  F  G,  as  shown  in  Fig.  3.  It  is  at  this  instant  lliat  1  lie 
feed  of  the  paper  occurs.  The  action  is  exactly  the  same 
when  the  escapement  lever  O  is  pressed  over,  as  in  Fig.  7  ； 
the  advance  tooth  E  in  that  case  projects  inside  the  wheel 
lirn  R.  The  actual  feed  of  paper  occurs  in  each  case  on  the 
return  stroke  of  lever  0，  so  thot  the  toe  of  the  diagram  is 
completed  when  release  occurs  at  the  point  U  W，  as  shown 
in  diagrams  Figs.  8  and  9.  The  record  drum  B  revolves 
freely  on  its  central  spindle,  and  is  provided  with  a  flange 
at  the  bottom  edge  to  guard  the  paper  from  the  escapenient 
lever  O.  The  disc  N  is  slotted  to  form  :i  driver  for  the  pin 
K.    A  collar  keeps  the  disc  N  in  its  place  when  drum  B  is 
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A  Text  Book  of  Mathematics  and  Mechanics.  Specially  arranged 
for  Students  qualifying  for  Science  and  Technical  Exami- 
nations, by  Chas.  A.  A.  Capito,  M.Sc,  M.I.Mech.E. ； 
with  numerous  diagrams  and  worked-out  examples. 
Londc?  :  Chas.  Griffin  &  Co.  8in.  by  5Mn.  ；  398  pp. 
Price  12s.  6d.  net. 

Of  text  books  on  mathematics  and  mechanics  there  is  no 
end,  and  amongst  such  a  host  it  is  difficult  to  single  out 
particular  ones  for  special  praise.  The  differences  mainly 
consist  in  the  varying  ideas  as  to  the  way  in  which  the  subject 
should  be  handled  in  dealing  with  students.  In  the  volume 
before  us  the  author,  in  his  treatment,  proceeds  upon  the 
assumption  that  the  student  possesses  a  good  working  know- 
ledge of  trigonometry  and  the  calculus,  and,  unlike  many 
British  writers,  who  treat  the  straight  line  and  the  circle 
separately  and  subsequently  deal  with  the  parabola,  ellipse, 
and  hyperbola  jointly  as  conic  sections,  he  regards  these, 
while  treating  them  separately,  as  all  belonging  to  one 
category,  namely,  sections  of  a  cone.  We  agree  with  him  that 
this  is  the  natural  and  logical  method.  The  book  is  accom- 
panied with  a  number  of  well  selected  worked-out  examples 
from  questions  set  in  the  Institution  of  Civil  Engiiicers' 
Examinations,  and  which  should  prove  of  assistance  to 
students  who  are  preparing  for  them. 

The  Gas,  Petrol,  and  Oil  Engine.     Vol.  II.    By  Dugald  Clerk, 
D  Sc.,     F.R.S.,     M.Inst.C.E.,     and    G.     A.  Burls, 
M.Inst.C.E.     London  ：  Longmans,  Gre^n,  &  Co.  9in 
by  6iin.  ；  838  pp.    Price  25s.  net. 

This  is  the  second  part  of  a  work,  tlie  first  volume  of  whicli 
was  published  some  three  years  ago,  and  which  related  mainly 
！0  an  historical  sketch  and  tlie  general  thernuKl vnaniirs  <  t. 
internal-combustion  engines.  The  one  under  notice  drals 
mainly  with  practical  problems  of  design,  construction,  ami 
operation,  and  for  this  reason  is  probably  of  greater  interest 

makers  and  users.  From  a  reference  to  the  allocation  of 
the  two  parts  of  the  task  involved  in  the  writing  and  the 


compilation  of  the  present  volume,  it  would  appear  that  t  Ih- 
sections  dealing  witli  the  development  and  pros]KK:ts  of 
internal-combustion  motors,  as  well  as  the  chapter  dealing 
with  gaseous  fuels,  are  the  work  of  Dr.  Clerk,  while  the 
portion's  dealing  with  the  more  descriptive  aspects  of  gas, 
petrol,  and  oil  engines  now  in  use  are  largely  the  work  of  Mr. 
Hurls.  Much  of  the  volume  is  of  course  descriptive,  but  this 
is  accompanied  with  comments  and  not *js  of  jwrh  rnian' 
which,  in  view  of  the  authors'  experience,  greatly  enhances 
the  value  of  the  text.  The  work  illust raU*s  in  an  a 山, urab 卜 
manner  how  great  has  been  the  development  of  the  internal 
coinhusi ion  motor,  notwiUistaruling  tlie  very  、*n。ii，  <t>n- 
structional  difficulties  tliat  Iiave  stood  in  its  \v;iy,  and  which, 
though  they  have  been  largely  overcome  in  resp'-'i  to  small 
units  of  power,  still  leave  many  problems  only  partially 
sohed  in  the  case  of  large  units,  so  that  while  st*am  has 
in  many  fields  been  compelled  to  yield  place  to  those  operated 
with  oil  or  gas,  it  still  holds  pre-eminence  where  large 
units  are  concerned,  especially  if  the  power  requirements 
permit  of  the  use  of  the  turbine.  Attempts  to  introduce  gas 
into  this  particular  type  of  motor  have  so  far  not  been 
successful,  and  the  temperature  difficuUit-s  as  they  stand  at 
present  appear  insurmountable.  Notwithstanding  tlie 
limitations  in  certain  directions,  however,  it  is  impossible  for 
anyone  who  can  look  back  io  the  introduction  of  the  first 
practical  gas  engine  to  avoid  being  struck  with 
the  enormous  advances  that  have  since  been  made.  At  that 
time  engineers  were  justified,  in  view  of  existing  knowledge, 
in  regarding  the  problem  of  aerial  flight  as  unattainable,  and 
iti  is  safe  to  say  that  it  would  still  be  awaiting  practical 
solution  had  it  not  been  for  the  advent  of  tlie  motor-car  and 
the  development  of  the  petrol  engine,  the  ingenious  develop- 
ments and  remarkable  performances  of  which  form  one  of 
the  most  interesting  sections  of  the  book . 
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New  Steam  Tables  with  their  Derivation  and  Application,    liy  C. 

A.  M.  Smith,  M.Sc,  and  A.  d.  Warren,  B.Sc"  with  an"  In- 
troduction by  Sir  Alfred  Ewing,  K.C.B.,  F.  R.S.  London  ： 
Constable  &  Co.    101  pp.    Price  4s.  net. 

Examination  Papers  and  Reports  of  Examining  Committees  on  the 
General  Examinations  in  Science  and  Technology.  By  the  "»  ':ir(l 
of  Education  in  1912.  Printed  Ijv  H.M.  St;iti''n。rv  <  >tlico. 
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New  Brazilian  Super- Dreadnought. ― The  super-Dreadnouglit 
Rio  de  Janeiro,"  of  27,500  tons  displacement,  was  recently 
launched  at  Elswick  Shipyard.  She  is  the  largest 
vessel  ever  built  by  Sir  W.  G.  Armstrong,  Whitworth, 
and  Co.  at  their  Elswick  yard.  Her  principal  dimen- 
sions are :  Displacement,  27,500  tons  ；  length  over  all, 
652ft.  ；  beam,  90ft.  ；  maximum  draught,  26ft.  Sfie  will 
carry  14  12in.  guns  of  50  calibres,  20  6in.  guns  of  50  calibres, 
12  12-pounder  guns,  and  3  torpedo  tubes.  She  is  heavily  pro- 
tected with  Krupp  armour  plate,  the  thickness  of  which  is: 
Belt,  9in.  ；  turrets,  12in.  ；  and  conning  tower,  12in.  She  will 
have  Parsons  turbines  of  45,000  i.h.p.,  and  her  guaranteed 
speed  is  22  knots.  The  keel  was  laid  originally  in  December, 
1910,  and  she  was  to  have  been  of  32.000  tons  displacement, 
carrying  12  14in.  guns,  but  this  design  was  abandoned  for  that 
of  the  present  vessel,  the  keel  of  whicli  was  laid  in  Septem- 
ber, 1911. 

An  Interesting  Modification  of  Hydrogen  —Sir  .1.  J.  Tlmm<*,ii. 

F.R.S.,  director  of  the  Cavendish  Laboratories  at  Cambridge, 
has  discovered  a  new  gas.  It  holds  the  same  relationship  to 
hydrogen  that  ozone  does  to  oxygen,  which  means  tliat  its 
chemical  formula  is  H  3.  Although  he  has  been  working  on 
the  subject  for  over  two  months,  the  professor  has  onlv 
managed  to  obtain  rather  less  than  a  cubic  millimetre  of  the 
gas.  He  found  this  curious  form  of  livdrogen  hidden  away  in 
metals,  especially  iron,  zinc,  copper,  and  lead .  They  seem  to 
dissolve  it  as  a  cup  of  tea  dissolve  sugar,  but  thev  are  very 
chary  about  giving  it  up.  It  is  not  like  ozone,  for  it  is  much 
less  active  than  hydrogen.  It  will  not  explode  mixed  with 
air  or  oxygen .  •'  I  should  have  expected  it  to  be  a  kind  of 
superfluorine/'  lie  said.  "  But  it  had  no  action  on  the  glass  in 
which  it  was  imprisoned." 


Kig.  35. 


to  a  number  of  single  helical  gears  placed  side  by  side  but  of 
different  hand  of  spiral.  Single  helical  gears  can  be  cut  with 
standard  disc  cutters,  hobs,  or  flat  planing  tools  (Sunderlaiul 
type).    Iii  selecting  a  cutter  when  cutting  with  a  disc  cutter, 

*  Paper  read  hofore  the  Manchester  Association  of  Engineers,  Jannav>  nili. 
191  ：!. 


these  gears  are  cut  by  means  of  hobs  ；  but  instead  of  inchnuig 
the  hobs  they  remain  parallel,  and  the  angle  of  the  spiral  of 
the  hob  corresponds  with  the  angle  of  the  spiral  of  the  wheel. 
Special  niachinerv  is  also  employed  where  the  hobs  are  placed 
cliametricallv  opposite  to  each  other,  one  hob  feeding  up  and 
cutting  one  ^side  of  the  gear  and  the  other  feeding  down  and 
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THE  CUTTING  AND  GENERATION  OF  GEAK  TEETH  BY 
MODERN  GEAR-CUTTING  MACHINERY.* 


BY  VINCENT  (； ARTSIDE, 

{Concluded  from  j)afjc  1 10.) 
Helical  and  Spiral  Gears. 

Unde^  this  heading  there  are  several  different  types  of 
spiral  and  helical  gears.  (1)  The  simple  spiral  or  single 
lit""'al  ^ear,  cut  with  disc  cutters  or  hobs,  or  ]>laned.  ('」)  The 
Lewellen  double  helical  gear,  cut  with  disc  cutters.    (3)  The 


Fig.  32. 

AVuest  gear,  cut  with  hobs.  (4)  The  Chevron  gear  with 
multiple  helical  teeth,  cut  by  end  mills. 

The  principles  employed  in  the  production  of  simple 
lielical  gears  apply  to  all  other  whether  single,  double,  or 
multiple  helical  gears,  as  the  multiple  helical  gears  are  equal 


the  pitch  is  taken  on  a  normal  section,  and  in  designing  spiral 
gears  this  should  be  borne  in  mind  and  the  centre  distances 
fixed  accordingly  so  tliat  standard  pitches  of  cutters  can 
be  used. 

Spiral  gears  up  to  a  few  years  ago  were  generally  cut  on 
universal  milling  machines,  or  machines  with  the  same  move- 
ments, the  work  being  given  a  spiral  movement  as  it  passed 
the  cutters,  exactly  the  same  as  when  cutting  a  multiple 
t hreaded  worm,  the  dividing  from  one  tooth  to  the  next  bein*/ 
done  by  liand.  A  large  number  of  spiral  gears  are,  however, 
liobbed,  as  a  rack  ])laced  normal  to  tlie  spiral  will  gear 
correctly,  consequently  they  can  be  generated  from  the  rack 
similarly  to  spur  gears  ；  they 
can  also  be  cut  on  the 
" Sunderland  "  machine  and 
generated  from  the  rack  tool 
in  a  similar  manner.  In  every 
case,  however,  it  is  necessary 
to  incline  the  cutter,  tool,  or 
hob  to  cut  at  right  angles  to 
the  normal  to  the  spiral. 

In  making  double  helical 
gears  it  has  been  customary 
until  a  few  years  ago 
to  make  them  in  halves, 
one  half  right-hand  spiral 
and  the  other  left-hand  spiral  and  bolt  together,  but 
the  general  practice  to-day  is  to  make  them  solid,  and  the 
Wuest，  Lewellen,  and  Chevron  gears  are  all  cut  from  the 
solid.  In  the  Wuest  and  Lewellen  gears  the  teeth  are  not 
continuous,  there  being  a  break  in  the  centre  of  the  wheel, 
but  both  makes  of  gears  have  the  teeth  staggered,  viz.,  the 
teeth  on  one  side  of  the  gear  are  cut  opposite  to  the  spaces 
on  the  other  side,  thus  ensuring  smoother  action. 

The  author  understands  that  the  Lewellen  gears  are  cut 
with  disc  cutters,  and  each  half  is  the  same  as  a  simple  helical 
gear  cut  in  a  similar  manner,  but  he  has  not  anv  knowledge 
as  to  the  particular  type  of  machine  used.  With  regard  to 
the  Wuest  gears,  however,  a  special  process  is  employed  and 


Fig.  34. 
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cutting  tlie  other  side,  each  hob  bein^  of  opposite  hand  s]»tral 
and  cutting  to  the  centre  of  the  wheel.  In  order  to  cut  as 
near  to  the  centre  as  possible  and  with  as  little  waste  surface 
of  tooth  as  possible,  the  hobs  are  made  as  small  in  diameter 
as  convenient.  The  shape  of  the  teeth  are  of  the  '20'  involute 
standard,  but  of  the  stub  tooth  depth,  and  the  depths  are 
calculated  from  the  normal  pitch  and  not  from  the  circuhi  i- 
j>itch  as  with  the  ordinary  type  of  gears,  but  the  axial  pitch 
of  the  hob  is  the  same  as  the  circumferential  pitch  of  the  gear. 

Incohitc  Odonkuj ra ph .      (See  Fig,  30.) 
Standard  Interchangeable  Tooth.    Centres  on  Base  Line. 
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Radius  of  Points 
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Fig.  32  shows  diagrammatically  tlie  arrangement  of  the 
machine  for  cutting  this  type  of  gear.  The  blank  is  driven 
「oumJ  in  correct  ratio  to  the  hob  to  suit  tlie  number  of  teeth 
in  the  gear  and  an  extra  added  on  motion  is  ^iven  to  the  wheel 
to  give  the  necessary  spiral  angle  wliich  is  23°;  the  action  of 
the  machine  is  continuous  as  in  all  hobbing  machines.  liv 


DI5TAMCE 


Fig.  36. 


adopting  the  stub  tooth  and  20°  pressure  angle  very  small 
numbers  of  teeth  can  be  cut  without  undercutting,  conse- 
quently very  high  ratios  are  possible  with  this  type  of  gear,  in 
fact  as  low  as  four  and  five  teeth  can  be  cut  in  the  pinions. 

A  method  of  cutting  double  and  multiple  helical  gears 
which  has  come  to  the  front  very  much  lately  is  the  cutting 
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by  end  mills.  Gears  from  8  mod.  to  100  mod.  pitch  are  now 
cut  by  this  method.  The  cutters  have  a  profile  the  same  as  the 
normal  section  of  the  tooth  spaces,  and  these  cutters  are 
generally  made  to  gauges  to  suit  the  different  pitches  and 
shapes  to  be  cut. 

In  the  process  of  cutting  the  cutter  is  sunk  into  the  wheel 
at  one  side  and  then  is  given  a  feed  parallel  to  the  axis  of  the 
wheel,  at  the  same  time  a  twisting  motion  is  given  to  the  wheel 
which  gives  the  necessary  spiral.  When  the  centre  of  the 
wheel  is  reached,  however,  this  spiral  motion  of  the  work  is 
reversed  so  that  the  other  half  of  the  wheel  is  cut  of  an 
opposite  angle  of  spiral,  which  gives  the  herringbone  type  of 


Three-point  Odontogrn pli . 
Interchangeable  Series. 


(See  Fig,  37.) 

From  a  Pinion  of  10  Teeth  to  a  Rack. 
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gear.  In  some  cases  this  twisting  action  is  changed  three  or 
four  times  in  the  passage  of  tlie  cutter  across  the  face  of  the 
gear,  giving  a  zig-zag  form  of  tooth.  This  type  of  gear  can 
only  be  produced  by  this  method. 

Owing  to  the  style  of  cutter  used,  roughing  and  finishing 
cuts  are  taken  which  give  very  satisfactory  results.  Before 
the  gears  are  removed  from  the  machine  it  is  necessary  to 
remove  part  of  the  central  portion  of  the  tooth,  as  shown  in 
Fig.  33，  as  the  point  of  the  tooth  would  interfere  with  the 
curve  in  its  mating  gear  owing  to  the  cutter  cutting  across 
the  axial  section  the  same  space  as  the  normal  section.  In 
some  cases  the  teeth  at  this  point  are  rounded  off,  in  others 
they  are  cut  square  across,  and  this  is  performed  on  the  same 
machine. 

Special  machines  for  wheels  and  pinions  of  this  type  are 
made  by  Loreutz,  Germany.  Fig.  34  sliows  the  pinion 
machine  diagrammatically,  and  Fig.  35  shows  a  large  mwliim' 
which  has  a  cutter  head  on  one  side  for  cuitii)g  the  Chevron 
gears,  and  a  head  on  the  other  side  for  cutting  spur  and  spiral 
gears  with  hobs. 


THE  RESISTANCE  OF  ELECTROLYTES. 

At  a  meeting  of  the  Physical  Society  of  London,  a  paper 
entitled  "The  Resistance  of  Electrolytes/'  by  Messrs. 
S.  W.  J.  Smith  and  H.  Moss,  was  read  by  the  former. 
Some  experiments  upon  this  question  were  exhibited  before 
the  Society  in  1911.  In  these  a  modification  of  Wien's 
method  was  used ― the  optical  telephone  being  r ©placed  by 
a  vibration  galvanometer ― and  the  conclusion  was  drawn 
from  them  that  the  resistance  of  an  electrolyte  varied  to  an 
easily  perceptible  degree  with  the  frequency  of  the  alter- 
nating currents  to  which  ih  was  subjected.  The  authors 
pointed  out  that  the  terminal  difference  of  potential  and  the 
current  in  a  branch  of  a  network  containing  capacity  and 
self-induction  might  be  in  the  same  phase  although  tlieir 
ratio  did  not  give'  the  resistance  of  that  branch.  This  would 
happen  (whether  the  branch  contained  an  electrolyte  or  not) 
if  there  was  leakage  through  the  condensers,  causing  the 
RD.，s  between  their  plates  to  be  out  of  quadrature  with  the 
current.  The  apparent  resistance  of  the  branch  would  then 
be  a  function  of  the  frequency  of  the  alternating  currents 
circulating  in  the  bridge,  and  Wien's  method  would  give 
this  apparent  resistance  only.  It  was,  therefore,  unsound  to 
us©  the  method  to  test  whether  the  resistivity  of  an 
electrolyte  depended  upon  the  frequency  of  the  currents  to 
、vhi'  h  it  was  subjected,  unless  it  was  shown  that  th&  effects 
()f  leaka^t'  tlirougli  the  electrolyte  condensers  could  be  neg- 
lrrt"(l  or  ； il lowed  for. 

A  particular  case  was  indicated  by  the  authors,  in  which 
the  leakage  could  be  made  large  or  small  at  will.  The 
results  for  this  case  had  been  interpreted  by  Kriiger,  without 
assuming  any  variation  of  resistance  with  frequency  in  a 
manner  which  seemed  satisfactory  to  them  In  order,  how- 
ever, to  remove  or  justify  any  doubt  upon  the  question  they 
had  performed  test  experiments  by  a  simple  and  direct 
method  which  was  described.  It  depended  upon  simul- 
taneous measurement  of  the  voltage  between  the  ends  of  a 
tube  containing  the  electrolyte  and  of  the  current  passing 
through  it.  The  former  was  measured  by  means  of  an 
Ayrton-Mailier  electrostatic  voltmeter  connected  to 
auxiliary  electrodes  and  the  latter  by  means  of  a  Duddell 
ilienno-galvanoiiieter.  In  the  cases  examined  it  was  found 
that  the  resistivity  of  the  electrolyte  was  constant  within 
()'05  per  cent.,  whether  steady  currents  or  currents  of  any 
frequency  up  to  2，300  alternations  per  second  were  used. 
lT"t,n  thv  iusU-ujiiciits  were  calibrated  by  means  of  a  metallic 
r(、si:stH，"T  Uh"'b  appeared  to  be  a  small  difference  of  about 
I  pari  in  GOO  between  the  resistance  as  measured  by  con- 
iiuuous  currents  and  the  values  obtained  with  alternating 
currents.  Seine  supplementary  experiments  were  made  witii 
the  object  of  elucidating  the  peculiar  behaviour  of  the  mstru- 
mei】b  wliirli  ibis  calibration  disclosed.  On  account  of  the 
smallness  of  the  ©BFecti  its  cause  could  not  be  completely 
awrt,，i，ied  ;  bu'o  the  fact  that  the  apparent  contact  P.D. 
、viUi"i  Iho  voltmeter  was  a  function  of  the  applied  voltage, 
de<  reasing  as  the  latter  was  raised,  would  cause  an  effect 
of  the  same  sign  as  that  observed.  Unallowed-for  leakage, 
greater  with  steady  than  with  alternating  currents,  migM. 
ako  provide  a  partial  explanation  of  the  results. 


SUPPLYING  AND  VAPORISING  FUEL  FOR  OIL  ENGINES. 

Several  improvenieuts  in  connection  with  oil  engines  havtt 
recently  been  patented  by  Messrs.  Tangyes,  Ltd.,  of  Cornwall 
Works,  Solio,  Binninghani,  in  conjunction  wil li  Mr.  «i auies 
Robson,  and  comprise  a  vaporiser  in  combination  with  means 
for  heating  the  liquid  fuel,  or  the  air,  or  both,  oji  their  way 
to  the  vaporiser,  and  with  means  for  supplying  Hie  proper 
amount  of  liquid  fuel  in  accordance  witli  the  load  on  the 
engine,  and  for  the  admission  and  regulation  of  the  water 
injection  to  the  engine  cylinder,  and  with  means  wliereby  the 
engine  can  be  worked  either  with  a  liglit  liquid  fuel,  such  as 
benzoline,  or  with  kerosene,  or  fresh  crude  naplitlia;  or  with 
gas  direct  from  the  oil  wells,  as  the  circumstances  and  condi- 
tions of  working  may  demand.  These  are  sliown  in  the  acroiii- 
paijying  cuts,  of  which  Figs.  1  and  2  are  elevations  at  riehi 
angles  to  each  other,  showing  the  general  arrangement  of  the 
apparatus  attached  to  an  engine.  Fig.  3  is  a  plan,  and  Fig.  4 
is  a  vertical  section  of  the  vaporiser,  drawn  to  an  enlarged 
scale.  Fig.  5  is  an  elevation  drawn  to  an  enlarged  scale  of 
the  combined  benzoline  and  water  injection  valve  and  tlie  gas 
valve. 

The  vaporiser  consists  of  a  casing  A  covered  with  non- 
conducting material  and  surrounding  the  exhaust  pipe  B 
through  which  the  hot  exhaust  gases  pass  from  the  engine 
cylinder,  the  part  of  the  exhaust  pipe  which  is  surrounded  by 
the  casing  A  being  increased  in  diameter  and  having  internal 
ribs  to  absorb  as  much  as  possible  of  the  heat  of  the  exhaust 
gases.  At  or  near  the  top  of  the  vaporiser  is  the  inlet  C 
for  the  liquid  fuel,  this  fuel  being  led  into  a  trough  D  fixed 
round  the  exhaust  pipe  B  and  having  in  its  edge  V-slia|)ed 
notclies  to  distribute  the  liquid  fuel  evenly  over  the  surface  of 
the  exhaust  pipe  B.  At  the  bottom  of  the  casing  A  is  an 
overflow  pipe  to  allow  any  of  the  liquid  fuel  which  lias  not 
been  vaporised  to  flow  away  to  auy  suitable  reservoir  wliere 
it  can  be  collected,  and  in  the  case  of  refined  liquid  fuels,  such 
as  kerosene,  used  over  again,  oi*  in  the  case  of  fresh  crude 
naphtha  being  used,  the  residue  overilowing  and  which  is  too 
thick  to  be  used  over  again,  can  be  refined  in  the  usual 
manner.  Near  the  bottom  of  the  vaporiser  is  another  open- 
ing E  for  admitting  air  which,  in  its  passage  through  the 
vaporiser,  comes  into  contact  and  mixes  with  the  vaporised 
liquid  fuel  therein  by  passing  through  perforated  or  -reticu- 
lated plates  F,  thus  bringing  about  a  very  thorough  mixing 
of  the  air  and  vapours  before  the  mixture  passes  by  the  outlet 
G  and  through  the  cock  Y  to  the  engine  cvlindor.  The  air 
passed  in  at  E  is  first  li  eat  eel  by  passing  it  in  at  II  between 
the  exhaust  pipe  and  a  surrounding  tube  and  thence  to  the 
inlet  E  by  means  of  a  pipe  J  in  wliicli  is  a  regulating  cock . 
This  pre-heating  of  the  air  is  done  in  order  jbo  reduce  tlie 
tendency  to  cool  the  inside  of  tlie  vaporiser  wliicli  would  he 
the  case  if  cold  air  were  admitted.  In  addition  to  pre-heating 
the  air,  arrangements  are  also  made  for  heating  the  liquid 
fuel  before  it  enters  the  vaporiser.  The  liquid  fuel  on  its  way 
from  the  pmnp  K  first  passes  into  a  sight  feed  receiver  L  and 
thence  to  the  inlet  C  through  a  pipe  M,  which  encircles  au 
extension  of  the  exhaust  pipe  and  is  surrounded  by  a  lieat- 
protecting  shield.  The  object  of  pre-heating  the  liquid  fuel  is 
to  assist  in  its  more. complete  gasification  in  the  vaporiser. 

The  liquid  fuel  is  supplied  to  the  vaporiser  in  the  pro] km- 
quantity  by  means  of  the  pump  K，  wliicli  is  actuated  as  fol- 
lows : An  extension  of  the  spindle  of  the  gas  valve  N  projects 
tlu'ougli  a  guide  and  engages  witli  one  end  of  the  ojierat ini: 
lever  O,  tlie  other  end  of  wliicli  engages  wit  li  aiut  operates  the 
j)luuger  of  the  pump,  which  is  pressed  upwards  l)v  a  s|»riu^  as 
shown.  The  fulcrum  pin  Q  of  the  lever  O  is  so  arranged  on  a 
piece  working  on  a  screw  R  ilial  it  can  be  moved  on  the  screw, 
that  wliile  one  arm  of  the  lever  O  is  shortened,  the  other  arm 
thereof  is  lengthened.  From  tliis  it  will  be  seen  that  while 
the  stroke  or  lift  of  the  gas  valve  N  is  const  ant ,  t  lie  si  joke  of 
the  pump  plunger  P  can  be  varied  so  as  to  regulnte  t  Uv  amount 
of  liqui'l  fuel  pumped  at  each  stroke  into  the  vaporiser,  as  uiav 
be  required  by  the  particular  kind  and  (juality  ot  the  liquid 
fuel  used.  When  it  is  desired  to  put  the  pump  K  out  of 
actiou,  it  is  only  necessary  to  slide  the  lever  O  sideways  alonp 
an  extension  of  the  fulcrum  pin  Q  (see  Fig.  3)  and  retain  it 
tli ere.  The  engine  illustrated  is  supposed  to  be  governed  ou 
what,  is  generally  known  as  the  "  hit  and  miss  "  principle,  so 
thai  the  gas  valve  N  is  opened  a  greater  or  lesser  number  of 
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in  a(M:onl;ui(;o  with  the  load  on  Uic.  engine,  ； ind  tli"r''  By  inr 

fore,  at  each  lift  of  the  gas  valve  N，  the  pump  plunder  V  will  cock  V，  il 

force  a  charge  of  liquid  fuel  into  the  vaporiser  where  il  "  ill  Itc  ''yliinln- 

(rasifi(U|  iii  re;"li"(，ss  for  llie  next  charge  taken  into  1  In*  engine  t  lial  "iilv 

cylinder.     When  no  lift'  of  the  gas  valve  N  takes  place,  t  he  '  vliii'l'  r, ' 
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])U!iii>  pluuger  P  will  not  be  actuated  and  no  liquid  fuel  will 
then  be  passed  into  the  vaporiser.  It  will  thus  be  seen  that 
charges  of  liquid  fuel  are  pumped  into  11"、  vaporiser  only 
in  a<'corflance  with  the  load  on  the  engine,  and  that  the  araount 
pumped  in  at  eacli  stroke  of  the  pump  can  be  adjusted  by 
altering  the  position  of  the 
fulcrum  pin  Q  to  suit  the  con- 
ditions and  the  quality  of  the 
fuel  used. 

Before  the  engine  can  be  run 
with  the  vaporiser  it  is,  of 
course,  necessary  to  first  heat 
the  vaporiser.  This  is  done  by 
Hrst  running  the  engine  with 
some  other  suitable  liquid  fuel, 
such  as  benzoline,  or  even  oil- 
well  gas  when  available.  To 
enable  this  to  be  done,  a  com- 
bined benzoline  and  water  in- 
jection valve  S  is  fitted  to  the 
main  air  inlet  valve  box  T  (see 
Vigs.  3  and  5).  The  valve  S 
is  operated  by  means  of  a  lever 
「，  one  arm  of  which  rests  upon 
the  top  of  the  spindle  of  the 
valve  S,  while  the  other  arm 
rests  upon,  and  is  operated  by, 
the  extension  of  the  spindle  of 
the  gas  valve  N.  When  the  en- 
gine is  using  benzoline  as  fuel, 
it  will  be  understood  that  i]u 
gas  or  other  fuel  is  passing 
through  the  gas  valve  N, 
the  valve  during  this  op- 
eration simply  being  used 
as  a  means  for  operating 
the  valve  S，  at  each  open i ml: 


Fig.  1. 
Km'i、ks. 


Kolmc  ami   walcr  iiij<M  tioii 
d  <iuanl  t1y  o\  lurl  a'linillcij  |0  the  cii^iih- 
»gulaiofl.     Tlie  (vu'k  V  in  also  ariaii^l  so 
benzolinii   fan   he  a 山 iiiUed  to  the  engine 
gas  from  the  vaporiser  or  nther  ; 

used,  water-  injection 
can  be  iulmitted  to  the  cylin- 
der by  setting  the  handle 
W  to  the  proper  position  in- 
dicated by  a  dial  plate  for 
U】iit  purpose.  The  valve  S 
is  operated  in  either  case 
from  the  gas  valve  N  llirou^h 
tlic  lever  L* ,  and  then  only 
in  accordance  with  the  load 
on  the  engine.  When  neces- 
sary, the  valve  S  can  be  put 
out  of  operation  by  sliding  tho 
lever  U  along  the  fulcrum  pin 
X  and  retaining  it  there. 

Arrangements  are  also  liiiulc 
whereby  the  engine  can  be 
run  alone  on  the  gas  from  the 
oil  wells.  When  this  is  desired, 
the  fuel  pump  K  and  the  com- 
bined hen/oline  and  water- 
injection  valve  S  are  put  out 
of  operation  by  moving  their 
respective  operating  levers  O 
and  U  out  of  gear  as  already 
explained.  The  plug  of  the 
gas  cock  Y  is  turned  by 
its  handle  so  as  to  shut 
off  coinmunication  with  the 
vaporiser  and,  at  the  same 
time,  open  communication 
with  "the  opening  Z  to 
con veyin g  the  gas  from  the 


wliicli  is  coimect vd  the 
oil  well  or  other  source. 

The  main  air  supply  to  the  engine  cylinder  is  adjusted  by 
means  of  a  regulator  in  the  air  passage,  in  accordance  with  tlie 
kind  of  liquid  fuel  used . 


Kig.  3. 
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admitted  wliicli  is  sprayed  and  mixes  with  the  entering  air  m 
its  passage  through  the  air-achnissioii  valve  box  T  into  iUc 
engine  cylinder,  where  it  ia  comju'essed  ami  ignited,  which 
may  be  done  in  the  usual  manner. 


Fatal    Crane   Accident. —A"  ，- iwkvi.  m  1 1">  ,'mi、"、vm<、"t  '、f 
》[essrs.  Grant,  Ritchie,  &  Co.  was  killed  on  the  20th  "It. 
the  result  of  a  crane  accident.     Wliil.-  ilu»  <  rano  was  raisinir 
a  heavy  load  a  link  of  the  chain  snapi>e(l.  ami  the  *lereasccl 
was  struck  by  the  falling  mass  and  sustained  a  fracture  of  the  skull. 
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JOHANSSON  COMBINATION  STANDARD  GAUGES. 

The  whole  tendency  of  engineering  development  during  the 
last  quarter  of  a  century  has  been  towards  specialisation  of 
industries  with  the  object  of  cheapening  cost  by  making 
large  quantities  of  each  separate  article  and  manui'acturing 
them  accurately,  so  as  to  secure  intercbangeability.  This  end 
has  led  to  a  concentration  on  methods  of  measurement  which 
has  greatly  stimulated  ihe  demand  for  gauges,  possessing 
a  degree  of  precision    scarcely    dreamed    of    a  generation 


Fig,  1. 

ago.  Absolute  accuracy,  as  every  engineer  knows,  is  im- 
possible, and  since  this  axiom  of  construction  has  to  be 
accepted  in  connection  with  the  making  of  any  interchange- 
able article,  the  only  alternative  is  to  so  make  it  that  any  error 
in  size  shall  lie  between  definite  limits,  and  hence  u  limit 
gauges  "  have  become  a  necessary  equipment  of  every  shop 
where  accuracy  and  at  the  same  time  intercbangeability  are 
essential.  The  making  of  such  gauges  obviously  demands 
extreme  care,  and  the  number  of  firms  who  have  succeeded  in 
satisfying  trade  requirements  are  few.  Many  adjustable  mea- 
suring tools  constructed  for  the  purpose  give  a  high 
degree  of  accuracy,  but  their  use  is  connected  with  a  series  of 
difficulties  which  make  them  unpractical  for  easy  processes 
of  manufacture.  The  setting  for  each  measureinent  means 
loss  of  time,  the  reading  is  difficult,  and  does  not  exclude 
errors,  and  lastly,  we  have  the  personal  equation,  the 
" Feel/'  which  directly  influences  the  result  and  makes  it 
hardly  possible  for  two  men  to  measure  alike.  This  is  not 
only  detrimental  to  the  interchangeability  of  parts,  but  often 
gives  rise  to  discussion  and  disputes. 

These  drawbacks  to  adjustable  tools  are  nowadays  gene- 
rally acknowledged,  and  their  efficient  use  is  limited  to  occa- 
sional measurements.  For  regular  work  in  the  shop  a  simple 
tool,  independent  of  the  workmen's  skill,  is  necessary,  and 
for  this  purpose  fixed  gauges  are  generally  used ,  one  gau^e 
being  made  for  each  piece  of  work,  and  size,  and  in  this  way 
the  measurements  are  greatly  simplified,  and  at  tlie  same  lime 
great  accuracy  is  secured. 

Still  more  reliable  and  more  simple  measurements  can  be 
made  if  each  piece  of  work  is  measured  with  two  sizes,  viz.,  one 
smaller  and  one  larger  than  the  actual  size  required,  of  which 
the  former  represents  the  minimum  size  that  the  piece  can 
be  made  to,  and  the  latter,  the  maximum  that  the 
finished  article  can  have  without  violating  the  condition  of 
intercbangeability  or  the  function  of  the  parts.  Absolute 
accuracy  can  never  be  obtained,  and  is  not  necessary  for 
practical  work,  because  all  parts  allow  certain  variations  from 
their  exact  size  and  still  remain  interchangeable.    The  varia- 


tions must,  however,  be  carefully  calculated  according  to 
the  special  use  of  the  different  parts,  and  must  be 
rigorously  controlled  in  the  process  of  manufacture.  Such 
variations  are  now  generally  called  tolerances  and  for  all 
regular  sizes  and  different  fits  complete  tables  of  the  toler- 
ances have  been  elaborated  by  competent  authorities  to  serve 
as  a  guidance  when  laying  down  the  limits  of  tolerances  for 
different  parts  of  work.  A  piece  of  work  does  not  conse- 
quently require  to  be  made  to  the  exact  size  laid  down  for 
it,  but  it  can  be  allowed  to  vary  in  regard  to  size  between 
certain  limits. 

There  is,  however,  one  condition  that  must  be  filled  in 
order  to  make  this  system  reliable,  viz.,  that  the  gauges  used 
have  no  errors  in  themselves,  that  certain  variations  from  the 
exact  sizes  of  the  machine  or  tool  parts  can  be  allowed,  and  it 
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is  only  by  measuring  tools  which  give  a  true  control  of  the 
tolerances  admitted  that  the  accuracy  of  machine  parts  can 
be  simplified.  The  tolerances  are  usually  given  on  regular 
work  in  1, 000th s  or  10，000ths  of  an  iuch，  so  that  it  is  evi- 
dent the  gauges  must  possess  a  still  higher  accuracy.  For 
checking  these  gauges  in  turn,  reference  gauges  are  used 
which  must  be  correct  to  a  few  100,000ths  of  an  inch,  and  in 
manufacturing  such  gauges  it  is  needless  to  say  great  difficul- 
ties are  encountered.  Shop  gauges,  moreover,  are  subject  to 
wear,  and  must  be  checked  from  time  to  time  to  ascertain 
that  they  are  still  correct,  and  consequently  every  engineer- 
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ing  shop  is  obliged  to  equipped  witli  a  niunber  of  chei-kiii^ 
or  reference  gauges.  These  checking  gauges  are  of  different 
shapes,  some  being  cylindrical  rods,  with  plain  or  spherical 
end  surfaces,  and  others  round  discs  or  square  blocks  with 
sj)hencal  or  plain  parallel  surfaces.  The  last  shape  is  the 
most  difficult  to  produce,  but  for  exact  measurements  it  is 
the  most  useful  because  it  offers  the  necessary  guidance,  and 
cannot  be  used  at  an  angle  which  with  the  other  shapes  is 
very  difficult,  to  avoid,  as  the  size  is  determined  only  by  points 
o v  lines. 
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All  checking  gauges,  however,  have  the  drawback  that  a 
set  to  meet  all  sizes  required  in  an  engineering  workshop  is 
expensive,  and  never  able  to  meet  the  (leinaiul  or  nee<l  of  new 


same  size  or  combination  in  several  ways.  For  example 
2  37f;9i".  can  be  obtained  as  follows : — 


A 

B  c 

O.lOOOin, 

0.  lOOlin. 

0-1002in. 

0.12fiin. 

0.  |(M»hj,i. 

0.|(K)7in. 

(). l">Oin. 

0. I""in. 

o.  1  Ifiin. 

O.!'50in. 

O'llOin. 

0-I20iii. 

o.2.^)in. 

1  .(MMMn. 

O.H(K)in. 

0.900m. 

24769in. 

2.37fi9in. 

2-:m9in. 

Although  the  composition  of  the  "Johansson  "  set  of 
gauges  is  simple,  a  series  of  conditions  attach  to  their  use 
t  Iki t  need  t  o  bw  carefully  considered. 

1.  The  measuring  surfaces  shouWl  be  absolutely  ])lain 
iii  order  to  admit  the  close  approach  of  two  gauges  to  each 
other  when  assernhlefl. 

2.  The  two  measuring  surfaces  of  one  gauge  shoulrl  he 
absolutely  parallel  with  each  other,  so  that  the  end  surfaces 
of  a  combination  of  a  number  of  gauges  remain  equally 
parallel. 

3.  The  degree  of  accuracy  of  each  single  gauge  shouWI 
represent  the  highest  possible  accuracy,  so  that  the  accuracy 
of  any  combination  of  gauges  would  be  held  or  maintained 
which  is  necessary  for  checking  purpose. 

4.  The  accuracy  of  the  single  gauges  should  be  propor- 
tionate to  the  nominal  length  of  the  gauge,  that  is,  the 
smaller  the  gauge  is,  the  higher  should  be  the  accuracy,  so 
that  a  coiiibiiiatioii  of  a  number  of  gauges  has  the  sum*1 
accuracy  as  a  single  gauge  of  a  corresponding  length  ；  or  in 
other  words  the  combined  gauge  and  the  single  gauge  of 
the  same  length  should  be  of  the  same  degree  of  accurary. 

In  the  "  Johansson  "  gauges  these  conditions  are  realise* I 
in  a  striking  manner.  The  surfaces  of  the  gauges  are  such 
perfect  planes  that  when  assembling  two  gauges  they  adhere 
to  each  other.    The  parallelism  is  perfect,  and  the  accuracy 
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sizes  completely.  For  this  reason  many  engineering  firms 
that  otherwise  are  anxious  to  adopt  only  the  best  inetliods 
of  manufacture  hesitate  to  go  to  the  expense 
of  the  necessary  gauges,  and  feel  obliged 
to  be  con  bent  with  an  inferior  accuracy , 
For  the  same  reason  many  manufacturers  when 
designing  a  new  machine,  &c.，  consider  the  gauges 
they  already  have,  and  to  conform  to  them  often 
adopt  sizes  that  are  not  the  best.  A  further  draw- 
back with  checking  gauges  supplied  at  different 
times  to  meet  the  particular  requirements  of  the 
moment,  is  that  they  sometimes  do  not  correspond 
to  each  other,  especially  if  they  are  supplied  by 
different  makers. 

To  do  away  with  all  these  drawbacks,  and  to 
supply  once  and  for  all  a  factory  with  all  the  gauges 
that  are  and  might  be  required  at  any  time,  is 
the  object  of  the  Swedish  "Johansson"  com- 
bination standard  gauges.  This  set  of  standard 
gauges  consists  of  81  pieces,  and  by  using  these 
separately  or  combined  together,  over  H0， 000 
different  sizes  can  be  obtained,  any  of  which  sizes 
being  accurate  to  within  O'OOOOiin.  at  62°  Fall. 
This  set  is  divided  into  four  series,  as  follows : 
1st  series,  01001  to  0-1009  by  O'OOOlin.  ；  2nd 
series,  0101  to  0149  by  O.OOlin.  ；  3rd  series, 
0:050  to  0-950  by  0  05in,  ；  4th  series,  lin.，  2in., 
3inM  and  4in. 

The  blocks  in  the  first  series  divide  up  the  spares  hot wem 
those  of  the  second  series,  while  the  third  and  fourth  series 
can  be  divided  up  by  the  first  and  second  series  ；  or,  in  other 
words,  any  size  can  be  obtained  from  0'2000in.  up  to  8in.  or 
10in,，  rising  by  0"0001in.  In  addition  it  is  possible  to  get  the 


be 


easily  proved  by  t'oiiipariii"'  different  coinbinations 
making  up  the  same  size  and  testing  thei"  in  a  carefully 
adjusted  snap  gauge.  This  aivuraov  is  the  more  remarkable 
in  view  of  the  large  surfaces  and  the  fact  that  they  are 
brought  out  as  a  commercial  article  for  dailv  use  in  the  tool 
room* 
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It  will  be  evident  that  in  order  to  maintain  an  accuracy 
wit  liiii  t  he  limits  mentioned  in  a  combination  of  a  number  of 
gauges  the  accuracy  of  a  single  gauge  must  be  much  greater. 
Comparisons  made   between   different   combinations  of  Ui。 


、-? 

Fig.  6. 


same  size  show  that  this  accuracy  is  established  throughout 
the  set.  The  proportion  of  the  accuracy  laid  down  in 
the  manufacture  of  the  Ki  Johansson"  gauges  is  the  Yojrnoo 
part  of  the  length  of  the  gauges.  The  small  sizes  con- 
sequently can  always  be  reckoned  to  be  exact  fractions  of  the 
larger  sizes. 

Fig.  1  illustrates  in  a  simple  and  practical  way  a  method 
of  proving  the  equal  size  of  a  coiubination  gauge  and  a  single 
gauge.  The  two  similar  size  gauges  are  wrung  to  the  surface 
of  another  gauge,  so  as  to  adhere.  On  the  opposite  surfaces 
of  the  two  similar  size  gauges  another  gauge  is  wrung  and 
it  will  be  found  that  the  latter  adheres  to  both  surfaces, 
which  would  not  be  the  case  if  there  was  the  slightest 
difference  in  size  between  the  two  gauges  of  the  same  ncminal 
length. 

To  extend  the  use  of  the  gauges  to  external  measure- 
ments the   '•  Points  "  illustrated  in   Fig.   2   are  supplied. 


These  points  are  double  the  length  of  the  gauges,  and  h:iv^ 
one  surface  lapped  to  the  same  degree  of  accuracy  and  plane- 
liness  as  the  gauges.  By  wringing  tl)em  over  the  eud  surfaces 
of  a  combination  or  a  single  gauge  they  adhere  and  form  an 
exact  Snap  "  gauge.  For  half  the  length  of  the  opposite 
points  they  are  rounded  to  a  certain  radius,  and  hy  adding 
the  thickness  of  these  points,  where  radiused,  to  the  size  of 
the  gauge  or  gauges  between  the  points  an  accurate  ('  Plug  ' 
gauge  is  made  up.  By  this  method  "  Snap  ，，  and  il  Plug  M 
gauges  can  be  made  up  of  any  or  all  of  the  sizes  that  are 
obtainable  out  of  the  complete  set  of  blocks. 

To  facilitate  the  manipulation  of  these  "  Snap  "  and 
" Plug  "  gauges  they  can  wlian  required  be  inserted  in  a 


holder  equipped  with  a  split  spring  nut  which  enables  the 
holder  to  be  quickly  adjusted  to  form  a  combined  end,  snap 
and  plug  gauge  of  the  highest  accuracy.  Fig.  3  shows  such 
a  conibination  arid  a  method  of  applying  it. 

When  making  tine  measurements  it  is 
sometimes  of  importance  that  the  gauges 
should  not  be  touched  by  the  operator,  as  the 
heat  of  his  hands  is  liable  to  influence  the 
size.  In  such  cases  the  holder  can  be 
mounted  on  a  foot  as  illustrated  in  Fig.  4, 
the  foot  being  equipped  with  set  screws  to 
adjust  the  holder  vertically.  Figs,  o  and  G 
illustrate  combinations  for  scribing  from  a 
surface  plate  or  from  a  centre. 

The  construction  of  jigs  for  repetition 
work  is  a  field  in  which  gauges  of  the  kind 
under  notice  offer  special  advantages,  and 
Fig.  7  shows  a  combination  built  up  for  this 
class  of  work. 

In  conclusion  it  should  be  stated  that  the  agents  for 
the  gauges  in  this  country  are  Messrs.  C.  W.  Burton, 
copper  and  its  alloys,  and  emphasized  the  points  of  greatest 


POWDERED  COAL  FOR  OPEN-HEARTH  FURNACES. 

In  "  La  Metallurgie  ，-  M,  Davidsen  discusses  his  process  for 
utilising  finely-powdered  coal  as  fuel  in  open-hearth  furnaces, 
and  which  is  proposed  for  preventing  the  heat  losses  of  the 
regenerative  furnace  and  avoiding  the  necessity  of  frequently 
varying  the  direction  of  the  flow  of  air.  The  finely-powdered 
coal  is  burned  above  the  metal  bath.  The  advantages  are 
thus  stated  :  "  All  the  heat  contained  in  the  coal  is  instantlv 
developed  in  the  furnace,  and  all  losses  in  producing  the  gas 
in  gas  producers  and  preheating  it  are  eliminated.  A  further 
advantage  of  the  process  consists  in  the  method  of  communi- 
cating the  heat  to  the  metal.  The  flame  produced  by  burning 
finely-ground  coal  consists  of  an  extremely  large  number  of 
minute  incandescent  particles  having  a  high  radiating 
capacity  ；  there  is  therefore  in  the  first  instance  no  need  to 
bring  the  surrounding  air  to  the  temperature  of  the  coal 
particles,  the  heat  being  communicated  by  radiation,  and  not 
by  convection,  and  in  the  second  place  the  flame  may  be  kept 
high  enough  above  the  metal  bath  to  prevent  its  contamina- 
tion by  impurities  from  the  coal,  and  that  permits  of  doing 
away  with  the  arch，  which  at  best  is  only  a  source  of  trouble 
and  expense.  The  temperatures  obtained  in  such  furnaces 
are  claimed  to  be  very  high,  closely  approaching  those  of  the 
electric  furnace.  By  the  elimination  of  frequent  reversals  of 
the  direction  of  the  flame  various  parts  of  the  furnace  are  kept 
always  at  the  same  temperature.  Tlie  rate  of  the  flow  of  air 
must  be  large  enough  to  prevent  deposits  of  ash  in  Hie  furnace 
proper. v 

COPPER  AND  ITS  ALLOYS. 

At  a  meeting  of  the  Birininghain  Section  of  the 
Institute  of  Metals,  held  at  Birmingham  on  the  23rd 
ult.，  a  paper,  entitled  "  Notes  on  Copper  and  Copper 
Alloys/'  was  read  by  Mr.  F.  Johnson.  The  author  surveyed 
some  of  the  investigations  carried  out  in  connection  with 
copper  and  its  alloys,  and  emphasized  the  points  of  greatest 
interest  to  the  practical  metallurgist.  Commencing  with  the 
pure  metal  copper,  he  said  it  was  well  known  of  wliat  enormous 
value  to  the  electrical  engineer  had  been  the  development  of 
the  electrolytic  refining  of  copper,  and  the  consequent  lii^h 
conductivity  secured.  In  the  place  of  the  copper  which  was 
regarded  as  high  conductivity  copper  before  the  days  of 
electrolytic  refining,  and  which  rarely  exceeded  98  per  cent, 
conductivity,  it  was  now  possible  to  produce  copper  having  a 
conductivity  of  102  per  cent.  This  increased  conductivity  was 
due  to  the  increased  puritv.  and  producers  of  copj>er  for  use  in 
electric  work  had  to  keep  a  constant  watch  on  their  metal 
owing  to  its  great  sensitiveness  to  the  influence  of  impurities. 
Extremely  minute  particles  of  some  elements  were  sufficient 
to  lower  the  conductivity  of  copper  to  such  an  extent  as  to 
render  its  use  in  electrical  work  prohibitory.  The  lecturer 
described  the  influence  of  impurities  on  Muntz  metal,  and 
showed  a  number  of  lantern  slides  illustrating  tlie  defects  and 
ap|)earance  of  commercial  alloys. 
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HIGH-SPEED  BEARINGS  * 


MY  JOHN  C.  K.  BALKHV. 

Whkn  considered  in  connection  with  tlio  subject  of  t  liis 
paper,  the  term  "  liigh  speerl  of  revolution  "  is  somewliat^  mis- 
leading, for  one  should  speak  of  the  speed  of  journal  sui'lacc 
ruther  than  of  speed  revoliiti"M.  For  example,  take  the 
case  of  a  l)e  Laval  si e;un  i  ui  hine,  having  a   shaft,    10  mm. 

(Ham.  revolving  at  .'50,000 
i ,        ；  1  v\v v.w  ^  ^  ■  '\;\V-. 、  -" '？      revs,    per    niinuto,  and 

compare  tlie  surface  velo- 
city of  it  with  that  of  ;i 
steam  turhino  shaft  of 
一  100  mm.  diam.  revolving 
at  3,000  revs,  per  miuute. 
The  surface  velocity  of 
each  is  al)out  ")1  -Gft.  per 
second,  but  the  speed  of 
revolution  of  the  first  is  ten 
times  that  of  the  second. 
With  rotary  machines  of  the  turbine  or  electrical  kind, 
it  may  be  considered  that  surface  speeds  of  50ft.  per  second 
are  quite  ordinary,  and  100ft.  per  second  are  high.  Pressures, 
per  unit  area  of  projected  hearing  surface,  in  common  use 
wit  h  tlie  kinds  of  bearings  undex*  consideration,  are  small 
when  compared  witti  those  met  with  in  modern  railway  prac- 
tice, where  3001bs.  per  square  inch  of  projected  bearing  sur- 
face is  not  at  all  exceptional  in  the  case  of  driving  axle  jour- 
nals, but  the  conditions  under  which  these  work  are  very  dif- 
ferent. Briefly,  501bs.  per  square  inch  of  projected  bearing 
surface  may  be  considered  ordinary,  and  901bs.  per  square 
iiicli  high  for  bearings  of  the  class  being  dealt  with. 

Steam  Turbine  Bearings. ― These  may  be  grouped  under 
three  heads  ：  (1)  Rigid  bearings  ；  (2)  swivel  bearings  ；  and 
(3)  concentric  ring  bearings. 

By  a  rigid  bearing  is  meant  one  wherein  the  shell  is  held 
rigidly  in  the  housing  or  pedestal  surrounding  it.  It  is 
adaptable  where  shaft  deflection  is  very  small,  the  slight 
slackness  or  clearance  between  the  journal  and  the  bearing, 
and  also  the  presence  of  a  film  of  oil  around  the  journal  being 
taken  advantage  of.  Obviously  these  bearings  are  only  of 
use  where  journal  centres  are  comparatively  small. 

The  swivel  bearing  is  no  doubt  the  most  widely  used  kind 
in  turbine  practice  to-day.  Its  name  indicates  one  of  its 
outstanding  features.  It  is  adaptable  to  practically  all  kinds 
of  turbines  and  generators.  It  allows  itself  to  radiate  in  the 
liousin^  about  its  centre,  thus  accominodating  itself  to  the 
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deflection  of  the  shaft,  so  that  its  use  with  shafts  having 
great  length  between  journal  centres  is  almost  universal.  It 
is  easy  to  design  the  shell  in  such  a  way  that  lateral  and  ver- 
tical movement,  required  for  alignment  when  bearings  are 
being  set  at  a  considerable  distance  apart,  is  readily  attained. 

The  concentric  ring  bearing  has  characteristics  which  are 
set  forth  in  the  description  of  it  which  appears  further  on. 

x  Paper  vead  before  the  Hu^by  Engineeiing  Society,  Fel.ruary  4tli,  】91:i. 


The  shell  of  the  t(  rigid  "  type  of  bearing  is  usually 
made  of  good,  close-grained  cast  iron,  and  is  linerl  ott  。"• 
inside  with  white  metal  ；  Babbitt,  Delta,  or  Magnolia  metals 
are  found  suitable  for  this  purpose.  It  is  turned  on  the 
outside  of  the  shell  to  fit  the  pedestal,  in  which  it  is  prevented 
from  rotating  by  means  of  dowels  engaging  in  holes  in  Mm* 
cap  or  cover  of  the  housing;  a  flange  at  each  end  preveuU 
end  movement.  There  are,  of  course,  other  methods  of  pre- 
venting rotation  and  end  movement,  but  the  above  is  perhaps 
the  simplest.  If  it  is  found  necessary  to  water-cool  such  a 
bearing,  the  problem  is  much  simpler  than  dial  wliir-h  pre- 
sents itself  when  the  same  treatment  is  flosirerl  for  a  hearing 
of  the  swivel  type. 

Fig.  1  represents  a  bearing  of  the  rigid  type.  It  is  fitt'-'l 
to  a  2,000  kw.  steam  turbine  of  the  A.  E.  G.  tvpe.  In  tliis 
instance  the  shell  is  made  of  brass,  and  is  lilted  with  white 
metal.  Among  the  interesting  features  it  possesses  may  be 
mentioned  that  the  oil,  before  being  admitted  to  the  journal, 
is  passed  around  the  space  between  the  housing  and  the  shell, 
to  i  euder  the  oil  iliii  inftr  before  use.  This  appears  to  have  & 
double  effect  on  improving  coiulitions  of  workin-  llie  shell 
is  cooled  by  the  circulating  oil,  and  the  friction  losses  in  the 
bearing  are  reduced  by  the  higher  oil  temperature.  The  sur- 
face speed  of  the  journal  is  said  to  be  96ft.  per  second. 

The  swivel  type  is  well  represented  here.  Figs.  2,  3，  4, 
and  5  are  specimens.    Fig.  2  is  used  with  a  Melnis-Pfeniiini'M 


Fig.  4. 

steam  turbine  of  3,000  h.p.  at  1,500  revs,  per  minute.  It  is 
180  mm.  diam.  by  380  mm.  long,  and  the  journal  speed  is 
46ft.  per  second.  The  shell,  which  is  made  in  halves,  is  of 
cast  iron,  and  is  lined  with  white  metal.  The  temperature 
of  the  bearing  can  be  kept  below  the  danger  point  by  circu- 
lating water  through  the  chamber  shown.  A  cage  is  provided 
giving  ample  bearing  surface  for  the  shell.  The  housing  is, 
of  course,  on  the  outside,  the  cage  being  provided  with  lugs 
to  prevent  end  movement.  Dowels  prevent  cage  and  bearing 
from  rotating.  Oil  is  fed  under  pressure  into  the  annular 
space  in  tlie  housing,  tli rough  a  hole  in  bottom  of  both  cage 
and  shell,  into  a  partly  annular  space  around  the  journal. 

Fig.  3  illustrates  a  bearing  used  with  a  1,500  kw.  1,500 
revs,  per  minute  steam  turbine,  made  by  the  Brush  Electrical 
Engineering  Company.  The  shell  is  hollow,  and  is  lined  with 
white  metal.  The  diameter  of  journal  is  5in.  and  length  loin. 
The  bearing  is  capable  of  being  easily  aligned  both  vertically 
and  laterally,  shin  plates  being  provided  between  the  cage, 
which  is  immediately  without  the  shell,  and  radial  pads  which 
are  screwed  to  the  cage.  Both  shell  and  cage  are  made  in 
halves,  and  both  are  prevented  from  rotation  in  the  manner 
shown,  end  movement  being  prevented  by  the  flanges  forming 
part  of  tlie  housing.  It  is  interesting  to  note  that  the  oil, 
before  being  admitted  to  the  journal,  is  passed  through  the 
hollow  shell.  Grooves  arranged  longitudinally  and  well 
chamfered  on  their  edges  are  provided  in  the  top  half  of  the 
bearing  surface.  The  surface  velocity  is  about  33ft.  per 
second. 

Tlie  kind  shown  in  Fig.  4  was  fitted  to  a  Zoelly  steam  tur- 
bine of  200  h.p.  at  3,000  revs,  per  minute.  It  is  of  cast  iron, 
lined  with  white  metal.  Lubrication  is  efTectod  by  six 
rings  arranged  in  two  chambers,  containing  three  rings  each. 
The  bearing  is  water-cooled,  water  being  supplied  to  and  re- 
turned from  the  hollow  shell  through  two  unions  screwed 
into  top  half  of  the  shell :  these  are  not  illustrated.  The 
ringed  shaft  is  provided  for  expansion  purposes,  and  keeps 
the  shell  and  shaft  always  together.  This  bearing  is  60  mm. 
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diam.  by  250  mm.  long,  the  surface  speed  being  31ft.  per 
second.  Oil,  after  being  carried  to  the  upper  surface  of  the 
journal  by  means  of  the  rings,  is  distributed  to  the  surfaces 
along  grooves  in  the  white  metal.  These  grooves  or  chan- 
nels " take  in  "  at  the  top  on  both  sides  of  the  ring  cham- 
bers and  spread  away  spirally,  reluming  again  to  the  cham- 
ber further  round  the  shaft.  By  this  means  an  effe'Uv'' 
method  of  lubrication  is  obtained. 

A  bearing  fitted  to  the  steam  turbines  made  l)y  the  British 
Thomson  Houston  Company,  Ltd.,  possesses  several  interest- 


ing features,  among  them  being  its  "  clean  "  finish  and  simple 
design.  It  consists  of  a  cast-iron  shell  lined  with  Babbitt 
metal  ；  the  shell  has  spherical  seats  and  the  bearing  is  made 
in  halves.  Oil  is  delivered  into  a  groove  in  the  white  metal 
and  along  the  horizontal  centre  line,  and  is  drawn  down  by 
the  rotating  shaft.  On  the  side  opposite  to  the  oil  inlet  a 
second  groove  is  provided,  but  it  differs  from  the  groove  on 
the  inlet  side  in  being  open  at  its  ends,  thus  allowing  oil  that 
has  passed  under  the  shaft  and  has  become  heated  to  pass 
easily  away  at  the  ends  of  the  bearing.  Lubrication  and 
cooling  of  the  upper  surface  of  the  journal  is  effected  by 
means  of  grooves  leading  from  the  inlet  groove  diagonally. 

Another  bearing  which  has  important  characteristics  is 
iitted  to  generator  shafts  at  the  exciting  end  of  the  rotor. 
When  a  turbo-generator  is  passing  through  a  critical  speed 
there  is  a  tendency  for  the  shaft  to  "  whip."  In  order  to 
destroy  this  action  and  ensure  that  the  shaft  will  pass  through 
a.  critical  speed  with  absolute  safety,  the  bearing  sleeve  is 
permitted  a  small  amount  of  radial  play  between  friction 
collars.  This  bearing  is  made  in  halves,  and  the  radial  side 
plates  or  collars  are  bolted  in  an  elastic  manner  to  the  shell . 
It  is  made  by  the  British  Thomson-Houston  Company,  Ltd. 

A  bearing  such  as  is  fitted  to  turbines  of  7,000  kw.  capacity 
when  running  at  750  revs,  per  minute  is  illustrated,  together 
with  its  accessories,  in  Fig.  5.  It  consists  of  a  cast-iron  shell 
to  which  is  secured  at  four  positions  the  pads  which  allow  the 
bearing  to  swivel  about  its  centre.  The  swivel  pads  are  shown 
in  the  right-hand  bottom  comer.  It  will  be  seen  that  the 
shell  is  made  in  halves  secured  by  comparatively  small  bolts 
and  nuts.  The  interior  is  lined  with  white  metal  cast  by  the 
" Eatonia"  process.  The  oil  is  conducted  from  the'  bottom  oi 
the  shell  along  the  two  oil  ways  shown  up  to  the  horizontal 
centre  line  ；  there  it  feeds  the  two  wide  channels  arranged  on 
each  side  of  the  bearing.  These  channels  are  well  bevelled  at 
their  sides  and  extend  almost  the  whole  length  of  tho  lining. 


and  have  a  sealing  piece  at  each  end .  These  bearings  repre- 
sent a  design  which  Messrs.  Willans  &  Robinson,  Ltd.,  have 
used  on  both  large  and  small  steam  turbines. 

In  Fig.  8  is  illustrated  the  well-known  Parsons  concentric 
ring  bearing.  It  consists  of  a  gun-metal  sleeve  in  which  runs 
the  journal.  The  sleeve  is  surrounded  by  two  or  more  gun- 
metal  rings  arranged  in  sets  and  separated  by  an  oil  or  lantern 
ring.  The  whole  is  mounted  witliin  a  heavy  cast-iron  outer 
sleeve  to  which  tlie  innermost  sleeve  is  lightly  secured  at  one 
end.  This  outer  sleeve  is  spigoted  to  the  liousing  only,  and 
not  to  the  cap,  by  means  of  a  loose  cast-iron  lialf-iing  which 
fits  in  the  groove  stem  at  the  bottom .  If  it  is  desired  to 
remove  tlie  bearing,  the  cap  is  first  removed,  and  the  lialf- 
ri ng  rotated  until  it  is  free  of  the  pedestal  and  bearing.  It  is 
then  possible  to  slide  tlie  bearing  endways  oif  the  shaft. 
There  is  a  clearance  of  a  few  tliousandtlis  of  an  inch  between 
the  rings  and  sleeves.  Oil  finds  its  way  into  these  spaces,  and 
thus  there  is  a  hydraulic  cushion  which  dam  pens  those  vibra- 
tions wliicli  are  inseparable  from  shafts  having  lii^h  speeds  of 
rotation. 

The  shells  are  made  usually  of  good  close-grained  cast  iron, 
but  sometimes  brass  or  gun-metal  is  used.  The  white  metal 
lining  is  relatively  thin  and  varies  from  about  -^in.  thick  in 
small  bearings  to  about  ^in.  for  large  ones.  Some  designers 
prefer  to  bore  out  the  housing  and  the  anchor  grooving  bv 
which  the  lining  is  secured ,  whilst  others  rely  on  being  able 
to  get  good  castings.  Whilst  the  machining  out  of  the  insides 
of  tlie  shells  and  anchor  grooving  may  be  a  moot  point  in  the 
sizes  below,  say,  2in.  diam"  it  must  be  conceded  that  satis- 
factory results  are  obtained  without  machining  in  sizes  above 
tlie  figure  given.  In  the  design  of  the  shell  it  is  important  to 
remember  that  the  bearing  must  be  capable  of  being  removed 
from  its  place  without  the  disadvantage  of  having  to  remove 
the  shaft. 

Anchoring  of  Lining. ― To  prevent  "shake"  in  the  com- 
paratively soft  lining,  the  latter  should  be  well  hammered 
into  anchor  grooves  whether  these  are  in  the  ends  or  in  the 
cylindrical  part  of  the  shell.  Almost  invariably  the  dove- 
tailed type  of  anchor  is  found  in  practice.  They  should  be 
arranged  so  as  to  prevent  both  endwise  movement  and  rotation 
inside  the  shell.  After  tlie  white  metal  lias  been  hammered 
into  the  grooves,  the  two  halves  may  be  bored  to  size,  but  the 
surfaces,  even  though  niacliined  as  accurately  as  possible,  will 
require  bedding  on  to  the  journal. 

Oil  Grooves. ― The  arrangement  of  oil  grooves  is  of  first 
importance.  They  should  lead  away  from  the  main  source  of 
supply  to  the  bearing  in  a  diagonally  outward  direction  and 
with  the  direction  of  journal  movement.  This  point  is  of 
importance  where  oil  is  used  for  the  removal  of  heat,  as  well 
as  for  purposes  of  lubrication.  The  grooves  should  not  be 
carried  to  the  end  of  the  bearing  metal  surface  but  stopped 
short,  so  that  the  flow  of  oil  is  checked  and  a  partial  seal 
formed  by  the  bearing  metal  and  the  journal  ；  the  groove  can 
then  be  led  diagonally  inwards,  but  with  the  direction  of 
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Fig.  6. 


journal  movement.  These  remarks  would  aj>j)ly  for  botli 
upper  and  lower  halves  of  the  bearing.  If  the  oil  grooves  are 
carried  quite  to  the  ends  of  the  bearing  surface,  tliere  is  a 
tendency  for  some  of  the  oil  to  squirt  out  of  the  bearings 
without  having  done  its  quota  of  work. 

Some  makers  do  not  consider  that  ramified  oil  channels 
of  the  type  just  described  are  necessary  with  forced  lubrica- 
tion, but  these  makers  take  care  to  lead  the  oil  along  almost 
the  whole  of  tlie  length  of  the  bearing  at  or  about  the  linri- 
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zotital  centre  line.  These  oil -ways  should  he  gnuhial  I  v 
bevelled  on  the  "  ofl'  "  side,  in  order  that  a  thin  wedge  ('I'  nil 
may  be  formed  between  journal  and  hearing  surface.  I  ！'  I  In* 
edges  of  the  channels  on  t  lic  "  ofl'  "  or  "  leaving  "  side  are 
sliarp,  oil  is  peeled  off  the  shaft  ； is  t lie  latter  revolves,  1  lius 
rendering  lubricrat  ion  less  efliciiMit .     In  practice  it  is  usual  1o 


 . 


Fi<i.  T. 


bevel  both  "  on  ，，  ard  "  off  "  sides  in  order  to  avoid  mistakes 
in  erecting. 

Ring  Lubrication.  一  This  is  a  simple  means  of  providing  a 
bearing  with  oil.  It  consists  of  a  ring  or  rings,  tlie  diameter 
of  which  is  about  twice  the  diameter  of  the  shaft.  The  rings 
are  rotated  by  frictional  contact  with  the  uppermost  surface 
of  the  shaft.  Oil  clings  to  the  surface,  is  raised  by  the  rotat- 
ing ring,  and  some  is  deposited  on  the  shaft.  The  quantity  of 
oil  actually  distributed  to  a  bearing  has  been  determined. 
Results  published  by  Lasclie  show  that  the  quantity  of  oil 
delivered  varied  very  widely.  Two  bearings,  the  one  split  and 
lined  with  white  metal,  the  other  solid  and  of  gun-metal,  both 
of  the  same  diameter  and  length,  were  tested  together,  the 
driving  pulley  being  between  the  two.  Each  bearing  was 
9(1  mr.i.  diam.  by  260  rmu.  in  length,  and  was  provided 
with  two  rings,  each  150  mm.  diam.  Exactly  opposite  results 
were  obtained  with  the  two  bearings  with  reference  to  tlie 
quantity  of  oil  passed  through  the  bearings  considered  in  con- 
nection witli  direction  of  rotation.  With  the  gun-metal 
bearing,  curves  show  that  at  from  1,500  to  2,500  revs,  per 
minute  the  quantity  varied  from  1*2  pints  to  1'9  pints  per 
minute.  The  white  metal  bearings  appeared  to  show  the  best 
results  at  from  1,500  to  3,000  revs,  per  minute,  when  from 
11  to  3*1  pints  per  minute  were  actually  given  to  the  bearing. 
The  rings  were  immersed  40  mm.  below  the  surface  of  the  oil . 

One  point  is  clear,  however,  that  the  max i muni  quantity 
of  oil  was  distributed  when  the  speed  was  from  23ft.  to  46ft. 
per  second,  the  theoretical  velocity  of  the  ring  being  from 
14ft.  to  28ft.  per  second.  At  higher  speeds  the  oil  supply 
began  to  decrease,  it,  no  doubt,  being  thrown  ofF  the  ring  by 
centrifugal  force.  The  exact  quantity  of  oil  given  to  a  bear- 
ing by  oil  rings  is  doubtful,  so  lunch  dependinii  upon  t  he 
exact  condition  of  the  machining  of  the  shaft  and  of  tlie 
ring,  also  the  actual  clearance  in  the  bearings.  The  effect 
of  ring  immersion  in  the  oil  has  been  determined.  Lasclie 
states  that  the  quantity  of  oil  raised  does  not  depend  on  the 
depth  of  innnersion,  providing  this  depth  is  not  too  small. 
Some  authorities  state  that  depth  of  ring  immersion  should 
l    D  ， 

be  "2 ,  where  D  =  diameter  of  shatl. 

It  seems  unwise  to  depend  upon  the  quantity  of  oil  tliat 
will  be  persuaded  to  go  through  the  bearing  to  do  unu-li 
towards  cooling-  the  surfaces,  so  tliat  unless  we  can  denoml 
upon  natural  cooling,  t./\y  "by  radiation,  wo  must  make  use  of 


artificial  means  for  removing  the  fi  irtioii  lieat,  e.g.,  by  w: 山 r 
cooling  the  shell  of  the  bearing.     Wli^re  natural  cooling  is 
relied  upon,  let  it  be  seen  that  the  metallir  r("it;"  t  、、'''''" 
shell  and  housing  is  as  ample  as  can  Ije  allowed.    Oil  grooves 
should  be  arranged  to  】eafl  away  I'rom  tin-  s, 川 r'e  of  Hiipply 
spirally,  the  direction  of  the  spiral  being  with  the  direction 
of  shaft  rotation.    Oil  rings  should  be  carefully 
especially  on  their  insides,  shoulrl  he  of  a  regular  w 
throughout,  and  care  should  be  taken  tliat  tl"'ir  ii"'v('m<'i" 
is  not  impeded  in  any  way. 

Lubrication  by  Oil  Under  Pressure.  Tl"'  :111th," - 
are  confined  to  the  bearings  ami  to  the  lubrication  of  tljfiii, 
and  are  not  intended  to  be  so  wide  as  to  ii"  ，  a  detailed 
examination  of  oiling  systems.  His  remarks  on  this  .sul'y't 
are  consequently  brief.  This  form  of  supplying  oil  to  hear- 
ings may  be  said  to  be  adopted  when  simpler  means  give  an 
insufficient  supply.  Pressure  can  be  given  to  the  oil  by 
providing  an  oil  tank  at  a  height  of  several  feet  above  the 
level  of  the  bearings,  which  tank  is  kept  constantly  full  liv 
means  of  a  pump ― direct  connected  to  the  inarhines,  motor- 
driven,  or  worked  by  Imnd  ;  the  】no(le  depending  upon  the 
conditions.  From  this  tank  cool  oil  is  led  to  the  beariiiL's 
through  a  system  of  piping.  Another  way  of  obtaining  pics- 
sure  for  the  ingoing  oil,  and  the  one  mostly  adopted,  consists 
in  pumping  the  oil  through  a  cooler  to  the  bearings  along  a 
convenient  pipe  system.  Fig.  7  shows  a  system  of  oil  supply 
in  use  by  the  British  Thomson -Houston  Company. 

The  office  then  of  the  oil  is  two-fold— (1)  to  lubricate  aiul 
(2)  to  abstract  heat  from  the  bearings.  The  oil  should  be 
delivered  either  at  the  sides  or  at  the  top  of  the  journal.  It 
should  not  be  delivered  at  the  very  bottom  of  the  journal, 
since  in  this  vicinity  the  pressure  of  oil  in  the  film  greatly 
exceeds  the  pressure  per  unit  area,  as  will  be  shown  later. 

Co-efficient  of  Friction. —— Wli'11  ；'  j(mrn"l  rm 卜 t 
lubricated  bearing  upon  a  perfect  film  of  oil,  experiments 
show  that  the  co-efficient  of  friction  〃•  decreases  with  increase 
of  pressure.  Other  quantities  such  as  velocity  and  tempera- 
ture, the  latter  especially,  affect  the  co-efficient  of  frict  ion. 
Attempts  made  to  calculate  the  work  lost  by  friction  aro 
futile  unless  we  have  a  reasonably  accurate  figure  for  〃- 

A  curve  is  given  in  Fig.  10  which  shows  the  mean  of  a 
number  of  Lasche  experiments.  It  will  be  noticed  that  the 
co-efficient  of  friction  fx,  decreasas  very  rapidly  at  first,  ))iit 
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Fig.  s. 

Intiucnce  of  y>  on  M-  Press  p  ll>s.  ，hm' sqimr,'  in<-li.  l'n  ss  />  kilos  per 
square  cm.    l'-32*8  feet  ，wr  secoiul.  t    1-22  Kali.     lieai'ing  MocxItMl 
with  oil,  (inantity  abo'U  0005  galls,  per  minulo  vvr  S4|iiaiv  inch  of 
I  rojected  lx;urin^  surface. 

as  the  pressure  is  increased  the  curve  becomes  much  flatter. 
Lasclie  noticed  that  p  x  /»  is  very  nearlv  a  constant,  and  is 
taken  as  being  such. 

p  ―  pressure  per  square  iiu  li  of  projected  area  (length  of 
bearing  x  diameter  of  journal). 

/i  =  co-efficient  of  friction  taken  on  the  whole  circum- 
ference of  the  journal, 
temperature  of  bearing  bush  in  Fahrenheit  ilp^re^s. 
t'  =  velocity  of  journal  in  feat  per  se<kond. 
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When  ?;  =  33ft.  per  second,  and  when  t  is  constant  and 
equal  to  122。  Fah.,  ^x/x  =  0'568. 

The  co-efficient  of  friction  appears  to  be  scarcely  in- 
fluenced by  increase  of  velocity,  within  the  range  of  the  veloci- 
ties indicated,  82ft.  per  second  being  the  maximum.  On  the 
other  hand,  the  temperature  of  the  bearing  bushes  greatly 
affects  the  co-efficient  of  friction  ;  this  is  shown  by  the  curve 
in  Fig.  9，  which  is  self-explanatory.  It  is  doubtless  due  to 
the  fact  that  the  warmer  the  oil  the  less  its  viscosity,  atul 
hence  there  is  offered  less  rcsislancc  to  shear  of  the  oil  fil'ii 


the  General  Electric  Company,  of  America,  for  perfect  film 
lubrication.   The  following  are  readings  taken  from  the  curve. 
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/>-921bs.  per  square  inch.     K=32  8ft.  per  second.    Oil 二 0  005  galls. 
1>«t  liiiimic  ]m  r  si|ii;i  re  iii'  h  o|  pn  Mc-tf.  I  1      I'int;  siiiiai-r. 

between  the  journal  and  the  bush.  Dewrance  reconimends 
that  t  should  not  exceed  200°  Fab. 

Both  an  increase  of  pressure  per  unit  area  and  a  con- 
comitant increase  of  temperature  have,  within  limits,  con- 
siderable effect  in  reducing  the  co-efficient  of  friction,  "m('h 
more  so  than  when  each  acts  singly.  An  excessive  pressure 
causes  the  oil  film  to  be  squeezed  out  from  between  the  jour- 
nal and  bush.  If  the  oil  is  too  warm,  it  possesses  insufficient 
" body  "  to  prevent  its  being  squeezed  out  of  the  bearing. 

It  is  very  difficult  to  state  when  the  oil  film  becomes  broken 
down  due  to  pressure  and  velocity,  but  it  is  easier  to  define 
the  limits  within  which  oil  should  be  supplied  to  a  bearing, 
and  the  maximum  allowable  temperature  at  which  oil  may  be 
allowed  to  leave  the  bushes.  In  Fig.  10  is  given  a  curve  which 
shows  the  effect  of  temperature  on  viscosity  of  oil.  It  is 
taken  from  the  Proceedings  of  Institution  of  Mechanical 
Engineers,  Pullen  and  Fincllay,  1 909 .  The  commercial 
viscosity  is  given  by  the  formula  : —— 

Viscosity  =  0'205  T  8. 

T  =  time  in  seconds  for  50  cc.  to  flow  out  of  a  Redwood 
viscometer. 

S  =  specific  gravity  of  the  oil. 

It  seems  then  that  from  a  consideration  of  the  foregoing 
remarks,  that  the  total  friction  work  in  a  particular  bearing 
ran  be  reduced  by  shortening  it.  But  here  one  enters 
dangerous  ground,  for  Ihe  tiiainit'acturcr  lias  to  consider  "m('h 
more  than  friction al  losses  and  the  safe  running  of  the  machine 
h!  normal  speeds.  He  has  to  think  of  the  stilling  of  sucli 
vibrations  as  are  set  up  in  the  shaft  when  the  latter  is  passing 
t  h rough  a  criticnl  speed,  as  well  as  a.  possible  reduction  in  oil 
supply  (tli is  depending  upon  the  lubrication  arrangements) 
when  the  speed  of  the  shaft  is  declining. 

Pressures, ―  As  stated  in  a  previous  paragt  apli .  i  lie  ordiiKirv 
pressures  to-day  are  from  501bs.  to  901bs.  per  square  incli  of 
projected  bearing  surface.  In  the  discussion  on  a  ])aper  read 
before  the  American  Society  of  Mechanical  Engineers  by  Prof. 
Christie,  it  is  reported  that  Prof.  Hodgkinson  remarked  that 
80ft.  per  second  and  lOOlbs.  per  square  inch  were  commonly 
employed,  and  he  saw  no  reason  why  these  velocities  and  pres- 
sures could  not  be  materially  exceeded.  This  to  some  extent 
agrees  with  Lasche's  experiments,  for  within  fairly  large  limits 
I)  x  ft  is  practically  constant. 

Velocities.  一  As  already  stated,  present-day  practice  with 
bearings  of  this  kind  rules  that  velocities  should  not  exceed 
HOft,.  per  second.  As  〃.  increases  but  slightly  between  oOft  - 
per  second  and  80ft.  per  second,  there  is  little  fear  that  a 
moderate  increase  on  the  higher  figure  will  have  any  ill  effect 
on  tlie  bearing,  providing  that  the  temperature  is  not  allowed 
to  rise  too  high  and  vibration  is  not  forgotten.  Allford's 
work  on  "  Bearings  and  1  heir  Lubrication  "  contains  a  curve, 
showing  the  relation  between  pressure  and  velocity,  used  by 
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From  the  above  it  will  be  noticed  that  with  increase  of 
velocity,  there  is  likewise  an  allowable  increase  of  pressure. 
Lasche  shows  that  within  the  limits  of  his  experiments,  with 
/;  and  t  constant,  the  increase  of  pressure  was  accompanied  by 
a  decrease  in  /乂.  Therefore  since  jj  x  /xx  v  =  friction  work  per 
square  inch  of  projected  surface,  the  friction  work  is  only 
affected  by  variation  in  velocity.  These  deductions  are  to  a 
certain  extent  borne  out  by  data  taken  from  the  G.E.C.  curve. 

Many  turbine  builders  assume  that  for  running  speeds  n  is 
a  constant  quantity  and  is  left  out  of  account  in  determining 
the  size  of  a  bearing.  The  determining  factors  are  then  the 
product  of  pressure  and  velocity,  pxv  varies  from  2,500  to 
5,500,  but  in  the  latter  product  water  cooling  is  resorted  to 
by  some  builders. 

Oiling. 一-  With  pressure  or  pressure-head  systems,  oil  is 
admitted  to  a  bearing  usually  either  at  the  sides  or  at  the  top. 
Each  system  has  its  advocates,  and  it  is  well  to  remember 
Beauchamp  Tower's  classical  experiment  before  attempting  to 
admit  oil  at  other  places.  Tower  showed  that  the  maximum 
pressure  per  unit  area  in  the  oil  film  was  about  twice  as  great 
as  the  calculated  mean  pressure  per  unit  area  on  the  projeciecl 
surface  of  the  bearing.  Osborne  Reynolds  has  shown,  and 
others  have  confirmed,  that  the  position  of  the  shaft  within 
the  bearing  varies  with  increase  of  load,  and  that  the  point  of 
maximum  pressure,  which  is  on  the  "  off  "  or  leaving  side,  and 
not  on  the  "  on  ''  side,  as  is  sometimes  supposed,  moves  up  the 
"off"  side  of  the  bottom  half  of  the  bearing  and  back  again  to 
the  bottom  as  the  load  is  increased.  For  example,  imagine  that 
a  shaft  is  rotating  in  a  counter-clockwise  direction  within  a 
bearing,  the  end  view  of  which  is  presented  towards  the  reader. 
The  shaft,  whose  weight  compels  it  to  run  ou  the  bottom  half 
of  the  bearing,  rotates  at  first  in  the  lowest  position.  Using 
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Fig.  10. 

the  four  cardinal  points  to  simplify  matters,  the  shaft  rubs 
first  at  S,，  with  increase  of  load  it  gradually  mounts  up  to  E, 
dropping  to  S.E.  as  the  load  is  still  further  increased.  It  is 
useless,  then,  to  attempt  to  pump  oil  between  journal  and 
bearing  surface  anvwliene  between  S.  ami  E.  We  therefore 
admit  oil  at  N.，  W.，  or  S.、V.，  these  being  t he  most  convenient 
places. 

Professor  Goodman  has  shown  that  a  reduction  of  the  arc 
of  "  contact  "  of  the  bearing  surface  on  the  journal  great lv 
reduces  frictional  losses  in  the  bearings.  An  inspection  of  Fig. 
5  shows  that  this  fact  has  been  taken  advantage  of  by  the  re- 
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ductiou  of  the  effective  bearing  surface  on  the  l)o"om  half  hy 
the  well-bevelled  oil  channels  at  the  horizontal  centre  lines. 

The  quantity  of  oil  to  be  delivered  to  a  bearing  surface  is 
proportional  to  its  projected  area.  The  following  table  gives 
the  practice  of  three  leading  turbine  builders :— 


(iiillons  per  siiuarr  incli 

Oil  pressure  in  lbs- 

per  ，ii"iut(，. 

l>or  si  in  a  re  incli. 

o.or» 

45  to  <i0 

0.05 

5  to  1" 

0.01 

Q 


11  f  —  say  GOlbs.  per  sq.  inch  on  tlie  pr(>j。（'"'（l  ； trea. 
fx  =  co-efficient-  of  friction —  ()  ()2.「). 
v  =  velocity  in  feet  per  second,  say  60  feet. 
j)X  fix  v  =  work  done  in  ft.  lbs.  per  sq.  inch  per  second. 
60  x  0  025  x  60  x  60  =  5,400  ft.  lbs.  per  minute. 
Taking  specific  heat  of  oil   at  ()•  t,  and  sp.  gr.    as  0-iSS 
gals,  delivered  per  square  inch  per  minute  "(H  :>. 
Tx~  temperature  of  inlet  oil,  Fahrenheit. 
T%  —  temperature  of  outlet  oil,  Fahrenheit, 
x  0*88  x  0'4(7T.,  -  7\)Q  -  Ji.Tli.U.  taken  up  by  oil  in  passing 
through  bearing  per  pound  of  oil  delivered. 

With  r2  =  130°  Fah.  ami  7\  =  100°  Fah.  B.Th.U.  per 
minute,  capable  of  being  taken  up  by  the  oil,  is  47"5  =  37,000 
ft.-lbs.  per  minute.  As  the  journal  only  generates  5,400 
ft.-lbs.  of  friction  work  per  minute  per  square  inch,  we  see 
that  there  is  more  than  sufficient  oil  to  keep  the  temperature 
of  the  bushes  low. 

The  effect  of  shaft  vibration  has  to  be  remembered,  and 
it  is  more  than  probable  that  if  this  happens  to  be  exces- 
sive, much  more  heat  is  generated  through  vibration  than 
by  friction  due  to  py  /jl,  and  v  only. 

The  selection  of  a  suitable  oil  is  of  importance.  Great 
viscosity  means  loss  of  power,  jx  being  greater  than  with  small 
viscosity.  Provided  that  complete  lubrication  is  obtained, 
the  thinnest  of  oil  that  will  do  the  work  will  prove  the  most 
economical.  The  following  results  were  obtained  on  a  Stern ol 
patent  oil  testing  machine  at  a  pressure  of  lOOlbs.  per  square 
inch  at  1,000  revs,  per  minute.    Duration  of  test  was  55  min. 


Oil  No. 

Relative 
Friction  at 
Beginning. 

Relative 
Friction  at 
End. 

Temperature 
at  Beginning. 
Deg.  Fah. 

Temperature 
at  End. 
Deg.  Fah. 

4 

1.45 

0-9 

68 

107 

5 

2.8 

1.25 

68 

126 

6 

3.75 

1.5 

68 

132 

The  curves  from  which  the  above  were  taken  fall  very 
gradually.  The  effect  on  the  relative  co  efficient  of  friction  is 
shown  with  the  temperature  rise,  the  most  suitable  oil  of  the 
three  being  No.  4，  which  has  the  lowest  co-efficient  of  friction 
and  lowest  temperature  rise. 

In  the  following  table  results  of  tests  on  three  turbine  oils 
are  given  ；  they  were  obtained  with  the  same  machine  as  were 
the  previous  ones,  at  1 ,000  revs,  per  minute. 


Relative 

Relative 

Temperature 

Temperature 

Oil  No. 

Friction  at 

Friction  at 

at  Beginning. 

at  End. 

Beginning. 

End. 

Deg.  Fah. 

Deg.  Fah. 

1 

1-8 

0-3 

86 

147 

2 

5 

1-15 

86 

147 

3 

6*5 

1-25 

86 

U7 

No.  1  gives  the  lowest  co-efficient  of  friction  at  all  tem- 
peratures from  86°  Fah.  to  147°  Fah.  It  will  be  noticed  that 
tlie  oil  is  colourless,  and  is  therefore  as  free  from  impurities  as 
it  is  possible  to  get  it.  The  comparative  thickness  of  these 
last  three  lubricants  at  various  temperatures  is  indicated  in 
the  third  column.  According  to  tests  made  on  tlie  Stern  ol 
oil  testing  】na(，hine  tlie  quantity  of  oil  required  varies  a'  。m 
(ling  to  the  quality  of  the  lubricant.  It  is  not  correct  to  say 
that  by  using  a  cheaper  oil  one  may  use  more  of  it,  for  if  the 
oil  is  put  on  in  very  large  quantities  fx  is  not  reduced  what- 
ever. 

No.  1  oil ― Thin,  colourless. 
，， 2   "     Green-golden,  somewhat  heavy. 
，， 3    ，，     Heavy,  golden. 
，， 4    ，，     Thin,  golden. 
" 5    ，，      Deep  golden,  medium. 
" fi   "      Colden,  medium. 


In  ordinary  turhine  pra-  l  wa  oil  is  山 li、'"f"l  to  tlie 
bearings  at  from  100'  Fall  to  I  'JO  Kali  ,  ； nul  re(urin*<l  a! 
from  130°  Fah.  to  l.r,0'  Fah. 

Radiation.  I  jasclio  lias  sIkjwm  i  hat  t  lu*  f|u;mt  it  v  ol'  h'';" 
radiated  from  a  bearing  depends  upon  the  ex"'i"  of  the 
surface  exposed  to  the  lower  l.fin|j'T;it  in*-  n\  '  li'.  '''im'im^ 
air.  Thus  a  bearing  having  goorl  iiietali"-  t  tmim  l  with  a  lar^e 
housing  will  be  able  to  get  rid  (jf  a  great  deal  mon?  frirti'iii 
heat  than  will  one  that  is  itsclt  in  <-"nt  -a- i i  I ,  t  Ik- , ',' 山 t  hui  - 
rouiulin^  atinospliere.  I  n  Fig.  I  1  is  shown  a  curve  iii(li"i， 
the  amount  of  heat,  ex])resHe*l  in  foot  pomnls,  t  liat  m;iy  l"' 
expected  to  be  dissipated  into  the  surrounding  air  pf*r  sfmiwl 
per  square  inch  of  projected  area. 

If  Wr  work  which  bearing  can  dissipate  in  foot  lbs. 
second  per  square  inch  of   projected   area,   t    t''m|>''rat  iir(' 
difference  in  Fahrenheit  degrees,  this  curvf  i"'  <-l  . ' 

represented  })y  the  e(ju;ition 

'  3,200 

This  curve  may  be  used  when  the  bearing  in  cjuost  if*n 
has  a  relatively  thin  housing,  and  is  located  in  still  air  lt'，i". 
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Fig.  11. 

bearing  is  situated  in  a  draught,  e.g.9  close  to  rotating  ar- 
matures, the  right-hand  side  of  the  equation  may  he  multi- 
plied by  two. 

The  following  table  gives  the  composition  of  some  of  the 
best  known  anti-friction  alloys. 


Coppm*. 

Lead. 

Antimony. 

Tin. 

Iron. 

White  metal   

87-02 

12-08 

Delta  metal   

02-30 

；).1 

2-37 

Magnolia  metal  ... 

83-55 

1(>.45 

Babbitt  metal  

8-3 

8'3 

83-4 

By  the  use  of  the  *  Eaton ia  yy  process  in  the  cast  in^r  <>i 
ordinary  white-metal  linings  for  bearings,  the  hearing  surface 
is  rendered  】nurh  more  dense,  the  liiolecula r  const  nu  t  ion  is 
niut'h  finer  an<l  tliere  is  an  abseiue  of  segregation.  Ex- 
periments to  show  the  comparison  bet  ween  a  bearing  Iine<l 
witli  white  metal  and  another  of  the  same  size  also  liueil 
with  white  metal  but  "Eatonia.se<l,"  iinlioated  that  muler  ex- 
actly similar  conditions  the  former  9eize<l  up  when  t  In* 
temperature  of  the  oil  bath  rose  to  137°  Fah.,  the  latter 
showed  no  signs  of  seizing  even  at  149〕  Fah.  The  i»ressuivs 
were  l,0001bs.  per  square  incli  in  each  case,  oil  bath  h")i'i*';i- 
tion  was  used,  and  the  journal  speed  was  nearly  8ft.  per 
second . 

Ball  Bearings. ― The  ball  bearing  in  its  various  forms  has 
been  used  with  electric  generators  and  motors  for  some  time, 
not  only  with  light  but  with  heavy  machines.  Up  to  the  pre- 
sent this  form  of  bearing  has  not  found  favour  with  turl，in'、 
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])uil<lcrs,  nor,  generally  speaking,  with  generator  makers.  It 
is  jio  doubt  due  to  fear  of  ball  breakage  through  vibration  at 
tlie  critical  speeds  of  the  shafts,  and  the  knowledge  of  Ihe 
disastrous  consequences  which  such  failure  would  produce, 
tliat  turbine  makers  have  not  advanced  in  their  ad  option  of 
ball  bearings.  Since  ordinary  turbine  shafts  revolve  at  speeds 
Ixitwecn  4,000  revs,  per  minute  and  750  revs,  per 川 imu('，  and 
weigh  from  one  ton  upwards,  the  weight  to  be  carried  at 
these  speeds  are  consequently  high. 

It  is  probable  that  the  first  cost,  bearing  for  bearing,  is 
greater  in  the  case  of  the  ball  type  than  with  the  friction 
type,  but  the  lubrication  arrangements  of  the  former  are 
insignificant  when  compared  with  those  of  the  latter.  「l，he  oil 
consumption  is  very  small  indeed  with  balls,  and  the  co-effi- 
cient of  friction  at  starting  is  about  the  same  as  running,  tliis 
being  approximately  0'002  to  0.003.  It  is  recominended  that 
for  high  speed  ball  bearings  a  somewhat  thinner  oil  be  used, 
and  a  little  more  of  it  than  would  be  necessary  with  slow  run- 
ning ball  bearings.  The  oil  used  should  be  of  a  non-corrosive 
nature,  and  free  from  impurities,  especially  those  likely  to  act 
with  the  oil  and  produce  results  in  the  same  way  as  fine  emery 
powder  or  even  chalk  would  be  expected  to  do. " 

After  a  bearing  suitable  to  the  load,  speed,  and  general 
roiulitions  lias  been  selected,  the  three  most  import  ant  pomi  、 
to  bear  in  mind  are :  (1)  accurate  fitting  ；  (2)  correct  align- 
ment ； (3)  protection  from  dirt  and  moisture. 

With  most  makers  the  load  (corresponding  to  the  speed), 
tliat  a  ball  journal  bearing  suitable  for  a  horizontal  shaft, 
may  be  said  to  vary  inversely  as  the  cube  root  of  the  speed, 
or  expressed  in  algebraic  form. 

Safe  load  cc 


For  Mi  rust  bearings  ： ― 

Safe  load  x 


1 


hi  conclusion  the  author  wishes  to  thank  those  friends  who 
have  kindly  assisted  him  in  the  compilation  of  1  his  paper, 
also  Messrs.  The  British  Thomson-Houston  Co.,  Ltd. ； 
Messrs.  Willans  &  Robinson,  Ltd.  ；  Messrs.  C.  A.  Par- 
sons &  Co.  ；  Messrs.  Fraser  &  Chalmers,  Ltd.  ；  Messrs.  The 
Hoffmann  Manufacturing  Company,  Ltd.  ；  Messrs.  The 
S te r n - So n n ©bo rn  Oil  Company,  Ltd.，  for  the  loan  of  blocks, 
&c.，  particulars  and  data. 


A  SINGLE-PHASE  MOTOR  WITH  POLE-CHANGING  WINDINGS. 

At  a  recent  meeting  of  the  Scottish  Local  Section  of  the  In- 
stitution of  Electrical  Engineers  held  at  Glasgow  University, 
a  paper  by  Messrs.  J.  S.  Nicholson  and  B.  Parker  Haigh  on 
" A  Single-phase  Motor,  with  Pole-changing  Windings/7  was 
read  by  the  authors,  who  described  a  new  type  of  single-phase 
('(mi mutator  motor  which  was  recently  installed  in  the  Engi- 
neering Laboratories  of  the  University.  It  was  pointed  out 
that  the  motor  was  essentially  a  new  kind  of  railway  motor 
designed  to  overcome  some  difficulties  of  the  single-phase 
motors  used  in  the  high-pressure  railway  systems.  Tliose 
systems  had  found  more  application  abroad  on  account  of 
longer*  distances  that  had  been  attempted.  The  feature 
of  tlie  motor  described  was  that  the  windings  were 
arranged  for  two  numbers  of  poles,  which  gave  better  con- 
*lit ifnis  for  starting.  It  had  also  been  designed  specially,  for 
experimental  work  for  senior  students.  The  tests  that  had 
been  carried  out  showed  that  the  motor  was  more  suited  for 
the  multiple-unit  system  than  for  large  locomotives.  A 
demonstration  of  the  motor  was  afterwards  given  in  tlie 
laboratory.  It  is  of  10  h.p.，  direct  coupled  to  a  generator 
mounted  on  ball  bearings  to  act  as  a  brake  and  to  measure  the 
output  of  the  motor. 


Personal.  —  The  (1ouncil  of  ShellieWl  rnivcrsitv  have 
ap])oiiited  Mr.  F.  E.  Armstrong,  M.Sc.M .Kn«;.,  A.^f. I usl.C.E., 
1o  the  Professorship  of  Mining  in  the  University  in  succes- 
sion to  Professor  Hardwick. ― The  Mersey  Docks  and  Harbour 
Board  have  appointed  Mr.  Thomas  Monk  Newell  engineer-in - 
chief  to  the  Board  at  a  salary  of  £3,500.  Mr.  Newell  was 
engineer-in-chief  of  the  North-eastern  Railway  Company  for 
the  docks  at  Hull,  Hartlepool,  and  Middlesbrougli. 


OIL  ENGINES  FOR  MARINE  PROPULSION. 

The  present  position  of  the  oil  motor  was  discussed  by  VroL 
W.  Ri]>i)er  in  the  course  of  a  lecture  delivered  at  the  Shefli^Id 
U Diversity  on  Saturday  last.  Considerable  progress,  he  said, 
was  being  made  with  the  oil  motor  as  a  means  of  propelling 
marine  vessels,  and  it  was  predicted  by  some  that  this  engine 
was  destined  to  supplant  every  other  form  of  marine  】notor， 
but  such  a  propliecy  was,  to  say  the  least,  very  premature  in 
the  present  state  of  our  limited  experience.  It  seemed  more 
reasonable  to  say  that  the  oil  engine  would  make  rapid  pro- 
gress as  the  motor  for  Ihe  cargo  boat  of  the  future,  as  the  most 
economical  type  for  the  smaller  class  of  vessels,  but  for  tlie 
l&rge  power  express  liners  or  for  battle-ships  their  introduc- 
tion was  a  long  way  off.  The  large  power  oil  motor  was  almost 
non-existent  at  present.  All  our  experience  as  to  its  capabili- 
ties and  limitations  had  yet  to  be  acquired,  and  there  would  he 
many  a  costly  bill  to  pay  for  experiment  before  such  experience 
had  been  acquired. 

There  were  many  persons  full  of  au  irnrnediate  expectation 
o^  a  coming"  oil  power  battle-ship  which  would  sweep  every- 
thing before  it，  but  for  such  a  ship  to  be  built  at  the  present 
time  without  that  confidence  which  came  from  sufficient 
experience,  would  be  a  far  greater  and  more  serious  anxiety 
to  the  country  that  built  her  than  she  would  be  to  that  coun- 
try's enemies.  In  the  steam-powered  battle-ship  we  had  abso- 
lute confidence  ；  with  the  motor-powered  ship  we  had  every - 
tiling  yet  to  learn.  Recently  an  attempt  was  made  to  fit  a 
12,000  h.p.  battle-ship ― not  in  this  country ― with  oil  motor 
machinery.  The  motor  was  to  have  six  cylinders.  In  other 
words,  2,000  h.p.  was  to  be  generated  in  each  cylinder.  In  a 
test  of  three  cylinders  of  this  engine  an  explosion  occurred 
which  wrecked  part  of  the  eugine,  killed  several  men,  and 
caused  a  serious  fire,  and  the  vessel  for  which  this  engine  was 
intended  was  now  to  be  fitted  out  with  a  full  power  steam  tur- 
bine plant. 

The  internal  pressures  in  the  cylinders  of  the  Diesel  type 
of  oil  motor,  and  the  internal  stresses  in  the  cranks  and  other 
moving  parts,  were  excessively  high.  There  was  a  compression 
in  the  cylinders  of  at  least  5001bs.  per  square  inch,  which  was 
a  pressure  at  least  two  and  a  half  times  as  great  as  that  in  the 
high  pressure  cylinder  of  reciprocating  steam  engines.  The 
temperatures  also  were  very  much  in  excess  of  anything  to  be 
found  in  steam  engine  practice,  even  with  highly  superheated 
steam.  It  was  not,  therefore,  very  likely  tliat  cylinders  would 
be  used  for  such  pressures  other  than  of  quite  limited 
diameters,  and  therefore  of  a  restricted  possible  horse-power 
per  cylinder.  Assuming  1,000  h.p.  per  cylinder  to  be  a 
practical  proposal,  then  the  maxiniuin  power  which  could  be 
obtained  from  a  Diesel  motor  plant  on  board  ship  was  limited 
by  the  number  of  such  units  as  the  space  available  for  power 
could  reasonably  accommodate.  If,  for  example,  six  sets  were 
fitted  on  each  shaft  in  a  twin-screw  ship,  then  a  total  of  twelve 
cylinders  and  12,000  h.p.  represented  the  tctal  niaximuin 
power  possible,  but  this  was  far  removed  from  the  70,000  h.p. 
steam  turbine  sets  of  the  "  Lusitania  "  and  other  coming  ships, 
which,  if  replaced  by  oil  engines  of  1,000  h.p.  units,  would 
require  seventy  such  engines  witli  all  their  complexity  of 
cranks,  valves,  and  other  moving  parts,  to  drive  the  ship  which 
was  now  driven  with  such  perfection  by  a  simple,  compact, 
and  thoroughly  reliable  steam  turbine  plant. 

This  statement,  however,  was  not  intended  to  depreciate 
tlie  liigh  merit  of  the  Diesel  type  of  motor  for  smaller  powers. 
The  advantages  of  this  motor  were  that  the  weight  of  fuel 
required  was  oi、ly  one-third  or  one-fourth  of  that  for  a  stea'" 
plant  of  siniiliar  -power,  and  as  there  were  no  steam  boilers 
required  with  the  Diesel  motor  a  large  saving  of  labour  costs, 
as  well  as  space,  was  effected.  The  principal  disadvantages 
were  that  the  cost  of  suitable  oil  was  at  present  about  three 
or  tour  times  the  cost  of  coal,  though  this,  it  was  hoped ,  niit;ht 
be  remedied  as  new  sources  of  oil  supply  were  discovered.  The 
c(、st  of  building  the  Diesel  engine  was  at  present  nmcli  greater 
than  the  cost  of  an  equivalent  power  in  steam  engines,  and 
a'i'miiited  in  fact  to  as  much  as  the  cost  of  steam  engines  and 
boilers  put  together.  It  was  expected  that  witli  time  and  ex- 
inM-ionfe  tliese  costs  would  l>e  considerably  reduced. 
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INDICATORS, 

11Y  JAMKS  (；.  STKWAKT. 

(Concluded  from  jnnjc  12'L) 
Mechanism  of  the  Hopkinson  Optical  Indicator  for  Recording 
the  Displacement  of  the  Engine  Piston. ― Tli"  (" n'rs  ui  this 
niechanism,  wit h  its  iiulicator  gear  as  lilted  on  t  lie  I'n'mirr 
research  gas  engine,!  were  found  to  l)e  so  little  allVctcl  l>y 
large  variation  in  t ho  forces  applied  to  it  t hat  errors  in  it 
caused  by  inertia  or  yielding  of  the  indicator  gear  may  be 
neglected.  The  very  large  weight  of  22Ubs.  hung  to  the  end 
of  the  indicator  lever  caused  a  dellection  of  the  spot  of  light 
of  loss  t  han  i  ,:(!n  in.  I  ti  a  kinetic  experiment  a  weight,  ()f 
：\  ]  His.  was  holted  to  end  o(  \  ho  indicator  lever.  A  - 
gr;mi  of  c()in]>ressif)ii  tollowotl  by  expansion  without  explosion 
w;js  1  aken  and  was  compared  with  one  taken  unde r  the  same 
coiulitions,  but  without  the  weight  on  the  lever.  As  weak  a 
spring  as  possible  was  used,  hut  no  difference  could  、"' 
detected  between  the  two  diagrams.  The  "  displarenuMit  '' 
motion,  however,  was  not  accurate.  Two  large  errors  in  t  he. 
opt  ical  niecliunisni  which  affected  the  accuracy  of  both  t lie- 
"pressure"  motion  and  the  il  displacement  M  motion  were 
found.  One  of  these  was  clue  to  too  large  angular  motions  of 
t  ho  t>eam  of  light'.  The  other  was  more  serious  ；  it  was 
caused  by  the  mirror  being  plared  too  far  from  the  axis  of 
rotation  and  resulted  in  lines  of  constant  pressure  being  more 
open  at  one  end  of  the  plate  than  at  the  other.  The  pressure 
scale  was  therefore  difTerent  for  different  positions  on  1 1 1 o 
plate.  This,  coupled  with  the  fact  that  lines  of  constant 
pressure  were  not  straight  lines,  makes  correction  of  the  dia- 
grams from  this  particular  indicator  too  tedious  to  be  worth 
the  labour  involved,  even  if  it  had  not  exhibited  the  defect 
of  Fig.  13. 

The  Correction  of  the  Diagrams  of  Prof.  BurstalTs  Crosby* 
Hopkinson  Comparison  Tests. ― As  the  results  of  Fig.  10  were 
obtained  from  the  particular  Crosby  indicator  and  spring  used 
by  Prof.  Burstall,  these  results  are  applicable  to  the  corret'lion 
of  his  Crosby  diagrams.  Mention  lias  already  been  made  of 
tests  which  demonstrate  that  vibration  of  the  engine  is  ineffec- 
tive in  relieving  the  indicator  of  its  friction  even  when  record- 
ing a  constant  pressure.  In  the  case  of  a  rising  or  falling 
pressure,  vibration  is  still  less  effective,  and  its  reduction  of 
the  friction  becomes  negligible.  The  pem'il  will  therefore  lag 
behind  tlirou^Iiout  ex])ansion  and  compression  l)y  an  ； unoinit 
proportional  to  the  friction  shown  on  Fig.  10. 

The  correction  has  two  effects :  (1)  It  reduces  the  mean 
pressure ；  (2)  it  alters  the  form  of  the  expansion  line.  The. 
corrected  mean  pressures  have  been  worked  out,  and  t  Ii^ 
errors  between  these  and  the  Crosby  and  Hopkinson  values 
are  stated  in  Table  II.  Roughly,  the  Hopkinson  indicated 
mean  pressures  are  6  per  cent,  too  high,  and  the  Crosby  indi- 
cated mean  pressures  3  per  cent,  too  high. 


Taislk  II. — Errors  in  Mean  Pressures, 


Moan  J'li'ssmo  \  ty 
Crosby  Iiul. 
Kg.  per  cm.-' 

Percentage  Errors  in  Mean  Pressures. 

Crosby. 

HojiKinson. 

3'4 

G-2 

0-34 

:i-o 

(>■!) 

2-!) 

7  00 

2!) 

The  comparison  tests  showed  very  clearly  a  differeiicc  in 
form  of  the  two  expansion  lines.  Towards  the  beginning  of 
expansion  there  was  almost  coincidence  of  the  two  lines,  while 
towards  the  toe  of  the  diagrams  the  IJopkinson  indicator  in 
every  case  showed  a  higher  pressure  tlian  the  Crosby.  At  t  he 
time  this  peculiarity  was  not  explainable,  but  the  au。i('r 
believes  that  a  satisfactory  explanation  r;m  be  based  on  his 
experiments.  There  are  errors  in  both  indicators.  The  cor- 
rection of  the  expansion  line  of  the  Crosby  diagram,  in 
accordance  with  the  results  of  Fig.  10,  lowers  the  expansion 
line  by  an  amount  wliicli  is  comparatively  large  at  t  he  begin - 

*  raperread  before  the  InstiluUon  of  IMrcluinical  En^'iiu't'vs,  Janunrv  17th,  1913. 
t  Crosby-Hopkiusou  Coiinmrison  Tests,    rrocrt-ainys  I.Mecli.i;.,  iyoj,  l'n^c  7S"». 


iii，ig  of  expHiision  and  I)C'<oiim*s  small  lowanls  H"'  ，'ii'l.  TIm? 
correi'tt'fl  cxpfiiision  line  is  t  Iirou^hoiit  it  s  h-n^l  li  ！ owrr  t  lian 
1  lial  f)ht ainorl  f rom  t  1 1 r)|)kinsf)ii  inflicator,  mid  lowtT  l»v  ； in 
almost  constant'  amount,  wil  h  a  ""lfl'.'i'  v  1  o  I'"  ;'n'a"'r  at  1 1n* 
Iii^lior  pressures.  AH  hou^li  t he  authrn*  lia'l  ，io，  ；" ■' '"s  \n  t  li'- 
particular  Hopkinson  indicai  or  ； m'l  spnn 乂  iis'''l  in  t  \ic  ro，n 
])arison  tests,  yet  the  nature  of  t  li**  fliHVr'  ii' l"'，w',<"i  tli''  two 
expansion  lines  is  an  indirect  proof  of  t  Im*  |)r<*s*'m ''  in  t  liat 
indicator  of  an  error  of  tlie  same  nal  ur**  ； is  1 1 1 ;i t  i','m'l  in  t  In* 
Jlopkinson  indicator  which  he  did  investigate,  an  error 
caused  l)y  friction  of  the  spring  in  its  ^ii|>|iorts.  Tli''  p;irticu- 
lar  indicator  use<l  in  the  comparison  t est s  was  ono  l**nt  l>v 
Prof.  Hopkins (川， ami  was  certainly  a  lii^h-class  iustnnnfiit 
of  its  type.  It  was  undmibieflly  lmn-h  superior  in  ； ill  n's|,'-''ts 
to  tlie  one  which  the  author  tested  :  in  |'arti('ul;ir，  it  、v;is  f re*? 
i'rojn  t  he  opt  ical  errors. 

No  correction  lias  been  inade  in  the  Crosby  fJiagrains  for 
errors  in  drum  niolion.     Wit  li  t  lie  can'  "  was  1  ak*Mi  to 

ensure  as  accurate  a  drum  drive  as  possible  these  wen*  '  ♦  r 
tainly  very  small,  and  as  the  diagrams  were  long  and  the 
engine  speed  only  about  160  revs,  per 川 imi"'  t  heir  may 
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(See  Proc.  Inst.M.E„  1900,  paye  790.) 

be  neglected  without  affecting  the  accuracy  of  the  ； d>m*、 
dec!  actions. 

The  author  believes  that  the  above  correction  eliminate- 
indicator  errors  to  within  }  of  1  per  cent.  With  such  a 
degree  of  accuracy  other  sources  of  error  be('oi"(*  important , 
particularly  errors  introduced  by  defective  saii»plin<:,  l»y 
inability  to  measure  the  area  of  the  diagrams  to  such  a  degree 
of  accuracy.  Also  the  rate  of  the  spring,  since  its  tempera- 
ture is  not  known  accurately,  is  only  known  approximatdv. 
These  sources  of  error  have  already  been  discussed. 

The  method  of  calculating  the  correction  was  to  divide  。"' 
diagram  into  16  parts  and  to  scale  off  the  pressurt's  r'"'r" 
sented  by  the  mid-ordinates  of  each  of  these  i>arts  atul  apply 
the  correction  to  these.  Going  down  the  expansion  l"i，'  1'; 
values  of  the  pressures  are  obtained  :  the  correction  for  ('a'  li 
is  taken  from  Fig. 】0,  an<l  t  ho  average  fouiifl.  As  tlie  first 
-JRth  of  the  stroke  is  roughly  a  period  duriui;  which  the  |>ein-il 
is  in  oscillation  no  correction  lias  been  applied  to  it.  Tf  os'  H 
lations  of  the  pencil  occur  with  rhange  in  the  Mirei'tion  of 
motion  of  the  pencil  the  mean  line  drawn  through  the  osril- 
lations  gives  an  accurate  statement  of  t lie  pressure  :  if  tliere 
is  an  oscillat itMi  hut  change  in  the  direction  of  motion  of  the 
pencil  does  uot  occur,  as  is  sometimes  the  case  during  the 
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early  part  of  the  expansion  stroke,  the  pencil  does  not  oscil- 
late about  the  true  position,  but  lags  behind  an  amount  cor- 
responding to  the  friction  of  Fig.  10.  For  these  reasons  the 
correction  is  applied  to  all  parts  of  the  stroke  except  the  com- 
bustion period  of  the  outward  stroke  (roughly  the  first  T^  of 
stroke).  The  average  correction  io  the  compression  line  is 
calculated  in  the  same  way,  but  here  the  correction  is  applied 
throughout  the  stroke.  The  sum  of  the  two  gives  the  total 
correction.  This  method  of  making  the  correction  is  the  most 
accurate,  as  inaccuracies  in  measuring  the  pressure  ordinates 
scarcely  affect  the  final  result.  Fig.  18  is  C  2  diagram  of 
Prof.  BurstalTs  tests,  with  the  corrected  diagram  added  for 
comparison. 

The  Design  of  Indicators. ― A  few  principles,  which  should 
prove  of  value  in  the  evolution  of  more  perfect  indicators,  are 
deducible  from  these  experiments  : — 

1.  The  spring  must  be  held  securely  ；  there  must  be  no 
variation  in  the  nature  of  the  support  as  in  the  Hopkinson 
indicator. 

2.  The  piston  rod,  or  whatever  takes  the  resultant  push  of 
the  piston,  must  be  accurately  in  the  axis  of  the  cylinder, 
otherwise  with  pressure  on  the  piston  a  constraining  couple 
is  introduced. 

3.  The  resisting  force  of  the  spring  must  be  a  simple 
force  acting  along  a  line  coincident  with  the  axis  of  the 
indicator  cylinder,  and  this  must  be  true  for  all  pressures. 
The  commonest  type  of  spring  is  the  helical  spring.  If  it  be 
compressed  the  axis  of  its  end  bosses  can  only  be  kept  coin- 
cident with  the  axis  of  the  cylinder  by  the  introduction  of 
constraining  couples.  This  is  a  cause  of  large  errors  in  indi- 
cators, unless  a  double-coil  spring  be  used.  In  the  double- 
coil  spring,  if  the  spring  is  uniform  no  couple  is  introduced, 
bub  it  is  doubtful  whether  sufficient  uniformity  can  be 
attained. 

The  design  of  no  indicator  recognises  sufficiently  the 
necessity  to  ensure  only  simple  axial  forces  throughout  the 
whole  range  of  motion  of  the  indicator  piston.  As  workman- 
ship can  never  be  accepted  as  absolutely  accurate,  the  design 
must  be  such  that  small  inaccuracies  in  workmanship  do  not 
introduce  large  constraining  forces  and  consequent  large 
errors.  Generally  this  will  be  secured  by  leaving  the  system 
as  free  as  possible,  and  in  particular  by  arranging  that  no 
unnecessary  restraint  is  put  upon  the  spring  or  th&  piston. 

4.  Mechanical  linkwork  is,  as  has  been  pointed  out  by 
Prof.  Hopkinson,  very  unsatisfactory.  Even  when  used  with 
great  care  and  with  pins  adjusted  as  well  as  possible,  loose- 
ness in  the  joints  cannot  be  avoided.  This  defect  fortunately 
can  be  overcome  in  the  optical  indicator. 

5.  The  periodic  time  of  an  oscillation  must  be  small  where 
rapidly  changing  pressures  have  to  be  recorded.  This  con- 
dition is  best  satisfied  by  the  optical  indicator. 

6.  The  indicator  drum  is  unsatisfactory  for  accurate 
work.  It  requires  the  use  of  cord  or  flexible  wire,  which 
introduces  errors  in  the  motion  recorded.  With  the  optical 
indicator  this  source  of  error  need  not  be  present. 

7.  On  high-speed  engines  the  optical  indicator  must  be 
used,  the  inertia  of  the  drum  and  pencil  levers  being  too 
great  ；  even  if  diagrams  can  be  taken,  that  is  no  proof  of 
their  accuracy ；  in  fact,  and  more  particularly  with  regard 
to  absence  of  oscillations  of  the  pencil,  the  more  imperfect 
indicators  will  give  the  smoothest  and  apparently  best 
diagrams.  » 

8.  An  indicator  gear  for  an  optical  indicator  requires  in 
some  respects  special  care.  As  the  】notioii  at  the  end  of  the 
indicator  lever  is  very  small,  looseness  in  pins  must  be 
avoided  ；  the  play  in  them  may  be  a  considerable  fraction  of 
tlie  whole  motion.  Also  when  a  short  lever  is  used  ('are 
shoultl  be  taken  to  avoid  any  slackness  in  pins  whicli  (  mil" 
result  in  a  change  in  the  effective  length  of  the  lever. 

APPENDIX  I. 

Oscillations  Damped  by  Forces  of  Constant  Amount. 

Let  OX  be  the  true  line  of  pressure,  Fig.  19.  Let  the 
pencil  be  given  an  initial  deflection  OA  and  then  released. 
The  pencil  will  then  oscillate  about  its  true  position.  Let 
the  "lotion  be  damped  by  a  frictional  force  of  constant 
amount  F  acting  on  the  piston. 


F  =  On  x  scale  of  spring  x  area  of  indicator  piston, 
in  wliich  On  =  Oh  =  indicated  friction  ； 
area  of  indicator  piston  ―  |  sq.  in.  for  gas-engine  indi- 
cator. 

Consider  the  forces  acting  when  the  pencil  is  at  the  point 
P. 

OP'  x  Scale  of  spring 


4 


Vovci'  exerted  oil  piston  hy  spring : 

Net  force  exerted  on  piston  =  ^ca^e  °f  sPr'ri*  ^Qp/  _ 

Scale  of  spring  ^f 
4  ， 

i.e.,  it  is  proportional  to  aP\  and  therefore  the  motion  is 
simj)lo  harmonic  about  a  position  of  zero  force  represented 
by  aa. 

At  B  the  centre  of  the  motion  changes  and  falls  on  the 
line  "h. 

Since  a  A  =aW  nnd  hW  =  bC  and  Oa  ―  <     it  follows  that 
<)A-OC'  =  4  .  Oa  ； 
OA  -  OC 


4 


Friction  in  terms  of  pressure  on  indicator  piston 

= Oa  x  scale  of  spring. 

OA  —  OC'        . . . 
=  j  x  scale  or  spring. 

Similarly,         OC  -  OE'=4  .  Oa. 

Also  the  periodic  time  of  oscillation  is  constant,  and  con- 


Fig.  19.— Diagram  of  Oscillations  Damped  by  Fobces  of  Constant 
Magnitude  Opposing  the  Motion. 

sequently  the  line  drawn  through  ACE  will  be  a  straight 
line. 

APPENDIX  II, 

The  Calculation  of  the  Periodic  Time  of  an  Oscillation 
of  the  Pencil. 

In  motion  problems,  when  dealing  with  many  parts  hav- 
ing different  motions,  it  is  customary,  for  simplicity,  to  sub- 
stitute when  possible  an  equivalent  system  in  which  a  mass 
concentrated  at  a  chosen  point  has  the  same  effect  on  the 
motion  as  the  distributed  mass  of  the  real  system.  This 
" equivalent  mass  }>  will  be  supposed  to  be  concentrated  at 
the  piston  ；  its  amount  may  be  found  in  various  ways.  One 
convenient  way  is  to  calculate  the  kinetic  energy  of  the 
system  in  terms  of  a  cliosen  piston  velocity,  and  to  make  the 
equivalent  mass  of  such  amount  that  its  kinetic  energy  equals 
that  so  calculated.  The  equivalent  mass  of  the  real  system 
is  not  constant  for  different  positions  of  the  pencil,  but  is 
sufficient  nearly  so  for  practical  purposes.  The  value  stat^<l 
below  is  that  for  the  position  in  which  the  pencil  lever  is 
perpendicular  to  the  axis  of  the  indicator  cylinder.  The 
calculation  gives  the  mass  at  the  piston  equivalent  to  piston 
and  pencil  gear  (Crosby  heavy  pattern  type)  =  55*8  grm.  The 
coils  of  the  spring  do  not  all  move  with  the  same  velocity. 
Their  combined  effect  is  the  same  as  that  of  a  mass  of  one- 
third  of  their  mass,  moving  with  and  having  the  velocity  of 
the  piston.  Table  III.  gives  a  statement  of  the  equivalent 
mass. 
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TAliLI 

. 111. 

Scalf  (»f  spring  (^as  iinlicatut-)  ... 

20 

80 

](>() 

2U) 

lOtpiivalcnt  mass  of  spring       … ^. 

22 

£-0 

5 

l':t|iiivalr"t,   mass   of    piston    and  ' 

5o-8 

55*8 

pom-il  gt'ill'   J 

Total  r(|iiivalcnt  mass   '二 

58  0 

58*7 

(iif'li 

With  n  knowledge  of  tlie  equivak'iit  mass  it  is  sim 
write  down  the  equation  of  mot  ion  of  the  pciu-il, 
friction : — 

Let  M  =  equivalent  mass  at  piston  (grammes). 
R  ―  rate  of  spring  (dynes). 
q  =  ratio  of  pencil  travel  to  piston  travel, 
a;  =  deflection  of  pencil  from  its  position  of  rest 
For  Hie  C1rosl)y  indicator  t/  (i. 

When  the  pencil  deflect  imi  is  /，  t  he  spring  excfl  s  ； i 
in  excess  of  t hat  re(|iiired  to  bala ikm*  t lie  pressure  (； 
piston 


ii 


i'1 


tii 


Thn  resisting  inortia  force       =  M  ^  ； 
therefore,  neglecting  friction, 

？  1 
i.e.,  Mi  =  ― 

which  is  tlie  equation   of   a   simple  hariiionic  mot 
periodic  time  of  wliicli  is 

T  =  27rV  " 

From  this  equation  the  periodic  time  of  oscillation  ran  ho 
calculated  when  M，  R，  and  q  are  known.  There  is  no  diaum' 
in  T  if  a  solid  frictional  clamping  force  is  int roduccd. 

APPENDIX  III. 
Tiie  Theohetical  Correction  of  an  Indicatok  I)iaci:am. 
T^et  M  ^equivalent  mass  at  piston. 

,/•  ―  height  of  pencil  above  atmospheric  line. 
q  =  ratio  of  motion  of  pencil  to  motion  (； f  piston. 
R  =  rate  of  indicator  spring. 
I j  =  true  pressure  in  indicator  cylinder. 

indicated  pressure. 
(t  ―  area  of  indicator  piston. 

F  ―  force  required  at  piston  to  overcome  t'riri  ion. 
The  equation  of  motion  of  the  pencil  will  !>ti 


Mx 


by  dividing  hy 


aq 


V 


since 


P  —  l)  「- 

n 


■  n 


the  indicated  pressure. 

p ― pt  is  the  error  in  the  indicated  pressure. 

F     ，  . ，  . 

化 = the  pressure  per  square  mcli  on  piston  required  to 

overcome  friction.    Its  value  has  been  determined,  and  is 
given  in  the  Paper  to  wliich  this  is  an  Appendix. 
"Six 

If   ^  could  be  determined,  an  accurate  correction  could 

be  made.    Dr.  Meyer,  of  Berlin,  has  given  a  similar  equation 

to  the  above,  except  that  instead  of  the  tenn        lie  has  one 

Kx    making  the  resistance  to  the  motion  proportional  to  the 
velocity  (see  discussion  of  the  nature  of  this  resistance  in 
paper).    Assuming  the  drum  motion  of  his  indicators  accu 
rate  and  the  rotation  of  the  crank  uniform,  lie 山' 山 from 


his  indicator  diagrams  t lie  variation  of  ,  wit li  time,  and 
plotted  tliese  on  a  has**  of  Xittic.  This  curve  In*  differentiated 
^rapliicallv, (山 taiiiing  i ;  a  ^<  (»\<l  ^ra|>lii<-al  difTerentiation 
gave  liim  x  .      M ,  f/t  nn<\  〃  、v('n*  known ,  and  t  li»M***fore  l"' 

ohtainerl  tlie  value  of  the  tfiin  To  (山 tai"  inor«*  ami 

aq 

rately  the  relation  of  /  to  time,  he  took,  besifles  his  onlinarv 
diagrams,  diagrams  in  which  the  drum  motion  was  DO'  out  of 
phase  with  relation  to  it、s  tn"'  po^it  ion. 

Dr.  Meyer's  metl'("l，  however,  is  not  ； it  all  satisfactorv. 
A  second  differential,  even  if  tli"  difTerential ion  is  ar,  m;it*-, 
is  liable  to  enormous  errors  resulting  from  small  errors  in 
tlie  original  diagram  ；  but  besides  this  source  of  error  tl"' 
differentiation  by  graphical  metlmds  is  very  far  from  accurate. 

When  oscillations  occur  they  an-  ^  m'rallv  the  result  ('f 
inertia,  and  correction  is  necessary  ；  but  rather  than  int  ro- 
duce  large  errors  by  attempting  to  ain  a  second  difi*'.- 
rential  it  is  better  to  draw  a  in^an  smooth  curve  through  tii" 
oscillations,  and,  accepting  this  as  the  diagram  corrected  for 
inertia,  make  a  further  correction  for  friction.  This  second 
correction  can  only  be  made  satisfactorily  for  those  parts  of 
the  diagram  throughout  which  t  he  pencil  is  either  rising  or 
falling.  Lines  of  constant  pressure  cannot  be  corrected . 
Fortunately  the  most  important  constant  pressure  liru-  t  h*- 
atmospheric  line ― is  also  that  in  which  the  errors  are  least. 
It  will  be  all  the  more  accurate  if  just  before  drawing  it  the 
pencil  is  lifted  momentarily  off  the  paper. 


THE  DEVELOPMENT  OF  HIGH  SPEED  STEEL 

An  interesting  lecture  entitled  Recent  Advances  in  S<  ien- 
tific  Steel  Metallurgy,"  was  recently  delivered  by  Prof.  J.  O. 
Arnold,  at  the  Royal  Institution.  He  first  referred  to  the 
antiquity  of  stee】，  and  pointed  out  that  it  must  have  been 
known  to  Homer  and  Boadicea.  Records  of  1160  proven 
that  the  monks  of  Kirkstead  Abbey  made  wrought  iron,  and 
probably  steely  iron,  at  KimVjerworth,  near  Sheffield. 
Chaucer  mentioned  Sheffield  "  Thvwtels  ，，  in  1386,  and  Shef- 
field table-knives  were  then  common.  Peter  Bales  recom- 
mended, in  1590,  Sheffield  razors  aiul  penknives  for  cull in^ 
quill  pens  :  but  Hunter  wrote,  in  1615,  that  Sheffield  unl  v 
produced  armour  fit  for  the  common  liien-at-arins,  whilst 
knights  obtained  their  armour  from  Spain  and  Italy. 

After  tracing  the  growth  of  the  steel  industry  in  Sheffield, 
Prof.  Arnold  dealt  with  the  process  of  producing  steel  in- 
gots by  the  fluid  or  crucible  process  introduced  by  Benjamin 
Huntsman,  a  clockmaker,  of  Doncaster,  about  the  vear  1740， 
and  pointed  out  that  this  steel  was  not  pure,  though  free 
from  weld  lines.  Two  slides  were  thrown  on  the  screen  show- 
ing two  crucible  steels,  one  poured  in  the  "  lively"  condition 
and  the  other  in  the  "  killed' ，  condition.  The  latter  was 
quite  solid,  apart  from  a  pipe,  whilst  the  former  was  full  of 
blowholes  and  mucli  larger  than  the  "  killed  "  specimen.  Tlie 
blowholes  contained  hydrogen,  nitrogen,  and  carbonic  oxide 
under  pressure,  and  could  be  removed  by  i{  killing/ '  melt- 
ing the  metal  with  a  trace  (say  0*01  per  cent.)  of  aluniiniuni. 
Scientific  explanations  of  this  remarkable  effect  of  aluniiniuni 
could  be  found  in  text-books,  but  Prof.  Arnold  acknowledged 
that  although  he  had  studied  the  problem  for  the  past  25 
years  he  was  no  nearer  a  solution. 

The  first  beginning  of  what  might  be  called  the  tungsten - 
chrome  era  in  cutting  steel  metallurgy  was,  he  said,  in  1870, 
when  Robert  Forrester  Mushet,  at  the  Clyde  Works,  Sheffield, 
began  to  】iiaiiufa('ture  on  a  considerable  scale  his  "  self- 
hardeniiig  steel."  Mushet  had  practically  discovered  that 
when  carbon  steel  was  alloyed  with  a  large  percentage  of 
tungsten  it,  when  cooled  from  a  yellow  heat  in  a  draught  of 
air,  was  not  only  sufficieutlv  hardened,  but  owing  to  the  forti- 
fying action  of  the  tungsten  on  the  oarbon,  its  hardenite  s 
also  thermally  considerably  more  stahle  than  that  of  plaiu 
carbon  steel.  It  was  probable  that  in  Mushet 's  early  steels 
the  "  letting-down  "  point  of  the  ha nlenite  was  raised  to  a 
temperature  of  perhaps  400°  C.，  thus  enabling  engineers  to 
take  bigger  cuts  and  work  at  lii^her  speeds.  Later,  about 
1880,  Mushet  still  further  fortifie  l  his  liardenite  by  the  addi- 
tion of  relatively  small  percentages  of  chromium,  aud  be- 
tween 1880  and  1900  self  or  air-bardenint;  steels  were  pro- 
duced bv  nianv  steel  nianufacturers  in  consi.le»*a})Ie  variety 
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In  1900,  the  lecturer  said,  a  profound  sensation  was 
aroused  throughout  the  steel  world  when,  at  the  Paris  Exhi- 
bition in  1900,  the  Betlilehem  Steel  Company,  of  America, 
showed  turning  tools  made  under  tlie  alleged  patent  of 
Messrs.  Taylor  &  "White,  culiing  very  mild  steel  at  a  speed 
which  reiwlered  the  nose  of  the  tool  red  hot.  It  was  obvious 
that  in  these  tools  the  thermal  stability  of  the  hardenite  liad 
been  raised  to  perhaps  600。  C.  The  chemical  compositions 
in  the  patent  embodied  nothing  which  had  not  been  included 
in  the  Mushet  type  of  steel  for  a  period  of  about  20  years 
before  the  date  of  the  American  patent,  Tn  tact,  what  Taylor 
and  White  had  really  done  was  to  show  that  this  type  of 
steel  was  capable  of  retaining  its  cutting  edge  at  a  mi"  h 
higher  temperature  than  most  engineers  and  metallurgists 
had  realised.  For  this  demonstration  every  credit  was  due 
to  the  Bethlehem  Company.  Sheffield  steelmakers,  realising 
future  possibilities,  made  from  the  year  1900  and  onward  a 
series  of  experimental  researches,  which  eventually  gave  to 
engineers  that  astonishing  material  known  as  high-speed  steel, 
in  which  the  thermal  stability  of  the  fortified  lianlenite  was 
raised  to  about  700。  C.  The  claims  of  the  Taylor-White 
patent  formed  the  subject  of  protracted  litigation)  an-1  in 
the  end  the  United  States  Circuit  Court  pronounced  it  to  be 
absolutely  invalid.  The  lecturer  and  his  late  colleague,  Dr. 
A.  McWilliam,  were  coinmissioned  to  investigate  at  Sheffield 
University  the  accuracy  or  otherwise  of  the  curve  specified 
in  the  patent.  They  found  that  with  a  steel  containing  about 
18  per  cent,  of  tungsten,  3  per  cent,  of  chromium,  and  1'3 
per  cent,  of  carbon,  the  maximum  efficiency  number  of  about 
5,000  was  obtained  at  the  lowest  temperature  830°  C,  after 
which  the  higher  the  hardening  temperature  the  smaller  was 
the  efficiency  number,  which  at  1,300°  C.  had  fallen  to  500， 
or  only  twice  the  efficiency  of  plain  carbon  steel.  In  a  simi- 
lar steel  containing,  however,  only  0*7  per  cent,  of  carbon, 
the  efficiency  number  at  830°  C.  was  only  about  500，  but 
the  efficiency  steadily  rose  with  the  hardening  temperature 
till  at  1,300°  C  it  reached  the  astounding  number  of  about 
32,000. 

While  the  year  1870  marked  the  beginning  of  the 
tungsten  era,  and  1880  that  of  the  tungsten-chrome  era,  the 
years  1899  to  1902  inaugurated  what  was  destined  to  be  the 
most  remarkable  epoch  of  the  three ― namely,  the  vanadium 
era.  During  these  years  were  carried  out  in  the  experimenta] 
steel  works  of  Sheffield  University  a  series  of  researches  on 
the  influence  of  the  comparatively  rare  metal  vanadium  ou 
plain  carbon  steel  and  on  alloy  steels,  the  most  remarkable 
results  of  which  were  the  following  ：— 

(1)  A  plain  carbon  steel,  containing  about  1  per  cent,  of 
carbon,  had  a  yield  point  of  35  tons  per  square  inch,  a  maxi- 
mum stress  of  60  tons  per  square  inch,  an  elongation  of  10 
per  cent,  on  2in.，  and  a  reduction  of  area  of  10  per  cent. 
The  addition  to  such  steel  of  about  0*6  per  cent,  of  vanadium 
raised  the  yield  point  from  35  to  65  tons,  and  the  maximum 
stress  from  60  to  86  tons  per  square  inch,  still  leaving  an 
elongation  of  7  per  cent,  and  a  reduction  of  area  of  8  per 
cent. ' 

(2)  A  steel  containing  0*25  per  cent,  of  carbon  and  3  3  per 
cent,  of  nickel  registered  a  yield  point  of  33  tons,  a  maximum 
stress  of  42  tons  per  square  inch,  an  elongation  of  26  per 
cent,  on  2in.,  and  a  reduction  of  area  of  53  per  cent.  A  prac- 
tically identical  steel,  but  containing  in  addition  about  0'25 
per  cent,  of  vanadium,  recorded  a  yield  point  of  50  against 
33  tons,  and  a  maximum  stress  of  68  against  42  tons  per 
square  inch,  while  the  elongation  was  17  per  cent,  on  2in.， 
and  the  reduction  of  area  36  per  cent. 

(3)  A  steel  containing  0*25  per  cent,  of  carbon  and  aboiit 
1  per  cent,  of  chromium  registered  a  yield  point  of  27  tons, 
and  a  maximum  stress  of  41  tons  per  square  inch,  together 
with  an  elongation  of  36  per  cent,  on  2in.，  and  a  reduction 
of  area  of  55  per  cent.  The  addition  of  0'25  per  cent,  of 
vanadium  raised  the  yield  point  from  27  to  40,  and  the  maxi- 
mum stress  from  41  to  55  tons  per  square  inch.  The  elonga- 
tion was  Jowered  from  36  to  26,  and  the  reduction  of  area 
from  55  to  53  per  cent. 

Thus  vanadium  differed  from  tungsten  in  having  an 
almost  magically  beneficial  effect,  not  only  on  cutting,  but 
also  on  structural  steels.  Tn  connection  with  vanadium  steels 
it  was  an  interesting  fact  that  the  series  of  copyrighted  and 


j>u})]ished  reports  issued  from  Sheffield  University  during  the 
years  1900  to  1902  were  unconscious  plagiarisms  of  a  series 
of  American  patents  issued  during  the  years  〗904  to  1908. 
This  seemed  to  constitute  a  remarkable  problem  in 
psychology. 

A  study  of  vaiiafliuni  steels  made  l)y  the  lecturer  and 
Prof.  A.  A.  Read,  of  the  University  of  Wales,  had  yielded 
results  of  profound  importance.  Vanatlium  did  not  seem  to 
form  a  double  carbide  with  iron.  It  gradually  wrested  the 
carbon  from  the  carbide  of  iron  till  when  about  5  per  cent. 
of  vanadium  was  present*  Fe3  C  could  not  exist,  and  only  a 
vanadium  carbide  C3  containing  15  per  cent,  of  carbon  was 
present,  tliis  coiistituenl  being  constant  at.  any  rate  in  tool 
steels  containing  up  to  14  per  cent,  of  vanadium.  The  micro- 
graphic  analysis  of  these  alloys  had  resulted  hi  the  discovery 
of  tliree  new  constituents — viz.,  vanadium  pearlite,  vanadium 
liardenite,  and  vanadium  cementite.  Vanadium  hardenite 
seemed  to  have  a  hardness  of  8  (topaz)  as  compared  with  the 
hardness  7  (quartz)  of  iron  hardenite.  The  recalescence  re- 
sults obtained  were  of  great  practical,  as  well  as  theoretical, 
interest.  They  strongly  suggested  the  explanation  of  the 
curious  Uiermo-inechanioal  behaviour  of  high-speed  steels, 
and  incidentally  they  appeared  to  prove  provisionally  that 
the  hardening  was  not  due  to  allotropic  change,  but  to  the 
carbon  change  only. 

As  regards  the  advance  in  the  cutting  efficiency  of  turn- 
ing tools  from  1740  to  1912,  the  best  steel  of  this  kind  made 
in  Sheffield  in  1740  would  be  absolutely  incapable  of  cutting 
at  all  under  conditions  under  which  the  best  modern  high- 
speed steel  would  remove  700  cub.  in.  of  metal  before  break- 
ing down.  The  advantages  of  this  enormous  increase  in  cut- 
ting power  were  manifold.  In  1909，  the  lecturer  had  sug- 
gested at  the  Royal  Institution  the  coming  of  a  new  British 
steel,  which  would  have  a  cutting  power  four  times  as  great 
as  the  best  steel  then  on  the  market.  The  skilful  application 
of  vanadium  by  Sheffield  steelmakers  had  practically  fulfilled 
that  forecast,  and  the  world-wide  sensation  and  publicity 
created  by  the  announcement  had  left  Great  Britain  supreme 
in  this  very  important  branch  of  scientific  steel  metallurgy. 


New  Cruiser  Classification. ― An  official  announcement  has 
been  made  to  the  effect  that  the  Admiralty  have  decided  to 
discontinue  the  use  of  the  terms  "  armoured  cruiser,"  "  pro- 
tected cruiser  first  class,"  "  protected  cruiser  second  class," 
" protected  cruiser  third  class,"  "  unarmoured  cruiser,"  and 
" scout."  In  future  there  will  be  only  three  classes 一 li  battle 
cruiser,"  "  cruiser/'  and  "  light  cruiser."  The  term  "  battle 
cruiser  "  is  to  retain  exactly  its  present  significance,  but  that 
of  "  cruiser  ，'  will  cover  "  protected  cruisers  first  class"  as 
well  as  existing  pre-Dreadnought  armoured  cruisers.  The 
term  "  light  cruiser  "  is  to  be  used  to  designate  the  remaining 
vessels,  including  those  whirh  are  at  present  f'lassified  as 
" scouts." 


Fellowship   Examination  of  the   Society   of   Engineers. ― The 

council  of  the  Society  of  Engineers  (Incorporated)  announce 
that  arrangements  are  being  made  for  holding  the  fellow- 
ship examination  of  the  society  during  the  second  week  of 
June  next.  The  compulsory  theoretical  subjects  are: — - 
Principles  of  statics  and  theory  of  structures  ；  principles  of 
kinematics  and  theory  of  mechanism  ；  principles  of  dyna- 
mics and  theory  of  machines  ；  strength  and  elasticity  of 
materials.  One  of  the  following  subjects  must  also  be  taken 
theoretically :  Chemistry,  physics,  hydraulics,  geology, 
metallurgy,  geodesy.  At  least  one  and  not  more  than  three 
practical  papers  have  to  be  selected.  The  subjects  suggeste<l 
include  :  Water  supply  ；  canalisation  and  irrigation  ；  sanita- 
tion, sewerage,  and  sewage  disposal:  mining;  metallurgical 
engineeriiig  ；  marine  engineering :  heat  engines :  naval 
architecture  ；  railway  engineering  ；  dock  and  harbour 
engineering  ；  electrical  engineering  ；  telegraphy  and  tele- 
phony ； gas  engineering  ；  warmtng,  ventilation,  and  hot- 
water  supply  ；  structural  engineering,  reinforced  concrete 
construction  ；  tlie  testing  of  machinery  and  plant  ； 
aeronautics.  The  council,  however,  are  prepared  to  consider 
applications  from  candidates  to  be  examined  in  other 
branches  of  engineering.  Intending  candidates  should 
apply  to  the  secretary  of  the  society,  at  17，  Victoria  Street, 
"Westminster,  S.W.，  for  full  particulars. 
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ILLUMINATION  OF  ENGINEERING  WORKSHOPS  BY  GAS, 
ELECTRICITY,  AND  OIL 

1!y  franklin  thorp. 

Gas. 

The  lighting  of  engineering  works  has  nol  until  latolv  re- 
ceived the  consideration  its  iniporiaiice  warrants,  and  as  a 
gas  lighting  engineer  I  welcome  this  op])ort  unity  ("  in<l"  :"iw 
to  some  extent  what  can  be  accomplished  by  gas.  I  (  ； um"f 
do  l)eiter  tlian  (piot'e  from  the  December    issue    of   "  The 


Fig.  1.  Fig.  2.  Fig.  3. 


Illuminating  Engineer  M  some  simple  rules  for  good  light- 
ing ： (1)  Don't  work  in  a  flickering  light.  (2)  Don't  expose 
the  eyes  to  unshaded  lights  in  the  direct  range  of  vision.  (3) 
Don't  judge  illumination  by  the  brightness  of  the  lamps.  (  1 ) 
Avoid  excessive  contrast.  (5)  Use  right  type  of  globe, 
shade,  or  reflector.  (6)  Make  sure  that  the  illumination  is 
sufficient.  (7)  Keep  lamps,  globes,  and  reflectors  clean.  (8) 
Make  sure  that  lamps  are  in  the  right  position. 

It  is,  of  course,  well  understood  that  there  are  many 
ways  of  treating  the  subject,  and  a  really  satisfactory  scheme 
could  only  be  obtained  by  joint  consideration  between  the 
manager  of  the  works  concerned  and  the  illuminating  en- 
gineer. The  position  of  the  various  tools  and  class  of  work 
done  must  of  necessity  be  taken  into  account,  therefore,  the 
scheme  now  presented  is  only  one  of  many  that  could  be  de- 
vised, but  I  would  mention  that  a  similar  scheme  is  giving 
every  satisfaction  at  a  large  engineering  works  in  Yorkshire. 
As  a  practical  engineer  myself,  and  being  interested  as 
director  or  consultant  in  various  works  and  mills  in  Lan- 
cashire, I  am  a  firm  advocate  of  giving  plenty  of  light,  know- 
ing that  the  increased  production  and  superior  quality  of 
work  done  more  than  pays  for  the  cost  of  extra  illumination. 
Whilst  I  quite  agree  with  basis  of  1^  ft. -candles,  pro])osed 
as  a  basis,  it  will  be  noticed  that  I  have  shown  a  liiuch  greater 
ilhimination. 

This  handicaps  to  a  large  extent  "  gas  lighting/'  but  Lav- 
ing made  the  above  statement,  and  given  the  reason  for  so 
doing,  I  am  content  to  leave  the  matter  in  your  good  hands, 
confident  that  due  allowance  will  be  made.  Considering  the 
great  progress  that  has  been  made  during  the  last  few  years 
in  gas  lighting,  I  regret  to  say  that  I  know  of  many  engineer- 
ing works  (otherwise  in  every  way  up  to  date)  where  old  flat 
flame  burners  are  in  use,  giving  two  and  lliree  candles  per 
foot  of  gas  consumed,  whereas  with  modern  fittings  some  50 
candles  per  foot  of  gas  consumed  are  regularly  obtained.  For 
the  purpose  of  this  paper,  I  shall  take  an  efficiency  of  30 
candles  per  foot  of  gas  consumed,  as  although  this  is  greatly 
exceeded  in  laboratory  tests,  and  also  in  many  practical  tests 
it  is  advisable  to  take  a  figure  which  can  be  maintained  in 
actual  practice. 

The  great  increase  in  efficiency  of  gns  ligliting  is  due  to 
the  introduction  of  the  incandescent  mantle.  The  gas,  in- 
stead of  emitting  light  when  slowly  consumed,  is  burned  as 
a  non-luminous  flame  and  used  to  heat  up  a  specially-prepared 

*  Abstract  of  papers  read  before  the  Manchester  Association  of  Engineers' 
January  -25th,  1913. 
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probability  of  improvement  in  euiciency,  and 
fi«la])tal)ility. 

Cost. ― The  cost  of  the  installation  outlined  below  would 
be  £225.  This  is  not  a  rough  estimate,  but  the  price  at 
wliich  a  firm  of  lighting  engineers  would  undertake  the  work. 
This  cost  includes  ：  Compressors,  governors,  equal  to 
30,000  c.p.  ；    15  1,000  c.p.  hi^h-pnisstn*e  Now biirtriug-Thorp 


mixture  of  the  oxides  of  tlioriurn  ； m'l  wrium.  Tim  pre- 
paration has  the  property  wlion  I o  incandescence  of 
emitting  a  coni|)araiiveIy  large  amount  of  energy  as  liglit. 
I  say  comparatively  advisedly,  as  it  is  only  when  compared 
witli  the  flat  flame  t  hat  this  is  so,  for  whereas  the  increase  in 
illumination  is  some  20  times,  the  actual  lmniiioua  efficiency 
is  only  about  2  per  cent.  Tlie  cWn  iowcy  o\'  ； m  iiicaiulesrent 
mantle  rises  very  rapidly  wit li  tl"'  temperature,  and  the 
efforts  of  the  gas  lighting  engineer  are  therefore  directed  in 
raising  the  flame  temperature.  It  is  well-known  that  the  in- 
crease of  radiation  varies  as  the  fourth  power  of  the  abso- 
lute temperature,  but  tlie  increase  in  liuniuouH  elTu  iency  is  at 
a  much  greater  rate.  The  following  table  will  explain  thin  ： - 

Absolute  Temperature.  Hefners  per  square  min 
1,764°  C.  0'10 
1,982°  C.  0  50 

2,092°  C.  100 

It  will  be  noticed  that  at  the  temperature  of  a  good  iJini- 
sen  flame,  viz.,  1,982°  C.  absolute,  the  efficiency  is  0*5  hefners 
per  square  millimetre,  whereas  at  2,092°  C.  absolute ― a  rise 
of  only  110° ― the  efficiency  is  doubled.  This  is  the  explana- 
tion of  the  increased  efficiency  of  modern  high-pressure  light- 
ing. When  the  small  actual  efficiency  we  are  even  now  ob- 
taining is  considered,  I  feel  sure  you  will  agree  with  me  in 
saying  that,  although  the  present  results  are  indeed  very 
good,  the  possibilities  before  the  gas-lighting  engineer  are 
still  greater.  I  would  at  this  point  ask  all  interested  in 
illumination  to  give  this  matter  very  careful  consideration 
before  installing  any  other  system  of  lighting  than  that  by 
gas  ；  not  only  is  it  in  front  to-day,  but  the  probabilities  of 
further  improvement  are  almost  unlimited. 

The  main  points  for  our  consideration  are :  (1)  Cost  of 
installation.  (2)  Maintenance,  which  includes  cost  of  gas, 
mantles,  globes,  labour,  <fec.  (3)  Suitability,  which  includes 
reliability,  character  and  colour  of  light,  steadiness,  ease  of 
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lamps,  16ft.  high  ；  4  1,000  e. p.  low-pressure  GnL'tzin  lamps, 
35ft.  high  ；  100  100  c.p.  high-pressure  textile  lamps  ；  25  rise 
and  fall  pendants,  Fig.  1  ；  25  univtM-sal  |"'mla"ts，  Fig. 

2  ；  50  anti-vibrating  pendants,  Fig.  3  ；  all  the  necessary  pip- 
ing, taps,  ironwork,  and  labour  in  fixing. 

Tlie  compressors  and  governors  are  specially  constructed 
to  supply  a  constant  mixture  of  about  90  per  cent,  gas  and 
10  per  cent,  air  at  a  constant  pressure  to  the  lamps.  The 
per  centage  of  air  can,  however,  be  varied  at  will  by  t  he  turi 卜 
in^'  of  a  screw.  The  lamps  are  constructed  to  burn  the  mix- 
ture produced  at  the  compressor,  and  tlie  special  feature  of 
this  lain])  (vvliich  owes  ils  origin  to  a  discussion  with  reference 

NOOJ200 
1  


to  an  "ideal  lamp"  between  Mr.  Newbigging,  the  gas  en- 
gineer to  the  Corporation  of  Manchester,  and  myself)  is  t 
all  lamps  are  standardised,  and  when  once  fixed  do  not  re- 
quire any  skilled  labour  or  any  individual  adjustment.  Any 
variation  in  quality  or  composition  of  gas  which  might  affect 
the  efficiency  of  the  lamp  can  be  corrected  by  adjusting  a 
screw  at  the  compressor,  and  this  at  once  sets  all  the  in- 
stallation perfect.  The  large  lamps  are  fitted  with  special 
Silica  chimneys  iiu  place  of  the  ordinary  globes.  The  absorb- 
tion  of  light  by  these  chimneys  is  practically  nil,  and  a  most 
important  consideration  is  that  they  do  not  break  in  case  a 
jet  of  flame  comes  through  the  mantle  and  plays  upon  them. 

Whilst  the  large  lamps  are  intended  for  general  illumina- 
tion, the  small  ones  are  for  special  purposes,  e.r/.y  the  lighting 
of  lathes,  planing  machines,  drilling  machines,  &c.，  as  well 
as  for  bench  work.  The  15  high -pressure  lamps  are  fixed 
as  shown  on  Fig.  4，  14ft.  and  16ft.  high,  and  the  four  1,000 
c.p.  low-pressure  lamps  are  fixed  35ft.  high  above  the  travel- 
ling cranes.  Until  recently  the  difficulty  with  respect  to  in- 
candescent lighting  for  the  purposes  just  enumerated  was  the 
inability  to  put  the  light  just  in  the  position  re(|uired.  This 
difficulty  has  now  quite  disappeared,  and 
the  arrangements  shown  in  Pigs.  1,  2,  3 
can  be  adapted  to  all  kinds  of  positions. 
The  burner  of  the  universal  fitting,  shown 
in  Fig.  2，  when  adapted  to  a  lathe,  is  fitted 
with  a  special  reflector,  which  directs  the 
light  on  the  object  to  be  examined, 
whilst  completely  shading  the  light  from 
the  workman's  eye.  The  fitting  allows 
the  light  to  be  turned  to  any  position 
required. 

Fig.  1  shows  an  arrangement  whereby 
the  light  can  be  raised  or  lowered  at  will  to 
suit  varying  conditions,  whilst  Fig.  3  shows 
an  anti-vibrating  arrangement  for  use  in  posi- 
tions where  the  vibration  is  excessive.  It  is  not  usual  to  use 
globes  with  the  small  lamps,  as  the  absorption  of  light  is  very- 
great  even  with  clear  globes,  and  it  was  stated  in  a  paper 
given  lately  by  an  electrical  engineer  that  25  per  cent,  of 
light  was  lost  if  globes  and  reflectors  were  not  regiilarly 
cleaned.  Wire  guards  are,  however,  used  to  prevent  the 
mantle  being  damaged  by  contact  with  moving  bodies. 

The  1,000  c.]).  high-pressure  lamps  give  a  distribution  of 
light  similar  to  that  sliown  in  Fig.  5.  This  diagram  is  con- 
structed from  tests  made  on  a  Graetzin  (Thorp  &  Marsh  type) 
lamp  as  in  use  on  the  Royal  Exchange,  Manchester.  It  will 
be  at  once  seen  that  the  curve  of  light  distribution  is  almost 


an  ideal  one,  as  it  gives  practically  an  equal  illumination  for 
about  30°  each  side  the  vertical,  the  increasing  candle-power 
of  the  lamp  from  the  vertical  to  30°  compensating  for  the 
increased  distance  from  the  source  of  light  to  the  floor,  e.g., 
the  candle  feet  directly  under  the  lamp  at，  say,  16ft.  distance 
is  3*16ft.  candles,  whilst  at  30°  it  is  2  92ft.  candles.  The 
figures  are,  of  course,  for  surfaces  normal  to  the  light  rays, 
and  on  the  diagram,  Fig.  6  showing  illuniinatioii  of  the  shops,, 
we  have  taken  them  as  such,  seeing  that  the  cosine 】aw  is 
not  applicable  in  practice,  the  light  falling  upon  the  various 
objects  at  all  angles.  Fig.  6  shows  a  graphic  method  of 
indicating  the  candle-power  of  a  light  source  at  various  angles 
and  distances,  and  is  due  to  niy  father,  Mr.  Thomas  Thorp. 
We  have  found  this  most  useful  in  making  diagram  Fig.  4. 
It  will  be  seen  that  the  normal  light  curve,  the  cosine  curve, 
and  the  curve  given  by  the  Newbigging-Thorp  lamp  are  given. 
Fig.  4  shows  the  general  arrangement  of  liigh-pressure  lamps 
and  low-pressure  hmps,  and  gives  the  illumination  at  the 
floor  】evel.  As  previously  mentioned,  the  foot  candles  are 
niuch  in  excess  of  that  stipulated,  but  the  gas  consuniptio»j 
can  be  lialveri  if  lift,  candles  only  is  desired.  Tlie  section 
at  A  B  shows  the  even  illumination  produced. 

Maintenance. —— The  maintenance  of  a  scheme  as  described 
is  very  low.  It  must  again  be  borne  in  mind  that  the  foot 
caiulles  given  are  greatly  in  excess  of  that  stipulated,  for  not 
only  do  the  large  lights  show  some  3ft.  to  4ft.  candles,  but 
there  is  to  be  added  the  illumination  produced  hy  the  100 
100  c.p.  small  lamps. 

Cost  per  liour. 

Cost  of  gas  for  a  total  candle-power  of  29,000 
candles  at  2s.  per  l，000ft.，  plus  allowance  for 
4  bye-  passes  to.  low- pressure  lamps   14*6d 

Large  mantles —— life  average,  103  hours   l'50d. 

Small  mantles— life  average,  300  hours    10d. 

Silica  chimneys  on  big  lamps  only    Id. 

Compressing  from  main  shaft,     h.p   "ad. 

Attention,  repairs,  and  cleaning    l*0d. 


18'7d, 


Maintenance  cost  Is.  6^(1.  per  working  hour  for  29,000 
candles. 

Su/tfihi/if//. —— Under  this  head  come  ：  (1)  Reliability. 
There  can  be  no  doubt  as  to  the  great  advantages  gas  pos- 
sesses on  this  point  over  its  competitors,  and  it  is  unnecessary 
to  do  more  than  record  the  fact,  although  this  should  be  the 
very  first  consideration  in  lighting  an  engineering  works, 
seeing  that  a  short  temporary  failure  of  li^ht  might  have 
disastrous  effects  where  there  is  moving  madiinery.    In  tlie 


Fig.  6. 

present  gas  scheme  the  only  chance  of  general  light  failure 
would  be  a  failure  in  the  gas  supply,  and  as  this  has  only 
occurred  at  very  few  places  out  of  thousands  once  in  a  hun- 
dred years,  the  danger  is  very  small  indeed.  Failure  of  light 
due  to  accident  to  compressing  plant  (which  is,  bv(-the-wav, 
only  equal  in  possibility  to  that  of  general  failure  of  elec- 
tricity) is  safeguarded  by  the  1,000  c.p.  low-pressure  lamps, 
which  would  give  a  good  general  illumination,  and  the  100 
small  lamps,  which  would  give  a  fair  illumination  even  with 
compressors  stopped. 

(2)  The  character  and  colour  of  incandescent  gas  lighting 
is  acknowledged  to  be  the  nearest  to  that  of  daylight,  not 
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:ter  of 


This  is  ； I   lnosi,  important   advantage  of 
l)ea»iliru1,  silfMil t  steady,  even  illiniiina- 
gas  ]ain|>,    wit  It    n    noisy,  flirk'-riii^; 
'、 moving  sIkhIows,  and  giving  an  im"v'':i， 


No 


only  ill  steadiness  l>ul.  also  wit  li  rt'g; 
the  s|HMlrimi. 

(3)  Steadiness. 
"； is.     ( 'oiil-rasi-  1  li 
tioit  from  a.   1  ,< M K 
屮. arc,  cast; 
iinpleasjiiil  li^lit.. 

M)  The   ease        niani[>ul;iti(>ii  and    I'n'cdum    I  mi 
j)leasant  shocks  is  of  great  advantage  to  users  of  gas 
special  kiu)wItHli;('  is  r('qiiin"l        k' 屮 j»  t  lie  insi;illai ion 
feet  order,  as  is  tlie  case  with  competiiive  systems' 

(5)  The  probability  of  iniproveinont  in  efTiciency 
case  of  gas  has  been  shown  in  the  earlier  part  of  the  paper, 
and  tliis  ouglii  to  weigh  heavily  in  t  lie  favour  of  gas,  as  not 
only  are  the  probabilities  of  i'in'("is:>(l  eflicien(7  very  great 
hui  tli*1  cost  of  ^;is  is  slcndily  fall- 
ii'g，  whereas  oil  and  similar  com- 
rnodil  ies  a  i  t'  increasing  in  cost. 

(6)  The  adaptability  of  ^as  t'oi* 
various  purposes  has  also  been 
shown,  for  not  only  can  m'ip  li"rl" 
be  moved  about  as  desired,  but  the 
sizes  of  the  li^lit  units  can  be 
varied  to  suit  all  conditions. 

Much  more  could  be  advanced 
ill  favour  of  gas  as  an  illuniiuat  - 
ing  agent,  and  much  data  ]>ro- 
(Iuc<hI  to  bear  out  the  statejiients 
made,  but  T  trust  sufficient  has 
been  said  to  show  that  gas  li^lit- 
is  the  ideal  illuniination  for 
engineering  works. 

(To  be  continued.) 


movable  pipe  11  are  connected  respectively  willi  I  Ih-  mlM  an«I 
outlet  of  t  lie  srnok (！ box  heater,  as  clearly  seen  in  Fi"'.  'J.  1 1 
the  smokehox  heater  is  to  \nt  employed  for  feed-water 
cornhinat  irjii  liin^c  of  similar  t  vpc  m;iy  !>**  a!THii^''l 
t  he  n('r"ss;ir、'  （'mm'， （-，  "'lis  l"'，、v''"ii  ll  ； iixl  t«'*''l 
|>ii)C  or  exhaust  heaters,  t  Im*  I>oi wat  e r  an<l  st  <*aiii  spares, 
； tnd  \  lie  cylinders. 

The  sinokebox  heater  I)  is  provided  witli  a  s|>ark  an''、"  r 
K  and  liaving  the  part  W  liing<"l       ； is  to  swing  an* J  i, 

may  also  be  arranged  witli  its  own  smok^box  K  of  reduced 
size,  to  which  a  supplementary  door  L  is  fitted,  thus  iMisurin^ 
ready  accessibility  to  tlie  l»eaier  tubes  and  tube  plates.  Tl"' 
uptake  E  forms  part  of  the  heater  sinokebox,  and  it  will  he 
seen  tliat  by  this  arrangeniei»t  an  efficient  length  of  cliirnney 
is  secured,  tliereby  ensuring  an  ad('(|ua"'  drau^lit.  for  t lie 
exliaust   steam    ui>  Hie  smoke  stack.       The  f'xli;m、t    — t''"m 


、一' 


1  Jr^'^ 

H  ' 
(_^.  G 

Ki". 


FEED-WATER  HEATERS  FOR 
LOCOMOTIVES. 

We  illustrate  herewith  an  arrange- 
inent  of  feed  -  water  heaters 
applied  to  a  locomotive,  the  in- 
vention of  Mr.  F.  H.  Trevithick, 
Zeitoun,  Cairo,  Egypt.  In  this 
arrangement  the  smokebox  is 
divided  into  two  portions  A  B 
Iiiti^ed  together  by  a  hinge  of 
sufficient  strength  to  carry  the 
necessary  weight.  To  the  front  or 
movable  portion  A  is  attached 
tlie  sinokebox  heater  D,  carrying 
its  own  smokebox  and  the  uptake 
or  chimney  E，  the  various  parts 
being  so  positioned  that  the 
smokebox  heater  is  placed  com- 
paratively low  down  in  the  smoke- 
box, so  as  to  ensure  an  efficient 
length  of  uptake,  this  feature  be- 
ing of  importance  particularly  in 
connection  with  】nodem  locomo- 
tives where  the  over-all  length  of 
<*himney  is  limited  by  tunnels  ainl 
bridges.  With  this  arrangement  the 

l"'a"'r.  when  the  smokebox  is  closed,  is  phiccd  in  the  line  of 
of  "ie  gases  issuing  from  the  fire  tubes  aiul  consetiuent ]y 
,s  i"  "ie 】nost  advantageous  position  for  drawing  these  gases 
tlu'ougli  them  and  the  smokebox  heater  tubes.  The  roiinc.-- 
tions  between  the  smokebox  lieater  and  the  exhaust  steam 
heaters  or  between  the  steam  cylinders  and  the  boiler  consists 
two  fixed  pipes  F  G  between*  which  is  a  short  movable  pipe 
H  divided  into  two  compartments.  The  axis  of  rotation  of 
tlie  movable  pipe  H  is  in  alignment  willi  that  of  the  sniokelmx 
liiug ？，  and  the  upper  and  lower  and  fixed  i)i|>(>s  F  and  G  are 
provided  witli  a  packed  gland  and  hush  to  form  a  ground 
swivelling  joint  t,o  make  water  or  steani-light  connections  with 
the  movable  pipe  H，  and  are  connected  respectively  to  the 
feed,  pipe  or  exhaust  steam  heaters  and  to  the  boiler  clack  box 
or  to  the  boiler  and  the  steam  cylinder  steam  chests,  according 
as  to  whether  tlie  smokebox  heater  is  to  be  eitiploved  for  feed- 
water  heating  or  steam  drying.  The  two  compai-tnients  of  the 


KKt.  -2. 


J'*k;.  3. 


Via. 


ATi:H  Ili;.\TKl;s  l  oll  Lot  OMOTIVKS. 


heaters  N  are  connected  at  one  end  by  means  ol'  a  Y  ，'"" 
necting  pipe  O  secured  to  the  exhaust  pipe  V  <Fi"r.  h  i，'>m 
the  steam  cylinders,  while  the  other  ends  of  tlie  heaters  are 
connected  by  a  T-shaped  blast  pipe  Q,  the  upper  end  of  wlii<  li 
is  arranged  to  discharge  into  the  heater  smokebox  R.  The 
upper  part  of  the  blast  ])ipe  is  carried  by  the  movable  portion 
of  the  smokebox,  and  any  suitable  form  of  joint  im:  may  1"> 
provided  between  the  upper  movable  and  lower  fixed  portion 
of  the  blast  pipe  arranged  so  that  sucli  joints  may  be  cjuirklv 
n ml  easily  made. 

By  means  of  this  arrangement  tlie  whole  ot'  tlie  exli;ui>t 
steam  passes  from  tlie  cvlimlers  through  the  feed-water 
heaters  N  N  before  issuing  from  the  blast  nozzle,  and  in  order 
to  prevent  undue  condensation  of  the  exhaust  steam  in  these 
heaters  a  supplementary  heator  S  is  provided,  being  fed  witli 
exhaust  steam  from  an  extension  of  tlie  horizontal  portion  of 
the  blast  uozzle,  as  shown  at  T  (Fig.  3),  the  supplement  a  rv 
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heater  being  provided  with  an  outer  casing  U  and  suitable 
drain  pipes  from  which  the  condensed  exhaust  steam  may  be 
allowed  to  drain. 


LIQUID  FUEL  FOR  POWER  PRODUCTION. 

The  second  of  the  series  of  Cantor  Lectures  on  liquid  fuel 
delivered  by  Prof.  Vivian  B.  Lewes  at  the  Royal  Society  of 
Arts,  dealt  with  the  methods  of  utilising  this  fuel  for  I  lie  |,r(, 
duction  of  power.  Differing  but  little  in  its  ultimate  composi- 
tion, crude  oil  as  it  was  won  from  the  porous  reservoir  that 
formed  the  oil  stratum  was,  he  said,  a  mixture  of  the  many 
hydrocarbons  which  constituted  the  three  great  groups  of 
paraffins,  ethylenes,  and  naphthenes.  Tlie  crude  oil  was 
separated  into  the  fractions  needed  by  the  markets  of  1  he 
world  by  a  process  of  distillation  in  the  refineries  at  the 
oilfields.  It  had  a  specific  gravity  whicli  might  vary  between 
wide  limits,  and  contained  the  whole  range  of  the  hydro- 
carbons of  the  groups  which  formed  it. 

With  oils  such  as  the  Pennsylvanian,  wliich  consisted 
largely  of  paraffins,  the  natural  gas  which  accompanied  the 
oil  and  created  the  pressure  that  in  a  gushing  well  drove  it 
from  the  bore  consisted  of  the  first  member  of  the  series, 
methane,  while  with  it  there  was  often  14  per  cent,  of  the 
second  member,  ethane  ；  in  the  oil  itself  were  traces  of  the 
next  two  members  in  solution,  while  with  the  fifth  member, 
peutane,  the  true  oil  began,  and  the  higher  members  up  to 
the  14th  were  liquids,  getting,  however,  more  heavy,  more 
viscous,  and  less  volatile  the  greater  the  number  of  atoms  in 
the  molecule,  so  that  by  the  time  the  15th  member  was 
reached  pasty  semi-solids  like  vaseline  were  obtained.  The 
higher  members  of  the  group  were  true  solids.  Each  step  in 
the  series  was  marked  by  an  increase  in  specific  gravity  and 
boiling  point,  so  that  while  pentane  had  a  specific  gravity  of 
0'64  and  volatilised  below  the  ordinary  air  temperature,  by 
the  time  decane  was  reached  the  specific  gravity  had  risen  to 
0.751  and  the  boiling  point  to  162°  C.  This  rise  in  boiling 
point  permitted  the  crude  oil  to  be  distilled  at  slowly  rising 
temperatures,  and，  the  distillates  over  given  ranges  having 
similar  properties,  to  be  fractionated  into  products  fitted  for 
the  various  purposes  to  which  they  were  to  be  applied.  The 
first  distillates  up  to  a  temperature  of  150°  C.  constituted  what 
was  technically  known  as  "  benzine,"  all  of  which  might  prac- 
tically now  be  used  as  motor  spirit  ；  from  150。  to  300°  C. 
distilled  over  the  lamp  oil,  used  as  an  illuminant  and  generally 
called  "  kerosene,"  which  now  also  was  being  used  largely  in 
some  internal-combustion  engines  ；  while  with  oil  obtained 
after  these  fractions  had  been  distilled  off  was  the  portion 
used  as  liquid  fuel  for  steam  raising  and  furnace  work,  or  for 
further  distillation  to  produce  lubricating  and  heavy  oils，  a 
residue  of  pitch  or  coke  being  left  in  the  retort. 

The  problem  to  be  solved  in  the  use  of  liquid  fuel  was  how 
best  to  utilise  the  largest  proportion  of  the  heat  contained  in 
it  for  conversion  into  power.  The  earliest  practical  attempts 
to  do  this  consisted  in  burning  the  oil  in  porous  beds  or 
troughs,  and  in  the  Russian  fields  Nobel  succeeded  in  getting 
very  excellent  results  by  fitting  a  gratework  of  troughs  one 
above  the  other  across  the  mouth  of  the  furnace  of  a  Lanca- 
shire boiler,  and  allowing  crude  oil  to  run  in  at  the  top  and 
overflow  from  one  trough  to  the  other  through  the  series. 
The  crude  oil  containing  considerable  percentage  of  spirit 
bui-tit  fiercely,  and  the  flames  were  sucked  by  the  draught  in 
the  chimney  into  the  boiler  space,  evaporations  as  high  as 
131bs.  and  141bs.  of  water  per  pound  of  fuel  being  obtained. 
Such  a  process  could  not,  however,  be  employed  for  anything 
but  stationary  boilers,  and  the  next  phase  was  to  arrange 
retorts  and  superheaters  in  the  mouth  of  the  boiler  furnace, 
and  there  convert  the  oil  into  gas,  the  gas  being  driven 
forward  into  the  furnace  space.  The  gasifying  of  the  oil 
being  attended  by  many  troubles,  naturally  the  next  idea  that 
arose  was  to  disintegrate  the  oil  into  the  finest  possible  spray 
so  as  to  aid  combustion  by  getting  the  oil  as  near  the  gaseous 
condition  as  possible.  There  were  three  methods  of  atomising 
the  oil,  viz.  ：  (1)  Spraying  it  in  as  fine  a  state  of  division  as 
possible  by  means  of  steam  from  a  properly  arranged  injector  ； 
(2)  using  air  under  pressure  instead  of  steam  for  this  purpose, 
the  air  also  serving  to  help  the  combustion  ；  and  (3)  supplying 
the  oil  itself  under  pressure  and  driving  it  out  through  a 
specially  arranged  jet  in  such  a  way.  that  it  should  be  dis- 
integrated. 


From  a  very  early  date  in  the  history  of  liquid  fuel  it 
became  evident  that  its  great  future  would  be  for  marine 
purposes.  When,  however,  attempts  came  to  be  made  to 
introduce  it,  it  was  found  that,  although  various  injector 
burners  answered  admirably  in  tramp  steamers,  with  Service 
vessels  the  furnace  space  was  too  small  to  allow  the  proper 
combustion  of  the  amount  of  oil  needed  to  give  the  required 
power,  and  that  as  a  result  dense  black  smoke  was  formed, 
whicli  would  at  once  have  revealed  the  whereabouts  of  the 
vessel,  and  which  also  lowered  the  efficiency  of  the  oil. 
Another  trouble  was  that  in  order  to  provide  the  steam  neces- 
sary for  the  atomisation  of  the  oil  extra  boilers  would  have 
had  to  be  provided,  and  at  one  time  the  idea  of  using  liquid 
fuel  was  very  nearly  killed.  Iujection  by  means  of  compressed 
air  also  had  the  drawback  that  the  jet  of  oil  mist  driven  for- 
ward into  tlie  furnace  space  passed  through  it  too  rapidly 
for  complete  combustion,  while  the  power  used  to  give  the 
pressure  again  necessitated  the  use  of  steam.  Under  these 
conditions  direct-pressure  burners  began  to  be  experimented 
with.  The  great  advantage  of  ejecting  the  oil  into  the  fur- 
nace space  as  a  swirling  cloud  of  mist  instead  of  a  direct- 
driven  spray  was  that  its  passage  through  the  furnace  and 
combustion  space  was  so  retarded  as  to  give  sufficient  time 
to  complete  its  combustion. 

For  steam  raising  purposes  petroleum  might  be  taken  as 
having  an  evaporative  power,  weight  for  weight,  50  per  cent, 
higher  than  Welsh  steam  coal.  On  theoretical  grounds  it 
would  be  expected  that  the  evaporative  power  would  be  about 
151bs.  of  water  per  pound  of  oil  fuel.  The  evaporative  power 
of  a  good  oil  fuel,  as  calculated  from  analysis,  was  19'91bs.  of 
water  from  and  at  212°  Fah.  As  determined  in  the  bomb  the 
calorific  value  was  18,831  B.Th.U.，  and  if  this  figure  were 
divided  by  966 ― the  latent  heat  of  steam  in  degrees  Fah. 
― the  evaporative  power  obtained  was  195,  so  that  it 
might  be  assumed  that  under  theoretical  conditions  the 
evaporation  per  pound  of  oil  would  be  about  this  quantity. 
Taking  into  account  unavoidable  heat  losses,  the  evaporative 
duty  of  oil  fuel  should  be  13'21bs.  in  practice,  instead  of  the 
calculated  19'51bs. 

Probably  the  phase  of  liquid  fuel  consumption  which  was 
attracting  the  largest  amount  of  attention  at  present  was  the 
internal-combustion  motor.  When  success  first  crowned  the 
attempts  to  use  liquid  fuel  for  the  purposes  for  wliich  coal  had 
always  been  employed,  enthusiasts  were  to  be  found  who 
declared  that  oil  would  replace  coal  entirely,  oblivious  of  the 
fact  that  the  world  s  output  of  crude  oil  was  only  a  very  small 
fraction  of  the  coal  production  ；  while  siuce  the  Diesel  engine 
had  proved  its  fitness  for  marine  work  by  such  installations  as 
those  on  the  "Vulcanus"  and  "Selandia,"  the  same  class  of 
adherent.was  ready  to  avow  that  the  Diesel  engine  would  sup- 
plant steam  for  marine  purposes,  forgetting  or  not  knowing 
that  to  do  so  the  world's  production  would  have  to  be  doubled, 
and  the  whole  of  the  supply  devoted  to  this  purpose.  The 
clioice  of  a  prime  mover  was  mainly  a  question  of  expense ?  and 
in  spite  of  the  Diesel  engine  consuming  only  one-third  of  the 
weight  of  fuel  used  by  the  best  overtype  superheated  con- 
densing steam  plant,  yet  for  a  given  power  with  coal  at  18s. 
per  ton  and  oil  at  42s.  per  ton  the  annual  cost  of  runuiug  the 
steam  plant  would  be  less  than  that  of  the  Diesel  engine,  when 
all  items  of  expense  were  taken  into  consideration.  At  the 
present  moment,  however,  the  price  of  fuel  oil  was  far  above 
42s.  per  ton. 

Prof.  W.  A.  Bone  had  found  that  wheu  a  mixture  of  a 
combustible  gas  with  air  was  forced  under  pressure  through  a 
porous  diaphragm  of  asbestos  and  fireclay,  if  the  mixture  were 
ignited  as  it  leaked  through  the  porous  mass,  it  could  not 
explode,  but  burnt  in  the  porous  surface  of  the  diaphragm 
-  and  quickly  raised  it  to  a  very  high  degree  of  incandescence, 
capable  of  yielding  a  very  large  proportion  of  its  heat  as 
radiant  heat.  The  interest  in  this  process  with  regard  to 
liquid  fuel  was  that  it  would  work  just  as  well  with  air 
carburetted  with  petrol  vapour  as  with  any  other  form  of 
inflammable  gas.  The  latest  development  of  all  was  that  if 
fuel  oil  were  finely  atomised  with  air  in  the  right  proportion, 
and  then  blown  into  the  tubes  containing  the  granular 
material  in  the  Bonecourt  boiler,  providing  that  the  granular 
mass  had  been  first  heated,  complete  combustion  ensued  and 
the  same  high  efficiencies  could  be  obtained  as  with  gas  burnt 
in  the  boiler. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Shipbuilding  in  the  United  States. ―  According  to  。"'  ：' mm:il 
report  of  tlio  l{ur(':iu  ol'  Navigation  ut'  llic  l'mb、d  States 
])r{>;irtiiHMit  of  Comim'ivc  ； tiul  IziUiur,  tlicrc  \v;is  an  r'':i、'，  "I 
I ；]：)  in  the  nunilxM-  ol:  vessels  of  all  chisscs  ('mi'slriiH,'(l  in  tlir 
l:i""><l  States  during  thv  year  1912，  Init  a  imtaUi'  (I'-cn'w  in 
tlir  total  tomui^o.  DuriiiK  tho  .v。:ir  tli'-r,'  urir  const nictcfl  in 
tluit  country  1,727  vessels,  with  a  tobil  ">mi;w  oi:  292,477,  while 
tigmvs  tor  191  1  show  tlutt  1,592  vwls  u't'iv  coiKstructcd, 
totalling  3。"，（i4。  tons.  Stc;un  vf'ssols  ol"  steel  c(H)sLruci  ion 
showed  a  (lecroasc  in  1912  ovor  1，  、vliilr  steam  v(、ks (丄 s  of 
\\ oodcii  consti'uctioM   sliow  ed  an  ii"  n、a.、''. 

The  Humphrey  Pump. ― At  the  new  n-sri-voir  at  ('liiiW。r(l  "i'' 
first  of  tlio  ii\ c  H  uniphroy  explosion  pumps,  of  40  million  gallons 
r;i|,:i(it.、'，  li;'s  Ih'cii  put  to  work.  Tl"'  performance  has,  wo 
untlorst;ui(l;  (、x('('o(li'd  ,'\|"'<  l:it  ""is，  Kol  li  in  i  *^;inl  to  tlic 
； imounl  ot:  wnivv  r;i iscd— tliis  being  ；'!  tin'  r;iic  oi"  i'uliy  .">(),000,1)( )D 
gallons  a  d;i\  — and  I  lie  lack  ol'  \  ilinition.  The  pump  works  on 
t  h<>  level"  principle,  with  tho  explosion  in  direct  contact  with 
the  、vat(、i'，  at  a  speed  of  about  1Q  cycles  a  minute.  The  pumps 
have  boon  man  uf  actuiod  by  Mtssrs.  Siemens  Bros.  Dynamo 
Works,  Jitd.j  to  tho  designs  of  the  inventor,  Mr.  H.  A.  Hum- 
phrey, of  the  Pump  and  Power  Company. 

Swan,  Hunter,  &  Wigham  Richardson.  一  At  an  extruordinnrv 
u,Micr;)l  meeting  of  Swan,  Hunter,  &  Wigliam  Hidia rdson3  in 
\cwcastle-ou-Tyne  on  tho  27th  ult.,  the  following  resolution, 
wliich  was  passed  at  an  extraordinary  general  meeting  of  the 
coi»ij)any  on  Janua ry  1st  was  submitted  for  confirmation  in  a 
spocml  resolution :  "  That  the  capital  of  the  company  be 
increased  to  £2,000,0(X)  by  the  creation  of  300,000  new  protVrenco 
shares  of  £1  each,  ranking  as  regards  dividend,  voting,  and  in 
all  other  respects  pari  pa.i^a  with  the  existing  preference  shures 
in  tho  company's  capital,  and  by  the  creation  of  20Q3000  ordi- 
nary shares  of  £1  each."  Dr.  G.  B.  Hunter^  who  presided, 
formally  moved  the  resolution,  which  was  seconded  and  carried 
unanimously. 

Clyde  Shipbuilding. ― Only  11  vessels 5  aggregating  105630  tons, 
Avere  launched  by  Scottish  shipbuilders  during  January.  Ot 
these,  five  of  9,755  tons  were  launched  on  the  Clyde.  The  Clyde 
total  is  very  small,  but  it  is  by  no  means  the  smallest  on  record 
for  tho  month.  On  five  former  occasions  the  output  for  January 
was  below  1050UU  tons.  It  was  lowest  in  1908，  when  eight  vessels 
of  only  1,969  tons  were  launched.  Last  year  the  Clyde  January 
output  consisted  of  39,526  tons,  in  1911  it  was  23,540  tons,  in 
191 U  22,773  tons,  and  in  1909  21,430  tons.  It  is  expected  that 
before  the  year  is  very  far  gone  the  adverse  balance  on  Januaiy 
will  be  more  than  wipe<l  oft".  The  shipyards  arc  all  very  busy  ； 
there  a  re  quite  a  number  of  huge  vessels  to  be  launched  within 
the  12  months,  as  well  as  more  than  the  average  number  of 
vessels  of  ordinary  sizes  and  types,  and  the  tonnage  record  for 
1913  is  very  likely  almost  to  equal  if  not  to  exceed  the  record 
figures  of  1912. 

Wages  in  the  Iron  Trade. ― The  ascertainment  of  the  accountants 
i'or  the  Midland  Iron  and  Steel  Wages  Board  shows  that  for  the 
mouths  of  November  and  December  the  output  of  manuiactured 
iron  was  405146  tons,  and  the  average  net  selling  price  £8.  Is.  6d. 
In  accordance  with  the  sliding  scale  arrangements  the  wages  for 
puddling  during  the  months  of  February  and  March,  1913,  will 
be  the  same  as  those  already  prevailing.  The  ascertainment  of 
the  accountants,  communicated  to  the  Board  of  Conciliation  and 
Arbitration  for  the  manufactured  iron  and  steel  trade  of  the 
North  of  England,  for  the  months  of  November  and  December, 
shows  that  the  output  was  9,212  tons3  and  average  net  selling 
price  £6.  6s.  6d.  Tlie  wages  for  February  and  March  will  be  the 
same  as  prevailed  in  the  preceding  two  months.  The  follow m^; 
intimation  has  been  made  to  Messrs.  James  C.  Bishop  and  James 
Gavin,  joint  secretaries  of  the  Scottish  Manufactured  Iron  Trade 
Conciliation  aud  Arbitration  Board,  by  Mr.  John  M.  MacLeod, 
C.A.,  Glasgow :  "In  terms  of  the  remit  I  have  oxamine<l  tho 
cniployens'  books  for  November  and  December,  1912，  and  I  <  ('rti「y 
the  average  net  selling  pri<  c  at  works  lirou^lit  out  is  £7.  (is.  8'71d. 
per  ton.    This  moans  no  change  in  the  wages  of  the  workmen.'' 

Arbitration  in  the  Iron  Trade. ― The  ； uuiual  mct'tiiig  oi  tlm 
Boa  rd  of  Conciliation  and  A  i 山 it  ration  for  tin-  ,M  :uiul';irtun'il 
Iron  and  St  col  Trade  of  tho  North  of  Kn^Iaud  "as  \wU\  :it  Nf\\ 
castle  on  tho  27th  ult.  Tl"、  pi',、sid。i't,  M  v.  W.  Thackray,  Monk 
wearmoutli,  in  moving  the  adoption  of  tlio  report,  said  that  in 
the  iron  and  stool  trade  of  tho  North  tlitTo  、、； 》s  pli'iity  of  work 
tor  all  who  wanted  it.  It*  labour  trouMes  in  other  l»ranclu\s  oi 
tiade  did  not  bother  thom  and  legislation  、、riv  to  lt';i、，'  t linn 
oroly  aluno  they  might  t-oii^ratulato  tliomselves  on  the  pros- 
poets  of  the  present  year.     Tliey  could  congratulate  themselves 


on  their  modo  of  settl<Mncnt  I'.v  ;irlntration ,  r:ilm  卜 sio"，  and 
rriisoii .  I  f  that  m()(l«'  |m，v;"l"l  inst'':i<l  r»i  Hi'*  I, nit''  t',r(  "  of 
strikes,  it  u  ould  I,"  \n-iU~v  ior  i  w  rv  ti  -、、  u>  tin-  ((ix-htion 

ot  oniorciiiK  agrecrncnts,  they  did  not  want  t\w  help  of  coin- 
pul.sory  arbitration,  and  his  ow  n  *>\  idtMu  c  Ijdorr.  tli<»  (、'"mii、sio" 
iii  London  was  that  tlit-v  could  <lo  \  w  \,\  i  li.-ii 卜 '.I '■ '.、  it  I'-' 
； "on(、.  Mr.  W.  C.  Gi  iflitlis  s,'r"n'i"'l，  ：m<l  tl"'  report  \\  as 
adopted.  The  re-election  of  officers  took  place  as  follow  :  Sir 
W.  H.  Steplionson,  referee  ；  -M  r.  、、'.  Tliack r  a  v,  |'r''、i'l<'"t  ；  M  r. 
W.  C.  (iriffiths,  vice  president  ；  -、 I«'.、m、.  \、'mp"miy  aiifl  Cox, 
s('(  ivtaries  ；  Messrs.  H.  C.  McHt  ath  ； uid  T.  B  I'u^h,  audiU>r.s  ； 
and  M(»s.srs.  II.  W.  Davids  and  Jobn  Ellison,  treasurers . 

Benzol  as  Motor  Fuel. ― Tlie  I't-trol  ('oininn  oi  \  \a-  ,i  I  A  m «» 
mobile  Club,  in  their  second  report  ju'st  issued,  t'.、pr*'、、  tin  vi'  、、 
that  no  further  useful  action  can  bo  taken  at  tho  moment  in 
regard  to  tho  supply  or  distrilmtinn  oi  petrol  that  would  U'ii'1 
to  reduce  the  cost  of  the  spirit  to  consumers.  '\'\\*-\  poi nl  out 
that  tho  demand  for  petrol  i.s  almost  greater  tlian  tlic  aj>j>;ir<  nt 
existing  supply,  and  this  demand  is  rapidly  increasing  in  all 
countries.  The  Royal  Automobile  Club  liav"  iiitim:iU'(l  th，'ir 
lin^iu'ss  to  conduct  tests  witli  li<iui<l.  solid,  and  ^as'-ou.-. 
fuels,  for  both  pleasure  an<l  conimcrcial  motor  vehicles,  and  to 
consider  the  de,siraV)ility  of  holding  ;i  public  c<jnip<'titioii  ot 
vehicles  propelled  by  fuels  other  than  exclusively  petrol.  V;m"'i、 
su^gt^tions  have  been  suhmitted  to  the  committee  for  alterna- 
tive fuels,  and  the  most  suitable  niulcr  prcsrnt  foii^li 
tions,  and  most  likely  to  be  possible  of  production  to  a  competi- 
tive extent,  appears,  the  connnittoe  considers,  to  I"1  l>ei»zoI.  Tlie 
Automobile  Association  and  Motor  l'iii"i，  and  tli«-  Society  ol 
Motor  Ma nutacturers  and  Traders  have  formed  a  joint  com- 
mittee, to  which  they  have  between  thom  contributed  £1,000  to 
defray  the  necessary  expenses  in  order  specially  to  investigate 
the  poiwibilities  of  benzol  as  a  fuel.  The  result  oi  the  labours  of 
this  joint  committee  will  be  embodied  in  the  final  report  <>i  tli<- 
Petrol  Committee. 

Compulsory  Arbitration  in  the  Coal  Trade.  ―  Air.  .loM-ph  Sliaw , 
K.C.,  chairman  of  the  Powell Duft'ryu  Steam  Coal  Company^  and 
All'.  William  Gascoyne  Dalziel,  secretary  of  the  Monmouthshire 
and  South  Wales  Coalowners'  Association,  were  the  principal 
witnesses  at  the  sitting  of  the  Industrial  Council  held  in  London 
on  the  29  th  ult.  Mr.  Shaw  said  his  com  pa  ny  was  the  owner  of 
collieries  having  au  output  ot  al"mt  4;0(MI?< HJl)  tons  anmially.  So 
far  as  the  Monnioiith.shire  and  South  Wales  coalfield  was  crm 
cerned  he  was  satisfied  that  the  muchinery  in  oporation  for 
dealing  with  the  general  rate  ol  wa^e.s  and  disputes  w  as  the  most 
suitable,  and  he  should  deprecate  any  legislation  in  the  naturo 
of  compulsory  arbitration.  Where  agreements  had  been  mado 
between  representative  bodies  of  employers  and  worknuMi  li" 
thought  they  should  be  enforced  by  rendering  the  f\uids  of  the 
association  liable  where  the  breach  had  been  brought  ;ilx)ut  l>\ 
the  association  or  its  officialsj  or  the  workmen  were  financially 
supported  by  the  association  where  a  strike  was  illegal.  l'nl,  、、 
this  was  done  he  was  satisfied  that  contracts  would  be  broken 
whenever  it  suited  the  workmen's  representatives  to  do  so.  11' 
was  aware  that  this  would  mean  the  repeal  of  the  Trades  Dis- 
putes Act,  but  he  saw  no  alternative,  having  carefully  con- 
sidered the  matter.  Mr.  W.  G.  Dalziel  gave  evidence  as  to  the 
agreements,  &c.，  affecting  the  South  Wales  coalfield,  and  said 
the  principle  of  collective  bargaining  between  the  colliery  ou  m  r、 
and  the  workmen  was  recognised  as  tar  back  as  1875,  and  had 
been  maintained  ever  since.  If  an  arbitrator  were  brought  in 
from  outside  with  plenary  powers  they  would  never  hnw  c<m 
ciliation. 

Oil  Engines  for  Marine  Propulsion.  —  At  th'  annual  tlinnrr  ->t 
the  Scottish  staff  of  Lloyd's  Register,  held  at  Glasgow  on  Satur- 
day la«t,  Mr.  C.  E.  Brightmau  stated  that  during  the  year  1U12 
Lloyd's  Register  classed  the  record  total  of  l3403,OUU  tons,  while 
tho  total  classed  during  the  existence  of  the  society  exr*  . 
42,500,000  tons.  At  the  close  of  1912  88  per  cent,  of  the  ton- 
nage under  construction  in  the  United  Kingdom  for  Biiti、li 
classification  was  for  Lloyd's.  Practically  the  whole  of  the 
imnuuise  tonnage  of  oil-carryiug  vessels  now  under  con>tr\Hti«>n 
and  of  vessels  on  the  lsherwoocl  system  of  longitudinal  framing 
was  for  their  classification,  while  there  wort*  also  l>oiiig  built 
under  their  special  survey  vessels  representing  nearly  1<X),000  tons 
of  shipping  for  internal-conibustion  ongiiu\s.  Thv  <k'、  ，>l"pm''nt 
of  this  special  typo  of  engine  was  being  followed  clo^oly  l>y  thrw 
fommittee.  Mr.  Milton,  their  chief  engiiuvr  s.m  \  e> or.  had 
visited  all  the  principal  works  where  such  on^inos  wore  inado  in 
tho  United  Kingdom  and  on  the  C'ontinont,  and  had  (lisru^sod 
exhaustively  with  tho  various  makers  all  the  details  of  their 
const riK'ticm.  W  liorovor  possible  full  details  had  Uh"i  oKtaiin-d  ot 
r.  Milts  in  working  ；  personal  inspection  had  boon  ni;i(l，、  l>y  their 
surveyors  on  every  possible  opportunity,  and  advantago  lia(l 
been  taken  of  the  iuformution  obtained  to  guide  them  iu  deal- 


100 


THE    MKCIIANICAL  ENGINEER. 


February  7，  luiii 


ing  、、hli  new  rases.  There  、、'（'ro  fonsidora^lo  difforcuces  of 
opinion  on  ninny  points ；，  as  to  wliich  no  dogmatic  ffniclusious 
could  be  lornnila ted  until  tinu*  liad  siipi'l"'<l  t licin  u  ith  tlic  results 
ol  cxpcriciK'O.  Definite  n、（p" n'nii'i" s  、、  《'iv  Ixmii^  m:"l(',  how  over, 
uith  rospoot  to  details  of  construction  :m(l  p(iuipim"it  for  wliicli 
sullicicni  data  wow  ； u  ;ulnhl(»,  ； uul  careful  w  ;ii cli  、、  ： is  kepi  on  ilic 
progress  of  tho  (Mi^ino  for  tlie  purpose  of  making  1  licsc  i'c,|iii rc- 
DHMits  ； us  complete  as  ])os.si 
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Speafiraf  }<ms  of  the  following  are  now  p\(hitsh  <  <L  '〃〃/  〃  ''  ■、'/'〃〃 
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Mmullof.  690. 

Distributing  valve  for  -conipouud  .stoa/n  engines.     Hloxhiim.    H( ).*> . 
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887. 

Controlling  mechanisms  for  pro\(Miting  ovt'rwiiulin^;  in  、viii(lii，g 
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Houston  Company.  2343. 
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Incandescent  electric-  lamps.    Trusted.  9983. 
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son-Houston  Company.  112-52. 
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Electric  furnaces.    Bocuze.  21290. 

Electric  switches.    Lundber^,  Lundlu'i'^,  A:  Lun<]l»erg.  21913. 
Automatic  controlling  device  for  eloctric  cut-outs.    J )c  Tlii,''rv 


METAL  QUOTATIONS. 

TUESDAY,  FEBlll'AHV  4tii. 

Aluminium  ingot   y:{ /-  per  cwl. 

，，         wire,  according  to  sizes,  &c  from  ]  12/-  ，， 

，，        sheets        ,,  ，，   ,  120/—  " 

Antimony  137/-/-  to  £40/-/-  />^r  ton. 

Brass,  rolled    9|d.  per  lb. 

，,    tubes  (brazed)    \{)kd. 

，，       ，，     (solid  drawn)   OJd. 

„  *    „     wire   8|d. 

Cjpper,  Standard   £(»S/T/(>  per  ton. 

Iron,  Cleveland   ，， 

，， Scotch   71/lj"  ,, 

Lead,  English    £17/2/(>  ，， 

，， foreign  (soft)    £Hi/15/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb 

"  ，，  ，，       medium   3/6  to  6/—  ,, 

，，  "  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/15/-  per  bottle 

Silver   28|^d.  per  oz. 

Spelter    £2G/2/(i  per  ton. 

Tin,  block   £224/15/-  ,, 

Tin  plates   15/-  ，, 

Zinc  sheets  (Silesian)   £29/7/6 

，，  (Stettin  ；  Vieille  Montague)   £20/1 7/i»  .'• 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  anothttr  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 

Now  a  emile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NONLEAK  JOIN^, 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 
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Canadian  Legislation  and  Industrial  Disputes. 

At  the  time  of  the  coal  strike  and  railway  strike  a  good 
deal  was  heard  about  the  labour  legislation  of  Canada  and  its 
beiieficeiit  effect  in  preventing  strikes  and  lockouts,  and  last 
autumn  Sir  George  Ask  with,  vvlio  has  established  a  re- 
putation as  a  happy  conciliator  in  trade  disputes, 
was  deputed,  in  conjunction  with  Mr.  Isaac  Mitchell,  of  t he 
Hoard  of  Trade  Labour  Department,  to  make  a  tour  of  the 
Dominion  to  investigate  the  working  of  their  enact  inputs, 
cind  report  as  to  the  desirability  of  instituting  legislation  wit li 
a  similar  object  here.  Although  the  report  disposes  of  some 
of  the  exaggerated  ideas  that  were  prevalent  as  to  the  potency 
of  legislation  to  dispose  of  labour  troubles,  it  is  of  int  JMesI , 
and  deserving  of  si ucly. 

The  Lemieux  Act,  named  after  tlio  C1;uiadian  Mini- 
ster of  Labour  during  whose  term  of  office  it  was 
passed  in  1907，  was  the  outcome  of  the  Railway  Lahmn- 
Disputes  Act,  passed  some  four  years  previously,  and  under 
which  tlie  Dominion  Government  had  the  power  to  refer  any 
railway  dispute  to  a  Comi»iittee  of  Conciliation,  and  failing: 
that  to  a  Board  of  Arbitrators,  who  could  reooimnend  terms 
of  settlement  but  could  not  enforce  them .  Under  its  0]>er;i- 
tions,  railway  strikes  became  less  frequent,  and  as  there 
appears  a  disposition  both  on  the  pari  of  railway  companies 
and  railway  unions  to  appeal  to  and  accept  the  decisions  of 
these  tribunals,  the  Lemieux  Act  was  adopted  with- 
out much  opposition.  Its  operations  carried  Govennnent 
action  a  step  further,  and  ensured  the  recognition  of  public 
interests  in  other  industries,  such  as  mining  and  shipping,  on 
whose  continuity  national  well-being  so  vitally  depends. 
The  Act,  however,  which  came  into  force  on  October 
22nd,  1907,  is  not,  as  some  imagine,  one  for  com- 
pulsorv  arbitration.  It  only  enacts  that  in  «my  dis- 
pute in  the  industries  mentioned,  '.t niiniii^,  agency 
of    transport  at  ion,    or    conununioation,    or    public  service 
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utility,  the  questions  shall  be  su'jmit ted  to  a  Board,  with  a 
view  to  arriving  at  a  settlement  before  a  strike  or  lockout  can 
be  begun,  and  that  at  least  thirty  days'  notice  shall  be  given 
by  either  employers  or  workmen  of  any  intended  change  in 
working  liours  or  conditions.  Pending  proceedings  before  a 
Board  in  case  of  dispute,  a  strike,  or  a  lockout  in  these  services 
is  illegal,  the  penalty  for  infringement  being  from  $100  to 
$1,000  per  day  for  an  employer,  and  from  .^10  to  S50  per 
day  tor  a  woi'km;m，  while  inciting  or  encouraging  by  either 
])arl v  are  deemed  to  be  offences,  and  similarly  punishable. 

It  will  be  seen  the  Act  only  endeavours  to  postpone  a  stop- 
page of  work  in  certain  special  iiulusl  i*ies  for  a  1'riH'  period 
and  for  a  specific  purpose.  It  does  not  destroy  the  rights  of 
employers  or  workpeople  to  terminate  contracts,  or  interfere 
with  details  of  administration  of  business  or  organisation  of 
trade  unions.  It  proceeds  simply  on  t  lie  assiuii])!  ion  that 
differences  may  be  adjusted  by  discussion  and  iie^ouaiioii ,  and 
secures  that  before  a  stoppage  does  take  ])lace  tlie  possibilities 
of  amicable  settlement  shall  at  least  have  been  tried -  Failing 
lliis  end  both  sides  are  then  at  liberty  to  take  such  action  as 
they  may  think  lit.  The  Act,  it  will  be  seen,  does  not  differ 
niateriallv  from  any  oilier  method  of  voluntary  conciliation 
that  may  be  resorted  to.  Its  real  value  lies  in  the  insis- 
tence that  conciliatory  efforts  shall  at  】east  have  a  chance, 
and  by  their  publicity  hel])  to  form  a  wider  opinion  tliat  in 
the  final  resort  must  (le('i(!e  any  big  dispute  concerned  with 
a  vital  national  utility.  T u  trades  outside  the  narrow  circle 
specified  it  is  difficult  for  outsiders  to  form  a  sound  opinion 
as  to  the  merits  of  a  particular  dispute,  and  in  the  absence  of 
its  influence  the  combatants  jinist  perforce  fight  out  their 
quarrels  between  themselves. 

The  reception  of  the  Lemieux  Act  is  not  by  any  means  so 
universally  friendly  as  some  writers  here  have  sought  to  con- 
vey. Labour  generally  is  suspicious  of  its  powers  and  opera- 
tions, and  though  the  Railway  Union  officials  have  reversed  the 
attitude  they  first  assumed  towards  it  and  are  now  warm  sup- 
porters, the  Mine  Workers'  Union,  on  the  other  hand,  is 
frankly  hostile,  and  its  opposition  is  reflected  widely  in  the 
fact  that  the  Canadian  Trades  Union  Congress  passes  an 
annual  resolution  demanding  its  repeal,  on  the  ground  that 
it  deprives  workmen  of  the  right  to  strike  at  the  most  oppor- 
tune inoment,  and  on  the  other  hand  enables  employers  to 
prepare  for  a  stoppage.  It  is  also  <  。ii"'n(led  the  Boards  are 
of  a  partisan  character,  their  decisions  are  unfair,  and  that 
employers  refuse  to  accept  reconnnendations  made  by  them. 
Much  of  this  sounds  familiar  to  those  acquainted  with  the 
hist  ory  of  recent  British  labour  troubles,  and  its  echoes  from 
Canada  do  not  inspire  hopes  that  relief  will  be  found  by  the 
adoption  of  similar  legislation  here,  at  all  events  not  in 
trades  outside  transport  a  I  ion  and  communication  services. 
Disputes  in  other  trades  in  Canada  appear  to  be  settled  pretty 
"uich  by  similar  methods  to  our  own,  and  any  al  tein|>t  to 
increase  legislative  interference  there,  would,  if  we  judge 
rightly  from  the  report,  probably  a^i;ia vale  rather  than 
diminish  tlit'in.  1 1  is  a  somewhat  regret  ful  conclusion  to  arrive 
at,  but  reading  between  the  lines  of  Sir  G.  Askwith's  report 
it  is  the  one  to  which  even  he  is  led,  for  he  says,  "  Wliere  the 
Act  is  frankly  accepted  it  works  extremely  well,  1ml  where 
by  the  imposition  of  penalties  、  efforts  liave  been  made  to 
enforce  the  Act  the  results  have  not  been  satisfactory." 

Of  course,  this  is  what  we  should  expect  in  any  case.  Wit  h 
a  disposition  to  meet  and  discuss  differences,  conciliation  flows 
without  difficulty.  But  when  attempts  are  made  to  bind  judg- 
ments with  legal  penalties  trouble  occurs.  This  has  been 
llie  bane  of  the  majority  of  labour  differences  during  recent 
years,  and  the  absence  of  all  sense  of  responsibility  and  utter 


disregard  of  tlie  bonds  attaching  to  solemn  engagements  and 
contracts  wliicli  has  been  displayed  by  large  sections  of 
workers  has  been  the  despair  of  honourable  men.  To  the 
credit  of  trade  union  officials,  it  must  be  admitted  that  many 
oi  them  have  strongly  denounced  such  breaches  of  faith  and 
discipline.  But  the  unfortunate  part  of  the  business  has  been 
t  liai  rational  leaders  have,  especially  in  the  lower  and  less 
educated  classes  of  labour,  been  dethroned  in  favour  of  agita- 
tors more  bent  on  personal  notoriety  than  the  social  improve- 
ment of  their  fellows.  It  is  to  be  feared,  too,  that  latter-day 
legislation  in  respect  to  picketing,  immunity  from  actions  for 
tort,  or  responsibility  for  agents,  has  tended  to  foster  a  spirit 
of  lawlessness,  and  until  this  gives  way  to  a  higher  regard  for 
the  sanctity  of  engagements  and  personal  liberty  there  is  little 
prospect,  except  in  few  instances,  of  settling  disputes  on  the 
lines  of  the  Lemieux  Act.  In  the  cases  where  it  does  apply, 
the  public  will  insist  finally  on  taking  a  band  in  the  game  and 
bringing  it  to  an  end  quickly,  as  it  did  in  the  railway  strike. 
But  to  the  general  run  of  trade  disputes  public  opinion  is 
apathetic  or  indifferent,  and  in  face  of  this  attitude  and  the 
difficulty  of  securing  decent  observance  of  labour  contracts  or 
the  infliction  of  penalties  for  their  breach,  employers  may  well 
ask  why  put  on  further  fetters  ？  Until  workmen's  unions  are 
prepared  to  forego  the  right  to  strike  and  to  submit  to  penal- 
ties for  indulging  in  it  without  notice  and  in  violation  of 
agreements,  in  other  words,  to  carry  the  legal  obligations 
which  attach  to  all  other  organisations  of  men,  so  long  will 
employers  claim  the  right  to  lock  out.  Both  resorts  are  brutal, 
l)ut ,  in  our  opinion,  Parliament  is  largely  responsible  for 
】iiauy  of  the  indulgences  in  those  we  have  had  during  recent 
years  by  the  immunity  it  has  accorded  to  trade  unions 
through  the  Trades  Disputes  Act,  and  there  is  little  chance  of 
strikes  aud  lockouts  being  ended  until  this  piece  of  legislation 
is  considerably  amended. 


MODERN  TESTING  METHODS. 

At  a  meeting  of  the  Staffordshire  Iron  and  Steel  Institute, 
held  at  Dudley,  on  Saturday  last,  a  paper  ou  testing 
apparatus  as  applied  to  modern  works  practice  was 
read  by  Mr.  George  Hailstone,  who  said  that  iu 
designing  all  types  and  classes  of  engineering  work  questions 
as  to  the  strength  and  rigidity  of  the  materials  were 
involved.  It  was,  however,  of  late  years  that  the  problem  of 
using  materials  to  the  greatest  advantage  in  securing  the 
highest  strength  had  thrust  itself  ahead  of  other  considera- 
tions fu  the  mind  of  the  designer.  In  modern  engineering 
work,  whether  it  be  the  construction  of  a  bridge,  a  high- 
speed steam  engine,  or  a  motor-cycle  engine,  whatever  objects 
were  in  view  the  designer  always  had  to  consider  what 
straining  actions  the  structure  or  engine  would  be  subjected 
to,  what  was  the  best-  and  safest  materials  to  be  used  in  the 
various  parts,  and  the  least  amount  of  the  different  materials 
necessary  to  resist  those  straining  actions.  The  simplest' 
method  of  ascertaining  the  safety  of  a  bridge  or  engine  was 
to  apply  to  it  a  testing  load  greater  than  the  maximum  load 
to  which  it  was  likely  to  be  subjected.  An  extreme  testing  load 
might  damage  a  boiler  or  bridge  without  any  possibility  of 
the  injury  being  detected  at  the  time.  Such  tests  of  com- 
pleted structures  were  useful  as  affording  a  final  guarantee 
of  security,  but  tliey  did  not  supply  specific  information  as 
to  the  margin  of  safety  that  existed.  For  the  largest  num- 
ber of  constructions  no  testing  could  be  applied  except  the 
ordinary  working  load.  It  was  here  that  the  merhaiiical 
testing  of  the  materials  was  of  great  assistance  to  the 
engineer  in  tlie  selection  of  the  material  to  be  used  in  any 
particular  machine  or  structure.  There  were  two  distinct 
objects  in  view  in  testing  materials  mechanically.  The  one 
was  tlie  scient ifu-  aiul  tin1  oIIht  the  coniniercial.  "When 
testing  to  a  scientific  end  the  experimenter  aimed  at  the  de- 
termination of  the  physical  constituents  of  the  material  and 
at  verifying  the  assumptions  ou  which  theoretical  calcula- 
tions proceeded.  When  the  experimenter  endeavoured  to 
ascertain  whether  samples  of  a  material  complied  with  cer- 
tain standards  of  quality,  or  wliich  of  two  samples  of 
material  was  the  hetttM*,  this  was  known  as  commercial 
testing.  Mr.  Hailstone  subsequently  explained  the  most 
recent  methods  of  testing  materials,  and  also  H escribed  types 
of  testing  machines, 
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FEED  MECHANISM  FOR  SHAPING  MACHINES. 

Tin:  feed  me (； liauism  usually  employed  o\\  shaping  nia<-h i ncs 
iiiciudes  a  ratchet  wheel  en^a^ed  by  a  pawl  wliicli     a<  tu;itf»l 
by  a  link  connected  to  a  crank  of  v;> riahlc  I  lirow,  by  ； uijust 
ing  which  the  travel  of  i\\v  pawl  ami  tlic  ;»mounl  of  feed  can 
be  varied,  whilst  by  reversing  the  pawl  the  1"'  n' 

versed.    Usually,  with  machines  having  ft'('(l  nuM-lianisin 
this  type,  the  whole  machine  has  lo  be  stopped  io  elVect  an 
adjustment  of  the  ill  row  of  the  crank  pin  tor  alteration  of 
feed,  or  to  enable  the  setting  to  l)c  cliangecl  wlion  Hm*  t;ible  is 
required  to  work  in  the  reverse  direction .   It,  is  prelVi'al>lc  ") 


Fig.  1.  -2. 
Fi:i;n  Mi':i  hanism  y\m  Shal'in (；  Ma<  iiim:s. 


effect  the  feed  during  return  of  the  tool,  so  that  the  crank  re- 
quires a  different  setting  for  reversal  of  the  pawl  in  cases 
where  the  feed  is  effected  in  both  directions.  The  arrange- 
ment illustrated  herewith,  the  invention  of  Mr.  H.  M.  Son- 
nenthal,  of  the  Selson  Engineering  Company,  Ltd.,  85，  Queen 
Victoria  Street,  London,  E.C.，  and  Mr.  A.  Lord,  has  been 
designed  with  a  view  to  dispense  with  the  necessity  for  stop- 
ping the  complete  rnacliiiie  during  adjust  ment ,  or  cliange  of 
setting  of  the  crank.  This  is  effected  by  providing  simple  dis- 
engaging means  between  the  crank  and  its  shaft  or  the  sha  t'l 
and  its  driving  member,  and  is  so  constructed  that  it  can 
engage  in  two  diametrically  opposite  positions  so  that  the 
setting  of  the  crank  may  be  altered  diametrically  with  regard 
to  its  driving  gear. 

Fig.  1  is  a  part  sectional  view  of  part  of  a  metal  shaping 
machine  fitted  with  the  arrangement,  Fig.  2  is  an  end  view 
of  the  same,  whilst  Figs.  3  and  4  are  diagrams  showing  the 
alterations  necessary  to  effect  feed  in  opposite  directions. 
The  driving  wheel  A，  connected  with  the  bull  wheel  wliicli 
actuates  the  tool  carrying  ram,  drives  a  gear  wheel  B  of  the 
same  diameter  which  is  mounted  loosely  on  a  sleeve  C  termi- 
nating in  a  crank  disc  D.  :  This  crauk  disc  is  slotted  radially 
as  shown  at  M  and  carries  in  the  slot  a  crank  pin  E  which 
can  be  adjusted  from  the  centre  of  the  disc  outwards.  The 
pin  E  is  connected  by  a  link  N  to  the  feed  pawl  F,  and  it 
will  be  understood  that  by  adjustment  of  tlie  crank  pin  in  the 
radial  slot  M  the  travel  of  the  pawl  is  varied  in  the  well- 
known  manner.  The  sleeve  C  is  slotted  at  O  close  to  the  gear 
wheel  B  and  passing  tluougli  the  sleeve  is  a  rod  G  carrying 
a  cross  pin  H  which  projects  on  one  side  through  the  slotted 
sleeve.  The  gear  wheel  B  is  provided  with  a  groove  J  more 
or  less  centrally  arranged,  leaving  rings  P  and  Q  on  each  side 
which  may  take  a  bearing  ou  the  sleeve  C.  These  rings  are 
notched  at  R  and  S  to  receive  the  end  of  the  cross  pin  H. 
It  will  be  clear  that  when  the  rod  G  is  moved  in  the  correct 
maimer  it  engages  the  cross  pin  with  one  of  the  notches  H 
and  S  on  the  wheel,  the  sleeve  and  wheel  being  thus  clutched 
together,  and  the  crank  disc  is  driven  from  the  driving  gear 
wheel  A  and  the  feed  pawl  operated.  To  disengage  the  crank 
disc  the  rod  G  is  moved  to  slide  the  cross  pin  into  the  groove 
J  in  the  gear  wheel,  when  the  machine  will  cont  iiiuc  to  run, but 
the  crank  disc  will  remain  stationary,  permitting  adjust  monl 
of  the  crank  pin.  The  rod  G  is  actuated  through  a  bell  crank 
lever  K  provided  with  locking  means,  and  if  desired  a  spring 
is  provided  tending  to  liold  the  parts  in  the  engaged  position. 
To  disengage  the  pin  H  from  tlio  wlieel  t  lie  bell-crank  lever  is 
operated,  and  the  locking  screw  tlten  used  lo  hold  the  lever 


in  the  disengaged  position.     To  re-engage,  the  locking  screw 
L  is  released,  when  the  cross  pin  can  be  re-engaged. 

The  i!ie<tltanism  so  far  desrrilji'd  provides  for  easy  means 
for  disengaging  (lie  crank  <lis(,  I)  from  its  driving  nierlianisni 
by  movement  of  the  lever 】〈.  It  will  I"'  clear  that  tliis  can 
be  efTe (； ted  wit  hotit,  stopping  l  lie  ma'  lii"''  nml  t  liat  wlien 
effected  the  1  hrow  of  t he  rrank  |>in  E  (-; in  \>t*  ；" lju"*'«i  i aMiallv. 
To  reverse  the  inacliine  it  is  necessary  eil  Imt  lha(  crank 
pin  should  take,  up  n  posit  ion  <liHinel  rirall  v  "|)|"，si"'  to  tliat 
which  it  occupied  previously,  a\\  what  is  tli"  **(jui valont  t  t  lint 
the  liieclianisrii  should  liave  movrd  a  r**v(*lul  ion  wil  li  t  In* 

crank  disc  remainiii^  st  al  ionarv  in  Uie  sarin'  |"'sil"'ii,  at  tlie 
end  of  \vlii<-li  period  it  is  a^ain  (Iu1<ImmI  to  its  drivinj.' 
inechanisni.  Fig.  3  shows  lor  example  th<*  |>osit ion  at 
the  crank  pin  ； uid  the  driving  p.iwl.  Tlie  cnink  |>in  is  on  the 
lowest  side  of  the  axis  of  the  cr;iiik  di^r  and  the  pawl  F  is  so 
set  that  tlie  feed  lakes  plart'  when  I  lit*  link  X  mov^s  in  t  In* 
direction  of  t  he  arrow .  It  will  he  seen  I  Iwtl  1  In*  "屮<1  occurs 
when  the  crank  pin  E  is  moving  t  hron^h  tin*  lower  semicircle 
of  its  travel.  To  feed  wlien  1  1m*  work  is  moving  in  tlie  oppo- 
site direction  the  pawl  F  lias  to  be  reversed  and  the  crank  pin 
R  or  disc  has  to  be  moved  iii rough  lialt'  a  revolution,  or,  wliat 
effects  the  same  results,  the  crank  pin  must  remain  in  its  old 
position  and  tlie  driving  nieclwuiism  between  the  rani  ami 
the  crank  disc  must  be  moved  tli rough  half  a  revolut  ion  I  n 
the  case  shown  in  Fig.  4  feed  occurs  when  t lie  link  is  moving 
in  the  direction  of  the  arrow. 

The  arrangement  also  provides  means  for  clutching  the  disc 
I)  lo  the  driving  meclianisrn  in  two  cU;iriietrica]lv  opposite 
positions.  Figs.  3  and  4  show  the  crank  pin  on  opposite  sides 
of  the  axis  of  the  crank  disc,  the  pin  and  disc  having  pre- 
viously been  rotated  tlirougli  half  a  revolution.  This  is  noi 
what  is  actually  effected  in  the  inacliine  as  the  crank  pin  al- 
ways remains  on  the  same  side  of  the  axis  of  the  crank  disc. 
The  diagrams  referred  to  illustrate  the  requirements,  wliicli 
are  fulfilled  by  the  arrangement.  For  this  purpose  two 
notches  are  provided  diametrically  opposite  to  one  anotlier 
； iiid  wlien  it  is  desired  to  reverse  the  feed  the  cross  pin  is, 
by  means  of  the  lever  K,  moved  out  of  its  previous  position  in 
the  one  notch  and  into  tlie  other  notch  so  that  feed  takes 
place  during  tlie  opposite  half  revolution  of  the  gear  wheel 
B.  The  pawl  must  now  be  reversed,  as  is  usual.  Any  suit- 
able indicator  means  may  be  provided  to  enable  the  operator 
to  ascertain  at  a  glance  whether  the  feed  is  taking  place  dur- 
ing the  cutting  or  return  strokes  of  the  tool.  It  will  be  seen 
that  for  reversal  of  the  feed  it  is  not  necessary  to  stop  the 
inacliine  and  reset  the  crank.    The  crank  always  lies  on  tlr: 


(©；； 


Fig.  4. 

FKK1>  MlXUANISM  1\>H  SHATINti  AT"  HIM  、 

same  side  of  the  centre  of  the  crank  disc,  but  its  rolation  \n 
the  bull  wheel  and  its  driving  gear  wheel  is  changed  clurin*: 
reversal.  The  reversing  is  therefore  effected  autoinaticallv 
directly  the  lever  is  depressed  and  released. 

Automatic  Telephones  for  New  Zealand —— The  X*  w  Zeahuul 
Governmeut  have  decided  to  install  automatir  telephones  in 
Wellington  and  Auckland.  The  re])l;u-einent  will  take  |>I;uo 
uraduallv,  and  h  thousand  inst niinents  have  been  ordered 
from  America  as  a  start. 
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THE  PRODUCTION  AND  RESOURCES  OF  LIQUID  FUEL 

In  his  third  and  concluding  Cantor  lecture  on  •'  Liquid 
Fuel,"  delivered  at  the  Society  of  Arts,  Prof.  Vivian  B. 
Lewes  dealt  with  the  production  and  future  supply 
of  this  fuel.  According  to  the  lecturer,  the  total 
weight  of  crude  oil  】）r(xluced  in  1912  was  between 
40  and  50  million  tons,  and  of  that  total  U  "lillimi 
tons,  the  bulk  of  which,  viz.,  980,000  tons,  came  I'mm  tlio 
United  States,  was  imported  into  this  country.  Tlie  use  of 
fuel  oil  was,  he  said,  advancing  more  rapidly  in  America  than 
anywhere  else,  and  for  that  reason  it  was  useless  to  rely  on 
that  country  continuing  cheap  supplies  for  long.  The  same 
thing  was  also  true  of  the  Russian  fields.  In  I，i(li"，  "i"  West 
Indies,  Canada,  and  many  other  places  tlieie  was  tJie  p('ssi 
bility  of  obtaining  oil  by  proper  development.  It  was  evident, 
however,  that  even  if  the  supply  of  oil  continued  to  increase 
in  practically  the  ratio  shown  by  the  last  ten  years,  the 
demand  must  soon  get  ahead  of  the  supply,  and  that,  owing 
to  our  position,  it  would  be  only  by  very  careful  handling  of 
the  commercial  side  of  the  question  that  wte  should  be  able 
to  coiniuand  a  sufficiently  large  share  of  it  for  our  require- 
ments. The  whole  of  the  available  evidence  pointed  dearly 
to  the  supply  of  oil  from  existing  fields  being  less  in  quantity. 

The  keeping  up  of  the  world's  supply  must  depend  on  the 
opening  up  of  new  oilfields,  and  the  question  was,  would  the 
new  fields  show  anything  like  the  producing  power  of  the  old 
ones,  and  did  indications  justify  the  supposition  that  many 
such  areas  existed  ？  Altliongh  huge  and  unsuspected  oil 
areas,  of  which  no  signs  had  been  found  at  the  present  time, 
might  exist,  it  was  by  no  means  certain  that  as  the  present 
fields  became  depleted  new  ones  would  be  opened  up  with 
sufficient  production  to  keep  up  the  supply.  Dr.  Engler  liad 
put  the  period  over  which  oil  would  be  available  for  the  pur- 
poses for  which  it  was  now  used  at  100  years,  but  the 
lecturer  personally  doubted  if  in  50  years'  time  it  would  be 
obtainable  at  a  price  that  would  enable  it  to  be  used  r()m- 
mercially.  The  last  century  would  always  be  distinguished 
in  history  as  the  coal  fuel  era,  while  the  use  of  oil  would  mark 
the  twentieth  century,  or  at  any  rate  the  first  half  of  it. 
After  that  who  could  say?  Probably  there  would  be  a 
'( residues  7'  era  in  which  the  dregs  of  the  coal  and  oil  supply 
would  be  utilised.  After  that  would  come  the  settling  down 
to  the  only  forms  of  fuel  that  would  give  rapid  regeii©ratioii 
of  energy,  and  wood  and  alcohol  would  regulate  the  power 
amongst  nations  to  those  that  had  the  greatest  growing  area 
ab  command. 

Benzine  or  petrol  constituted  an  average  of  20  per  cent, 
of  the  world's  supply  of  crude  oil.  A  quarter  of  a  century 
ago  it  was  almost  a  waste  product,  its  chief  use 
being  as  a  grease  solvent.  Then  came  the  perfect- 
ing of  the  petrol  motor  by  Daimler,  the  introduction 
of  the  motor-car,  and  the  rapidly  rising  demand 
for  petrol,  which  last  year  in  this  country  alone  necessitated 
a  supply  of  80  million  gallons.  The  increase  in  coiisuniption 
was  not  confined  to  England  ；  it  had  been  as  great  or  greater 
in  every  civilised  country  of  the  world,  with  the  result  that 
the  once  despised  light  fraction  of  the  crude  oil  liad  become 
tli"  most  jtayint^  |)rn 山 In  order  to  supply  the  deniand  the 
stocks  of  crude  oil  held  in  the  fields  had  been  depleted  and 
<list  illed,  and  the  fraction  for  this  purpose  liad  been  increased 
at  the  expense  of  the  kerosene  fraction,  by  distilling  up  to  a 
higher  temperature,  and  so  had  increased  in  gravity,  the  re- 
sult being  that,  while  the  specific  gravity  of  motor  spirit  ten 
years  ago  was  about  '680，  there  was  now  but  little  under 
•700，  and  plenty  of  "720  and  even  higher.  This  meant  lliat 
if  the  demand  went  on  increasing  as  it  had  done  of  late,  the 
World's  supply  would  be  utterly  inadequate,  and  fui'ther  rise 
in  price  was  inevitable. 

The  way  to  keep  the  price  of  petrol  within  reasonable 
bounds  was  to  develop  steadily  all  processes  tlia't'  would  in- 
crease the  supply,  not  only  of  petrol,  but  of  }>etrul  sul>s1  i- 
tutes,  always  bearing  in  mind  that  with  the  present  con- 
sumption ever  increasing,  petrol  itself  could  not  supply  the 
market  for  even  another  ten  years,  and  would  probably  be 
a  rarity  as  a  motor  fuel  long  before  the  end  of  the  century. 
What  processes  were  at  hand  by  which  the  supply  of  petrol 
'  mil"  be  increased  from  thei  】）ighe'r  grades  of  oil  which  re- 
mained after  the  light  fractions  had  been  distilled  ？  In  i\w 
rcfuieries  at  the  oilfields  it  liad  long  been  known  that  by 


prolonging  the  period  of  】ieati"g  the  fractions  of  light  oil 
were  increased,  and  the  heads  or  tops  of  the  stills  were  left 
unlagged  so  that  the  distilling  oil  miglit  condense  and  drip 
baik  into  the  retort  to  undergo  a  fui'ther  period  of  heating. 
This  process  of  decomposing  oil  of  heavy  specific  gravity  and 
high  boiling*  】x>iiit  into  mixed  hydrocarbons  of  low  gravity 
and  boiling1  point  was  known  as  "cracking,"  and  with  the 
demand  for  light  hydrocarbons  such  metliods  deserved  all 
the  attention  that  could  be  given  them .  At  works  on  tlie 
lower  Tliainos  a  grade  of  oil,  "Solar  Oil,"  which  distilled 
over  after  the  kerosene  had  been  separated  from  American 
oil,  and  which  was  very  cheap  and  largely  used  for  enrich- 
ing water  gas  for  admixture  with  coal  gas,  was  sprayed  with 
water  into  long  iron  retorts  filled  with  iron  turnings  kept 
at  a  temperature  of  600。  C.  The  water  and  oil  being  volati- 
lised were  drawn  by  the  suck  of  an  exhauster  through  the 
heated  material,  where  the  oil  was  cracked  and  the  vapours 
passed  through  an  atmospheric  condenser,  where  any  heavy 
or  unchanged  oil  condensed  and  was  returned  to  the  retort 
(o  undergo  further  cracking.  The  light  vajx>urs  passing  for- 
ward were  condensed  in  water  coolers  and  the  lightest  spirit 
finally  extracted  by  oil  scrubbers,  the  permanent  gases  goin^ 
to  a  holder  and  forming  the  fuel  that  heated  the  plant.  Tlie 
condensed  and  scrubbed  out'  prodiu'U  were  then  passed 
through  a  continuous  steam  still,  and  the  spirit  distilled  from 
them,  the  residual  oil  from  this  still,  togetlier  with  tlie  cou- 
densed  oil  from  the  atniospheric  condenser,  being  mixed  with 
fresh  oil  and  going  back  to  the  cracking  retort  or  <*onverU'r. 
By  this  method  100  galls,  of  Solar  oil  yielded  65  galls,  of 
liquid  residuals,  39  galls,  being  petrol  and  13  galls,  solvent 
spirit. 

Another  way  in  which  an  increase  in  the  petrol  sujiply 
('(mid  be  obtained,  and  wliich  was  already  being  largely 
used,  was  to  carry  on  the  distillation  of  the  original  frac- 
tion for  light  oil  beyond  the  150°.  C.，  which  in  the  past  had 
been  the  limit,  so  as  to  increase  the  bulk  of  the  petrol  at 
the  expense  of  the  kerosene  fraction.  This  could  perfectly 
well  be  done  up  to  a  certain  point,  aiul  that  it  was  being 
done  was  shown  by  the  gradually  increasing  gravity  of  tlie 
petrol  placed  upon  the  market.  Great  care,  however,  had  to 
be  taken  not  to  exceed  certain  limits,  as  otherwise  the  flexi- 
bility of  the  motor  was  impaired  and  troubles  arose  in  start- 
ing from  cold.  A  small  addition  to  the  petrol  supply  could 
be  obtained  from  the  distillation  of  Scotch  shale,  an  industry 
located  in  the  Lothians,  which  yielded  about  600,000  galls, 
of  excellent  motor  spirit  per  annum.  This  was  a  very  small 
fraction  of  the  80,000,000  galls,  used  last  year,  but  no  doubt 
the  amount  could  be  increased  considerably  with  increase  in 
the  industry  and  also  by  employing  cracking  processes  to 
augment  the  spirit  fraction  at  the  expense  of  the  lighting 
oil. 

Benzol,  or,  as  it  was  sometimes  termed  :<  benzene/'  wliicli 
must  in  no  way  be  confused  with  "  benzine, J*  used  as  the  name 
for  the  light  fractions  of  mineral  oil,  was  a  product  of  the 
destructive  distillation  of  coal,  but  it  was  only  in  large  works 
that  it  had  been  extracted  from  the  tar  in  wliioh  it  was  found, 
while  considerable  demand  existed  for  it  as  the  base  fruni 
which  all  the  coal  tar  colours  were  derived.  Some  :V」 niillion 
ions  of  coal  were  carbonised  aiinuallv  for  coal  gas  and  met al- 
hu'gi (、？ il  coke,  and  it'  proper  arrangements  for  recovering  1  \\v 
whole  of  the  benzol  from  this  amount  were  made,  a  verv  con- 
siderable supply  could  be  assured.  Under  existing  condi- 
tions less  than  half  the  coal  was  coked  in  recovery  ovens,  aiul 
inost  of  the  benzol  so  recovered  went  abroad.  If  methods  of 
carbonisation  were  adopted  wliirh  favoured  the  production 
of  light  hydrocarbons  in  the  tar.  and  it'  then  the  tax  on  pet  rol 
were  removed  and  an  export  tax  to  recover  the  amount  were 
put  upon  benzol,  a  very  important  acklitioii  to  the  ]>ct  rol 
supply  could  be  ensured. 

There  need  be  no  fear  as  to  the  future  of  the  motor  or  the 
eventual  price  of  petrol .  In  1 907.  or  even  earlier,  t lie 
lecturer  pointed  out  that  alcohol  formed  a  better  fuel,  far 
safer  and  less  objectionable  in  its  products,  tlian  petrol,  and 
that,  moreover,  it  was  the  only  fuel  which  would  be  available 
in  the  future,  as  by  its  formation  from  vegetation  it  was  pos- 
sible to  regenerate  rapidly  the  sun  s  energy,  which  、vas  tlie 
only  source  of  power.  Inasmuch  as  during  the  last  year  manv 
others  had  joined  in  the  same  cry,  it  was  probable  that  in 
the  near  future  advances  miglit  be  inade  in  the  perfecting  of 
alcohol  motors,  wliich,  owing  to  tlie  liigli  compression  pos- 
sible, would  give  as  great  a  power  as  petrol,  although  the  lieai 
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energy  contained  per  unit  of  alcohol  was  only  about  une  hall' 
tli;"  of  the  petrol. 

The  proportion  of  the  crude  oil  distilling  between  ir)()  and 
300。  C.  was  the  fraction  called  kerosene,  and  was  t  he 
source  of  the  illuminatiiif;  oils  burnt  in  lamps  and  used  in 
many  forms  of  inlernal-coinbust ion  engines  Jiot  fitted  lor 
the  heavier  grades  of  oil.  The  efforts  to  increase  tlio  yield 
of  [K'trol  wore  now  infi'in^in^  upon  t  his  fraction,  and  in  tli'' 
future  it  was  not  at  all  irn])rol)ablo  that  it  would  padually 
bcvoine  absorbed  by  the  (lemaml  for  petrol,  tlic  one 

hand,  ami  fuel  oil,  on  1  he  other,  as  it  lent  itself  to  hoth 
purposes.  With  coal  gas,  electricity ，  acetylene,  and  air-gas 
to  fill  the  field  of  ilhunination  its  loss  would  not  1)"  frit, 
very  keenly  ；  moreover,  as  it  constituted  at  least  a  <j u;i ri cr 
of  the  crude  oil,  its  division  between  the  two  l'citiaiiiin^ 
fractions  would  increase  materially  the  world's  supply  of 
them. 

Fuel  oil,  t  he  fraction  above  300°  C.  was  not  only  import  - 
ant  as  being  the  form  of  oil  best  fitted  for  naval  needs,  but 
was  also  the  source  of  lubricating  oils  and  vaseline,  for  which 
there  was  a  great  demand.  As  the  crude  oil  contained  50 
per  cent,  of  this  fraction,  and  often  a  much  lii^licr  propor- 
tion, the  distilling  of  every  available  su])]>ly  to  yield  petrol 
must  result  in  enormous  volumes  being  thrown  iijkhi  1  In1 
market.  The  present  shortage  was  probably  due  to  the  fact 
that  the  price  obtained  for  it  being  so  mueli  less  than  that  for 
petrol,  all  tlie  time  that  there  was  a  lack  of  transport  facili- 
ii('s  the  light  spirit  was  given  the  preference  for  shipment. 
But  with  the  great  increase  in  the  number  of  tank  steamers 
enormous  quantities  of  fuel  oil  held  in  stock  in  many  fields 
must  become  available,  and  the  lecturer  fully  expected  to  see 
a  marked  drop  in  fuel  oil  prices  during  the  next  year,  though 
whether  it  would  ever  come  down  again  to  the  40s.  a  ton 
that  would  enable  the  Diesel  engine  to  compete  with  coal 
at  18s.  in  the  best  steam  plant,  save  for  special  purposes, 
was  another  matter. 

Both  for  steam  raising  and  for  heavy  engine  work  shale 
oil  could,  at  any  rate,  help  to  relieve  the  demand,  though 
under  ordinary  conditions  of  working  the  grade  of  oil  fitted 
for  this  purpose,  which  was  yielded  by  the  Lothian  distil- 
leries, would  amount  only  to  50,000  tons  per  annum.  But 
it  was  to  be  hoped  that  Government  would  do  everything 
that  could  be  done  to  encoupage  and,  if  necessary,  subsidise 
the  Scotch  shale  oil  industry,  as  the  proximity  of  the  fields 
to  the  new  naval  base  at  Rosyth  would  render  them  an  in- 
valuable source  of  supply,  while  the  unlimited  demand  for 
petrol,  the  possibility  of  cracking  a  certain  proportion  of 
lighting  oil  to  augment  it,  and  the  probable  gradual  falling 
off  in  the  lighting  oil  imported  from  America,  would  all  tend 
to  render  possible  a  great  increase  in  the  Scotch  industry. 

The  oils  obtained  from  coal,  and  known  as  heavy  tar  oil, 
blast  furnace  oil,  &c,，  were  of  a  different  character  from  min- 
eral oil,  as  they  contained  oxygenated  compounds  of  tlie 
nature  of  creosote  and  cresylic  acid,  which  not  only  lowered 
their  fuel  value  for  steam  raising,  but  also  gave  rise  io 
acrid  fumes,  which  in  a  closed  stokehold  were  likely  to  cause 
smarting  of  the  eyes  and  irritation  to  the  throat.  But  by 
careful  grading,  and  distillation  oils  from  coke  ovens,  blast 
furnace  and  vert  ical  gas  retorts  could  be  used  in  the  Diesel 
engine  by  employing  5  per  cent,  of  heavy  petroleum  oil  to 
act  as  an  ignition  oil.  The  tar  from  horizontal  retorts  usiiig 
light  charges  of  coal  and  high  temperatures,  and  also  from 
inclined  retorts,  was,  however,  useless.  The  reason  why 
ignilion  oil  was  needed  was  that  in  the  Diesel  engine  tlie 
mixture  of  oil  and  air  was  ignited  by  the  heat  caused  l)v 
tli"  coinpression  of  the  charge,  and  this  temperature. 
tlie  ignition  point,  was  governed  by  tlie  amount  of  liv 山 •<)- 
in  roni l)iiiation  in  tlie  oil,  upon  wliicli  dt^pended  tlie 
ease  with  which  it  gave  off  inflammable  gas  on  heating.  Tar 
oil  contained  only  about  8  per  ceni .  of  hydrogen,  wliil? 
petroleum  contained  as  a  rule  over  11  ]>er  cent.,  so  tliat  tlie 
latter  would  ignite  at  a  lower  compression  than  would  be 
needed  for  the  former. 


Joint  Meeting  of  Naval  Architects  and  Engineers.  —Arrange- 
nients  have  been  made  by  the  councils  of  the  Institution  of 
N;u'al  Architects  and  the  Institution  of  Engineers  and  Ship- 
builders in  Scotland  for  a  joint  "  summer  meeting  "  in  Glas- 
g(nv  from  June  24th  to  27th  this  year. 


RAILWAY  DEVELOPMENT  IN  SOUTH  AFRICA. 

The  report  for  1911  recently  issued  by  the  General  Manager 
of  the  South  African  Railways  and  II  ；"  Imiirs,  «、  t  hat 
on  31st  December,  1911，  the  open  mileage  *>i  Government 
railways  in  South  Africa  was  7,546A  miles,  whilst  about 
913  miles  were  under  construction.  Tests  made  in 
South  Africa  have  shown  the  utility  of  nicrlianical 
stokers  for  locomotives,  and  the  use  of  such  an  appli- 
ance will  become  more  and  more  of  a  necessity  as 
the  size  and  power  of  the  locomotives  increase.  Experi- 
ments are  now  being  carried  out  in  South  Africa  with  a  par- 
ticular stoker  which  is  an  advance  on  any  previous  tvp'-  t  n**<l . 
but  further  improve 川 ents  will  be  necessary  befon*  it  can  In- 
said  to  be  of  practical  value.  A  new  heavy  goods  engine  of 
tlie  non-articulated  type  was  ordered  during  1(J11，  which  will 
have  a  higher  speed  than  the  present  Mallet  engines.  It  is 
considered  that  1  he  advantages  gained  by  the  ability  to  run 
mineral  trains  at  liigh  speeds  do  not  compensate  for  the  in- 
creased cost  of  maintenance  of  the  permanent  way  whicli 
such  practice  entails.  It  would  seem  to  be  more  desirable 
to  develop  the  articulated  or  some  ot her  type  of  engine  liavin"' 
much  greater  tractive  force  though  only  a  comparalivclv  lo w 
speed. 

There  is  a  splendid  field  in  South  Africa  for  some  more 
economical  means  of  providing  locomotive  power  tlian  '  xi 、卜 
at  present,  and  the  use  of  oil  motors  for  branch  and  li^lii 
lines  is  now  being  considered.  South  Africa  also  nee'l、 
cheap  transport  system  which  will  enable  some  of  the 
undeveloped  country  districts  to  be  placed  in  regular  coni- 
munication  with  tlie  railways.  With  this  object  the  】{ail- 
ways  Administration  liave  been  considering  a  scli('"i'' 
for  the  establishment  of  a  motor  road  transport'  service 
equipped  with  two  types  of  vehicle ― one  for  passengers, 
parcels  and  mails,  with  a  speed  of  from  12  to  20  miles  per 
hour,  and  the  other  for  goods  traffic,  with  a  speed 
of  from  6  to  15  miles  per  hour.  A  telephone  would 
run  alongside  the  road  and  the  whole  service,  as  far  as  pos- 
sible, would  be  conducted  in  accordance  with  railway  nit't  hods. 
A  branch  railway  would  be  built  to  replace  any  particular 
motor  service  as  soon  as  the  extent  of  the  traffic  was  suffi- 
cient to  justify  such  action. 

The  goods  trains  on  the  South  African  Railways  are  fitted 
with  the  "pin  and  link  "  type  of  combined  draw  ait^l  l)ufT*  r 
gear,  but  the  increased  weight  of  trains  has  caused  a  good 
deal  of  damage,  and  a  stronger  type  is  now  necessary.  Accord- 
ing to  recent  returns,  the  breakage  of  buffers  amounts  to 
over  4,400  per  annum,  and  the  parting  of  trains  due  to 
breakage  of  links  or  pins  is  over  1 ,500.  When  tlie  change 
is  made  the  provision  of  a  satisfactory  automatic  coupling 
arrangement  is  very  desirable.  The  passenger  stock  is  be- 
ing equipped  with  an  automatic  buffer  coupler  with  satis- 
factory results,  but  the  provision  of  a  suitable  coupler  for  the 
goods  stock  is  a  much  more  complicated  matter,  and  it  will 
probably  be  necessary  to  appoint  a  special  coimnittee  to  con- 
sider the  question.  Several  types  have  been  given  practical 
trials,  but  none  have  yet  fulfilled  the  requirements. 

The  results  obtained  from  the  two  engines  built  at  Durhaii 
have  convinced  the  Chief  Meihanical  Engineer  that  tli:' 
policy  of  building  locomotives  and  boilers  in  the  Durban  and 
Salt.  River  workshops  should  be  considerably  exteiuled  as  >non 
as  these  shops  have  been  enlarged.  Schemes  for  oila r^im: 
and  improving  the  equipment  of  these  shops  have  been  put 
forward.  It  is  estimated  that  the  average  annual  ，v(|iii，'《'- 
nients  of  locomotives  and  rolling1  stock  for  renewals  alone, 
and  apart  from  the  additional  stock  required  for  new  lines, 
will  amount  to  60  engines,  80  coaches  and  560  wagons. 


A  Large  Armour  Press.  ― There  is  at  prcsmt  con- 
st ruc-ted  by  Messrs.  Davy  Bros.,  of  Park  Ironworks,  Slieih vhl, 
a  huge  armour-plate  bending  press,  which  will  have  a  junver 
of  12,000  tons,  for  use  at  the  Grimesthorpe  Works,  Sheffiel'l, 
of  Messrs.  Cammell,  Laird,  &  Co.  A  180  ton  overhea*! 
travelling  crane  is  also  being  erected  at  Grimesthorpe,  to  be 
used  in  the  moulding  department  in  place  of  a  120  ton  crane 
Further,  an  additional  bogie-bottom  furnace  is  beini:  put 
down  for  dealing  with  the  largest  forgings  ma<K\  snoli  as  gun 
jackets,  and  extensions  of  the  steel  making  plant  are  being 
enrried  out. 
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A  MODERN  DESIGN  OF  BLASTFURNACE. 

There  is  at  present  under  construction  at  the  works  of  tlie 
Maryland  Steel  Company,  U.S.A.,  a  new  blastfurnace 
embodying  several  novel  features.  The  arrangement  is 
shown  in  the  accompanying  illustrations,  for  which  we  are 
indebted  to  "  The  Iron  Age."  The  construction  adopted 
represents  a  coni])romise  between  a  thin  lined  and 
ait  internally  cooled  tluck  lined  design.  The  hearth 
is  enclosed  by  a  heavy  rolled  steel  jacket,  cooled 
by  vertical  water-cooled  staves,  and  the  bosh  is  cooled 
by  rows  of  bronze  plates  retained  in  cast-iron  holders.  The 


Fig.  1.— Sectional  Elevation  and  Pi, vn  of  Furnace  a\d  Skip  Hoist,  with  Section  of  Stock  Pockets 

mantel  is  of  riveted  steel  plates,  and  the  shell,  of  hearth  steel 
plates,  springs  from  the  centre  line  of  the  columns,  giving  at 
this  point  a  brick  lining  of  36in.  It  is  drawn  in  sharply 
above  the  mantel,  and  at  a  point  about  15ft.  above  the  mantel 
the  lining  is  27in.  in  thickness.  There  are  ten  rows  of  cooling 
blocks,  consisting  of  cast-iron  segments  with  pipes  cast  in. 
The  first  four  rows  above  the  mantel  have  three  separate  pipes 
in  each  segment,  and  the  remainder  have  two  rows.  The 
water  connections  are  made  so  that  if  the  water  pipe  in  any 
segment  should  leak  it  may  be  cut  out  without  interfering  with 
the  circulation  of  water  in  the  remaining  coils  iu  the  same 
segment  .    The  top  of  the  furnace  is  provided  with  four  down- 


comer  openings  placed  at  equal  distances  around  tlie  tunnel 
head,  and  to  resist  the  abrasion  of  the  stock  at  the  top  cast 
steel  plates  3in.  thick  are  suspended  from  the  top  brackets 
and  held  in  the  shell  by  substantial  stays  botli  top  and  bottom. 
These  castings  are  strongly  ribbed  to  prevent  warping. 

The  tunnel  head  ring  aud  supports,  as  shown,  are  formed 
together  in  a  substantial  steel  casting,  which  gives  a  flat  top 
that  is  as  strong  as  a  dome  construction  and  entirely  gas 
tight.  This  casting  is  made  in  four  segments,  shrunk  together 
with  heavy  cast  steel  links,  and  fitting  into  the  shell  deep 
enough  to  provide  ample  support  for  the  top  castings  and  a 
very  strong  connection  to  the  shell.    The  cast  steel  gas  seal 

and  main  hopper  are  machined 
where  they  come  in  connection 
with  this  tunnel  head  casting, 
and  in  addition  there  is  a  deep 
pocket  provided  for  packing 
with  loam.  The  lip  ring  is  held 
by  eight  heavy  steel  bars,  which 
secure  it  firmly  in  place  from 
movement  either  up  or  down. 
These  bars  extend  through  the 
gas  seal  and  are  keyed  through 
bosses  in  same, so  that  the  keys 
are  always  accessible  and  under 
inspection.  All  the  top  castings 
are  of  steel  and  extra  heavy. 

In  place  of  the  usual  gas 
seal  bell  is  a  slide  operated  by 
a  steam  cylinder  controlled  by 
an  oil  cylinder.  The  main  bell 
is  hung  from  a  steel  cross  beam 
and  operated  by  a  steam 
cylinder  with  oil  control.  To 
handle  the  top  castings  in 
making  repairs,  two  jib  cranes 
are  provided.  Only  one  bleeder 
is  provided,  and  the  four  down- 
comers  are  brought  into  one 
connection  in  such  a  way  that 
the  angle  of  slope  is  always 
great  enough  to  make  the  pipes 
self  -  cleaning.  The  main 
downcomer  is  brought  into 
a  large  dry  dust  catcher 
tangentially  to  the  shell,  so  as 
to  give  some  centrifugal  action, 
and  from  the  dome  of  this  dust 
catcher  the  gas  is  taken  to  two 
Kennedy  centrifugals  and  thence 
to  the  gas  mains.  To  secure 
a  uniform  distribution  in  layers 
a  bucket  skip  with  rotation 
was  adopted,  and  at  the  out- 
set an  experimental  bucket  was 
tried  out  with  various  charges 
to  determine  the  proportions 
hest  adapted  to  handling  Mayai'i 
ore,  which  must  be  used  at 
this  plant,  as  the  company  has 
large  interests  in  that  Cuban 
district.  A  straight,  cylindri- 
cal bucket  was  adopted,  with 
a  bell  the  full  size  of  the 
cylinder,  the  experiments  having 
shown  that  any  revert  at  the 
bottom  of  the  bucket  either 
entirely  holds  back  a  part  of  the  charge  or  delays  its  move- 
ment to  such  au  extent  that  the  time  required  to  empty  the 
bucket  is  prohibitive.  The  large  bell  necessitated  niakiug  the 
bucket  、vith  an  unusually  large  base,  namely,  8ft.  6in. ； 
accordingly  the  skip  incline  is  unusually  wide,  and  tlie  gas  seal 
so  large  that,  as  stated  above,  a  slide  is  used  instead  of  a  bell. 

The  skip  incline  is  unusual  iu  being  supported  eutirelv 
independent  of  the  furnace,  and  is  merely  steadied  sidewise  at 
the  top  of  the  furnace  shell.  The  support  for  the  incline 
server  a  runway  for  the  rount-erweiglit.s,  and  the  hoistiug 
and  count (M'wciglUs  ropes,  while  direct  and  simple,  locate  the 


<j.;];ja;AKY  14,  !!>]：} J  THE    MKCIIANICAL    KNGINIvKk.  I';, 


lioist  on  the  ground  level  directly  under  the  bridge  proper, 
wliere  it  is  most  accessible. 

To  keep  tlie  bucket  from  .swinging,  a  "  Kennedy  "  parallel- 
】notion  skip  car  is  used,  wit h  t  in*  unusual  feature  that  means 
are  provided  for  picking  up  and  dot  aching  t  ho  bucket  auto- 
matically, regardless  of  the  position  it  occupies  after  rotation, 
and  also  means  for  auloinal ically  t  lu*  stem  of  I  he 

bucket  to  the  car.  These  pa"""t'(l  iVatures  are  cloarl v  sIkjwii 
in  the  illustrations,  and  it  will  be  noted  thai  t  he  stem  of  the 
bucket  is  unusually  long  and  terminates  with  a  mushroom 
head.  Since  the  auloniat  ic  locking  lak  es  piact*  in  (he  first  few 
feet  of  hoist,  tlie  bucket  is  rigidly  locked  to  the  skip  car  (hii. 
ing  praciically  its  entire  travel ,  and  is  considered  as  safe 
against  detachment  as  a  lioii-deiacliable  bucket.  To  avoid 
damage  to  either  the  skip  car  or  bucket  in  case  of  over-wind 
ing,  breaking  pins  are  pruvi 山 '<1  in  I  lio  safety  latch  over  I  In* 
top  of  the  bucket  stem,  so  that  in  case  the  lioist  does  not  stop 
at  the  propei*  time,  these  pins  will  be  sheared  ofF  and  the  skip 
car  carrier  will  simply  be  forced  down  on  the  bucket  stem 
without  damaging  anything.  The  skip  car  is  of  liberal  pro- 
portions and  so  constructed  that  the  axles  with  the  wheels 
on  them  may  be  readily  removed,  and  provision  is  made  in  t  in- 
lower  part  of  the  skip  incline  for  dropping  one  or  both  of  tlie 
supporting  rails,  so  that  the  entire  skip  car  may  be  removed 
intact. 

The  liberal  size  of  tlie  skip  incline,  due  to  the  large  bucket, 
permits  of  the  main  bell  and  top  casting1  passing  up  through 
it,  and  to  this  end  the  diagonal  braces  in  the  bottom  lower 
cord  are  made  removable  and,  as  the  skip  car  is  well  adapted 
to  land  anything  on  tlie  centre  of  the  furnace,  the  top  changes 
can  be  made  by  way  of  the  skip  incline,  although  the  jib  (t:i  ii('s 
on  top  will  handle  anything. 

The  operator's  stand  is  at  the  bottom  of  the  skip  incline, 
with  a  clear  view  both  ways  of  the  larry  car  track  and  a  clear 
view  up  the  incline.  It  contains  indicators  showing  the  seat- 
ing of  the  skip  bucket  at  the  top  and  the  movement  of  the  gas 
seal  slide  and  the  main  bell  ；  also  the  usual  sounding  winches. 
The  three  levers  controlling  the  motions  of  the  hoist,  the  gas 
seal  slide  and  the  main  bell  interlock,  and  a  proper  cycle  of 


Fig.  -2.— Skction  ov  Vvhsm  i:  Toi». 


these  motions  is  thus  ensured  without  thought  on  t  ho  [>art  of 
the  operator. 

The  larry  car  carries  two  buckets  oil  rotating  tables  and 
the  usual  equipment  of  four  motors ― two  for  running  the  car, 
one  for  rotating  the  tables,  and  one  for  lifting  the  load  off  the 
knife  edge.  The  scale  levers  are  extremely  simple,  four  levers 
carrying  the  entire  load  and  a  fifth  leading  to  tlio  scale  plat  ^ 
form.  The  scale  box  is  fitted  with  an  indicator  which  shows 
tlie  load  approximately,  and  enables  the  operator  to  cut  off  the 
stock  supply  accurately. 


The  stock  bins  are  of  reinforced  concrete  with  steel  track 
beam.  They  are  so  arranged  that  the  larry  car  tracks  and  all 
operator  posts  are  well  lighted  and  ventilated.  They  are 
lined  with  renewable  cast-iron  w^ariii"  plates  anrl  (ilt^vl  with 
feed  rollers  wliicli  deliver  the  stock  dirertl v  into  the  rotating 
bucket.  The  coke  is  srn'<"i,'d  \yy  I  rollns  of'  uui(|ue  design, 
which  are  illustrated  in  (Mail.  Tlie  usual  feed  roller  for 
screening  coke  is  a  steel  plate  flriim  p'.iforatwl  wit  h  li('l''s  ;il>r>u1 


Fig.  3.— Details  ok  Fked  Korxi.n  koh  Sckekninki  Cokk. 


'I i n .  cliain.  The  designers  of  the  furnace  under  notice  con- 
sidered that  such  perforated  rollers  do  not  thoroughly  screen 
the  coke,  but  actually  make  braize,  as  a  large  part  of  tlie 
motion  is  often  at  a  speed  different  from  that  of  the  coke 
moving  over  them,  with  the  result  that  the  ends  which  pro- 
ject down  into  the  perforations  are  sheared  off.  The  rollers 
shown  have  surfaces  made  up  of  numerous  parallel  rings, 
which  allow  the  braize  to  pass  throu^U  without  any  gr;U  in^ 
action,  and  thence  to  a  belt  conveyer. 

To  take  off  the  screened  coke  into  the  skip  bucket  a  short 
shoot  is  provided  liaving  an  edge  like  a  comb,  with  fingers 
extending  into  the  spaces  in  the  roller  surface.  This  device 
keeps  all  the  opening:*  in  the  screening  roller  clear,  and 
makes  the  whole  an  effective  means  of  removing  the  coke  dust 
from  the  coke.  It  is  found  so  efficient  that  the  quencliing  cars 
from  the  by-product  ovens  are  dumped  directly  into  the  coke 
pockets  and  the  handline  and  consequent  breakage  is  tlui:' 
reduced  to  a  ininimiun  - 


Johansson  Combination  Standard  Gauges. ― I n  tl">  artivlf  <>n 
this  subject,  which  appeared  in  our  last  week's  issue,  tlie  con 
eluding  paragraph  on  }>.  1 44  sliould  read:  "  In  coiiolusion  it 
should  be  stated  that  the  agents  for  the  gauges  in  this  count  rv 
are  Messrs.  C.  W.  Burton.  Griffiths,  &  Co  .  laulirate  Squan», 
Ludgate  Hill,  London,  E.(，.' 

Fatal  0\  crwinding  Accident.  ―  Thirteen  men  "  ，'re  kille'l 
on  Friday  last  at  Bolsover  Colliery  Coinpaiiv  s  new*  pit  at 
RufTord,  near  Mansfield,  t  hrough  the  overwinding  of  a  \\  ai*M 
bucket  containing  800  gallons  of  water.  This  heavy  ^uoki i 
crashed  160  yards  down  the  shaft,  w  lie  re  the  sinkers  were  *t 
work  on  a  platform.  Those  who  were  not  crushed  to  death  ！) v 
the  bucket  were  precipitated  into  tlie  \v ater.  There  were  IS 
men  at  work  on  the  plat  form  at  the  time,  and  of  these  tivt* 
got  out,  three  of  them  being  badly  injuied. 
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ILLUMINATION  OF  ENGINEERING  WORKSHOPS  BY  GAS, 
ELECIRICITY,  AND  OIL 

Electricity. 

iiv  iiavon  hakuison. 

(Continued  from  paye  157.) 

The  illumination  of  factories  and  workshops  by  electric  light 
having  become  common  practice,  it  might  be  the  opinion  of 
many  that  there  is  little  more  to  be  said  on  the  subject,  but 
the  science  of  illumination  has  advanced  so  materially  during 
the  last  few  years  that  to  those  who  have  studied  it  and  who 
are  in  the  habit  of  passing  their  time  in  engineering  work- 
shops, the  systems  of  lighting  they  see  adopted  will  often 
strike  them  as  an  abuse  of  a  form  of  illuminant  which,  when 
correctly  used,  is  ideal  for  the  purpose. 

It  must  be  borne  in  mind  that  the  work  carried  out  in 
engineering  workshops  has  to  be  of  an  accurate  nature.  This 
means  that  not  only  every  detail  of  the  work  should  be 
clearly  visible  to  the  worker,  but  also  that  such  defects  in 
lighting  which  might  cause  a  strain,  on  the  nervous  system 
should  be  carefully  removed.  Under  these  circumstances 
glaring  lamps  must  be  avoided.  丄 lluniiiiating  engineers  are 
now  generally  adopting  types  of  reflectors  which  prevent  the 
actual  lamp  filament  being  visible  under  working  conditions. 
Moreover,  these  reflectors  or  shades  so  increase  the  candle 
power  or  useful  rays  in  the  required  direction,  that  the  cost 
of  electric  lighting  is  reduced  to  such  a  figure  as  to  make 
it  doubtful  whether  any  other  form  of  illuminant  could 
compete. 

Before  dealing  with  the  artificial  ilhiniiuatioi]  of  any 
interior,  it  is  wise  to  investigate  the  daylight  conditions,  as 
they  considerably  affect  the  requirements  of  the  workers. 
For  example,  a  series  of  recent  tests  show  that  the  artificial 
illumination  of  some  automatic  screw  cutting  machines 
varied  between  9  and  15  ft. -candles,  whereas  the  daylight 
illumination  on  the  same  machines  was  only  3  ft.-candles. 
In  another  case  the  daylight  illumination  was  37  ft. -candles, 
the  artificial  illumination  being  133  ft.-candles.  This  tends 
to  prove  that  the  workers  prefer  a  higher  degree  of  illumina- 
tion than  is  sometimes  obtained  during  the  daytime,  and  those 
who  have  noticed  how  often  a  workman  will  employ  an  electric 
hand  lamp  during  the  daytime  will,  no  doubt,  have  come  to 
the  same  conclusion. 

Most  of  you  will  have  studied  the  very  valuable  Annual 
Report  of  the  Chief  Inspector  of  Factories  and  Workshops, 
especially  the  results  of  the  careful  observations  and  measure- 
ments of  daylight  and  artificial  illumination  contained  therein. 
Unfortunately,  none  of  these  results  actually  refer  to  engineer- 
ing workshops,  but  for  the  purpose  of  comparison  the  machine 
shops  of  clothing  factories  offer  an  excellent  example.  These 
show  that  the  daylight  illumination  of  different  parts  of  the 
benches  varies  from  a  minimum  of  1*6  ft.  candles  to  a  maxi- 
mum of  67  ft.  cainlles,  and  inuler  artificial  lighting  cotnlit ions 
from  "84  to  32  ft.-candles,  in  which  case  electric  light  was 
responsible  for  both  the  maximum  and  inininium  results.  It 
is  also  interesting  to  note  that  where  dark  materials  are  being 
worked  the  average  illuniination  is  well  over  5  ft.-candles. 
The  Inspector's  report  clearly  brings  out  the  fact  that  no 
definite  inininium  illumination  has  ever  been  aimed  at,  but  he 
also  points  out  the  reason  for  this,  namely,  that  such  a  inini- 
mum  would  have  to  be  regulated  by  the  Albedo  of  the 
materials  worked  upon,  which  varies  so  much  in  different 
factories  that  no  specified  minimum  would  be  of  much  value 
unless  it  included  this  factor. 

The  Albedo  factor  of  machine  shop  work  must  necessarily 
be  very  low,  especially  where  iron  is  being  worked  ；  therefore, 
we  may  take  it  that  the  degree  of  illumination  must  be  com- 
paratively high.  The  Albedo  factor  can  generally  be  con- 
veniently measured,  but  in  the  case  of  machine  shops  it  varies 
every  moment,  for  instance,  between  rough  iron  and  bright 
iron,  but  in  no  case  is  it  likely  to  exceed  33*3  per  cent.,  and  is 
very  often  lower  than  10  per  cent.  ；  therefore,  for  exact  work 
the  illumination  must  be  three  to  ten  times  more  than  would 
be  necessary  for  reading  or  writing.    In  America,  where  this 

*  Abstract  of  papers  read  before  the  Manchester  Association  of  Engineers, 
January  25Ui,  1913. 


subject  lias  received  very  special  attention,  tlx'  following 
values  are  considered  essential  in  marliine  shop  working. 

Foot-candles. 
General  illumination  only  (where  additional  or 
special  illumination  of  eacli  bench  or  machine 


is  provided)    i  5 

Bench  illuniination    4 

Macliines    (or    inacliine    sliujis    wil  li    no  local 

illumination)    C'7 

Foundries,  general  illuniiiiHtion    3. 

Power  houses,  general  illumination    2*5 


The  above  figures  may  be  taken  as  a  very  good  guide,  and 
no  doubt  the  point  wliich  will  interest  you  most  is  how  to 
obtain  such  results  without  depreciating  the  value  of  the 
illumination  obtained  by  introduction  of  glare  or  other  defects, 
and  at  the  same  time  keeping  the  cost  within  reasonable  limits. 
With  reference  to  the  question  of  glare,  I  cannot  do  better 
than  refer  you  to  the  report  of  the  Chief  Inspector  of 
Factories,  where  he  states  that  "  a  system  of  illuniination  may 
bs  described  as  '  glaring  ，  wlien  it  exceeds  any  of  the  limits 
specified  in  the  following,  nanioly :  (ft)  If  the  rat io  of 
intrinsic  brilliancy  of  the  source  of  light  to  tliat  of  the  illuini- 
nated  surroundings  exceeds  a  certain  limit,  tliis  ratio  should 
not  exceed  a  value  of  about  100.  (h)  If  the  absolute  intrinsic 
brilliancy  of  a  source  exceeds  a  certain  value.  The  brilliancy 
of  the  open  candle  flame  (about  2  5  candles  per  square  inrli) 
might  be  taken  as  a  safe  limit,  (r)  If  the  angle  between  the 
direction  of  vision  of  the  eye  when  applied  to  the  work  it  is 
called  upon  to  do  {f' . 气 / . 、  when  gazing  at  a  desk,  blackboard,  or 
diagram  on  the  wall,  &c.)，  and  the  line  of  the  eye  to  the  source 
of  flight  is  too  small,  this  itiiiiinium  an^lc  may  be  provisionally 
assumed  as  30°.  (</)  When  the  extent  (apparent  area)  of  the 
illiuninating  body  is  too  large,  the  source  should  not  subtend 
an  angle  of  more  than  5°  at  the  eye. 

From  this  it  will  be  seen  that  the  important  points  to  be 
taken  into  consideration  are  mainly  :  ( 1)  The  position  of  the 
light  unit.  (2)  Efficient  shading.  The  importance  of  the 
above  recommendations  cannot  be  over-estimated,  as  they 
settle  once  for  all  the  postulate  that  none  of  the  more  modern 
types  of  illuminants — such  as  gas  mantles,  incandescent 
electric  lamps  or  arc  lamps ― can  be  used  unshaded,  and 
further,  that  many  of  the  modern  translucent  shades  are  not 
sufficiently  dense  to  come  within  the  limits  prescribed  ；  on 
the  other  hand,  where  high  candle-power  light  units,  such  as 
high-pressure  gas  lamps  or  electric  arc  lamps,  are  adopted,  the 
density  of  translucent  globes  necessary  to  reduce  the  intrinsic 
brilliancy  to  2 '5  ('.p.  per  square  inch,  would  so  materiallv 
reduce  their  efficiency  as  to  rule  such  units  out  of  order,  unless 
a  semi-indirect  system  of  lighting  was  adopted.  It  is  thus 
becoming  a  tendency  of  modern  practice  to  adopt  a  system  by 
which  none  of  the  light  sources  are  visible,  or  in  any  case  only 
those  which  being  intended  for  general  lighting  (ample  local 
lighting  having  been  separately  arranged  for)  may  be  com- 
paratively 】ow  in  intrinsic  brilliancy. 

In  the  American  figures  referred  to,  it  will  be  noted  that 
the  general  illumination  was  ]>ut  at  1*5  ft.-candles.  Your 
President  suggested  that  in  order  that  this  paper  might  liave 
some  common  basis  of  comparison  with  the  others  on  the  sanu* 
subject,  an  example  of  this  nature  should  be  taken  and  that 
costs  should  be  given.  The  example  suggested  is  that  of  a 
workshop  having  two  bays,  one  250".  lon^,  :)0i't.  wide,  ； iml 
30ft.  high,  given  up  to  heavy  inachinerv,  the  other  2 5 Oft.  loug. 
30ft.  wide,  and  15ft.  high,  devoted  to  small  macliinerv. 
There  are  certain  conditions  relating  to  travelling  cranes  iu 
the  large  bay  and  belting  in  the  small  bay,  whicli  mi^lit  affect 
the  disposition  of  the  lamps,  but  as  the  actual  position  of  these 
is  not  defined,  they  can  only  be  taken  into  consideration  on 
general  lines. 

The  writer  in  this  case  has  taken  for  granted  that  tlie 
specified  minimum  illmninatiou,  naiuel\\  1  '5  ft  .-candles, 
applies  to  horizontal  illuniination  on  the  floor  in  the  case  of 
tlie  heavy  niachinerv  bay,  and  on  the  benches  or  tool  beds  iu 
the  case  of  the  small  niachinerv  bay.  As  the  reflecting  value 
of  the  walls  and  ceilings  has  not  been  specified  it  is  as  well  to 
leave  it  out  altogether,  and  as  the  comparison  is  a  matter  of 
cost  more  than  illuininatiii^  efficiency,  I  only  propose  to  con- 
sider two  simple  methods  of  illiuninating  the  different  bays. 

The  large  bay  being  lofty,  nainelv,  30ft.  high,  there  are  few 
objections  to  t\ux  use  of  hipli  oaiirlle-jK>w<ir  units  suspended  «s 
high  as  possible,  so  as  to  be  well  out  of  t \\v  line  of  sight  of  the 
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workers,  as  it  is  obvious  that  the  intrinsic  l)ri]li;u",v  mi'  Ii 
unit's  will  be  higlior  than  tlio  regulat  ions  rclal  in^  ")  ^I;iit 
would  permit.  In  this  case,  as  all  the  liglit  is  to  be  direclcd 
into  the  lower  hemisphere,  no  betioi-  lamp  could  be 
than  one  of  the  modern  types  of  flame  arc  lamps.  The  width 
of  the  building  being  50ft. ，  it  naturally  follows  that  if  a  line 
ol'  lamps  is  placed  down  the  centre  of  the  roof  nvi\ v  111"  apex 
they  should  be  spaced  at  a  distance  of  50ft .  ；  1  hus,  each  covers 
an  area  of  2,500  sq.  ft.,  the  total  area  being  l'」，r)(M)  s(|.  ft.,  (iv (？ 
lamps  would  be  ample,  and  these  could  be  conveniently  run  in 
series  on  any  circuit  between  200  and  240  volts,  which  pres- 
sure is  now  becoming  usual  in  works. 

To  ascertain  tlie  candle-power  of  ilie  lamps  necessary  to 
produce  a  miniinuin  of  IT)  ft. -candles  on  the  horizontal  plane, 
it  is  only  necessary  to  take  tlie  inaxiinuin  distance  of  t  lie 
sources  of  light  from  the  likely  point  of  minimum  illumination 
which  would  be  near  the  edge  of  the  building,  half-way 
between  two  lamps  (provided  there  is  no  light  reflected  I'rnm 
the  walls)  ；  this  distance  is  46"4ft. ,  then  the  simplest  nict  hod 
is  to  nuiltiply  the  illuminalion  by  this  distance  cubed ,  and 
divide  it  by  the  height  of  the  light  source  to  allow  for  the  an^lc 
of  incidence,  the  result  being  divided  by  two,  as  the  illumina- 
tion is  produced  mainly  by  two  lamps.  The  efi'ect  i'rom  1  liosc 
beyond  them  need  hardly  be  included  in  the  calculation.  This 
calculation  works  out  as  follows  ： ― 

1*5  x  46-43     、    "  . 0„  " 

~ ^tt  r  2  —  ^,4o7  candle-power. 

Tlius,  if  the  lamps  produce,  say,  2,500  ('.p.  at  angles  from  40^ 
downwards,  the  necessary  illumination  will  result.  Actual 
practice  has  proved  that  a  500  watt  flame  arc  lamp  can  be 
relied  upon  to  do  this  ；  thus  five  such  lamps,  taking  a  total  of 
2,500  watts,  will  be  sufficient. 

The  cost  of  running  such  lamps  depends  mainly  on  three 
factors :  (a)  Cost  of  electrical  energy.  (i)  Cost  of  carbons 
and  trimming.  (c)  Interest  and  sinking  fund  and  repairs. 
For  the  purpose  of  comparison  the  cost  of  electrical  energy  is 
taken  at  one  penny  per  unit,  this  figure  being  chosen  for 
reasons  stated  later.  The  cost  of  carbons  and  trimming  for 
this  class  of  lamp  is  generally  found  to  work  out  at  "3d.  per 
lamp  hour.  Interest,  sinking  fund,  and  repairs  are  taken  as 
15  per  cent,  on  the  capital  outlay,  which,  in  this  example, 
would  be  easily  covered  by  £50  for  the  large  bay.  On  this 
basis  the  cost  of  working  works  out  as  follows  for  1,000  hours 
of  lighting  ： ― 

(") 2,500  Board  of  Trade  Units  at  Id  £10    8  4 

(厶) Carbons  and  trimming  at  '3d.  per  lamp  hour  6  5  0 
(r)  Interest  and  sinking  fund  and  repairs    7  10  0 

Total  for  1,000  hours  £24    3  4 

Total  cost  of  lighting  bay  per  hour  5'8d. 

The  small  machinery  bay  cannot  be  dealt  with  in  the  same 
manner,  partially  on  account  of  the  height  being  only  15ft., 
and  more  particularly  on  account  of  the  different  class  of  work 
carried  on  there.  In  this  case  the  postulate  is  taken  as 
1*5  ft. -candles  measured  on  a  horizontal  plane  3ft.  above  floor 
level,  which  roughly  represents  level  of  the  benches,  lathe  beds, 
;m(l  similar  liiat'hinery.  For  this  class  of  work  shaded  lamps 
would  necessarily  be  adopted,  and  the  modern  illuminating 
engineer  would  probably  avail  himself  of  one  of  the  opaque 
patterns  of  reflector  supplied  specially  for  the  purpose  for  use 
with  tungsten  lamps.  These  are  generally  designed  to  pro- 
duce an  even  illumination  when  the  liglit  units  are  spaced  at  a 
dist ance  apart  equal  to  about  twice  the  height  of  the  lamps 
;»bove  the  working  plane. 

If  the  lain])s  and  reflectors  were  placed  13ft.  from  the  floor 
level  and  1 0 ft -  above  the  working  plane  each  lamp  would  cover 
i»ti  area  of  400  sq.ft.;  thus,  about  20  such  fittings  would  be 
necessary.  As  with  these  fittings  the  light  on  the  working 
】>lane  is  equal  to  double  (or  even  more)  the  horizontal  candle- 
power  of  the  lamp,  one  50  watt  lamp  in  each  fitting  would 
give  the  necessary  minimum  horizontal  illumination  ；  thus. 
this  bay  would  take  1,000  watts  or  133  watts  per  square  foot. 
Working  out  the  costs  in  the  same  way  as  the  large  bay,  we 
have  to  consider  the  cost  of  lamp  renewals  which  may  be  taken 
as  ！ 2s.  6d，  per  fitting  per  1,000  hours,  interest,  sinking  fund. 


and  repairs  at  10  percent.,  wliich,  allowing  the  capital  cost  as 
X'M  for  fittings  and  wiring,  works  out  as  follows:  - 
Cost  of  illuminating  small  bay  per  1 ,000  hours  : 


1 ,000  Hoard  of  Trade  Units  at  Id  £4    3  A 

Lamp  renewals    2  10  0 

Interest,  sinking  fund,  and  repairs    3    0  0 

Total  per  1 ,000  liours   £9  ]：；  1 

Hour    2*32  penrc 


These  figures  are  instructive  for  several  reasons,  tl"'  mo  -I 
important  being  the  diflVn'iw  in  '-ost  U'i、v*"'【i  1 1 1 1 1 1 1 1 l'  "itli 
large  and  small  units  ；  the  cost  of  liglil  in^  tluf  l;ir"'('  I  jay  w  i  1 1 1 
a  total  candle-power  equal  to  12,500,  or  one  candle  per  for»t . 卜 
2\  times  that  of  lighting  tlie  small  bay  with  20  45  c.p.  lamps, 
which  in  the  reflectors  give  100  c.p.  in  the  desired  direction,  or 
a  total  of  2,000  c.p.  The  following  figures  bring  tliis  out  "iur'' 
clearly  : — 

Large  Iia!!,    ( 12,500  square  feet  jloor  area. ) 
Efficiency  of  lamps  in  required  direction    5  c  p.  per  watt. 


Total  caudle-power  allowed   i2,o00c.p. 

Candlu-power  per  square  foot    I . 

Cost  per  square  foot  per  1,000  hours …  ' 161d. 

Small  Bay.    (7,000  square  feet  Jloor  area. ) 

Kfliciency  of  light  sources    2  c.p.  per  watt. 

Total  effective  light  allowed   2,000  c.p. 

Candle-power  per  square  foot    267. 

Cost  per  square  foot  per  1,000  hours  ...  *31d. 


The  writer  has  always  considered  that  for  the  purpose  of 
comparison  the  floor  area  forms  an  incorrect  basis,  tor  two 
reasons  ：  (1)  The  height  of  the  area  to  be  illuminated  must  be 
taken  into  consideration,  especially  in  workshops  where  large 
tools  are  used,  which  must  be  ilhuninated  from  top  to  bottom  ； 
thus,  in  the  case  of  the  large  bay  making  it  necessary  to 
illuminate  a  cubical  contents  three  times  larger  than  that  of 
the  small  bay.  (2)  The  number  of  workmen  employed  in  a 
building  must  necessarily  mean  a  better  illumination.  This 
second  reason  is  one  that  requires  careful  consideration,  bear- 
ing in  mind  the  different  classes  of  workshops  under  review. 

In  the  first  part  of  the  paper  it  was  clearly  brought  out  that 
an  illumination  lower  than  5  ft. -candles  would  not  be 
adequate,  considering  the  Albedo  of  the  materials.  Should 
this  illumination  be  necessary  all  over  the  works,  the  cost  of 
illumination  would  be  nearly  three  times  as  much  as  the 
figures  given,  but  to  give  this  higher  degree  of  illumination 
where  there  is  nobody  to  make  use  of  it  is  obviously  a  waste  of 
money,  hence  the  reason  why  the  system  of  local  lighting  is 
being  generally  adopted.  The  example  of  the  small  bay  more 
closely  approximates  to  the  system  of  local  lighting,  and  tlie 
economy  is  apparent;  but  let  us  suppose  that  100  men  are 
employed  in  that  bay.  It  is  obvious  that  it  would  be  more 
convenient  for  the  men  to  have  100  sources  of  liglit  placed  in 
a  position  to  suit  each  of  them.  These  sources  might  be  made 
to  give  50  effective  candle-power  over  an  area,  say,  of  10  sq.  ft., 
which  would  then  be  illuminated  up  to  a  degree  of  5  ft. -candles 
by  placing  the  light  source  3ft.  above  it.  By  this  mean-  ；! 
working  illumination  would  be  provided  at  nearly  tlie  same 
cost  as  1*5  ft. -candles  specified,  which  is  barely  a  working 
illumination  even  when  the  Albedo  factor  approaches  100 
per  cent. 

It  appears,  therefore,  when  considering  the  illuminat  ion  (" 
machine  shops  that  the  cost  of  illumination  per  man  would  1"、 
a  better  basis  to  work  on,  and  is  therefore  worthy  of  careful 
discussion  and  consideration.  The  writer  has  considered  the 
question  from  this  point  of  view,  and  finds  that  a  basis  of 
10  watts  per  man  for  local  lighting,  plus  a  small  amount  for 
general  lighting,  should  prove  ample  for  general  work,  pro- 
vided, of  course,  that  suitable  efficient  opaque  reflectors  are 
adopted. 

When  going  into  the  question  of  cost,  it  will  be  noted  that 
one  penny  per  unit  was  taken  as  a  basis.  It  will,  no  tloubt, 
be  said  by  those  opposed  to  electric  lightiic  tliat  tliis  r<»t  is 
too  low,  but  as  most  large  works  have  either  got  their  owu 
generating  machinery,  or  are  supplied  by  power  companies,  it 
would  be  found  that  it  was  a  very  fair  average.  Even  in 
smaller  works  using  power,  the  cost  of  electric  lighting  is  such 
as  to  make  its  adoption  advisable.  For  example,  in  a  works 
which   came   under   the  writer's    notice,    the   lighting  was 
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originally  gas,  and  two  gas  engines  were  used  for  driving  the 
machinery.  About  200  tungsten  lamps  were  installed  and 
supplied  with  electricity  from  a  dynamo  (h  i vcn  off  one  of  t  he 
gas  engines.  This  has  now  been  running  for  two  years,  and 
the  proprietor  states  that  the  cost  of  gas  for  the  gas  engines 
has  not  appreciably  increased,  whereas  the  consumption  of  gas 
I'ov  liglit ing,  wliicli  was  previously  a  large  item,  has,  of  course, 
ceased. 

I >ocal  1  i ^  1 1 1  i n ^r  cannot  be  conveniently  carried  out  by  means 
of  gas,  as  small  light  units,  such  as  20  c.p.,  are  not  efficient 
when  using  a  flame  source,  and  are,  moreover,  not  adapted  for 
use  in  efficient  reflectors,  on  account  of  the  heat  given  off  and 
t  lie  jnoxiniity  of  the  operator  to  the  products  of  combust  iou. 
For  reasons  sucli  as  these,  t  lie  public  bodies  naturally  utilise 
and  )-ecoini»ieiKl  the  use  of  electric  light.  As  regards  degree 
of  illumination,  statistics  have  been  obtained  and  published 
showing  that  defective  illumination  is  often  responsible  for  a 
decrease  in  output  varying  from  12  to  20  per  cent .  On  the 
other  hand,  I  trust  this  paper  will  have  proved  that  efficient 
illumination  can  be  obtained  by  the  use  of  electric  lamps, 
correctly  spaced  and  shaded,  at  a  cost  which  is  probably  lower 
than  any  other  type  of  illuminant.  This  fact,  combined  with 
the  valuable  hygienic  properties  associated  with  electric  light- 
ing, has  resulted  in  nearly  all  large  employers  of  labour 
adopting  this  means  of  artificial  illumination. 

(To  be  continued.) 


EXHAUST  DISCS  FOR  STEAM  TURBINES. 

M.  Delaporte,  in  "  Revue  de  Mecanique/'  gives  a  description 
of  a  method  of  improving  the  efficiency  of  steam  turbines  by 
the  employment  of  exhaust  discs,  and  we  are  indebted  for  the 
following  translation  to  the  Proceedings  of  the  American 
Society  of  Mechanical  Engineers. 

The  last  row  of  blades  has  always  long  blades  as  compared 
with  the  thickness  of  the  distributed  steam  films,  and  the 
efllux  comes  out  in  an  indefinite  film,  that  is,  without  the 
separate  stream  lines  being  given  an  opportunity  to  expand 
in  the  direction  of  the  axis  of  a  blade.  Owing  to  the  imme- 
diate proximity  of  other  vapour  films,  the  films  are  not 
allowed  to  expand  in  the  perpendicular  direction  a  b  either 
(see  Fig.  A.)  The  guiding  a  c  prevents  entirely  any  change 
of  the  direction  of  the  films  in  the  triangular  space  ab  c  '， 
there  can,  therefore,  be  no  expansion,  and  the  pressure  P  at 
" is  constant  for  the  entire  space,  and  particularly  for  the 
section  below  disc  b  c.  As  a  result,  the  difference  between 
P  and  the  pressure  jj  at  the  plane  of  outlet  of  the  disc  and 
at,  the  exhaust  gives  only  to  the  steam  an  acceleration  A 
parallel  to  the  axis  of  the  disc  ；  the  change  in  direction  pro- 
duced affords  the  films  the  possibility  to  thicken  in  accord- 
ance with  the  increase  of  the  relative  velocity  of  the  steam 
from  V  to  VJ;  but  as  far  as  useful  work  is  concerned  this 
acceleration  is  entirely  lost,  because  it  is  not  accompanied  by 
a  change  in  the  moment  of  the  quantity  of  motion  with  res- 
】）ect  to  the  axis.  There  is,  therefore,  a  certain  limited  pres- 
sure beyond  which  the'  turbine  ceases  to  benefit  by  any  fur- 
ther increase  of  expansion.  This  limiting  pressure  P  is  char- 
acterised by  the  relative  velocity  at  the  outlet  of  the  disc 
being  360  metres  (1,181ft.)  per  second,  the  output  being 

A  =  0*97  Ps 

where  △  is  in  kg.  per  hour,  and  s  the  total  section  open  to 
the  passage  of  the  steam  in  sq.  mm.  (1  sq.  mm,  二  0,00155  sq. 
in.).  Hence 

s 

Tlic  fad  that  there  are  many  correct  graphical  proofs  of  the 
ini|)ortai\t  advantages  derived  by  turbines  from  reducing  the 
pressure  does  not  conflict  with  the  above    statement  ：  all 

su'  i〗  proofs  hold  only  for  cases  where  the  ratio    ―  is  small 

and  the  pressure  P  is  below  the  pressure  of  the  con- 
denser. But  with  the  increase  in  the  size  of  turbines  which 
for  economic  reasons  lias  not  been  followed  by  a  reduction  of 
their  speed,  the  output  A  has  increased,  while  the  section 
、•  could  not  be  increased  at  the  same  rate  owing  to  its  being 
Ijmited  by  the  strength  .of  the  materials  used.  A  disc  of 
750mm.  -  (say    30in.)    in    diameter,    with    blades  100mm, 


(3'9in.)    long,    and    a    coefficient    of    distribution  入' from 

0'G  to  0  65  (入' =  =     Fig.  A，  represents  about  the  limit  of  what 

can  be  done  at  3,000  revs,  per  minute  without  sacrificing 
the  safety  of  operation,  and  that  gives  to  s  a  maximum  value 

of  about  150.000.    The  ratio  —  thus   becomes  an  element 

-、' 

which  can  no  longer  be  neglected. 

As  an  example  the  author  considers  a  turbine  driving  a 
1,500  kw.  alternator  at  3,000  revs,  per  minute.  With  aver- 
age conditions  of  pressure,  superheat  and  vacuum  the  steam 
consumption  is  G-i)  kg.  (】5  181bs.)  per  kilowatt  per  hour  ； 
hence  A  =6-9  x  1,500  =  10,350  kg,  and 

A       ^       10,350     一，，  ， 
P=]-03f-=l-03Xl5(^0u  =  O-71kg.  =  l-00;)lb.. 

If  the  cooling*  conclen sex*  water  be  taken  at  16  C. 
(608°  Fah.),  and  comes  out  of  the  condenser  at  28°  C. 
(82'4°  Fah.),  the  pressure  y  at  the  entrance  to  the  condenser 
will  be  approximately  that  corresponding,  according  to  steam 
table,  to  a  temperature  of  about  5°  above  the  latter  tempera- 
ture or  f  =  0-Uoi  kg.  =  07291b.  The  expansion  from  0  071 
to  0  051  kg.  is  lost.  But  if  a  disc  with  ^  =  150,000  cannot 
take  care  of  the  entire  steam  at  a  pressure  below  0  071  kg. 
another  disc  with  equal  section  could  drive  off  the  steam  at 
the  pressure  of  0051  kg.  if  it  had  only  to  take 
care  of  a  reduced  amount  of  steam :  this  is  the 
fundamental  idea  of  the  "  exhaust  disc."  .  It  is  pro- 
vided, like  others,  with  a  distributor,  but  this  is  placed 
between  the  two  exhausts,  and  is  traversed  only  by  a  part  of 
the  total  flow  of  steam,  the  inlet  connecting  branch  being 
contracted  so  as  to  limit  the  pressure  in  the  main  turbine 
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to  a  value  beyond  which  it  ceases  to  be  of  benefit.  Fig.  B 
gives  an  example  of  this  arrangement :  1  is  the  exhaust  disc* 
of  which  the  distributotr  seats  on  the  cast-iron  plate  2 
between  the  branches  3  and  4，  the  first  of  which  is  contracted 
by  a  diaphragm  (it  is  often  more  convenient  to  create  a  loss 
of  pressure  at  5).  The  two  streams  of  steam  reunite  in  6  in 
the  exhaust  pipe.  If  five-eighths  of  the  flow  of  steam  be  sent 
through  the  exhaust  disc,  88  li.p. ,  or  about  3  9  per  cent,  of 
the  normal  power,  is  recovered,  which  is  significant  con- 
sidering the  simplicity  of  the  device.  This  gain  can  be  still 
further  improved  by  modifying  the  condenser  arrangement' 
somewhat.  As  shown  in  Fig.  C，  the  partition  2  is  extended 
through  the  exhaust  pipe  right  into  the  condenser  which  it 
divides  into  two  parts.  With  regard  to  the  circulation  of 
water,  the  nests  of  tubes  7  and  8  are  disposed  in  series  with 
7  receiving  the  fresh  water.  As  a  matter  of  fact,  this 
arrangement  results  in  there  being  practically  two  separate 
oondensers  of  which  one,  viz.  that  receiving  the  steam  from 
the  exhaust  disc  (the  author  calls  it  the  cold  rondenser) 
permits  of  obtaining  a  final  pressure  pi  considerably  below 
the  pressure  p  of  the  other  condense i%  or  the  one  that  would 
prevail  1  lirou^hout  the  entire  condenser  if  it  were  not 
divided.  Notwithstanding  the  difference  of  internal  pres- 
sures, both  condensers  may  be  supplied  with  water  by  tlie 
same  pump.  With  the  川 odified  condense i-  an  increase  in 
<,ftk,ienc)\ii})  to  (； '8  per  cent,  has,  it  is  st alvd,  boon  (山 t;iim、d  in 
arlual  tests. 
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MACHINERY  FOR  WARSHIPS, 

UY   CAPT.        、V.  DYSON,  U.S.N. 

In  the  selection  of  the  type  of  machinery  to  be  used  in  war- 
ships, the  following  points  must  be  taken  into  consideration  ： 
M)  General  character  of  the  service  which  the  vessel  will  be 
called  upon  to  perform,  whether  she  must  keep  the  sea  for 
long  periods,  cruising  at  speeds  very  much  lower  than  Ixt 
maximum  speeds,  or  whether  she  will  be  called  upon  for  very 
little  slow  cruising,  but  must  be  lield  in  readiness  tor  daslies  at 
high  speed  from  a  base  to  any  threatened  point.  (2)  Greatest 
economy  to  be  realised  at  tlie  conditions  under  which  she  will 
be  called  upon  to  operate.  This  factor  is  inipoftaul,  not  only 
t'rom  the  standpoint  of  financial  saving  in  reduced  fuel  cost, 
but  in  the  greater  ease  of  fuel  supply  due  to  the  decreased 
demands.  (3)  Fuel  capacity  required  by  the  deinands  of  the 
service  to  wliich  the  vessel  may  be  subjected.  (4)  Ease  of  up- 
keep of  the  machinery,  and  degree  to  which  the  vessel,  so  far 
as  machinery  repairs  are  concerned,  can  be  made  self-support- 
ing. (5)  Reliability  of  machinery  when  driven  at  high 
powers.  (6)  Minimum  space  and  weight  required  for  the 
propelling  inacliiiiery .  (7)  Efficiency  of  propellers  for 
manoeuvringr.  (8)  Minimum  obtainable  vibration  of  liull  due 
to  machinery  in  operation.  (S)  Effect  of  vertical  position  of 
centre  of  gravity  of  the  macliineiy  upon  tlie  time  of  roll  of  the 
vessel,  in  fixing  the  quality  of  the  vessel  as  a  gun  platfonn. 

The  question  of  costs  of*  the  different  types  of  inacliinery 
will  not  be  considered  in  comparing  tlie  relative  advantages  of 
the  types,  and  the  relative  values  of  turbine  reduction  gear, 
electric  propulsion  and  internal-combustion  engines  for  pro- 
pulsion will  not  be  dealt  with,  because  they  are  still  more  or 
less  in  the  trial  stage  and  sufficient  data  are  not  yet  available 
to  allow  of  a  fair  comparison.  Eliminating  these  three  latter 
methods  of  propelling  naval  vessels  restricts  the  choice  of 
machinery  for  this  purpose  to  the  three  following  methods  ： 
(a)  By  means  of  reciprocating  engines.  (b)  By  means  of 
steam  turbines,  impulse,  reaction,  or  a  combination  of  the 
two.  (c)  By  means  of  various  combinations  of  reciprocating 
engines  with  turbines. 

Reciprocating  v.  Turbine  Engines. ― Formerly  the  favourite 
method  of  comparing  tlie  relative  economies  of  propulsion 
of  reciprocating  engines  and  turbines  was  by  comparing 
the  water  per  shaft  horse-power  of  the  turbines  with  the 
water  per  indicated  horse-power  of  the  reciprocator,  in 
this  comparison  all  mention  of  the  large  difFerepce  between 
the  indicated  liorse-power  required  ia  the  one  case  and  the 
shaft  horse-power  in  the  other  being  carefully  neglected.  The 
method  of  comparison  in  use  to-day  is  the  commercial  one 
of  "  pounds  of  fuel  per  knot  "  at  different  speeds.  From  a 
study  of  the  operating  characteristics  of  battle- ships  driven  by 
each  class  of  engine,  the  following  conclusions  seem  justified, 
under  present  economic  conditions  and  engine  design 
practice  : 

Should  the  duties  of  a  vessel  be  such  that  she  is  required 
to  steam  for  long  periods  and  long  distances  at  speeds  much 
lower  than  her  designed  maximum  speed,  a  less  fuel  expendi- 
ture per  day  will  be  required,  and  consequently  a  greater 
cruising  radius  will  be  obtained  and  less  frequent  recoalin^ 
necessitated,  should  reciprocating  engines  be  fitted  rather  than 
turbines  for  propelling  purposes. 

Should  the  vessel  operate  from  a  fixed  base,  onlv  cloiny 
sufficient  cruising  to  ensure  that  the  machinery  is  kept  in 
efficient  condition  in  readiness  for  forced  runs  to  any  threat- 
ened point,  the  value  of  fuel  economy  at  low  speeds  becomes 
minimised  and,  where  the  maximum  speed  of  the  vessel  does 
not  exceed  21  to  22  knots,  either  turbines  or  reciprocating 
engines  may  be  used,  the  choice  being  dependent  upon  other 
factors  than  economies,  which  are  practically  equal  at  these 
speeds. 

In  other  words,  for  the  conditions  (2)  and  (3),  under  which 
the  American  battle-ship  fleet  operates,  the  reciprocating 
engine  is  preferable  to  the  turbine  as  a  propelling  engine.  Tlie 
Navy  Department  is,  however,  thoroughly  alive  to  tlie  advan- 
tages to  be  gained  by  adopting  rotary  in  place  of  reciprocating 
motion  in  the  main  propelling  macliinery  of  the  heavy  vessels 
of  the  fleet,  and,  while  recognising  tlie  present  advantages 
held  by  tlie  reciprocating  engine  in  the  matter  of  economy  at 

•  Abstract  of  j.aper  entitlotl  "  Kn^iiH't'vinj,'  lVwt'ss  in  T'.S.  Nn  v\ ."  rrad  before 
U"'  Anu'rican  Society  of  Naval  Avchiterts  au<l  Murine  Kn^im't'i^. 


low  fractions  of  designed  power,  holds  itself  ready  to  distard 
the  reciprocating  engine  as  soon  as  the  turbine  designers  can 
demonstrate  by  a<:tu;il  performance  that  their  clairus  ;is  to 
equality  of  economy  at  low  powers  with  the  older  macliinn 
have  been  realised.  It  was  with  this  object  in  view  that 
the  department  decided  to  install  impulse  turbines  in  U"' 
" Nevada/'  and  not  because  the  engineers  of  the  department 
were  "  wobbling,    as  has  been  charged. 

The  claim  is  frequently  made  by  the  turbine  advocates  that 
while  the  reciprocating  engine,  when  new,  is  undoubte<ll v 
more  economical  than  tlie  turbine  at  small  fractions  of 
designed  power,  this  advantage  is  soon  lost  in  active  service, 
due  to  excessive  wear  of  piston  and  valve  rin^s  causinv  large 
losses  tlirougii  heavy  leakagie  of  steam,  and  that ,  on  the  other 
hand,  tlie  turbines,  not  being  subject  to  su<*li  frictional  wear, 
retain  their  original  economy  indefinitely.  Practical  ex!""i 
ence  with  both  types  of  engine  in  actual  service  comes  very 
far  from  justifying  this  conclusion .  In  fact,  with  intelligent 
supervision,  the  reciprocating  engine,  particularly  since  forced 
lubrication  has  been  applied,  Iiohls  its  superiority  con- 
tinuously. 

When  reciprocaling-engiiied  vessels  visit  the  navy  yards  for 
their  regular  overhaul,  the  work  to  be  clone  on  the  rnain 
engines  is  practically  nil,  as  the  machine  shops  and  foundries 
of  the  battle-ships  are  of  ample  capacity  to  take  care  of  all 
repairs  that  may  be  necessary  except  sudi  ,-is  tlie  fitimg  of  a 
new  cylinder  or  the  repair  of  a  fractured  bedplate.  The 
above  remarks  apply  only,  however,  to  ships  fitted  with  forced 
lubrication,  where  the  wear  of  bearings  and  journals  lias 
practically  eliminated. 

When  we  turn  to  the  turbine  engines,  however,  the  case 
is  quite  the  opposite.  Fully  99  per  cent,  of  the  troubles  that 
occur  with  this  type  of  engine  are  internal  troubles,  and  con- 
sist of  erosion  of  blades  and  nozzles,  striping  of  blading,  heavy 
corrosion  of  rotors,  diaphragms  and  turbine  wheels,  causing 
destruction  of  balance.  All  of  these  troubles  require  a'  per 
fectly  smooth  haven  ia  whicli  to  make  repairs,  and  the 
majority  of  tliem  require  dockyard  facilities. 

Evidence  of  experience  leads,  then,  to  the  conclusion  tliaf 
a  battle-ship  fitted  with  reciprocating  engines  for  propelliiiL' 
purposes  is  much  less  apt  to  be  forced  off  her  station  by  neces- 
sary repairs  to  her  engines  than  is  one  fitted  with  turbine 
engines. 

As  regards  reliability,  from  the  nature  of  the  two  machines 
it  would  appear  to  be  safe  to  decide  this  condition  as  being 
distinctly  in  favour  of  the  turbines,  as  this  type  of  engine 
is  completly  free  from  all  reciprocating  parts  held  together 
by  bolts  and  nuts.  Experience  with  the  "  Delaware's  •• 
engines,  however,  lead  to  the  conclusion  that  where  proper 
care  is  taken  to  lock  all  nuts  securely,  and  to  effectively  pro- 
tect the  engines  against  the  shocks  of  reversal  of  direction  of 
motion,  the  reciprocating  engine  can,  even  in  this  respect,  be 
regarded  as  nearly  on  a  par  with  the  turbine  in  reliability. 

The  full -power  24-hour  run  of  the  "  Delaware,"  made  with- 
out preparation  immediately  after  her  arrival  home  from 
Chili,  demonstrates  this  reliability  of  the  present  type  of 
battle-ship  engines  very  tliorouglily.  As  stated,  without  anv 
preliminary  preparation  of  engines  or  macliinerv,  the  vessel 
put  to  sea,  and  upon  getting  well  clear  of  the  land  a  full- 
power  run  of  four  hours  was  started,  during  which  time  the 
vessel  averaged  21.86  knots  per  hour.  Without  intermission 
the  vessel  continued  on  for  20  hours  longer,  averaging  for  the 
full  24  hours  a  speed  of  21*3  knots,  the  ship  automatically 
slowing  down  as  the  fires  became  dirty  and  the  personnel 
fatigued.  Upon  the  completion  of  the  trial  a  radiogram  was 
received  from  the  commanding  officer  of  the  vessel  reporting 
.that  not  the  slightest  disarrangement  had  occurred  to  either 
. the  main  engines  or  the  auxiliary  rnachinerv,  and  that  she 
was  ready  for  immediate  service. 

The  total  heat  units  required  to  be  absorbed  by  the  boilers, 
both  for  Parsons  turbines  and  for  reciprocating  engines,  with 
battle-ships  of  the  speed  and  power  that  now  exist,  is  prart  i- 
cally  the  same  in  both  cases  at  full  power.  This  indicates 
that,  for  existing  conditions,  nothing  can  be  saved  in  the 
boiler-room  weights  or  space  by  adopting  turbines,  as  the  same 
boiler-power  is  required  in  the  two  cases.  In  the  engine- 
rooms,  for  these  powers,  however,  the  reciprocating  engine  has 
a  decided  advantage  in  both  weight  and  space  required,  but 
this  advantage  would  disappear  should  the  necessarv  power  to 
be  developed  be  increased  considerably  above  what  is  now 
asked  for,  and  the  advantage  would  rest  with  the  turhino. 
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Should  such  an  increase  of  power  be  called  for  in  future 
designs,  or  should  the  ordinary  cruising  speed  be  made  con- 
siderably higher  than  now  used,  the  Navy  Department  would 
undoubtedly  abandon  the  reciprocating  engine  and  adopt  one 
of  its  rotary  rivals  for  the  propulsion  of  its  capital  ships. 

As  regards  the  efficiency  of  propellers  for  manoeuvring,  the 
relation  of  the  backing  powers  of  the  vessel  as  compared  with 
the  maximum  full  power  ahead,  and  the  time  required  from 
full  speed  ahead  until  the  vessel  is  dead  in  the  water,  is  taken 
as  a  comparative  measure  of  this  condition.  When  all  boilers 
are  in  use,  which  in  the  case  of  the  "  Delaware  u  occurs  at 
25,000  i.h.p.  for  the  main  engine  in  the  ahead  motion,  and 
for  the  "  Salem  ，，  at  14,000  s.h.p.  for  the  main  engine  in  the 
ahead  motion,  the  maximum  backing  powers  can  be  obtained. 
】ii  the  case  of  the  "  Delaware  "  this  maximum  backing  power 
amounts  to  89'2  per  cent,  of  the  ahead  power,  while  in  the  tur- 
bine vessel  "  Salem  "  it  amounts  to  only  41 '9  per  cent.  That 
is,  at  these  points,  the  backing  power  of  the  "  Delaware  ，，  is 
213  times  as  great  as  that  of  the  "  Salem,"  both  being 
expressed  as  fractions  of  the  ahead  power.  At  the  maximum 
powers  developed  by  the  engines  of  the  two  vessels,  the  ratio 
of  the  percentage  backing  power  becomes  :  "  Delaware  " 
2.27  "  Salem." 

These  results  are  further  corroborated  by  the  backing 
tests  of  the  "  Delaware  '，  and  the  "  Utah  '，  upon  their  pre- 
liminary acceptance  trials,  where,  with  the  "  Delaware  '，  going 
ahead  at  21  knots  and  the  "Utah"  at  20  knots,  the  times 
taken  to  bring  the  vessels  dead  in  the  water  were,  for  the 
tl  Delaware,"  1  min.  52  sec.;  iC  Utah,"  4  min.  44  sec.  Back- 
ing power  divided  by  ahead  power  is,  for  the  "  Delaware  ，' 
87'5  per  cent.,  for  the  ('  Utah  '，  357  per  cent.  These  results 
are  still  further  corroborated  by  the  destroyers,  which  can 
easily  steam  ahead  at  16  knots  under  one  boiler,  but  when 
called  upon  to  manoeuvre  invariably,  as  a  matter  of  safety, 
start  a  second  boiler. 

In  judging  the  effect  of  vibration  it  seems  only  fair  to  base 
the  decision  upon  the  results  of  target  practice  of  the  vessels 
in  service.  If  this  is  done,  the  decision  could  be  given  to  the 
reciprocating  type  of  machinery,  as  the  "  Delaware  ，'  has  just 
won  the  championship  of  the  battle-ship  fleet,  with  the 
" Colorado,'  another  reciprocating- engined  vessel,  standing 
second  on  the  list.  From  these  results  it  appears  reasonable 
to  state  that,  with  well  balanced  reciprocating  engines,  no  ill 
effects  on  gun  fire  should  be  expected. 

Basing  the  choice  between  reciprocating  engines  and  tur- 
bines, for  battle-ship  propulsion  under  existing  conditions  of 
speed  and  power,  upon  the  above  comparison  of  relative  advan- 
tages of  the  two  types,  the  advantage  appears  to  rest  most 
decidedly  with  the  reciprocating  engines,  and  the  Navy  De- 
partment has  ruled  accordingly. 

Combination  Systems. ― In  the  search  for  economy  of  pro- 
pulsion through  a  wide  range  of  speeds,  various  combinations 
of  reciprocating  engines  and  turbines  have  been  proposed ,  both 
by  the  Bureau  of  Steam  Engineering  and  by  the  shipbuilders, 
but  only  one  of  the  systems  has  as  yet  been  authorised,  and 
that  one  is  for  destroyers.  It  has  not  yet  been  tried  out  in 
service,  but  preliminary  shop  tests  show  agood  gain  in  economy 
of  the  main  propelling  engines  at  cruising  speeds.  This 
system,  as  applied  to  the  destroyers,  depends  entirely  for  its 
gain  upon  the  greater  efficiency  of  the  reciprocating  engine  at 
the  higher  steam  pressures  over  the  efficiency  of  high-pressure 
turbines  of  the  reaction  type  and  the  high-pressure  nozzles  of 
the  impulse  type  of  turbines,  no  advantage  being  gained  from 
increased  efficiency  of  propellers,  as  the  reciprocating  engines 
are  on  the  same  shafts  as  the  turbines. 

From  some  points  of  view  this  combination  is  undesirable, 
and  the  gain  in  service  must  be  considerable  to  justify  its  re- 
tention. With  the  other  combination  systems  proposed,  cal- 
culations indicate  that  if  the  propulsive  efficiency  counted 
upon  can  be  obtained,  these  systems  will  all  be  very  much 
more  efficient  than  either  a  straight  turbine  or  straight 
reciprocating-engine  drive  at  maximum  power,  will  hold  a  big 
advantage  over  the  straight  turbine  drive  through  all  ranges 
of  powers,  and  will  hold  its  advantage  over  the  straight  reci- 
procating-engine drive  until  a  minimum  speed  of  about  11 
knots  is  reached,  when  the  efficiencies  become  equal.  The  "if" 
exists,  however,  and  is  caused  by  the  danger  of  the  currents 
thrown  to  the  rear  by  the  big  reciprocating-engine  screws 
' seriously  affecting  the  rate  of  feed  and  direction  of  flow  of 
water  to  the  turbine  propellers.    In  addition,  there  may  pos- 


sibly be  another  source  of  loss  due  to  heavy  leakage  of  steam 
through  the  large  change  valves  which  must  be  fitted  to  con- 
trol tlie  paths  of  flow  of  the  exhaust  steam  from  the  recipro- 
cating engines. 

In  all  of  these  systems,  to  adapt  them  io  naval  require- 
ments, it  is  necessary  to  exhaust  from  the  low-pressure 
cylinders  of  the  reciprocating  engines  at  a  pressure  of  not  less 
than  251bs.  absolute,  when  this  engine  is  operating  at  full 
power,  and  to  by-pass  as  few  of  the  stages  of  the  turbine  as 
possible  in  order  to  obtain  an  increased  economy  of  propulsion 
through  a  large  range  of  powers. 

Improvement  in  Engine  Design. ― The  Parsons  turbine,  as  il 
exists  in  our  vessels  to-day,  is,  with  very  few  exceptions,  the 
same  as  the  turbines  of  this  type  which  were  fitted  in  the 
initial  turbine  vessel,  the  "Chester."  The  only  improve- 
ments which  have  been  made  consist  of  changes  in  blade 
angles,  particularly  in  the  low-pressure  stages,  an  increase  in 
the  number  of  rows  of  blades  in  these  same  stages,  and  the 
fitting  of  nozzles  for  the  admission  of  auxiliary  exhaust  steam 
at  several  different  locations  along  the  steam  path. 

With  the  impulse  turbine,  however,  the  advance  over  the 
original  naval  turbines  of  this  type,  those  of  the  scout 
"Salem"  has  been  rapid.  The  number  of  stages  has  been 
very  much  increased,  both  in  battle-ship  and  in  destroyer  tur- 
bines, a  drum  construction  lias  been  adopted  for  the  lower- 
pressure  stages,  steam  balance  for  propeller  thrusts  has  been 
provided,  cruising  nozzles  for  low  fractional  powers  have  been 
fitted,  and  nozzles  for  utilisation  of  auxiliary  exhaust  are  now 
supplied  as  in  tlie  Parsons  turbines. 

That  these  changes  in  turbines  of  the  impulse  type  have 
been  accompanied  by  increase  in  economy  has  been  thoroughly 
demonstrated  bv  experience  with  the  machinery  of  the 
destroyers,  the  economy  of  the  impulse  turbine  showing  up 
nearly,  if  not  fully,  as  good  as  that  of  the  reaction  type.  No 
opportunity  has  as  yet  been  offered  to  obtain  a  measure  of  this 
economy  increase  with  the  battle-ship  types  of  impulse  tur- 
bine, nor  will  such  opportunity  occur  until  the  "  Nevada  "  is 
ready  for  trial. 

The  steps  taken  in  recent  years  towards  increasing  the 
economy  and  reducing  the  weight  of  reciprocating  engines 
have  been  ：  increasing  of  the  steam  pressure  at  the  engine, 
improvement  in  design  of  engine  framing,  increasing  of  piston 
speed,  use  of  a  slight  degree  of  superheat,  reduction  of 
cylinder  clearances,  decreasing  of  frictional  losses  through  the 
steam  ports,  provision  of  positive  circulation  of  steam  through 
the  steam  jackets,  reduction  of  back  pressure  in  the  low-pres- 
sure cylinders,  increasing  of  the  ratio  between  low-pressure 
and  high-pressure  cylinders  with  consequent  increased  ratio  of 
expansion  of  steam,  and  also  tlie  application  of  forced  lubrica- 
tion to  all  journals,  crosshead  guides,  eccentrics  and  thrust 
bearings. 

The  following  progress  has  been  made  in  both  reciprocat- 
ing and  turbine-engine  systems :  Condensing  apparatus  has 
been  improved,  resulting  in  higher  vacuum  ；  rational  designs 
of  feed-water  heaters  have  been  introduced,  based  on  the 
amount  of  water  to  be  heated  and  the  amount  of  auxiliary 
exhaust  steam  available  for  heating  purposes,  instead  of  on 
the  old  rule-of-thumb  method  of  allowing  a  fixed  number  of 
horse-power  per  square  foot  of  heating  surface  ；  steam-piping 
design  has  been  based  on  the  actual  rate  of  flow  of  steam 
through  the  pipes  as  determined  by  tests  in  service  ；  feed-pipe 
losses  have  been  reduced  to  a  minimum  ；  evaporators  and 
other  auxiliaries  have  been  improved  ；  high-speed,  electric- 
driven,  forced-draught  fans  for  battle-ships  and  turbine- 
driven  fans  for  destroyers  have  been  adopted,  and,  finally,  oil 
fuel  has  been  adopted  to  a  certain  extent  for  both  battle-ships 
and  destroyers. 

Considering  the  above  changes  in  detail,  the  steam  pres- 
sures at  the  main  engines  have  increased  since  1895  from 
loOlbs.  gauge  to  2651bs.  gauge  in  the  high-pressure  valve  chest, 
resulting  in  a  decrease  in  the  size  of  engine  cylinders  and  in 
the  size  of  steam  piping  for  equal  units  of  power. 

Since  the  design  of  the  "  Oregon's  '  engines  was  laid  down 
there  has  been  a  gradual  increase  in  piston  speeds  used, 
from  900ft.  per  minute  in  that  class  of  boat  to  1,000ft.  per 
minute  in  the  "  Delaware  "  class.  This  increase  of  piston  speed 
has  been  followed  by  a  decrease  in  the  weight  of  moving  parts 
and  has  aided  in  holding  down  the  weight  and  height  of  the 
engine,  although  the  stroke  has  been  increased  from  42in.  to 
48in. 
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Tn  the  use  of  superheated  steam  the  Bureau  of  Steam  Ki\^\ 
neering  (  Navy  Department)  ！); is  been  ratlier  fonscrval  i  vc 
There  are  at  present  seven  vessels  in  the  naval  service  fitted 
for  superheat,  the  maximum  degree  of  superheat  obtained  at 
tlie  boilers  being  85°  Fah.,  which  reduces  to  about  60°  Fah.  at 
the  engines.  These  figures  are  for  full-power  conditions,  and 
an  increase  in  economy  of  about  6  per  cent,  is  esiiinated  to  he 
obtained.  At  12  knots,  the  cruising  speed,  the  saving  by  the 
use  of  superheat  hardly  exceeds  3  per  cent.  The  first  experi- 
ences with  the  vessels  fitted  with  superlieat  were  far  from  satis- 
factory, due  to  the  rapid  deterioration  of  the  valves  in  the 
steam  lines.  These  valves  liad  cast-steel  bodies  and  cast-steel 
valve  discs  with  monel  metal  seats.  The  erosion  and  corro- 
sion of  the  valve  discs  was  very  extensive,  and  in  a  short  period 
of  service  it  became  necessary  to  replace  the  cast-steel  valve 
discs  with  discs  of  monel  metal.  This  substitution  has  been 
satisfactory  and  no  further  trouble  has  been  experienced. 

Reduction  of  clearance,  decrease  of  frictional  resistances 
of  steam  through  the  steam  ports  and  reduced  back  pressures 
in  the  low-pressure  cylinders  have  all  resulted  from  a  change 
in  t he  design  of  engine  cylinders  and  valve  chests. 

Til  tlie  last  ten  years  the  ratio  of  low-pressure  to  high-pres- 
sure cylinders  for  triple-expansion  engines  has  been  increased 
from  about  7:1  to  10:1,  including  clearances.  This  increase 
in  ratio  had  been  used  previously  in  remodelling  the  engines 
of  the  "  Cincinnati  '  and  11  Raleigh/'  with  most  excellent  re- 
sults. A  serious  mistake  was  made,  however,  in  counting  too 
much  on  the  increased  expansion  obtained  by  fitting  a  smaller 
high-pressure  cylinder  than  that  originally  installed,  the 
steam  pressure  having  been  increased.  The  new  high-pressure 
cylinder  was  made  24in.  cliain.  and  the  ratio  of  low-pressure 
to  high-pressure  cylinder  changed  to  about  11  i  :  1.  While 
the  economy  obtained  with  these  engines  was  most  excellent, 
the  high-pressure  cylinders  were  entirely  too  small  and  the 
engines  have  never  developed  the  expected  power. 

By  the  adoption  of  forced  lubrication  for  the  main  propel- 
ling engines  the  engine  friction  has  been  enormously  reduced. 
All  the  journals  are  oil  borne  so  that  no  metal-to-metal  con- 
tact occurs.  The  result  has  been  that  the  amount  of  adjust- 
ment and  overhaul  of  the  main  engines  has  been  decreased 
to  a  very  large  extent,  and  the  men  who  would  have  been  used 
for  this  overhaul  work  can  now  be  used  on  the  auxiliary 
machinery  to  good  advantage.  This  decrease  in  wear  of  the 
bearings  and  the  cushion  provided  by  the  oil,  has  resulted  in 
a  much  better  maintenance  of  alignment  of  the  engines,  has 
l  educed  shocks  on  the  machinery  and  has  reduced  vibration 
due  to  these  shocks.  In  addition,  there  is  considerable  saving 
in  oil  at  ordinary  speeds.  At  high  speeds  there  still  exists  a 
heavy  loss  of  oil,  due  to  splashing  on  the  cylinder  heads  and 
also  to  loss  by  evaporation  from  the  hot  surface  of  the  lower 
heads.  When  first  fitted  the  forced  lubrication  gave  trouble, 
due  to  oil  being  drawn  through  the  low-pressure  piston-rod 
stuffing-boxes.  In  order  to  remedy  this  defect,  stuffing-boxes 
fitted  with  steam  seals  have  been  supplied,  and  later  reports 
indicate  that  where  the  steam  seal  is  properly  fitted  no  trouble 
of  this  kind  now  exists. 

With  the  advent  of  the  turbine  for  marine  propulsion,  if 
t.he  full  benefit  of  the  new  machine  was  to  be  realised,  a  high 
vacuum  in  the  condensers  became  imperative.  In  order  to  ob- 
tain such  vacuums  the  Parsons  company  originated  the  vacuum 
augmenter,  and  this  addition  to  the  condensing  plant  is  used 
extensively  in  the  naval  service.  In  some  vessels  in  the  ser- 
vice, in  place  of  the  ordinary  air  pump  with  augmenter,  air 
pumps  of  the  dual  type,  as  manufactured  by  Weir,  have  been 
fitted,  while  in  other  vessels  both  wet  and  dry-air  pumps  have 
been  used.  Of  these  systems,  that  with  augment ers  and  also 
the  dual  type  appear  to  give  the  greatest  satisfaction  in  ser- 
vice, and,  in  addition,  require  less  weight  and  space  than  the 
wet  and  dry  system. 

The  improvements  in  design  of  feed  heaters,  steam  pipes, 
and  feed  pipes  naturally  followed  on  the  measurements  of 
water  consumptions  of  the  machinery  taken  during  the  accept- 
ance trials  of  the  vessels.  These  measurements  placed  in  the 
hands  of  the  Bureau  of  Steam  Engineering  data  of  great 
value,  and  that  bureau  has  attempted  to  use  the  full  value  of 
it  in  proportioning  these  important  items.  For  instance,  the 
feed  heaters  of  the  "  Delaware  "  were,  for  lack  of  data,  pro- 
portioned on  the  basis  of  so  many  indicated  horse-power  per 
square  foot  of  heating  surface,  and  the  two  heaters  combined 
liave  a  total  heating  surface  of  2,100  sq.ft.    In  her  sister  ship, 


the  "  Utah,"  tlie  same  degree  of  feed  heating  is  obtained  with 
heaters  having  a  total  surface  of  only  512  sq.  ft. 

In  the  search  for  economy,  the  Bureau  of  Steam  Engineer- 
ing has  adhered  strenuously  to  the  use  of  feed  heaters  with 
auxiliary  exhaust  steam  as  the  heating  rnediurrf,  using  any 
excess  of  exhaust  in  the  low-pressure  turbine**  or  the  second 
receivers  of  triple-expansion  reciprocating  engines.  This 
utilisation  of  the  auxiliary  exhaust  lias  not  been  to  the  taste 
of  the  turbine  manufacturers,  who  prefer  tc  use  all  of  this 
steam  in  the  turbines,  (lependiii^  iov  I'tM-d  heat  u|mhi  that  de- 
rived from  steam  drains  discharging  into  the  feed  tanks. 

The  improvements  in  evaporators  consist  mainly  in  the 
adoption  of  double  effect  connecting  and  in  throwing  open  the 
gates  to  other  than  the  standard  bureau  design,  although  these 
are  not  the  only  changes  from  former  practice.  Evaporator 
feed  heaters  using  the  vapour  from  tlie  evaporators  as  a  heat- 
ing medium  have  been  fitted,  and  vapour  pipes,  better 
designed  for  the  amount  they  have  to  carry,  are  installed. 

Until  the  adoption  of  electric-driven  blowers  for  battle- 
sliips  and  other  large  vessels  and  of  turbine-driven  blowers  for 
destroyers  and  small  vessels,  the  successful  outcome  of  any 
heavy  forced-drauglit  run  was  always  endangered  by  the  un- 
reliability of  the  blowers.  Since  the  adoption  of  these  types 
of  blowers  this  danger  of  breakdown  has  been  almost  entirely 
eliminated,  and,  so  far  as  the  destroyers  are  concerned,  the 
blowers  may  be  classed  as  one  of  the  most,  if  not  the  most, 
reliable  of  the  auxiliaries  fitted. 

Oil  Fuel  for  Destr  ycrs  and  Battle-ships. ― In  docidinir  t,, 
adopt  oil  fuel  for  use  on  battle-ships  and  destroyers,  the  Navy 
Department  took  into  account  the  following  advantages  which 
are  to  be  gained  by  its  adoption  :  Less  fuel  is  required  for  any 
given  radius  of  action  ；  consequently  】ess  percentage  of  dis- 
placement and  less  bunker  capacity  are  required  for  the  fuel  ； 
boiler  efficiencies  are  increased  ；  fire-room  force  is  decreased  ； 
deterioration  of  boilers  is  decreased,  due  to  maintenance  of 
more  even  temperatures  ；  high  power  can  be  maintained  for 
indefinite  periods  ；  there  is  less  deterioration  of  the  ship，s 
structure  because  of  the  absence  of  water  and  ashes  in  t^e 
bilges  ；  greater  cleanliness  is  obtainable  ；  the  fuel  supply  can 
be  more  easily  replenished  both  in  port  and  at  sea  ；  less  floor 
space  is  required  for  the  development  of  a  given  power  ；  and 
the  steam  supply  can  be  more  easily  controlled. 

Iu  opposition  to  these  undoubted  advantages  the  following 
disadvantages  exist  ；  that  fuel  oil  is  less  widely  distributed 
over  the  earth  than  coal,  that  its  unit  cost  is  greater  than  that 
of  coal,  and  that  its  storage  involves  greater  danger  of  fire 
than  attaches  to  the  storage  of  coal.  The  reply  to  the  first 
objection  is  th  it  in  time  of  war  a  fleet  operating  far  from  a 
base  would  depend  upon  fuel  ships,  anyhow,  for  replenishing 
her  bunkers,  and  that  oil  can  be  carried  in  bulk  as  well  as  coal. 
Also,  the  bases  where  stores  of  oil  can  be  kept  on  hand  are  as 
easily  established  as  are  bases  for  coal,  and  such  oil  bases 
would  have,  in  case  of  danger  of  capture  by  an  enemy,  the 
additional  advantage  of  being  much  more  easily  destroyed,  to- 
gether with  their  stores  of  fuel,  than  are  coal  bases.  The 
second  objection,  that  of  excess  cost  of  oil  over  that  of  coal,  is 
more  than  counter-balanced  by  the  advantages  above  stated. 
Finally,  the  third  objection,  that  of  danger  from  ignition  of 
the  ship's  store  of  oil  fuel,  is  very  thoroughly  guarded  against 
by  storing  the  oil  in  compartments  remote  from  the  boiler 
rooms  and  situated  well  below  the  water  line  of  the  vessel. 

Upon  deciding  on  the  adoption  of  oil  as  a  fuel  for  the  naval 
service,  the  Bureau  of  Steam  Engineering  examined  carefully 
all  the  systems  for  burning  oil  that  now  exist,  and  finally 
decided  upon  that  of  mechanical  atomisation  of  the  oil  as  the 
one  most  suitable  for  naval  use.  In  this  system  the  oil  is 
pumped  through  heaters  to  the  burners,  within  wliich  it  is 
given  a  whirling  motion.  The  small  central  core  of  oil,  dis- 
charging through  the  tip  orifice  with  this  whirling  motion,  the 
oil  flies  off  and  forms  a  cone  of  fine  mist.  This  oil  mist  mixes 
thoroughly  in  the  furnace  with  air  which  passes  into  the 
furnace  through  a  cone  register  surrounding  tlie  burner,  the 
register  having  adjustable  openings  and  guide  vanes  so  that 
the  amount  of  air  to  each  burner  may  be  regulated  and  tlie 
direction  of  flow  of  this  air  be  made  slightly  oblique  to  the  axis 
of  the  cone  of  oil. 

The  success  of  the  system  depends  almost  entirely  upon  the 
proper  handling  of  the  air.  Improper  air  regulation  will 
produce  a  series  of  rapid  explosions  of  oil  in  the  turnaces  with 
consequent  destruction  of  their  brick  linings.    With  proper 
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handling  the  oil  burns  almost  noiselessly,  and  the  amount  of 
smoke  produced  can  be  held  under  control. 

In  the  first  battle-ships  fitted  witli  oil  fuel  the  oil  was  only 
fitted  as  an  auxiliary  fuel  and  was  intended  to  be  used  as  an 
aid  in  keeping  up  steam  when  the  coal  should  be  so  low  as  to 
be  remote  from  the  fire  rooms  and  so  require  excessive  trim- 
ming. The  results  obtained  with  this  mixed  system  are  not 
to  be  rated  as  good  nor  were  good  results  expected,  as  the 
furnace  volumes  of  coal-burning  boilers  are  too  small  to  per- 
mit efficient  burning  of  oil.  Kurt liermore,  when  burning  the 
oil  and  coal  in  combination,  it  is  impossible  to  so  regulate  the 
air  supply  that  each  fuel  will  obtain  the  proper  amount.  This 
results  in  excessive  production  of  smoke  and  no  increase  in 
steam  production  over  coal  alone. 


REDUCING  VALVES  FOR  HIGH  PRESSURES. 

The  accompanying  illustrations  show  several  arrangements 
of  reducing  valves,  the  invention  of  Messrs.  David  Aukl  and 
Sons,  Ltd.,  Wliitevale  Foundry,  Rochester  Street,  Glasgow, 


The  action  in  all  the  arrangements  shown  is  the  same  and 
is  as  follows :  The  liigh  pressure  fluid  entering  by  the  inlet 
A  opens  the  valve  C  and  flows  directly  or  through  hole  S  to 
the  outlet  B.  It  also  flows  to  the  diaphragm  chamber  J,  and 
when  the  pressure  therein  rises  above  that  for  which  the 
spring  L  is  set  it  acts  on  the  diaphragm  K  to  close  the  valve, 
and  when  the  pressure  in  the  diaphragm  chamber  J  falls  the 
valve  is  again  opened  by  the  action  of  the  spring  L. 


GAS  TESTING  IN  MINES. 

At  a  meeting  of  the  Mining  Institute  of  Scotland,  held 
on  Saturday  last  at  Edinburgh,  Mr.  C.  J.  Wilson 
read  a  paper  entitled  "  An  investigation  into  the  influence  in 
variations  of  atmospheric  pressure  on  gas  caps."  At  the  out- 
set the  author  said  that  at  the  annual  meeting  of  the  Institute, 
held  in  April  of  last  year,  he  had  been  permitted  to  communi- 
cate the  results  of  some  experiments  which  seemed  to  slio、、' 
that  an  increase  of  atmospheric  pressure  caused  a  decrease  in 
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for  dealing  with  high  pressures,  such  as  air  or  gas  compressed 
to  a  pressure  of  2,000  to  3，0001bs.  per  sq.  in.  The  valves  are 
so  designed  that  an  arranged  for  uniform  pressure  is  main- 
tained in  the  service  pipes  independent  of  the  fluctuations 
of  the  pressure  in  the  main  pipe.  In  the  designs  shown,  in 
Figs.  1  and  2  the  gas  enters  by  the  inlet  A  and  passing  the 
valve  C  flows  away  by  the  outlet  B.  The  valve  C  is  conical 
in  form  and  is  made  of  hard  metal  as  also  is  its  seat  D.  The 
valve  seat  D  is  maintained  fi rml y  in  position  by  tlie  plug  E 
which  is  screwed  into  the  casing  F,  its  end  being  covered  by 
the  cap  G，  and  the  connection  made  airtight  by  means  of 
suitable  packing.  The  pressure  fluid  passing  the  valve  C， 
passes  direct  to  the  outlet  B,  as  shown  in  Fig.  1,  and  also 
by  the  hole  S  to  the  diapliragm  ('liaml)ei'  J.  and  as  shown  by 
Fig.  2  it  passes  through  the  holes  S  into  the  dia])hragm 
chamber  J，  thence  it  flows  off  by  the  outlet  B.  The  diaphragm 
K  is  acted  on  bv  t  he  spi  ing  L,  which  is  fitted  with  the  ordi- 
nary pillars  and  adjustable  cross  bead,  to  open  the  valve, 
which  is  closed  immediately  the  pressure  in  the  diaphragm 
chamber  J  rises  above  tliat  arranged  for  and  overcomes  the 
pressure  of  the  spring  L.  1  he  valve  being  actual  ed  by  means 
of  the  lever  M  fulcnuned  on  the  casing  F.  Referring  to 
Fig.  3,  a  diaphragm  N  is  ein]>loyed  to  make  an  air  or  pres- 
sure tight  joint  and  the  pressure  fluid  is  led  to  the  di:rr:!iragni 
chamber  J  through  the  holes  S  and  liollow  valve  s]>in(Ue  O. 


the  height  of  the  gas  cap.  Redeeming  the  promise  which  he 
at  that  time  gave,  he  had  made  a  further  set  of  tests,  and 
these  fully  confirmed  his  original  conclusions.  Mr.  Wilson  in 
the  course  of  his  paper  detailed  at  considerable  length  the 
nature  of  his  more  recent  experiments,  and  maintained  that, 
as  his  digrams  showed,  the  distinction  between  percentages  of 
gas  likely  to  be  met  with  in  collieries  became  increasingly 
difficult  as  the  atmospheric  pressure  increased.  All  his  tests 
and  the  results  they  had  disclosed  brought  him  back  to  his 
starting  point ― namely,  to  the  assertion  that  increase  of  at  mo 
spheric  pressure  meant  a  decrease  in  the  size  of  the  gas  cap 


Wireless  Telegraphy. ― The  governors  of  the  lioyal 
Technical  College,  Glasgow,  have  inaugurated  a  course  of 
study  in  wireless  telegraphy,  under  the  guidance  of  Mr. 
Andrew  Grav,  i-hief  of  the  technical  staff  of  the  Marconi 
Company,  and  an  ex-studeiit  of  the  college.  There  has  been 
installed  at  the  college  a  standard  1  \  kw.  Marconi  marine 
wireless  telegraphy  equipment,  with  an  atrial  325ft.  long,  at 
an  elevation  of  1 16ft.,  and  other  equipment.  Lectures  on 
electrical  engineering  will  be  delivered  to  the  class  by  the  pro- 
fessor cf  electrical  engineering  at  the  college,  and  there  will 
he  instrurtion  in  the  use  of  the  Morse  system  cf  signalling  as 
applied  to  wireless. 
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INDEPENDENT  STEAM  CONDENSING  PLANTS. 

In  a  paper  read  before  the  Yorkshire  section  of  tho  Institu- 
tion of  Electrical  Kn^int'crs  on  ( he  1  ot  h  ult.,  Air.  \V.  A. 
Dexter  considered  a  few  of  the  later  forms  of  surface  and 
jet  condensing  plant,  as  used  in  connection  wit  h  steam  t  ur 
bines  driving  electricHl  ma('hiii('r〉'，  find  also  dealt  with  various 
types  of  air  pumps,  both  reciprocal        and  rotary. 

Entropy  diagrams,  he  said,  showed  that  tor  the  noii-con- 
(lensing  engine  with  steam  at.  1651bs.  absolute  pressure,  we 
obtained  173  B.Th.U.  per  pound  of  steam  ；  tor  the  eii^iiic 
working  coiulensing  we  obtained  248  B.Th.U.,  ami  w  lie  re 
the  steam  was  expanded  to  a  vacuum  of  28Ain.  we  obtained 
334  B.Th.U.  per  ])ound  of  stt>;im.  which  showed  a 
gain  of  43  per  (,ent.  and  93  per  cent,  respectively 
over  the  noiwondensino-  engine.  These  figures  repre- 
sented the  tlit'orctical  gain,  and  showed  the  value  of 
expanding'  steam  below  atmospheric  pressure,  and  also  the 
great  gain  in  useful  work  which  could  be  obtained  by  work- 
ing an  exhaust  steam  turbine  in  combination  with  a  non- 
condensing  steam  engine. 

For  reciprocating  engines  of  the  low-speed  type,  as  com- 
monly  used  in  the  textile  mills  of  this  district,  tliere  was,  he 
observed,  no  doubt  that  the  attached  condenser  and  air 
pump  was  tlie  most  efficient  type  ；  a  high  vacuum  was  not 
required,  say  26in.  at  the  condenser.  For  high-speed  engines 
a  vacuum  of  'Jinn,  to  26Ain.  was  quite  sufficient  for  e<,oiioinical 
working.  For  steam  turbines,  and  especially  the  low-pres- 
sure type,  a  liigh  vacuum  was  really  essential  ；  but  even  here 
it  was  possible  to  aim  at  too  high  a  vacuum  for  over-all  effi- 
ciency where  tliere  was  not  a  good  natural  supply  of  cooling 
water  at  low  temperature.  The  most  practical  and  efficient 
condensers  for  general  conditions  were  the  counter-current 
surface  condenser,  the  low-level  jet  condenser,  and  the  elevated 
self-draining  "  barometric  ，，  jet  condenser  with  air  pump. 
The  surface  type  of  condenser  possessed  many  advantages  over 
other  types,  though  its  initial  cost  was  generally  higher.  The 
cost  of  operating  the  air  and  water  pumps  was  lower,  due  to 
the*  fact  that  the  condensing  water  was  kept  out  of  the 
vacuum  chamber  of  the  condenser. 

A  point  which  required  careful  consideration  before  decid- 
ing on  a  surface  type  of  plant  was  the  liability  to  corrosion 
or  pitting  of  condenser  tubes.  This  might  be  caused  by  local 
electrolytic  action,  stray  electrical  currents,  &c.，  and  it  re- 
quired only  very  slightly  acidified  condensing  water  to  oonvey 
these  electrical  currents  from  one  part  of  the  tube  to 
another.  The  author  had  found  this  trouble  most  prevalent 
where  cooling  towers  were  used.  In  certain  cases  the  first 
analysis  had  shown  the  water  to  be  almost  pure  and  good  for 
drinking  purposes,  but  there  had  been  a  very  slight  acidity, 
qyite  sufficient  to  convey  local  electrical  currents  between  the 
(lifFerent  metals  forming  the  alloy  of  the  tubes.  Many  differ- 
ent mixtures  of  tubes  had  been  tried  with  only  partial  suc- 
cess, and  the  trouble  had  in  certain  cases  only  been  over- 
(,onm  by  periodically  adding  a  certain  quantity  of  lime  to  the 
water  in  the  cooling  tank,  sufficient  to  produce  a  neutral 
solution.  This  corrosion  and  pitting  trouble  was  also  very 
prevalent  where  sea  water  was  used  for  condensing.  Zinc 
and  sometimes  mild  steel  plates  were  fitted  into  the  water 
chambers  of  the  condenser  and  connected  by  mild  steel  studs 
to  the  tube  plates,  the  idea  being  that  these  plates  would  l>e 
of  negative  polarity  to  the  metal  of  the  tubes,  and  thus  be 
gradually  decomposed  instead  of  one  of  the  metals  of  the 
tubes. 

He  considered  that  the  most  efficient  condenser  was  one 
in  which  the  condensing  water  left  the  condenser 
at  a  temperature  equivalent  to  the  temperature  of 
the  exhaust  steam  ；  at  the  same  time  the  con- 
densed water  should  be  withdrawn  at-  as  high  a  temperature 
^  possible.  In  practice  it  did  not  pay  to  aim  at  so  high  a 
discharge  temperature  for  the  water,  and  the  best  tempera- 
ture difference  between  the  exhaust  steam  and  discharge 
cooling  water  would  depend  on  the  inlet  temperature  of  the 
water.  Where  there  was  a  plentiful  supply  of  cold  water  a 
greater  temperature  difference  should  be  allowed  than  wliere 
pooling  lowers  were  used;  also  for  lower  degrees  of  vacuum, 
the  temperature  of  the  steam  being  correspondiiidv  high  a 
greater  temperature  difference  should  ho  taken  \hnn  for  a 
high  vacuum. 


For  a  given  cooling  smfarc  t \io  cheapest  form  of  con- 
denser was,  1"'  said,  ()"•'  o(  circular  section,  relatively  smal! 
in  diainetor  and  lon^  l"'t、v("，u  I  lie  tube  plater*  ；  but  tt  would 
probably  l>e  found  t  hat  a  greater  heat  traiiHinisHioii  pe<- 
square  foot  of  cooling  surface  could  be  att;"ii''<l  Ijy  a  con- 
denser of  (lifTen'iit  shape  design.  The  velocity  of  tlio 
steam  as  it  passed  through  the  condenser  should  be  main- 
tained as  near  as  ]>o>:sil)le  to  the  velocity  at  the  inlet  braii'  li 
Anything  which  would  r*'t  an  I  1 1"'  ih»w  of  steam  or  cause 
eddies  should  be  avoided.  The  volume  of  air  which  entered 
the  condenser  with  the  steam  was  hut  a  small  proportion  of 
the  total  volume  of  the  steam  and  air,  hut  as  the  fluir!  |'"、  '、l 
through  the  rrmdewr  the  stearn  Iwame  comlcnsed  until  at 
the  air  pump  suction  branch  or  outlet  of  the  '  (,11'h'nser,  the 
air  formed  a  very  large  proportion  of  the  air  and  vapour 
mixture,  and  as  the  pressure  throughout  the  condenser  slioiihl 
remain  nearly  constant,  the  area  of  the  path  of  flow  ncar 
the  outlet  might  be  considerably  reduced,  leading  to  a  <on- 
denser  whose  cross-section  was  of  wedge  or  pear  shape. 

The  steam  on  entering  the  condenser  should  be 
equally  over  the  whole  surface  of  the  upper  row  of  tubes,  and 
in  its  passage  through  the  condenser  eacli  square  foot  of  tube 
surface  should  condense  an  equal  volume  or  weight  of  steam. 
To  obtain  this  the  steam  inlet  branch  should  be  of  large 
dimensions,  following1  closely  the  contour  of  the  top  part  ； f 
the  condenser  body.  Plates  ini^ht  l>e  lit  t  "*1  iutu  t  h(*  dis- 
tributing chamber  to  direct  the  steam  equally  over  the  who  It* 
surface  of  the  tubes.  Except  for  comparatively  small  inM ;i  1 
lations,  separate  air  and  water  pumps  gave  the  better  efll- 
ciency.  Three-quarters  of  an  inch  outside  diameter  was  the 
standard  used  by  most  manufacturers  for  the  tubes,  hut 
where  the  water  was  more  or  less  dirty,  it  might  be  ii'  r。s 
sary  to  increase  the  diameter  to  lin .  or  even  more. 

Where  the  cooling  water  contained  a  large  amount  of 
foreign  matter  liable  to  choke  the  tubes  of  a  surface  »  。" 
denser,  or  contained  salts  which  would  form  a  scale  on  tha 
tubes,  and  thus  retard  heat  transmission,  or  was  of  a  nai uro 
which  might  cause  corrosion  or  pitting  of  tubes,  or  where  it 
was  not  desired  to  collect  the  condensed  steam  for  boiler  feed, 
it  would,  he  observed,  be  advisable  to  adopt  a  condenser  of 
the  jet  type.  It  was  a  cheaper  type  of  plant  as  regarded 
initial  cost  than  the  surface  type,  but,  generally  speaking, 
required  more  power  for  the  operation  of  the  pumps.  In  tho 
low-level  type,  the  injection  water  was  usually  drawn  into 
the  condenser  by  the  vacuum,  but  it  was  necessary  to  with- 
draw the  water  from  the  condenser  by  means  of  a  pump 
against  a  suction  resistance  equivalent  to  the  vacuum,  say, 
from  28ft.  to  32ft.  head.  A  separate  pump  should  !><■  u、（'l  \m 
dealing  with  the  air  and  incondensable  gases.  Unless  certain 
precautions  were  taken,  tliere  was  a  risk  of  flooding  the  tur- 
bine or  engine  with  this  type  of  plant.  In  the  barometric 
type,  except  in  very  rare  cases,  it  would  be  necessary  to  pump 
the  water  into  the  condenser,  but  no  pump  was  required  to 
extract  the  water,  as  the  condenser,  being  fixed  at  a  baro- 
metric height  ,  would  be  self- draining.  The  air  pump  won  It  1 
be  the  same  as  for  the  low-level  plant.  The  piunpini: 
power  would  be  smaller  for  the  barometric-  than  the  low- 
level  type,  as  the  full  effect  of  the  vacuum  could  be  utilised 
in  raising  the  water  to  the  condenser.  It  was  a  safer  and 
easier  plant  to  operate,  as，  if  properly  designed,  there  was 
no  risk  of  water  flooding  the  exhaust  pipe  and  theiu-e  Lr**tt  ini: 
back  to  the  turbine  or  engine.  It  was  more  expensive  than 
the  low-level  type  on  account  of  the  longer  length  of  steam, 
air,  and  water  pipes  required  ；  also,  on  account  of  the  long 
exhaust  main,  it  would  be  necessary  to  design  the  plant  for 
a  little  higher  vaciunn  in  order  to  maintain  an  equivalent 
vacmini  at  the  turbine. 

The  highest  heat  transmission  efficiency  wouUl  be  when 
the  water  which  left  the  condenser  was  at  the  same  tempera- 
ture as  the  incoming  steam.  This  result  could  be  most  nearly 
attained  by  arranging  the  steam  to  enter  at  the  bottom  of 
the  condenser,  the  air  and  unoondensed  gases  being  drawn 
off  at  the  top.  This  gave  counter  direction  of  flow  for  I  h-- 
steam  and  water  ；  the  coldest  part  of  the  condenser  was  at 
the  top  and  the  hottest  at  the  bottom  ；  the  water  was  being 
gradually  raised  in  temperature  during  its  passage  through 
the  condenser.  For  a  good  counter-current  jet  roiidenser  and 
for  the  LeblaiH*  multi-jet  type  witli  reasonably  good  air  con- 
ditions, it  was  safe  to  allow  for  the  condensate  and  injeotton 
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water    being    discharged  at,  a  t-omperaiurc    within  4"  of  t ho 
temperature  corresponding  to  the  vacuum. 

Tlie  absolute  pressure  in  a  condenser  was  the  sum  of  the 
pressure  corresponding  to  the  vapour  tension  of  the  con- 
densed water  and  the  pressure  due  to  the  volume  of  air  pre- 
sent- in  tlie  condenser.  The  air  pump  should,  therefore,  be  of 
sm-h  a  capacity  and  efficiency  that  it  would  effectively  deal 
witli  the  amount  of  air  passing  through  the  coiidenser,  in  a 
highly  attenuated  state  or  at  low  absolute  pressure,  thus 
closely  reaching  an  absolute  pressure  in  the  condenser  equal 
to  the  vapour  tension  of  the  ('("i(l("ised  water.  Tlie  pres- 
sure of  air  in  a  surface  condenser  greatly  reduced  Ui"  rate  of 
h  -;il    I  rniisiiiissioii. 

Tli*'  auiouni  of  air  passing  through  a  surface  coiidt'iispr 
would  1"'  t  hat  due  to  leakage  at  glands,  pipe  joints,  iVc,  and 
lo  t  he  small  atnouiit  present  in  1he  boiler  feed  water  wliich 
would  pass  over  with  the  steam  ；  there  would  be  a  much 
greater  amount  in  the  case  of  a  jet  condenser,  as,  in  addition 
to  tli"  ;tln>ve,  tliere  was  tlie  amount  of  air  present  in  the  in- 
jection water,  wliicli  lat  ter  nii^ht  he  from  30  to  GO  tinier  tlif* 
volume  of  the  feed  water.  The  amount  of  air  present  in  fch^  feed 
or  injection  water  might  be  anything  from  1  ?>  to  5  per  cent, 
of  tlie  volume  of  the  water.  Particular  care  should  be  given 
towards  eliminating  air  leakage.  All  pipe  joints  should  be 
carefully  made.  Low-pressure  engine  glands  should  be  very 
carefully  packed,  turbine  glands  should  be  water  or  steam 
sealed,  the  latter  being  preferable,  and  for  】iigli  vacuum  it 
was  hotter  to  have  all  valve  spindles  water-sealed.  The 
exhaust-  mains,  if  of  cast  iron,  should  be  ol  rlo^e-grained 
metal,  and  care  should  laken  in  the  ！ ixin^  of  rliuplets 
wlion  casting  ；  piping  built  of  mild  steel  plates,  if  well  inadt*. 
made  the  best  job.  In  a  high- pressure  turbiiu*  installation 
kept  in  good  condition,  with  the  condenser  fixed  close  to  the 
turbine,  the  air  leakage  should  be  within,  say,  61bs.  per  10,000 
lbs.  of  steam,  or  the  equivalent  to  what  would  pass  through  a 
3mm.  diameter  expanding  nozzle  per  22,0001bs.  of  steam  con- 
densed. For  a  plant  connected  to  a  single  reciprocating 
engine,  the  weight  of  air  allowed  for  should  be  that  equiva- 
lent to  what  would  pass  through  a  4mm.  or  5mm.  diam. 
nozzle  per  22,000  lbs.  of  steam  condensed.  Exhaust  steam 
turbine  installations  required  careful  attention.  Tlie  pres- 
sure in  the  engine  low-pressure  cylinder  and  the  exhaust 
main  up  to  the  turbine  should  always  be  kept  lib.  to  21bs. 
above  atmospheric  pressure. 

The  reciprocating  wet  air  pump  with  foot,  bucket,  and 
delivery  valves  had,  he  said,  mostly  been  used  in  tlie  past  in 
connection  with  low-speed  reciprocating  engines,  and  driven 
directly  from  the  piston  rod  or  crosshead,  and  had  in  recent 
years  been  almost  superseded  by  the  Edwards  valvele&s  suc- 
tion pump.  The  principal  objection  to  the  former  pump  was 
the  complication  of  valves,  and  especially  the  inaccessibilit  v 
of  the  valves  in  the  bucket.  The  Edwards  pump  was  well 
known.  Its  main  feature  was  its  simplicity,  there  being  only 
one  set  of  valves,  and  these  being  in  the  delivery  plate,  they 
were  easily  accessible  for  attention  and  replacement.  The 
volumetric  efficiency  of  this  pump  fell  rapidly  at  high 
vacuum  when  the  air  was  very  attenuated  ；  similarly  it 
dropped  very  much  when  the  speed  increased. 

Much  attention  had  recently  been  given  to  rotary 
auxiliaries,  and  especially  to  air  pumps.  In  general,  the 
rotary  air  pump  consisted  of  a  centrifugal  water  pump  wliicli 
was  made  to  deliver  water  in  jets  or  sheets  through  an 
ejector,  the  air  and  gases  immediately  surrounding  these  jets 
being  carried  along  with  the  water  by  reason  of  the  friction 
between  the  surface  of  the  water  and  the  air  in  contact  with 
the  same.  In  other  cases  jets  or  sheets  of  water  were  pro- 
jected iiitennitt LMitly  through  passages  in  the  puinp  rasiim, 
entrapping  air  between  the  intermittent  plugs  of  water,  lb? 
whole  being  discharged  against  atmospheric  pressure  by  the 
energy  clue  to  the  velocity  of  the  water.  Experiments  had 
shown  that  a  greater  volume  of  air  could  bs  discharged  bv  a 
given  quantity  of  water  when  tl] &  air  was  entrapped  between 
plugs  or  sheets  of  water  than  when  it  was  drawn  into  the 
ejector  by  skin  friction  between  the  water  and  air.  T 卜 e 
velocity  of  the  water  being  one  of  the  main  features  of  this 
system,  it  was  essential  that  it  obtained  with  the  least 
possible  expenditure  of  power.  The  features  above-mentioned 
were  embodied  in  the  well-known  Leblanc  pump.  A  Leblanc 
pump  was  essentially  a  high-vacuum  pump,  and  where  very 
large  volumes  of  air  had  to  be  dealt  with,  the  reciprocating 
t.、'l'"  as  last  described  would  be  the  better,  but  for  the  very 


high  vaciuun  required  for  imhines,  it  was  ;i  most  suitahlo 
form  of  air  ])ump.  The.  characteristic  of  the  Leblanc  air 
pump  was  a  water  ejector,  in  which  the  necessary  kinetic 
energy  of  the  water  was  produced  in  the  apparatus  itself  by 
a  reversed  turbine  of  partial  injection.  The  great  advantage 
of  rotary  air-pumps  was  their  extreme  simplicity  and  the 
small  lum 山 or  of  moving  parts,  usually  only  an  impeller  and 
shaft,  and  being  adaptable  for  direct  driving  from  electric 
motor,  high-speed  engine  or  turbine,  all  usual  gearing 
troubles  were  eliminated. 

There  was  no  need  to  dwell  iti  detail  on  circulating  or  in- 
jection water  pumps  of  the  centrifugal  type.  It  w;is  now 
possible  to  obtain  high  efFiciencit-s  \V  H  IV  H  H  P.  with  this 
type,  and  they  lent  themselves  admirably  to  direct  drivinu 
from  electric  motors  or  small  steam  lurhines.  Steain-drivt'ii 
auxiliaries  had  a  distinct  advantage  over  electrically  driven, 
iti  t  hat  they  were  not  in  any  way  affected  by  a  disturbance  uf 
the  electric  supply.  In  the  case  of  a  single-unit  plant  the 
pii!  ipy  could  be  started  up  before  the  turbine,  and  a  full 
vacuum  obtained  in  the  condenser  ready  for  the  starti ng  up 
of  Hie  turbine.  This,  of  course,  did  not  usually  apply  to  a 
large  central  power  station  w  lie  re  1  here  were  always  o"''  or 
more  generating  sets  at  work. 


THE  CAUSE  OF  BLACK  SKIN  ON  BRASS  CASTINGS. 

The  influence  of  sul[)hur  on  brass  and  composition  sand 
castings  seems  to  be  little  understood.  It  is,  says  "  The  Bras^ 
World/'  one  of  the  elements  rarely  determined  by  tlie  rliernist 
and  it,  is  generally  considerecl  as  a  substance  inert  and  not 
worth  taking  into  consideiatiuii.  It  is  not  so,  liowe ver,  ami 
sulphur  is  an  element  that  should  be  carefully  watched,  if  any 
supervision  of  the  metal  is  to  be  undertaken,  as  some  of  the 
mysterious  and  accompanying  troubles  of  the  brass  foundry 
may  be  laid  at  its  door.  Sulphur  causes  three  difficulties  in 
sand  castings :  (1)  Blowholes  in  the  castings  ；  (2)  dirty 
metal  ；  (3)  dark  or  black  skin  on  the  surface  of  the  castings. 
It  is  believed  that  much  of  the  difficulty  experienced  from  the 
use  of  scrap  metals  is  really  due  to  sulphur.  Users  frequently 
say  :  "  We  have  had  such  and  such  an  ingot  metal  analysed 
and  it  conies  up  to  specifications,  but  we  cannot  use  it.  The 
castings  are  not  like  those  made  from  new  metals."  The 
reason  for  this  is  that  whoever  made  the  analysis  apparently 
overlooked  the  sulphur  and  it  would  probably  have  been  found 
in  the  ingot  metal  made  from  scrap  and  not  in  the  new 
material  ；  and  it  would  account  for  the  difference.  The 
chemist  was  to  blame.  G.  H.  Clamer,  the  well-known  metal- 
lurgist, in  his  paper  on  the  "  Electric  Melting  of  Copper  and 
Brass,'"  makes  the  following  remarks  in  regard  to  tlie 
influence  of  sulphur  on  brass  and  copper  :  "  I  am  firmly  of  the 
opinion  that  many  of  our  failures,  which  we  have  ascribed  to 
oxygen,  are  in  reality,  due  to  sulphur.  I  have  made  some 
investigations  along  these  lines,  and  have  found  that  in  the 
most  careful  crucible  melting  in  coke-fired  furnaces,  the 
metal  will  take  up  from  0*02  per  cent,  to  0  05  per  cent,  of 
su!])hur.  Copper  has  the  greatest  affinity  for  sulphur  of  any 
of  our  metals,  outside  of  manganese,  aud  naturally,  it  tends 
to  absorb  it  if  brought  in  contact  with  sulphur  carrying  gases. 
Sulphur  accumulates  each  time  the  metal  is  melted,  and  this 
accounts  for  the  dark  skin  on  re -run  castings,  as  compared 
with  those  of  first  melt  metal."'  These  remarks  are  very 
pertinent  to  the  case  and  indicate  that  sulphur  is  an  injurious 
element  in  brass.  The  oft-repeated  statement  that  "  scrap  is 
not  as  good  as  new  metal  "  seems  to  depend  entirely  upon  the 
sulphur  content.  Much  of  the  scrap  on  the  market  has  been 
melted  over  and  over  again,  how  many  times  cannot  be  ascer- 
tained, but  the  fact  remains  that  each  time  it  is  melted  it 
absorbs  sulphur  and  does  not  part  with  it.  If  new  metal  and 
scrap  show  the  same  chemical  analysis,  then  they  are  the  same, 
for  copper  is  copper  and  tin  is  tin.  If  a  chemist  fails  to  report 
Milj)hur  and  tlie  analysis  of  each  is,  therefore,  identical,  then 
it  is  not  surprising  that  consumers  make  the  above  statement . 
Our  contemporary  advocates,  therefore,  that  sulphur  be  one 
of  the  elements  taken  into  consideration  in  specifications,  as  it 
lias  a  far  greater  influence  mi  sand  castings  than  is  generallv 
appreciated. 

The    Institution    of   Mechanical    Engineers. —— The  f,'Un、、i，ig 

paper  (for  discussion  in  writing  only)  is  now  readv  for 
distribution  ： ― "The  Design  of  Volute  Chambers  and  of 
Guide  Passages  for  Centrifugal  Punips,"  bv  Prof.  A.  H. 
Gibson,  D.Sc,  Member  of  University  College,  Dunde*. 
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WALLACE'S  CONTINUOUS  INDICATOR  STROKE  DIAGRAM 
ATTACHMENT. 

Till,   Hcconi])aiiyiii^  illuslralions   show   a   lorni   <>t    i ml"';i",r 
attachment  made  by  the  Crosby  Steam  Gauge  and  Valve  ( 'om 
panv,    J47,    Queen    Victoi'ia   Street,    E.C.,    For   securing    ； i 
continuous  stroke  clia^r;un  i'roin  opposite  ends  of  heat  engine 
cylinders. 

The  ordinary  indicator  diagi  am  is  commonly  accepted  to  be 
a  measure  of  the  work  done  on  an  engine  piston  during  I  wo 
strokes  or  one  complete  revolution  of  the  crank  shaft  ；  but 
actually  this  is  seldom,  if  ever,  the  case;  the  diagram,  in  fact, 
only  representing  the  work  done  on  one  side  of  the  piston 
during  one  revolution.    To  determine  the  actual  work  done 
ii,  is  necessary  ">  \\nxv  <ii;i^i'ams  taken  I'rom  hot  h  sides  of  t  lir 
piston  simultaneouslv,  t liougli  this  is  not   enough  when  it  is 
required  to  know  the  work  done  during  any  revolul  ion  of  1  he 
crank  si  i  a  ft,  or  any  stroke  of  the  piston  over  a  given  period. 
For  a  correct  result  Ui('  diaurains  must,  l)c  t;ikni  from  hot  h 
sides  of  the  piston,  not  only  simultaneously,  but  continuously 
over  the  given  period,  and  be  obtained  in 
such  a  manner  that  the  diagram  at  any  in- 
stant on  one  side  of  the  piston  may  be  co- 
ordinated   with    the    diagram  at  the  same 
instant  from  the  other  side  of  the  piston. 
By    means    of    the    attachment  illustrated, 
stroke  diagrams  in  strict    accordance  with 
llu'se    require meiits    may  be  obtained,  aii(l 
their  value  will  be  at  once  apparent  in  all 
cases  where  a  variable  load  runs  ai  a  vari- 
able speed,  as  in  winding;  and  rolling  mill 
engines. 

In  iliese  cast's  it  is  difficult  witli  the 
ordinary  indicator  to  dot (M-niine  the  tru'' 
average  power  developed,  and  more  diffi- 
<'ult  still  to  say  what  the  actual  maximum  or 
niiiiiinuni  power  is.  With  the  attachment 
illustrated,  each  pressure  line  is  a  true,  un- 
distorted  record  of  the  pressures  on  the 
piston,  but  the  combination  of  the  two  pres- 
sure lines  introduces  a  slight  error  due  to 
i  lie  fact  that  the  two  indicator  pencils  can- 
not be  brought  into  the  same  vertical  plane. 
This  error,  however,  is  negligible  and  with- 
in the  errors  of  the  indicators  themselves 
when  the  mean  effective  pressure  is  taken 
over  a  complete  stroke,  while  the  error  may 
b&  corrected  if  desired  by  measuring  a  ver- 
tical ordinate  between  the  two  lines  at  the 
same  distance  on  either  side  of  the  vertical 
as  were  the  indicator  pencils  when  the  dia- 
grams were  taken. 

The  attachment,  which  may  be  fitted  to 
any  two  Crosby  indicators,  whether  of  the 
inside  or  outside  spring    type,    consists,  ar 
shown  in  Fig.  1，  essentially    of    two  parts 
(1)  a  stationary  magazine  drum  with  a  roll 
of  paper  about  100ft.  long,  fitted  upon  a  bracket  arranged  to 
couple  the  two  indicators  together  ；  and  (2)  a  special  clutch  drum 
^'hich  has  to  be  mounted  instead  of  the  ordinary  drum  on  one  of 
the  indicators  to  which  the  attachment  is  fitted.    This  drum  is 
actuated  in  the  usual  way  from  the  engine  reducing  gear,  but 
only  moves  in  one  direction,  withdrawing  the  paper  strip  from 
Uie    magazine   drum    and    winding    it    on    itself    with  a 
speed    at    all    times    proportionate  to  that  of  the  engine 
piston.    An  automatic    stroke-recording  device  is  provided 
which  records  on  the  indicator  paper  strip  each  reversal 
of  the  direction  of  motion  of  the  engine  piston. 

ier，  an  electrical  or  mechanical  "  timing  ，  device  may 
1"、  litiod,  if  desired,  for  recording  11  time  on  the  indicator 
paper  strip  ;  this  is  especially  valuable  wliere  the  speed  of 
the  engine  varies  irregularly,  as  by  its  means  the  piston  speed 
at  any  instant  may  be  ascertained  with  great  accuracy. 

A  double  3 -way  cock  connection  receives  the  two  indicators, 
and  is  designed  to  allow  either  indicator  being  put  in  com - 
implication  with  either  oiul  of  tlic  rvliii'lt'r.    WIkmi  ,'mitimi(ms 
(I ingrains  arc  beiiig  iaken,  oach  indicator  is  pi"  in  ('mmminir;, 
lu,u  、vit'h  the  end  of  the  oyliudcr  nearest  to  it,  but  if  it  is 


desired  to  take  ordinary  diagrams  these  may  be  obtained  on 
the  indicator  drum  which  is  retained  in  position,  and 
can  be  put  into  communication  with  either  end  of  Ui" 
cylinder  at  will.  The  connection  fixes  the  indicators  at 
the  right  distance  aj)arl  to  receive  the  attachment,  and  allows 
of  the  indicator  pencil  levers  bein^  brought  as  close  together  as 
possible  wiilioul  ioucliin^.  Tl"'  result in^'  <li;i;'r"m-  art*  not  oi 
the  closed  form,  characteristic  of  the  ordinary  diagrams,  ljut 
appear  as  two  sinuous  lines  crossing  and  recrossing  each  other, 
and  are  such  that  the  distance  between  the  two  lines  at  any 
point  represents  the  effective  pressure  (either  positive  or  nega- 
tive) on  the  piston  at  that  moment.  The  position  on  these 
stroke  diagrams  corresponding  to  the  end  of  the  stroke  of  the 
engine  may,  on  account  of  faulty  valve  setting,  not  be  self- 
evident,  but  the  stroke  recording  device  provides  a  means  by 
whi(;h  this  can  be  accurately  known,  and  it  also  flirninatf  -  ：>  m ；. 
error  which  might  arise  from  the  slight  lengthening  of  the 
diagram  due  to  tlie  increased  thickness  of  the  paper  on  the 
clutcli  drum  as  it  is  wound  on  it. 

The  calculation  of  mean  effective  pressure,  and  indicated 
horse-power  from  continuous  stroke  diagrams  is  made  as  fol- 


Fig.  1.— Wallace's  Continuous  Indicator  Stroke  Dia<;h.vm  Attai  hxient. 

lows  :  Fig.  3  being  taken  as  a  representative  contiuuous  str(>k(、 
diagram  from  a  double-acting  steam  engine,  perpendicular 
lines  are  drawn  at  the  points  corresponding  to  the  ends  of  the 
stroke,  as  shown  by  X-l,  X-2,  &c.  The  form  of  the  stroke 
record  differentiates  one  stroke  from  another,  so  that,  bv  a 
simple  inspection  at  the  time  the  diagTam  is  taken,  or  at  anv 
time  if  the  method  of  connecting  the  attachment  to  the 
reciprocating  part  of  the  engine,  is  known,  the  up  and  down 
or  forward  and  backward  strokes  may  be  differentiated. 

Suppose  the  stroke  1-2,  Fig.  3，  represents  tlie  forward 
stroke  of  the  piston,  it  can  be  seen  at  once  that  the  pressure 
acting  on  the  back  side  of  the  piston  is  represented  bv  the 
dotted  line,  aud  tliat  on  the  front  side  by  the  plain  line,  ami 
that  the  motion  of  the  piston  is  in  the  direction  imlicated  bv 
the  arrows.  Neglecting  for  the  moment  any  correct  ion 
necessary  for  the  area  of  the  piston  rod,  and  the  fact  that 
the  two  indicator  pencils  do  not  move  quite  in  the  ^ame  vertical 
plane  when  tracing  the  diagram,  the  perpendicular  distance 
between  the  two  steam  pressure  lines  represents,  to  the  scale 
of  the  indicator  spring,  the  effective  pressure  on  the  piston  at 
any  part  of  its  stroke.  When  it  is  desired  to  take  into  account 
the  area  of  the  piston  rod  which  reduces  the  effective  area  of 


178 


THE    MECHANICAL  ENGINEER. 


February  14，  ]!U3 


the  )>isloii  on  one  side  it  is  only  necessary  to  multiply  tlie  for- 
ward and  back  ward  pressures  into  their  respective  piston 
areas  and  take  the  algebraic  sum  of  the  quantities  so  found. 

Considering  now  the  mean  effective  pressure  and  neglecting 
as  before  the  area  of  the  piston  rod,  the  area  A  B  G,  Fig.  3， 
represents  the  work  done  on  i ]w  piston,  ami  Hie  area  H  X  ('， 
t  \\v  worl<  (lone  against  the  pisl on  during  t  lie  forward  stroke. 
Similarly,  the  areas  H  K  C  N  and  K  D  Ti  represent'  the  work 
done  on  nnd  against-  tlie  piston  during  the  backward  stroke 


Kig.  i2.— Wallace's  Continuous  Lndicatou  Sthoki:  Diagiiam  Attachment. 

The  net  work  during  each  stroke  is，  therefore,  the  algebraic 
sum  of  the  positive  and  negative  areas,  and  the  most  con- 
venient method  of  finding  this  is  by  means  of  the  planimeter. 
The  allowance  for  area  of  piston  rod  is  made  in  the  usual  way. 

Having  found  the  mean  effective'  pressure,  the  indicated 
horse-power  may  be  determined  in  the  usual  way,  but  whereas 
with  ordinary  indicator  diagrams  the  piston  speed  must  be 
determined  separately,  and  when  the  speed  is  variable  the 
average  speed  only  can  be  found  with  accuracy,  these  stroke 
diagrams  enable  time  to  be  recorded  simultaneously  with  the 
pressure  diagram  and  stroke  record,  so  that  the 
piston  speed  at  any  instant  or  during  any  par- 
ticular stroke  or  revolution  can  be  found  with 
perfect  accuracy. 

Figs.  4  and  5  represent  continuous  stroke 
diagrams  taken  from  twocycle  and  four-cycle 
gas  engines,  Fig.  4  representing  a  two-cycle 
diagram  and  Fig.  5  a  fouii-cycle  diagram. 

The  two-cycle  diagram  may  be  dealt  witli 
in  the  manner  already  described.  The  area 
A  B  C  represents  the  work  done  on  the 
piston  during  the  explosion  stroke,  aiul  1  h(、 
area  B  D  E  that  done  against  the  piston 
(川  the  compression  stroke,  and  t  hr 
algebraic  sum  of  those  areas  representing  the 
net  work  clone  on  the'  piston  during 
one  cycle.  The  gas  aiul  air  pumps, 
if  any,  used  with  this  type  of  engine  should,  of  course,  be  indi- 
cated at  the  same  time  as  the  power  cylinder,  and  tlie  work 
done  on  the  gas  and  air  pump  pistons  deducted  from  tlie  work 
done  on  the  engine  piston  to  find  the  net  power  available  to 
overcome  the  frictional  resistances  of  the  engine  and  perform 
external  work. 

For  the  proper  understanding  of  the  four-cycle  continuous 
stroke  diagram,  it  is  necessary  to  consider  shortly  tlie 
ordinary  diagram  taken  from  this  type  of  engine  as  shown 
in  Fig.  6. 

It  is  the  ac(re|>t pd  |>r;u*t ice  to  calculate  tin*  iudicjilcd  liorse- 
}M)\vcr  ！' roui  i  ho  mwii  clVect  i  ve  pressure  reprcsciil  od  by  i  he  a  re  a 
A  H  V  K,  and  to  include  with  the  frictional  resistances  of  the 


engine  the  negative  work  represented  by  the  area  F  C  D,  tliat 
is  to  say,  it  is  agreed  that  a  part  of  the  negative  work  done 
during  the  exhaust,  suction  and  compression  strokes  sliould  be 
deducted  from  the  total  work  done  during  the  power  stroke, 
and  that  another  part  of  the  negative  work  done  during  ex- 
haust, suction  and  compression  should  be  neglected  and  con- 
sidered simply  as  forming  part  of  the  internal  friction  of  the 
engine.  Tlie  ordinary  diagram  lends  itself  to  this  arbitra rv 
subdivision  of  the  negative  work  because  in  practice  it  is  im- 
possible in  most  cases  to  measure  the  area  F  C  D，  except  by 
taking  subsidiary  li^hi  spring  diagrams.  Referring  to  Fig.  5 
it  is  evident  that  the  net  work  done  on  the  engine  piston  is 
represented  by  the  algebraic  sum  of  the  five  areas :  A  B  E  C, 
B  D  E,  D  F  G,  F  H  G，  and  H  K  L,  of  which  A  B  E  C  and 
F  H  G  are  positive  and  the  remainder  negative.  The  net  area 
found  in  this  way  will  be  less  than  tliat  found  in  the  ordinary 
way  by  an  amount  equal  to  the  area  F  C  D,  Fig.  6. 

In  order  to  make  the  basis  of  calculation  for  these  stroke 
diagrams  the  same  as  for  ordinary  diagrams,  it  is  only  neces- 
sary to  draw  a  line,  X —— Y，  Figs.  4  and  5,  parallel  to  tlie  atmo- 
spheric line,  and  at  such  a  distance  from  it  that  it  will  cut  tlie 
exhaust  and  compression  lines  at  points  equidistant  from  the 
same  end  of  the  stroke  as  at  Q,  Figs.  5  and  6.  Then  the 
algebraic  sum  of  the  areas  A  B  O  P,  B  M  0，  and  N  K  H , 
Fig.  5，  is  equal  to  the  area  A  B  F  E，  Fig.  6. 

lu  practice,  and  with  the  springs  ordinarily  used  for  gas  and 
oil  engine  indications,  the  line  X —— Y  does  not  differ  sensihlv 
from  the  atmospheric  line,  and,  consequently,  the  mean 
effective  pressure  and  indicated  horse-power  can  be  deter- 
mined with  the  same  facility  and  accuracy  as  in  ordinary 
diagrams 

ELECTRIC  FUSE  TESTING. 

BY  A.   A.  SOMERVILLE. 

In  a  recent  set  of  experiments  the  author  had  opportunity 
to  observe  and  consider  the  advantages  and  disadvantages 
of  the  electric  fuse,  as  used  at  present.  During  this  investi- 
gation several  new  points  were  brought  out.  Since  a  fuse  is 
a  conductor  of  such  proportions  that  it  will  melt  wlien  the 
current  in  the  circuit  exceeds  a  certain  prearranged  value 
and  thus  protect  the  remainder  of  the  circuit  from  the 
harm  that  would  result  from  undue  overload,  it  will  be 
appreciated  that  its  construction  may  be  varied  quite  widelv. 
Patents  have  been  granted  on  such  features  as  the  composi- 
tion of  fuse  metals,  shape  of  fuse  wires  or  strips,  calibration 
of  strips,  insulating  material  surrounding  the  strips,  mount- 
ing of  fuses  and  chemical  effects  of  oxides  and  fluxes,  and  the 
state  of  the  art  is  rather  complicated,  thereby  tending  to 
promote  involved  litigation  in  patent  causes. 

The  operation  of  fuses  has  been  in  many  ways  unsatisfar- 
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.•hirh  they  would  l>lo、v  has  always  been 
to  change  with  the  age  of  the  fuse. 
Generally  the  carrying  capacity  of  the  fuse  increases  with 
time,  because  repeated  annealing  renders  the  fuse  metal  a 
better  conductor.  However,  the  repeated  heating  and  cool- 
ing may  loosen  some  of  the  contacts,  thereby  making  a 】iigh- 
contact  resistance  which  will  become  unduly  heated  and  thus 
cause  the  fuse  to  blow  even  when  the  current  is  below  the 
normal  value.  In  spite  of  their  faults  fuses  are  invaluable 
for  the  protection  of  small  circuits  where  the  cost  of  circuit - 
i>roakers  would  be  prohibitive.  Most  wiring  rules  require 
that  fuses  be  used  on  every  pole  whero  a  reduction  in  size  of 
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wire  takes  place  aiul  in  \vl 
ltiaiu  line. 

Each  ])artirular  type  of  fuse  has  il 
must  be  taken  that  the  1、'|"、  （l('siirm"l  I'm- 
is  used  for  lliat  work  and  thai  only, 
small  piece  of  copper  wire  coniiocl  iu^  iwo 
nuist  dangorous  fuse  1  hat  can  tor  ordii 

hut  the  fact  remains  t  hat  ii  is  ustvt  rre([Uonllv 
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porary  repairs.  The  .same  kind  of  copper  wire  several  feet 
in  length  is  found  to  be  the  safest  fuse  obtainable  for  a 
high-tension  transmission  line,  and  is  used  in  such  work. 
Unless  the  wire  is  long  the  arc  will  persist  under  high 
voltage  and  cause  damage.  The  long  wire  exposed  to  the 
air  or  slightly  covered  will  safely  carry  the  normal  load,  and 
when  fused  it  drops  away  entirely,  thereby  opening  up  a 
long  gap  and  effectually  breaking  the  arc  that  is  started. 

Cartridge  fuses  differ  from  the  preceding  in  that  the  fuse 
metal  is  surrounded  by  a  tube  of  insulating  material,  ami 
this  tube  is  fitted  with  metal  caps    to    slip    into  tenni'ial 
receptacles  of  the  holder.    The    fuse    wire    is    soldered  or 
riveted  to  these  metal  caps.    It  is  this  class  of  fuse  that 
now  almost  universally  used  on  small  lighting  and  motor 
circuits,  and  it'  was  upon  these  thai  a   thorough   test  was 
made  by  the  author.      After  a  series  of  exhaustive  tests 
it  was  decided  that  almost  any  kind  of  wire  may  be  used 
as  a  fuse.      The  fusing  current  of  the  wire  depends  not 
only  on  the  metal  of  which  it  is  composed,  but  also  upon 
its  surroundings,  the  state  of  its  surface,  and  other 
factors.    It  is  claimed  that  in  time  some  metals 
become  coated  with  an  oxide,  and  that  this  holds 
the  metal  in  place  like  a  protective  tube  or  sheath 
even  after  the  metal  is  molted.    It  was  to  deter- 
mine the  effect,  if  any,  of  this  film  of  oxide  on  the 
fuse  metal   that  the   following   experiment  was 
attempted. 

Zinc,  tin,  copper,  aluminium,  and  magnesium 
were  the  materials  examined,  and  three  insulating 
materials  were  tried  around  the  fuse  wire,  namely, 
manganese  dioxide,  slaked  lime,  and  borax.  From 
the  observation  made  the   following  conclusions 
were  drawn  :  Any  metal  may  be  used  as  a  fuse 
strip,  and  if  conditions  are  properly  art  justed  the  fust*  will 
blow  at  a  fairly  definite  overload  and  make  a  shar]»,  clean 
break  in  the  ciivuit.    The  factors  thai  prorluce  ideal  condi- 
lions  difler  with  the  various    metals,   bid.    Hie  controlling 
features  are  relative  values  of  len^lli,  widili,  and  lliirkness 
"f  the  strip,  together  willi  the  amoiuil  and  kind  of  insulating 
powder  surrounding  it. 

All  metals  make  equally  ('lean  breaks  when  properly  ad- 
justed. However,  it  is  slightly  easier  to  work  with  the  】uetals 
having  the  lower  melting  points,  as  the  thermal  insuhition 
is  not  such  an  important  feature 

The  character  of  tlie  insulating  powders  used  around  llic 


l'us(»  w'iiv  is  wil  IkxiL  dh" 丄 in  a  1  iu  rnial  、、;'、  ，  ； Llie 
rate  at  which  the  |)o、v(l<»i's  radijilo  iieat  from  the  fuse;  wire 
tletennines  its  capacity.  Tli''  chemical  eirect,  if  any,  on  the 
fuse  wire  is  negligible. 

Tli"  load  or  current  Miat  a  fuse  will  carry  depends  upon 
11"'  melting  point  of  tlie  metal  used,  Die  cross-seci ion,  shapo, 
； nnl  of  the  conductor,  size  of  the  iermiual  plugs,  and 

of  the  (rasing,  sliouhl  I  liore  ho  any,  siirroniKlin^  i  Im* 
fuse  metal. 

The  carryin|r  capacity  of  a  fuse  varies  wiih 
the  cross-seel  ional  area  and  inversely  as  t he 
l《'"gUi，  on  acM-ouiit  of  tlie  variation  in  t''"i 
(KTature  gradient  in  the  fuse.  The  carrvin^ 
capacity  increases  directly  as  the  size  of  the 
copper  terminals,  since  they  conduct  the  lieat 
away  ；  directly  as  tlie  increase  in  melting  |>oini 
of  one  material  over  another,  and  as  a  fmi'' 
ti'm  of  tlx*  thonnal  r《m'l'i(tiiig  power  of  tli'' 
])ow(Icr(Ml  material  surroiuuling  the  fuse  metal. 

Lastly,  fuses  at  their  best  are  very  uu re- 
liable, and  no  two  fuses,  exfept  l>y  cliaiue, 
will  operate  in  tlie  samo  way.  If  a  dozen  fuses 
supposed  to  be  alike  are  blown  under  the  same 
conditions,  tlie  deviation  in  time  required  to 
blow  will  usually  be  25  per  cent,  of  the 
average.  It  may  be  said  that  the  unreliability 
of  the  fuse  with  respect  to  the  time-limit  speci- 
fication is  its  chief  bad  feature.  Alt  liou^li 
the  advance  made  in  the  manufacture  of  fuses 
has  been  very  marked  recently,  there  is  yet 
ample  room  for  improvement. ― "  Electrical 
World." 


LINE 


IMPROVEMENTS  IN  OAS  PRODUCERS. 

Several  novel  arrangements  of  gas  producers,  designed  wit  h 
the  object  of  preventing  caking  of  the  fuel,  are  shown  in  the 
accompanying  illustrations,  Fig.  1  being  a  sectional  elevation 
of  the  lower  part  of  a  gas  producer  having  a  rotary  base. 
Fig.  2  is  a  'sectional  elevation  of  the  lower  part  of  a  gas 
producer  having  a  rotary  base  as  well  as  a  revolving  rail,  and 
Fig.  3  a  vertical  view  of  a  gas  producer  having  a  rotary  bo(I，'. 
Referring  to  Fig.  1，  A  is  the  grate  or  air  distributor  fixed  to 
the  revolving  ash  tray  B,  which  together  constitute  the  rotary 
base,  the  revolution  of  the  same  being  effected  by  means  of  a 
toothed  wheel  H  and  a  worm  O.  This  rotary  base  is  carried 
by  means  of  rollers  D，  which  in  their  turn  ruu  on  an  uneven 
rail  E，  which  is  higher  at  some  parts  than  at  others,  as  shown. 
This  is  divided  into  six  equal  parts,  eacli  part  having  its 
upper  surface  in  shape  of  a  curve,  this  curve  being  so  con- 
structed that  the  rollers  during  the  revolution  of  the  base 
cause  the  same  to  ascend  into  or  descend  from  the  body  of 


l  uel.  The  ascending  or  descending  of  the  base  can,  accord - 
ing  to  the  shape  of  the  parts  of  the  rail  E，  bo  causi'd  to  tak^ 
place  during  a  longer  or  shorter  period  of  the  rovolut  ion . 
Opposite  the  worm  drive  is  placed  one  or  more  rollers 
to  compel  the  rollers  1)  while  revolving  to  remain  in  iIumt 
j > roper  relative  position  on  tlie  rail. 

Referring  to  Fig.  2y  A  is  tlie  grate  or  air  distributor  tix'-'l 
to  the  ash  tray  B,  which  together  constitute  llie  rotary  base 
which,  as  in  the  former  example,  is  revolved  by  means  of  a 
toothed  wheel  H  and  a  worm  O.  The  rotary  base  is  carried 
by  means  of  rollers  D  whicli  iu  tlieir  turn  run  on  the  uneven 
rail  E.    In  this  case,   however,  the  rail  E  " 
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balls  and  in  its  turn  rotated  by  means  of  a  worm  W  and 
worm-wheel  P.  The  drive  for  the  base  as  well  as  the  drive 
for  the  rail  E  can  be  adjusted  in  such  a  manner  as  to  con- 
stantly regulate  or  periodically  alter  the  speed  of  the  rail  E 
and  the  base  independently  of  -  each  other,  lief  erring  U» 
Fig.  3，  K  is  the  producer  body  the  whole  of  which,  l)ul  jiot  tlie 
top  cover,  is  revolvable,  and  D  the  rollers  wliidi  carry  tlie 
same,  and  E  is  the  uneven  rail  upon  which  the  rollers  run. 
This  rail  together  with  the  drive  L  is  mounted  on  girders  M. 


Fig.  2. 


Fig.  3. 

impiiovemekts  in  gas  producers. 


The  producer  body  may  be  revolved  on  an  even  rail,  while  tlie 
base  N，  with  the  grate  or  air  distributor  fixed  thereupon, 
may  be  gradually  raised  and  lowered.  This  may  be  done  by 
carrying  the  base  (which  is  prevented  by  suitable  means  from 
revolving)  upon  rollers,  which  in  their  turn  rest  upon  a  re- 
volvable  rail  as  shown  in  the  lower  part  of  Fig.  2.  The 
arrangements  described  are,  it  should  be  mentioned,  the  joint 
invention  of  Mr.  A.  H.  Lymm  and  Mr.  N.  E.  Rambusch, 
Queen  Anne's  Chambers,  Westminster,  London,  S.W. 


Induction  Motor  Details.  —At  a  general  meeting  of  the 
North  of  England  Branch  of  the  Association  of  Mining 
Electrical  Engineers,  held  on  the  5th  inst.,  in  Armstrong 
College,  Newcastle,  Mr.  W.  Baxter,  of  Jarrow,  read  a  paper 
on  ££  Induction  Motor  Details."  He  alluded  to  induction 
motors  for  colliery  work,  and  suggested  that  a  feature  which 
was  neglected  was  the  means  of  coupling  the  cables  to  the 
motors.  He  pointed  out  that  the  design  should  be  of  such 
a  character  that  iho  connections  could  be  easily  and  quickly 
made,  and,  wliat  was  of  more  importance,  there  should  be 
means  of  readily  uncoupling  in  case  of  breakdown.  Mr. 
Baxter  indicated  methods  for  effecting  this.  The  question 
of  the  windings  of  machines  for  rough,  work  a 七 collieries  was 
touched  upon,  and  illustrations  were  tlirown  on  the  screen 
of  suitable  machines.  Other  points  dealt  with  by  the 
speaker  were  designs  of  brush  gear  and  brush-lifting  devices  ； 
flame  and  explosion-proof  motors  for  fiery  mines  were  des- 
cribed, and  particulars  were  given  of  self-starting  motors. 


TYPES  OF  MOTORS  FOR  STEEL  MILL  AUXILIARIES. 

BY 〗i,  R.   SHOVEH  AND  E,  .1.  CHENEY. 

The  time  has  gone  by  when  it  was  necessary  to  discuss  the 
advantages  of  electric  motors  in  steel  plants.  There  are,  how- 
ever, a  great  many  problems  concerned  with  their  application 
which  are  not  yet  fully  solved.  One  of  these  is  concerned  with 
the  proper  type  of  motors  to  use.  There  is  usually  no  question 
but  that  induction  motors  should  be  used  for  driving  the  main 
rolls,  and  that  induction  or  synchronous  motors  should  be  used 
for  pumps  and  various  other  machinery  about  the  plant  where 
comparatively  large  size  motors  are  necessary.  There  is，  how- 
ever, a  diversity  of  opinion  as  to  whether  the  so-called 
auxiliaries  should  be  driven  by  alternating  or  direct  current 
motors,  and  there  have  come  to  be  two  recognised  systems. 
These  are  known  as  tlie  alternating  current  system,  where  no 
direct  current  is  used,  and  the  mixed  system 3  where  direct 
current  is  used  for  the  small  motors.  There  are  a  great  many 
factors  which  must  be  considered  iu  comparing  the  two 
systems. 

In  the  first  place,  it  is  to  be  assumed  that  power  will 
primarily  be  alternating  current,  as  the  transmission  distances 
ordinarily  preclude  the  use  of  direct  current  generators.  It 
would,  therefore,  seem  to  be  simplest  and  most  efficient  to  step 
down  to  a  suitable  voltage  through  static  transformers  and 
use  alternating  current  motors.  The  mixed  system  involves 
additional  expense  for  motor-generator  sets  and  entails  con- 
siderable power  loss  due  to  the  low  efficiency  of  conversion  - 
On  the  other  hand,  however,  direct  current  motors  are  lower 
in  first  cost  than  induction  motors,  and  a  higher  power-factor 
is  maintained  on  the  entire  system  where  they  are  used.  In 
the  mixed  system  an  increase  in  power-factor  is  effected  by 
eliminating  the  lagging  current  of  the  induction  motors,  and, 
in  addition,  the  motor-generator  sets  can  easily  be  equipped 
with  synchronous  motors  which  will  take  a  leading  current 
from  the  line  and  offset  part  of  the  lagging  current  on  the  rest 
of  the  system.  The  increase  in  power-factor  enables  a  re- 
duction to  be  made  in  the  size  and  cost  of  transformers  and 
generators,  and  also  increases  their  efficiency  due  to  the  lower 
currents  which  they  are  required  to  handle  and  to  the 
decreased  excitation  required  by  the  generators. 

It  is  perfectly  possible  to  prove  that  either  system  is 
superior  by  selecting  the  proper  factors  for  consideration.  The 
performance  of  both  direct  current  aud  alternating  current 
motors  is  quite  generally  known,  but  the  various  factors  affect- 
ing cost  and  efficiency  are  not  so  well  understood.  In  order 
to  make  as  nearly  as  possible  a  general  determination  of  these 
factors,  it  was  decided  to  make  an  exhaustive  study  which 
should  include  a  consideration  of  everything  which  might  in- 
fluence the  result.  To  make  the  investigation  thoroughly 
practical  a  plant  of  modern  design,  of  which  the  complete 
plans  were  available,  was  selected  for  the  study.  This  plant 
consisted  of  six  merchant  mills,  comprising  the  ordinary  run 
of  sizes,  and  included  the  usual  equipment  of  heating 
furnaces,  shipping  yards,  &c. 

The  power  was  assumed  delivered  at  6,600  volts,  25  cycles. 
One  large  slow-speed  induction  motor,  wound  for  6,600  volts, 
was  required  for  the  maiu  roll  drive  iu  each  mill,  the  aggre- 
gate capacity  of  these  motors  being  7,700  h.p.  Iu  addition  to 
this  load  there  was  about  800  h.p.  in  pumps,  lights,  <fec.，  which 
would  be  alternating  current  in  any  case.  Of  the  small  motors 
on  tables,  benches,  shears,  cranes,  shop  tools,  &c"  there  was 
a  total  of  182  motors  and  an  aggregate  of  4,973  h.p.,  giving  an 
average  of  27  3  h.p.  per  inotor.  On  the  all-alternating  current 
system,  it  was  assumed  that  all  these  small  motors  would  be 
wound  for  220  volts  and  power  supplied  by  two  sub-stations, 
stepping  down  from  6,600  to  240  volts,  each  sub-station 
having  three  350  kilovolt-ampere  oil-cooled  transformers  and 
suitable  switchboard.  On  the  mixed  system  it  was  assumed  that 
all  these  motors  would  be  wound  for  230  volts  direct  current 
and  that  power  would  be  supplied  by  two  sub -stations,  trans- 
forming from  6,600  volts  alternating  current  to  250  volts 
direct  current,  each  sub-station  having  one  750  k、v. 
synchronous  motor  geiierat'oi'  set  and  suitable  switchboard. 

Mill  tvoe  motors  were  used  on  all  tables,  transfers,  cranes, 
&c.，  and  motors  of  open  construction  for  shears,  fans,  shop 
tools,  &c.    The  alternating  current  mill  type  motors  were  all 
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of  wound  rotor  type,  and  the  corresponding  direct  current 
j Motors  were  either  series  or  coiii])ound  wound  as  required  by 
the  duty.  The  open  alternating  current  motors  were  assumed 
to  ho  of  the  squirrel  cage  induction  type,  and  t  lie  con  cspond 
ing  direct  current  motors  were  assumed  to  be  sliunt-  wound - 
Suitable  control  equipment  was  detennined  in  ea<*li  case,  most 
of  tlie  variable  speed  mot  ors  ]iavin^r  ma"m('tir  conl  rollers,  but 
a  few  of  the  smaller  ones  having  luind  controllers.  On  the  direct 
current  system  use  was  made,  wherever  possible,  of  the  series 
type  contactor.  The  const  ant  speed  induction  motors  wcic 
funiislied  with  starting  coinixMisalocs  having  no-voltage  and 
overload  protection 7  and  the  corresponding  direct  current 
motors  were  furnished  wiCh  standard  slariing  equipments.  In 
laying  out  the  wiring,  t lie  load  on  t lie  various  feeders  was  esti- 
mated by  taking  into  account  n'as(mabk'  load  facttu  s,  aiu.l  tin* 
size  of  all  wires  determined  in  accordance  witli  the  standard 
wiring  rules,  all  wires  being  run  in  conduit. 

The  only  instances  where  the  motors  might  possibly  need 
to  be  of  different  capacities  for  the  different  systems  are  in 
cases  of  hoist  motors  on  the  cranes.  A  careful  study  of  the 
(Tarn's  was  made,  and  it  was  found  that  the  majority  of  Uhmii 
would  operate  at  light  loads  almost  all  of  the  time,  so  lh;it 
the  same  size  motor  could  be  used  in  each  case,  geared  for  1  he 
same  light  load  speed,  the  speed  of  the  alternating  current 
motor  being  reduced  on  heavy  loads  by  rotor  resistance.  On  the 
billet  yard  cranes  it  was  found  advisable  to  put  on  lar^or 
motors  for  alternating  current  than  for  direct  current.  The 
total  horse-power  capacity  given  is  for  the  mixed  system. 

The  layouts  having  been  carefully  made,  an  estimate  was 
made  of  the  cost  of  each  system  -  In  tliese  estimates  the  large 
inotors,  which  would  be  alternating  current  in  any  case,  were 
not  considered,  but  all  details  which  were  in  any  way  affected 
Ity  1  lie  difference  in  the  systems,  including  motor-generator 
sets,  transformers,  foundations,  motors,  control,  cables,  instal- 
lation and  wi ring-up  were  included. 

Having  determined  tlie  apparatus  located  in  the  plant  it- 
self, a  layout  of  the  power  supply  system  was  made  with  a 
view  to  finding  how  mucli  it  was  affected  by  the  difference 
between  the  two  systems.  It  was  found  that  power  should 
be  generated  at  6，  600  volts  and  stepped  up  to  22,000  volts  for 
t  raiismission  to  the  ])lant ,  where  it  would  be  stepped  down  again 
to  (5， （； 00  volts.  The  calculations  of  the  power  system  will  be 
followed  through  briefly,  the  all-altei-uating  current  system 
being  considered  first. 

Tlie  sizes  of  generators  and  transformers  are  properly  fixed 
by  the  maximum  load  conditions,  and  these  maximum  load 
('(tiidiiions  were  carefully  determined  for  the  case  in  question. 
The  duty  of  the  mills  under  various  conditions  of  rolling  were 
studied,  together  with  the  characteristics  of  the  large  motors, 
and  it  was  found  that  the  maximum  steady  load  which  could 
be  sustained  for  any  length  of  time  on  the  large  motors,  to- 
gether with  the  other  portions  of  load  which  would  be  alter - 
naiing  current  in  either  case,  amounted  to  7,510  kw.  at  84*7 
per  ceut.  power  factor.  The  total  small  motor  load  was  found 
to  be  1,500  kw.  on+he  240-volt  bus.  Allowing  for  transformer 
losses  on  the  basis  of  98*2  per  cent,  efficiency  at  unity  power- 
factor,  this  load  amounts  to  1,538  kw.  at  70  per  cent,  power- 
factor  on  the  6,600-volt  bus.  Combining  the  two  loads,  we  have 
a  total  on  the  6,600-volt  bus  of  9,048  kw.  at  82  per  cent, 
power-factor,  or  11,000  kilovolt-amperes. 

As  this  is  the  maximum  load,  we  can  assume  that  it  repre- 
sents 25  per  cent,  overload  on  the  transformers.  Normal  load 
on  the  transformers  will,  therefore,  be  8,800  kilovolt-amperes, 
or  2,930  kilovolt-amperes  for  each  of  three  transformers.  It 
was,  therefore,  decided  to  use  three  3,000-kilovolt-ampere 
water-cooled  transformers  for  stepping  down  from  22,000  to 
6,600  volts.  Duplicate  transformers  would  be  used  at  the 
generating  station  for  stepping  up,  and  one  spare  would  be 
provided,  making  a  total  of  seven  trausformers  required. 

In  figuring  the  transinission  line  it  was  found  tliat  the  size 
of  copper  was  fixed  by  the  economical  loss  and  not  by  i  lie 
voltage  drop.  It  will  be  inuiecessary  to  go  into  tlie  details 
of  this  calculation,  but  it  will  be  sufficient  to  say  that  the  line 
decided  upon  had  a  resistance  of  0762  ohms  per  phase.  Know- 
ing the  kilovolt-ampere  load  and  the  resistance  of  the  transmis- 
sion line, and  taking  transformer  efficiencies  at  987  per  cent .  at 
unity  power-factor,  we  have  286  kw.  loss  in  the  two  banks  of 
i  rniisformers  ami  MJH  kw.  loss  in  the  transmission  lino. 

AcUlin^  I  ]\v  losses  ( o  i  lie  original  load  \vc  comr'  ( <»  I  lif 
generator   terminals   with    9,5^0  lew.    and    11 ,410  kilovolt- 


amperes  or  83*4  per  cent,  power-factor.  Assuming  we  have 
four  gas  engine-driven  generators,  we  would  have  2,382  kw. 
and  2,852  kilovolt-amperes  on  each  unit  under  tlie  maximu 川 
coiiditioiis.  These  condiiioiis  may  be  assumed  to  represent  10 
per  cent,  overload  on  the  generators,  and  it  was,  therefore, 
determined  to  use  four  2,200  kw.,  85  per  cent,  power-factor 
generators.  These  machines  would  liave  a  normal  capacity  of 
2,590  kilovolt-amperes  each,  and  at  10  per  cent,  overload  a 
capacity  of  2,850  kilovolt-amperes  each. 

Figuring  as  before,  the  transmission  losses  amount  to 
256  kw.,  the  line  losses  to  157  kw.,  and  we  come  to  the 
generator  terminals  with  a  total  load  of  9,653  kw.  and  11,250- 
kilovolt-amperes  at  94'2  per  cent,  power-factor.  This  gives  a 
load  on  each  of  four  generators  of  2,413  kw.  and  2,562  kilovolt- 
amperes,  which  represents  10  per  cent,  overload.  It  was, 
therefore,  determined  to  use  four  2， 200  kw.  95  per  cent, 
power-factor  generators,  which  would  have  a  normal  rating  of 
2,310  kilovolt-amperes,  and  at  10  per  cent,  overload  a  capacity 
of  2,550  kilovolt-arnperes  each. 

From  the  above  data  the  cost  of  the  power  system  was 
est  imated.  Since  the  kilowatt  load  is  so  nearly  the  same  there 
will  evidently  be  no  difference  between  the  two  systems  in  1 1 1 c 
gas  engines  or  gas  cleaning  plant.  The  transmission  Hues  are 
identical  and  there  will  be  no  practical  difference  in  cost 
of  switchboards.  The  only  points  of  difference  will  therefore 
be  in  the  generators  and  transformers,  and  they  only  were 
considered.  The  generators  were  assumed  to  be  83^  revs, 
per  minute  engine  type,  and  the  transformers  were 
assumed  to  be  water-cooled  with  full  capacity  primary  taps 
for  voltage  adjustment.  The  costs  for  each  system  delivered 
and  installed  are  as  follows  : — 

All-  A.  C.  Mixed. 

Transformers    7,672    7,392 

Generators    15.200    14,160 


Total   £22,872  £21,552 

So  far，  maximum  load  conditions,  which  determine  the 
size  of  the  apparatus  required,  and  the  first  costs  have  been 
considered.  In  figuring  efficiency  and  operating  costs  it  is 
necessary  to  take  load  conditions  which  are  fairly  represeuta- 
tive  of  the  yearly  average.  The  small  motor  load  was  con- 
sidered the  same  as  before,  since  little  change  would  be  made 
in  it  by  varying  conditions,  provided  the  plant  were  working 
full  time.  The  difference  between  maximum  and  average  con- 
ditions lies  in  the  different  character  of  work  iu  the  mills  and 
the  consequent  difference  in  load  on  the  large  motors,  but  this 
will  not  materially  affect  the  small  motor  load，  as  all  of  the 
apparatus  in  tlie  plant  is  assumed  to  be  working  at  full  out- 
put. 

The  average  load  on  the  large  motors  would,  however,  be 
considerably  lower  than  the  maximum,  and  the  power-factor 
would  be  decreased  iu  consequence.  Careful  consideration  of 
all  the  factors  showed  a  fair  average  of  the  main  load  to  be 
5,320  kw.  at  80  5  per  cent,  power-factor,  or  6,000  kilovolt- 
amperes.  Adding  the  small  motor  load  and  the  losses  in  trans- 
formers, line  and  generators,  which  were  computed  by  taking 
into  account  the  per  cent,  load  and  power-factor  on  each  unit, 
the  output  required  at  the  engine  shaft  was  obtained.  This 
was  7,663  kw.  for  the  all-alteruatiug  current  system  and 
7;678  kw.  for  the  mixed  system,  or  a  saving  of  15  kw.  in 
favour  of  the  alternating  current  system. 

The  real  basis  for  comparison  between  the  two  systems  is, 
of  course,  that  of  annual  costs,  which  are  made  up  of  fixed 
charges,  maintenance  and  power  costs.  In  comparing  the 
fixed  charges  the  following  percentages  have  been  used  ： ~~ - 

Motors  Other 
and  control ,  apparatus, 
per  cent.       per  cent. 

Depreciation    100    80 

' Interest    5'5    5*5 

Taxes  and  insurance    1'5    1"5 


Total    170    .  ..：  15.0 

There  would  be  no  appreciable  difference  in  maintenance 
between  the  two  systems  oxcept  on  tlie  i""t"i、  Tlie  niain- 
IriwiiK-e  ligures  were  based  on  (lie  records  of  motors  of  about 
11"、  saino  rapacity  which  had  been  in  actual  operation  for 
some  time  and  on  which  accurate  records  of  delays  and  repairs 
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liad  been  kept.  These  records  were  all  for  direct  current 
motors,  as  no  reliable  records  were  available  on  alternating 
current  motors  for  a  sufficiently  long  period  to  be  considered 
representative. 

It  was,  therefore,  necessary  to  estimate  the  niainteiiamc 
cost  for  alternating  current  motors  from  the  records  of  the 
direct  current  motors.  It  was  assumed  that  the  care  and  in- 
spection would  be  equal  for  the  two  classes.  The  delays  and 
repairs  for  the  direct  current  motors  were  segregated  as 
follows  ：  (1)  Commutator  troubles  and  repairs  directly  or  in- 
directly due  to  same.  (2)  Brusli-holder  troubles  and  repairs 
directly  or  indirectly  due  to  same.  (3)  Bearing  troubles  and 
repairs  directly  or  indirectly  due  to  same.  (4)  All  other 
t roubles  and  repairs. 

It  was  assumed  that  for  alternating  current  motors  all 
commutator  troubles  and  repairs  would  be  eliminated,  all 
bearing  troubles  and  repairs  doubled,  and  all  other  troubles 
and  repairs  remain  the  same  as  for  direct  current  motors. 
Figuring  on  this  basis,  it  was  found  that  there  would  be  an 
annual  saving  in  favour  of  alternating  current  motors,  as 


Repairs   £3.  3s.  per  motor. 

Delays   3*4  minutes  per  motor. 

Applying  these  figures  to  the  particular  case  in  considera- 
tion showed  an  annual  saving  in  repairs  of  182  x  £3.  3s. = 
£573，  and  an  annual  saving  in  delays  of  182  x  3 '4  =  619 
minutes.  As  the  average  output  of  the  various  mills  would 
be  about  1*5  tons  per  minute,  the  saving  in  output  resulting 
from  alternating  current  motors  would  be  619  x  1*5  =  929 
tons  annually.  This  saving  in  output  has,  of  course,  a  real 
value  ；  but  as  both  the  tonnage  and  value  of  same  vary  so 
much  in  different  cases  and  are  hard  to  arrive  at  in  any  case, 
no  effort  has  been  made  to  capitalise  it. 

The  difference  in  power  requirements  between  the  two 
systems  was  so  small  that  there  could  not  conceivably  be  any 
difference  in  the  size  of  engines  or  gas  handling  plant,  and  the 
only  amount  properly  chargeable  to  the  difference  in  power  is 
that  due  to  the  actual  difference  in  gas  used .  On  the  basis  of 
300  working  days  per  year,  of  20  hours  each,  valuing  gas  in 
the  standard  manner  and  considering  the  actual  efficiency  of 
the  engines  it  was  found  that  the  fuel  cost  of  power  at  the 
engine  shaft  amounted  to  24s.  per  kilowatt-year.  Figuring  on 
the  various  items  of  annual  costs  with  the  methods  outlined 
above,  it  was  found  that  there  would  be  a  net  saving  of  £430 
per  year  in  favour  of  the  all-alternating  current  system. 

No  spares  have  been  figured  for  the  sub-station  equip- 
ments. In  case  a  spare  unit  is  considered  desirable  it  would 
add  considerably  to  the  cost  of  the  mixed  system,  as  one  motor- 
generator  set  would  cost  much  more  than  one  transformer.  In 
the  sub-station  equipments  there  would  undoubtedly  be  more 
expense  for  maintenance  and  repairs  on  the  motor-generator 
sets  than  on  the  transformers,  so  that  the  mixed  system  ought 
properly  to  be  charged  something  for  this  difference.  It  would 
not,  however,  be  a  very  large  amount  and  has  not  been  in- 
cluded. No  figures  have  been  included  for  attendance  for  tlie 
motor-generator  sets.  In  the  case  considered  the  sub-station 
apparatus  would  be  located  in  the  same  rooms  witli  the  large 
motors,  so  that  no  additional  attendants  would  be  necessary 
with  the  mixed  system.  This  would  usually  be  the  case,  al- 
t  huugh  in  some  instances  it  might  be  that  the  mixed  system 
should  be  charged  an  additional  amount  for  this  item.  It  is 
reasonable  to  suppose  that  there  would  be  more  shutdowns 
with  the  mixed  system  due  to  the  sub-station  equipments,  as 
motor-generator  sets  are  naturally  more  subject  to  trouble 
than  static  transformers.  This  amount  would  probably  not 
be  large,  and  no  effort  has  been  made  to  capitalise  it. 

In  estimating  the  cost  of  power  the  minimum  possible 
amount,  viz.,  the  cost  of  fuel  alone,  has  been  considered.  To 
be  absolutely  accurate  it  should  be  considered  that  any  differ- 
ence in  power  between  the  two  systems  would  cause  a  corre- 
sponding difference  in  first  cost  of  engines,  boilers,  or  gas 
cleaning  plant,  &c"  also  in  the  operating  cost  as  regards  lubri- 
cants, attendance,  repairs  and  maintenance.  The  value  of  all 
these  would  depend  upon  the  relative  proportions  between 
the  total  power  required  for  the  plant  under  consideration  and 
the  total  capacity  of  the  power  plant.  For  instance,  if,  in  the 
case  considered,  the  power  station  furnished  power  for  this 
one  installation  alone,  the  small  difference  in  the  total  amount 
of  power  required  by  the  two  systems  would  probably  make  no 
differ  (Mice  in  the  first  cost  of  the  power  station,  nor  would 


there  likely  be  any  difference  in  the  total  operating  expense 
of  the  station.  If,  however,  the  power  plant  furnished  con- 
siderable power  in  addition  to  the  requirements  of  this  instal- 
lation, these  items  would  have  to  be  considered,  bee  a  a.-c  any 
difTerence  in  rapacity  due  to  the  difference  in  power  require- 
ments of,  the  two  systems  becomes  available  for  supplying  the 
additional  load.  A  study  of  16  cases  would  indicate  the 
following  : 

1.  The  alternating  current  system  costs  slightly  more  than 
the  mixed  system,  (a)  Excess  first  cost  liigher  for  2*2,000  volts 
transmission  tlian  for  6,600.  (b)  Excess  first  cost  higher  for 
gas  engines  than  for  turbines.  From  this  it  appears  tliat  t he 
higher  the  first  cost  of  power  supply  the  less  favourable  is  the 
use  of  the  all-alternating  current  system . 

2.  The  lower  the  power-factor  the  greater  is  the  excess  cost 
of  the  all-alternating  current  system  for  both  percentages  of 
auxiliary  load. 

3.  The  less  the  percentage  of  auxiliary  load  the  less  the 
excess  cost  of  the  all-alternating  current  system  for  both 
power-factors. 

4.  The  annual  costs  of  the  all-alternating  current  system 
considered  are  lower  than  those  of  the  mixed  system. 

5.  The  actual  operating  costs,  excluding  interest,  deprecia- 
tion, taxes  and  insurance,  of  the  all-alternating  current 
system  are  considerably  less  than  those  of  the  mixed  system. 

6.  The  excess  cost  of  maintenance  of  the  mixed  system  is 
based  on  an  estimate  and  not  on  actual  records.  Should  this 
item  be  entirely  neglected,  the  results  in  nine  out  of  sixteen 
cases  would  show  an  excess  of  annual  costs  for  the  all- 
alternating  current  system,  but  the  amount  is  so  small  that 
accurate  calculations  for  any  individual  case  would  be  neces- 
sary to  determine  the  relative  advantages. 

7.  When  the  saving  in  output,  due  to  the  reduced  delavs, 
in  the  all-alternating  current  system  is  taken  into  considera- 
tion the  saving  in  annual  costs,  as  tabulated,  will  be  largely 
increased  ；  and  even  should  the  difference  in  motor  main- 
tenance be  neglected  there  would  still  be  a  considerable  saving 
in  annual  costs  for  the  all-alternating  current  system. 

In  conclusion,  then,  for  a  rolling  mill  properly  motored, 
where  the  percentage  of  power  required  for  auxiliary  appara- 
tus (exclusive  of  pumps,  &c.)  is  25  per  cent,  or  less  of  the  total 
power  delivered  to  that  mill,  and  where  the  power-factor  of 
the  entire  mill,  including  both  main  and  auxiliary  apparatus, 
is  70  per  cent,  or  over,  the  authors  feel  amply  justified  in  say- 
ing that  the  all-alternating  system  will  show  a  saving  in 
annual  cost,  to  say  nothing  of  its  greater  simplicity  and  more 
satisfactory  operation. 


YIELD  POINT  IN  METALS. 

A  review  of  some  of  the  recent  work  upon  the  yielding  of 
metals  under  stress  was  presented  by  Mr.  W.  Masou,  in  the 
course  of  a  paper  entitled  The  Phenomenon  of  Yield  Point 
in  Metals  under  Stress,"  read  at  a  recent  meeting  of  the 
Liverpool  Engineering  Society.  He  said  that  regarded  from 
a  general  standpoint ,  tlie  objects  of  strengt h-testing  were  t  wo 
― viz.,  comparison  of  quality  and  determination  of  the  plivsi- 
cal  proj>erties  of  materials.  He  was  conc-erned  、vith  only  one 
aspect  of  the  second  of  the  objects,  for  he  had  little  to  do 
with  the  important  metallurgical  aspect.  He  believed  {hat 
investigations  of  the  physical  properties  would  have  a  large 
practical  bearing  besides  their  scientific  value.  That  rather 
chaotic  function  called  the  factor  of  safety,  and  that  more 
respectable  mixture  of  experienro,  ignorance  and  rule  of 
thumb,  called  tlie  working  stress,  did  not  give  satisfaction 
to  the  engineer  who  wished  to  design  rationally  and  econo- 
niically.  Investigation  of  the  uncertainties,  large  or  small, 
that  swelled  tlie  dimensions  of  the  factor  of  safety,  or  were 
neatly  hidden  under  a  multitude  of  working  stresses,  must 
tend  to  better  and  more  economical  design,  and  lie  referred 
particularly  to  the  uncertainties,  both  of  material  and  stress, 
which  were  involved  in  questions  of  impact .  With  a  more 
extended  knowledge  of  materials  and  a  more  intimate  uiuler- 
standing  of  the  incidence  and  absorption  of  impulsive  energy, 
why  should  there  not  be  established,  even  in  the  】nost  un- 
certain and  difficult  of  conditions,  】nore  rational  and,  in 
many  cases,  quantitative  bases  of  design  ？ 
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COMPRESSED  AIR  AS  A  FOUNDRY  AUXILIARY.* 

HY  WILLIAM   H.  AKMSTUONG. 

The  iirst  and  most  important  factor  in  a  conipresscd  a i r 
installation  is  the  air  compressor.  The  average  jobbing 
foundry  requires  a  compressor  of  300  cub.  ft.  to  500  cub.  H . 
piston  displacement.  Large  foundries  may  use  up  to 
1,500  cub.  ft.  or  2,500  cub.  ft.  Novelty  foundries  usually 
require  small  machines  of  50  cub.  ft.  to  100  cub.  ft.  displacc- 
uient.  Great  care  should  be  exercised  in  the  selection  of  tli(' 
compressor,  as  all  the  working  apparatus  and  final  results  rest 
on  the  character  of  the  machine  installed.  There  are  no 
general  conditions  which  will  apply  equally  in  all  cases,  each 
installation  requires  careful  individual  consideration.  The 
most  economical  power  available  generally  determines  the  type 
of  compressor,  that  is,  whether  belt  drive  from  line  shaft  or 
from  electric  motor,  direct  drive  from  motor  rotor,  or  direct 
steam  drive.  Price  should  not  be  considered  to  niucli  ； is 
service. 

The  foundry  compressor  should  be  as  nearly  dirt  proof  as 
possible  and  as  nearly  automatic  in  its  operation  as  it  can  be 
made.  Machines  that  would  give  perfect  satisfaction  when 
operated  in  connection  with  a  power  plant  and  in  charge  of 
skilled  engineers  frequently  go  to  pieces  when  installed  in  a 
foundry  where  skilled  mechanics  are  not  so  readily  available, 
where  the  machine  has  to  take  care  of  itself,  and  where  dirt 
and  dust  abound.  These  remarks  refer  not  so  much  to  tlie 
large  foundry  which  maintains  a  good  size  power  plant,  either 
for  itself  or  jointly  with  other  departments  of  the  works,  as  to 
the  indei)endent  jobbing  foundry  which  produces  such  a  large 
percentage  of  our  total  foundry  product. 

The  value  of  the  pneumatic  chipping  hammer  in  a  foundry, 
as  a  saver  of  time  and  labour,  is  so  universally  conceded  that 
the  time  has  passed  when  it  is  deemed  necessary  to  submit 
comparative  figures,  especially  as  much  depends  upon  the  con- 
ditions of  operation  and  efficiency  of  the  air  plant.  But 
suffice  it  to  say  that  for  all  classes  of  chipping  in  foundry 
work,  such  as  chipping  fins  off  castings,  cutting  gates,  risers, 
buttons  off  anchors,  and  general  trimming,  one  man  with  one 
hammer  of  the  proper  size  will  do  as  much  work  as  three  or 
four  men  chipping  by  hand.  These  tools  are  made  in  diffe- 
rent sizes,  with  piston  strokes  of  lin.  to  5in.，  to  meet  different 
conditions.  It  is  important  that  the  proper  size  tool  should 
be  selected  for  the  work,  to  ensure  the  best  results,  the  short 
stroke  tools  being  intended  for  the  lighter  work,  requiring  a 
light  and  very  rapid  blow,  the  longer  stroke  tools  for  the 
heavier  work,  requiring  a  heavy  and  slower  blow.  The 
medium  sizes,  with  2in.  and  3in.  piston  stroke,  are  the  sizes 
most  generally  used  for  foundry  v/ork. 

The.  rotating  air  drill  is  another  very  familiar  labour- 
saving  device,  though  its  field  of  usefulness  ixi  a  foundry  is 
somewhat  limited.  It  is  more  particularly  a  general  shop 
tool,  possessing  a  very  wide  range  for  drilling,  reaming, 
tapping,  flue  rolling,  running  in  stay  bolts,  studs,  and  other 
applications  seemingly  limitless.  It  has  established  itself 
next  to  the  pneumatic  hammer  as  a  most  generally  used  air 
tool. 

In  portable  air  tools  the  sand  rammer  is  unquestionably 
the  next  iti  importance  to  the  chipping  hammer,  as  applied  to 
foundry  work,  and  due  to  the  marked  improvements  that  have 
been  made  in  the  construction  of  this  device,  which  tend  to 
lessen  tlie  shock  on  the  operator,  and  the  education  of  tlie 
operators  in  the  proper  way  to  handle  them,  it  has  】nade  a 
permanent  place  for  itself,  even  against  strong  opposition,  on 
the  grounds  of  economy,  lower  production  cost,  larger  output 
and  improved  quality  of  product  which  follow  its  use,  and  the 
adoption  has  become  more  general. 

The  pneumatic  rammer  does  much  more  than  merely  to 
supply  the  power  for  the  work.  It  also  changes  the  (、hai';i('i '、r 
of  the  ramming  and  gives  the  operator  a  variety  of  execution 
in  the  ramming  which  his  muscles,  at  the  best,  could  not 
cominaiid.  The  force,  the  dirertion,  and  especially  t  lie 
rapidity  ol'  (lie  blows  are  so  completely  under  the  control  of 
the  operator  that  we  might  compare  the  manipulation  of  the 
rammer  to  the  playing  of  a  musical  instrument.  It  relieves 
the  moulder  of  the  most  fatiguing  detail  of  his  work. 

Tn  discussing  recently  the  question  of  pneumatic  sand 
rammers  witli  the  superintendent  of  one  of  the  best  organised 

*  Abstract  of  paper  read  before  the  Newark  Foundry  men's  Association. 


and  most  representative  foundries  iu  ihi»  country,  lie  made 
the  following  <roininents  ：  "  Tho  piu'iun;" "'  s;uid  nmnm'r  tor 
foundry  work  has  deinoiistrated  that  it  is  one  of  the  great i*-t 
friends  and  labour  savers  of  the  progressive  foundryinan 
to-day.  W I io ii  the  sand  rammer  was  Iirst  int  roduced,  tli'  r'' 
was  some  criticism  concerning  it,  mainly  arising  from  tlu; 
natural  antipathy  meclianics  had  for  anything  in  tlie  "ladiiii'' 
line,  but  as  the  operators  became  t'arniliar  witli  its  use  and 
recognised  its  effectiveness,  this  feeling  rapidly  disappeared. 
To-day  in  our  foundry  tlie  men  take  kindly  to  tliese  ranmiers, 
and  use  them  entirely  for  work  of  every  description.  Soiim; 
writers  claim  that  while  sand  rammers  are  valuable  for 
ramming  drags,  they  cannot  be  used  successfully  on  copes. 
We  liave  exploded  tliis  contention  completely  in  our  shop  and 
use  the  rammers  on  both  copes  and  d rags  indiscriniinately  and 
with  equal  success. 

'' The  sand  rammer  is  often  put  up  against  the  jarring 
machine,  and  many  claim  that  with  the  introduction  of  jult 
machines  the  efficiency  of  the  sand  ranuner  is  inateriallv 
diminisliecl.  We  have  not  found  this  to  be  the  case.  For 
medium  size  work  that  is  made  in  quantities,  we  believe  the 
jolt  machine  to  be  indispensable  ；  even  with  this,  however, 
the  rammer  is  a  very  important  factor  in  butting  off  the  tops 
of  tlie  jolt-ranuned  moulds.  Wlien  larger  patterns  are  rainmed , 
such  as  engine  beds,  sole  plates,  sub-bases,  &c.  it  has  been  our 
experience  tliat  the  sand  rammer  is  equal,  if  not  superior,  to 
the  jolt  machine.  This  statement  is  made  upon  taking  nit', 
consideration  the  expense  and  labour  incident  to  riggiug  up  a 
pattern  for  use  on  a  jolt  machine,  the  tendency  the  mould  lias 
to  sag  upon  being  rolled  over,  the  bolting  on  the  plates  before 
rolling  the  drag,  and  such  other  details  as  are  encountered  in 
rolling  over  a  large  job.  On  the  other  hand,  if  the  pattern  is 
bedded  in  the  ground  or  flask  and  i-ainiue'1  up  with  [iiu'uui;it  ]«■ 
rammers,  wliich  may  be  done  with  unskilled  help,  much  of  the 
expense  and  delay  is  eliminated,  while  we  are  sure  of  a  per- 
fectly true  job,  conforming  to  every  detail  of  tlie  pattern. 

" The  pneumatic  bench  rammer  is  a  very  hamlv  tool  as  ;nt 
auxiliary  to  the  larger  rammer.  This  rammer  is  very  satis- 
factory for  ramming  under  a  shelving  pattern  where  the  con- 
struction of  the  pattern  is  such  that  it  is  difficult  to  ram  under 
it  with  the  larger  tool.  We  find  the  bench  rammer  practically 
indispensable  for  work  of  this  nature.  Speaking  generally, 
it  is  my  opinion  that  the  sand  rammer  has  increased  our 
efficiency  in  this  line  fully  four  or  five  times,  and  since  we  have 
had  them  installed  we  would  regret  very  much  to  be  obliged 
to  go  back  to  the  old  way  of  ramming." 

The  air  hoist  is  valuable  in  conveying  flasks  outside  of 
foundry  to  storage  sheds,  patterns  to  pattern  shop,  or  finished 
castings  to  machine  shop  ；  also  for  lifting  flasks  and  。（,i'('s. 
drawing  patterns,  conveying  cores  to  ovens,  for  operating 
cupola  elevators  and  core  oven  doors.  The  most  conunon 
types  of  air  hoists  are  simple  cylinder  hoists,  either  vertical  or 
horizontal,  although  the  motor  geared  type  of  hoist  is  being 
very  largely  adopted  for  heavy  travelling  on  jib  cranes. 
Either  of  these  types  may,  in  many  instances,  be  applied  to 
liancl  power  cranes  already  iu  use,  without  in  the  least  int »-r- 
fering  with  tlie  gearing,  and  at  very  small  expense.  In  tli" 
air  hoist  the  power  and  load  are  brought  together  in  tlie  Jiiost 
simple  nianner.  A  boy ,  with  this  aid,  can  lift  a  given  load  a 
tlozen  times,  while  a  gang  of  several  men  would  be  operating 
a  chain  block  or  windlass.  There  is  practically  no  noise,  no 
jar,  and  the  load  is  always  balanced.  In  foundries  where  an 
overhead  traveller  cannot  be  installed,  air  hoists,  susj)en«lo<] 
from  trolleys  running  on  a  track ,  are  very  satisfactory.  Vrw 
realise  liow  cheap  an  air  hoist  is  to  operate  apart  from  its 
convenienoe  and  speed  in  haiulliiig'  loads.  It  lias  1>，','ii  esti- 
mated by  Frank  Richards,  a  well-known  writer  on  rompi '  、、'  'i 
air  subjects,  that  at  lOOlbs.  gauge  pressure  compressed  air 
costs  2^d.  per  1,000  cub.  ft.  of  free  air. 

The  moulding  machine  has  also  taken  a  very  prontiiuMit 
place  among  foundry  labour-saving  devices,  euabliu"' 
increased  output  and  a  lii^her  grade  of  product  At  iirst, 
there  was  considerable  opposition  on  the  pa rt  skilled 
inoulders  to  the  adoption  of  this  machine,  and  it  was  looked 
upon  as  a  foundry  luxury.  It  is  now  looked  upon  as  a 
found rv  neoessitv.  Tlie  moulding  machine  is  equally  wel  1 
operated  by  highly-skilled  workmen  or  by  the  ordinary 
labourer.  The  economy  required  of  found  rv  managers  in  all 
lines  of  work  makes  imperative  the  introdiK-t ion  of  some  I y j 
of  inoulcliiii;  liwu'lunc.    Pra、'ti('allv  every  line  of  castings  can 
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now  be  successfully  and  economically  moulded  on  either  power 
or  hand  machines.  Tlie  range  has  been  broadened  to  meet 
every  modem  condition  of  foundry  practice  ；  and  tlie  instal- 
lation of  the  moulding  machine  is  now  merely  a  question  of 
type  aud  local  conditions.  The  degree  of  efficiency  obtainable 
is  a  matter  of  personality,  and  the  right  rnacliine.  These 
machines  are  operated  by  compressed  air  at  a  pressure  of 
(H)lbs.  to  801bs. 

There  is  hardly  an  operation  in  a  foundry  of  greater 
importance,  and  which  contributes  more  to  a  satisfactory 
factory  product,  than  the  proper  and  thorougli  cleaning  of 
castings.  It  has  been  an  operation  requiring  time  and 
patience,  and  involving  heavy  expense.  The  cleaning  of 
castings  is  a  subject  that  has  been  given  unusual  attention, 
being  followed  by  experiments  with  various  and  sundry 
methods  and  devices  for  the  successful  and  economical  accom- 
plishment of  the  desired  results,  including  brushing,  tumbling, 
pickling,  blowing,  &c.  These  methods  have  eacli  sIkuvji 
marked  advantages  as  applied  to  particular  classes  of  work, 
but  as  a  commercial  proposition  for  all  classes  of  castings, 
largOj  medium,  and  small,  steel,  iron,  aluminium,  and  brass, 
the  solution  has  been  found  in  the  sand  blast,  and  here  again ? 
compressed  air  plays  a  most  important  part  and  shows  its 
superiority  over  other  actuating  powers  for  general  foundry 
work. 

The  sand  blast,  however,  is  by  no  means  a  late  develop- 
ment, but  it  is  only  within  recent  years  that  it  has  been 
perfected  to  a  stage  where  it  produces  satisfactory  results,  as 
applied  to  both  external  and  internal  surfaces,  and  also  to 
crevices,  and  combines  economy  in  power,  that  is,  in  the  con- 
sumption of  compressed  air,  witli  effective  savings  in  both 
time  and  labour,  and  a  resultant  total  economy. 

There  are  many  makes,  styles,  and  kinds  of  sand  blast 
apparatus  on  the  market,  and  superior  points  are  claimed  by 
the  manufacturers  for  each,  some  advocating  the  use  of  air 
under  high  pressure,  and  others  under  low  pressure.  The 
proper  air  pressure  for  sand  blasting  as  applied  to  particular 
classes  of  work,  has  been  the  subject  of  much  discussion  among 
foundrymen  and  also  sand  blast  manufacturers,  and  numerous 
theories  have  been  expressed  through  the  trade  journals. 
There  have  also  been  a  number  of  tests  conducted  on  different 
classes  of  work,  with  varying  air  pressures,  and  the  consensus 
of  opinion  as  expressed  in  tlie  reports  of  these  various  tests,  at 
least  so  many  of  them  as  it  has  been  tlie  writer's  privilege  to 
read,  seems  to  favour  the  high-pressure  blast  for  all  classes  of 
work.  It  is  conceded  that  the  volume  of  air  required  is 
governed  by  the  size  of  the  opening  in  the  sand  blast  nozzle, 
and  the  pressure  maintained,  based  on  the  standard  flow  of 
air  at  a  given  pressure  through  a  given  size  orifice.  Therefore, 
the  higher  the  pressure,  the  greater  the  volume  of  air  used, 
but  the  amount  and  quality  of  work  done  increases  corre- 
spondingly without  added  labour  costs.  It  has  been  proved 
in  these  tests  that  twice  as  much  work  can  be  doue  at  501bs. 
pressure  as  at  201bs.,  at  641bs.  as  at  301bs.，  and  at  721bs.  as 
at  401bs.  It  has  also  been  shown  that  for  grey  iron  and 
malleable  castings  they  can  be  cleaned  best  and  quickest  with 
an  air  pressure  of  801bs.?  brass  and  aluminium  castings  at  not 
lower  than  601bs.，  while  for  steel  castings,  the  hardest  to 
clean,  not  less  tlian  901bs.  The  character  of  the  material  and 
its  ability  to  withstand  the  impact  of  the  sand  will  determine 
the  pressure  adaptable. 

The  sand  blast  may  be  used  in  connection  with  tumbling 
barrels.  In  a  test  on  one  of  these  machines  3601bs.  of  brass 
'； istiiigs  were  put  into  the  barrel  just  as  they  came  from  the 
mould  and  the  time  was  15  minutes,  which  included  the  time 
to  load,  clean ,  and  unload  the  barrel.  An  average  main- 
tained on  this  run  was  701bs.  and  the  abrasive  used  was  No.  40 
Angular  grit,  through  ^in.  nozzle.  In  a  paper  read  by  Prof. 
William  T.  Magruder,  Professor  of  Mechanical  Engineering 
in  the  Ohio  State  University,  at  Columbus,  Ohio,  before  the 
American  Society  of  Mechanical  Engineers  at  the  annual 
meeting  in  1911，  lie  pointed  out  that  as  shown  by  tests  con- 
ducted by  him  the  greatest  efficiency  for  sand  blasting  is 
obtained  by  having  the  nozzles  at  the  right  distance  and 
correct  angle  for  the  work. 

The  air  torch  has  been  found  a  great  time  and  labour  saver 
for  skin  drying  copes,  moulds,  &c.，  heating  ladles,  ligliting 
cupolas,  and  repairing  castings.  An  air  nozzle  designed  for 
blowing  blacking  on  moulds,  cores,  &c.，  consists  of  a  T，  made 
of  about  ^iu.  pipe,  with  discharge  end  bushed  to  about  ^iu. 


The  air  is  con nected  so  as  to  cross  the  top  of  the  T.  A  short 
section  of  hose  is  connected  to  the  bottom  or  stem  of  the  T, 
wiiicli  goes  to  the  receptacle  holding  the  blacking.  As  the  air 
is  blown  ill  rough  the  top  of  the  T  it  siphons  the  blacking  and 
blows  it  in  a  spray  over  the  work,  reaching  and  covering  every 
cfn'iier  or  crevice. 


THE  NEXT  IMPROVEMENT  IN  STEEL  MAKING. 

ItY  (JEOKGK  Al'C'HY. 

Mould-killed  steel  is  in  a  sense  the  final  improvement  in 
steel  making ― the  logical  and  inevitable  culmination  of  all 
improvements  ；  that  is  to  say,  no  improvements  in  steel 
making,  chemical  or  mechanical,  with  mould  killing  left  out 
will  make  a  steel  as  good  as  steel  can  be  made.  By  mould 
killing  tlie  writer  means  holding  the  steel  quietly  fluid  for 
a  time  in  the  moulds  (basic  lined)  by  the  heat  of  electric 
arcs  in  the  covers  the  moulds  are  provided  with. 

It  is  very  generally  agreed  that  the  superiority  of 
crucible  steel  is  due  to  the  killing.  Impurities,  solid  and 
gaseous,  have  a  chance  to  escape  that  is  lacking  in  the 
Bessemer  and  opeu-hearth  processes. 

Killing  in  Crucibles  has  Shortcomings.— But  although  kill- 
ing in  crucibles  is  far  better  than  not  killing  at  all,  it  yet 
falls  considerably  short  of  what  it  might  be.  For  the  good 
effect  of  the  killing  is  to  a  certain  extent  undone  by  the 
teeming  into  the  moulds  afterwards.  The  separated  slag 
and  oxide  are  to  a  certain  extent  mixed  up  again  with  the 
ste-el  -  Fresh  slag  aud  oxide  are  to  a  certain  extent  formed 
by  the  exposure  to  the  air  in  teeming.  Air  is  to  a  certain 
extent  carried  along  in  by  the  falling  stream.  Fresh 
volumes  of  gases  are  to  a  certain  extent  evolved  at  the  lower 
temperatures  just  before  solidification. 

Moreover  the  rapid  chilling  causes  a  segregation  of 
chemical  impurities  all  around  the  ingot  about  one-fourth 
the  distance  to  the  centre  ；  traps  a  pocket  of  segregated 
impurities  in  the  middle  upper  half  of  the  ingot  that  would 
in  all  probability  have  risen  clear  to  the  top,  given  time 
enough  ；  and  last,  but  not  least,  causes  a  pipe  to  form  that 
could  not  have  formed  had  the  solidification  been  gradual, 
and  that  of  the  top  last  of  all. 

Obviously  the  crucible  is  not  the  place  to  do  the  killing. 
Obviously  the  mould  is  the  place  to  do  the  killing.  But 
obviously  again,  if  this  is  done  there  is  no  further  occasion 
for  the  use  of  crucibles,  and  they  can  peacefully  pass  out  of 
practice,  and  the  steel  be  made  economically  in  large  masses 
Bessemer  or  open  hearth  way,  and  the  mould-killed  product 
excel  in  quality  present  day  crucible  killed  steel. 

Chemical  Purity  Persistently  Sought.  一 However  this  mav 
be,  it  is  absolutely  certain  that  the  steel  must  be  mould 
killed  to  be  the  best  possible  steel.  This  would  seem  plain. 
Then  why  has  the  steel  maker  been  slow  to  see  that  mould 
killing  has  been  for  some  time  a  practical  proposition?  From 
the  view  that  it  is  as  a  matter  of  fact  not  a  practical  pro- 
position, and  exists  only  in  the  lively  imagination  of  the 
writer,  that  individual  would  stoutly  dissent.  He  would 
attribute  the  indifference  of  the  steel  maker  heretofore  to 
this  improvement  to  the  fact  that,  although  the  latter  has 
always  clearly  recognised  the  importance  of  sound  clean 
ingots,  he  has  considered  chemical  purity  as  of  vastly  more 
importance  still,  aud  it  has  therefore  been  along  this  latter 
line  that  his  efforts  have  been  concentrated.  This  was  natural 
and  indeed  inevitable.  Output  and  not'  quality  has  been  so 
far  the  steel  maker's  main  aim  (although  not  his  only  one ― 
for  he  has  been  anxious  for  quality  also),  and  lie  is,  there- 
fore, strongly  disposed  to  favour  a  recipe  for  making  steel 
good  that  does  not  interfere  with  that  aim,  and  to  put  off 
until  the  last  moment  the  consideration  of  one  that  does  so 
interfere.  This  being  the  case,  it  was  inevitable  that  wlien 
bhe  chemical  engineer  years  back  gave  him  the  assurance 
that  althougli  there  was  something  in  making  steel  carefullv, 
and  although  I  lie  re  was  something  in  treating  it  right ,  vet 
getting  it  strictly  "C.  P.，"  or  as  near  to  that  as  possible, 
was  the  main  thing  to  ensure  good  quality,  he  should  jump 
at  it  joyously  and  assimilate  it  eagerly.  Aud  so  he  has 
resolutely  and  ruthlessly  been  chasing  the  last  hundredth  of 
phospliorus  out  of  bis  steel,  and  at  the  same  time  has  pushed 
his  output  with  undimiuishecl  ardour  aud  success. 
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Chemical    Composition    an    Exaggerated    Factor.— But  the 

ultimate  result,  has  not-  beon  entirely  satisfying.  Tlic 
rhcmically  pure  and  mecliauitrally  impure  steel  has  tuni<"l 
out  to  be  on  the  whole  no  better  than  it  should  be,  and  at 
times  fatally  and  disastrously  (lisappointing,  and  the  ste^l 
maker  is  being  forced  to  a  rr;ilis;it  urn  of  the  distasteful  t  nil  li 
he  has  so  long  pushed  to  the  background.  That  truth  is  that 
although  within  wide  limits  chemical  composition  is  every- 
thing, and  both  soundness  and  heat  treatment  as  notliin^, 
in  determining  the  properties  and  the  quality  of  steel,  yet 
within  comparatively  narrow  limits  (really  pretty  wide)  tin1 
reverse  of  this  holds  good,  and  it  is  chemical  composition 
that  is  as  nothing,  and  soundness  and  heat  treatment  every- 
thing. Taking  a  piece  of  tank  steel,  a  j)ie<-e  of  tool  steel,  ami 
a  piece  of  high-speed  tool  steol,  we  see  at  once  that 
the  enormous  difference  in  tlie  properties  of  these  three  steels 
is  due  entirely  to  differences  in  chemical  composition.  No 
degree  of  mechanical  purity  and  no  amount  of  heat  treat- 
ment will  make  a  tool  out  of  the  first  or  a  red -hard  tool  out 
of  the  second,  and  the  chemical  engineer's  proposition  obvi- 
ously has  a  solid  foundation  of  indisputable  truth  to  rest 
upon .  But  now  to  go  further,  and  compare  high-speed 
steels  with  high-speed  steels,  and  carbon  tool  steels  with 
carbon  tool  steels,  for  the  cliemical  engineer  to  impute  tlio 
great  differences  in  quality  that  occur  in  practice  to  small 
differences  in  chemical  composition  is  to  go  too  far.  It  is 
working  nature's  laws  to  death.  It  is  seeking  a  significance 
where  there  is  no  significance. 

Same  Analysis  but  Different  Physical  Properties. ― Where  is 
the  proof  of  this  last  assertion  that  within  comparatively 
narrow  limits  chemical  composition  is  of  no  importance  1  The 
proof  is  ample  and  convincing.  It  is  to  be  found  in  the 
experiment-s  of  Taylor  and  in  the  experiments  of  every 
investigator.  The  same  chemical  composition  gives  widely 
different  results,  and  widely  different  chemical  compositions 
give  the  same  results.  The  proof  is,  moreover,  to  be  found 
in  the  daily  experience  of  every  practical  steel  man.  He  sees 
good  steels  chemically  give  poor  results  in  service,  and  poor 
steels  chemically  give  good  results  in  service.  A  steel  goes 
wrong.  An  analysis  is  promptly  made.  Almost  invariably 
the  comment  is，  "Well,  the  analysis  is  all  right."  Again,  a 
steel  rail  that  has  btood  35  years  of  service  is  taken  up  to 
see  what  a  good  rail  analyses.  It  analyses  bad,  and  would 
have  been  rejected  under  inodern  chemical  specifications. 
Yet  it  stood,  while  the  modern  rail,  meeting  every  specifi- 
cation promptly,  "  lies  down  and  quits."  It  would  really 
seem  as  though  a  possible  way  of  making  modern  rail 
specifications  of  some  value  practically  would  be  to  reject 
the  rails  that  meet  the  chemical  specifications  and  act-ejit 
those  that  do  not. 

In  short,  all  experiment*  and  all  experience  go  to  show 
that  the  pleasing  theory  of  the  chemical  engineers ― the 
theory  that  if  a  st-eel  be  pure  chemically,  nothing  else  mat- 
ters much ― is  not  true.  Not  only  that,  but  it  is  perhaps 
the  exact  reverse  of  the  truth.  Just  as  in  the  paint  trade 
it  is  developing  that  the  purer  a  paint  the  poorer,  so  in  the 
iron  trade  is  sentiment  veering  with  regard  to  the  chemic- 
ally combined  and  alloyed  impurities  in  steel -  Elements 
that  like  copper  were  formerly  carefully  kept  oui  are  no vv 
frequently  carefully  put  in,  and  elements  like  silicon  that  a 
few  years  ago  could  not  be  got  low  enough,  now  cannot  be 
got  high  enough  to  suit  many.  It  might  nob  be  a  wild  guess 
that  in  the  near  future  phosphorus  will  be  specified  for 
instead  of  against,  and  sulphur  accepted  with  equanimity 
and  allowed  to  shift  for  itself.  In  mould-killed  steel  it 
would  probably  find  its  way,  although  leisurely,  to  the  slag 
as  sulphide  of  manganese.  And  the  superiority  of  alloy 
steels  is  beyond  question. 

The  fact  is  that  the  chemiral  engineer's  extreme  theory 
would  long  since  ha ve  been  abandoned  liad  it  not  been  for 
some  powerful  motive  to  the  contrary.  That  motive  in  a 
word  is  output,  and  is  a  motive  potent  enouuh  to  cause  tli(' 
steel  maker  to  stick  to  the  theory  to  the  last  (litt'h.  But  it 
would  seem  that  tlie  last  ditch  has  at  length  been  readied . 
The  steel  maker  can  no  longer  compel  himself  to  ignore 
obviously  and  constantly  recurving  fact^，  and  can  no  longer 
put  ofiF  the  consideration  of  true  theories.  Not  so  triuinpli- 
antly  does  he  still  wave  liis  chemist's  report  aloft  as  a 
guarantee  of  quality,  and  more  and  more  every  day  wo  hear 


of  "slag  inclosures,"  u  occluded  gases,"  "pipes,"  "  blow 
holes/'  segregations  "  and  "  discards."  11  The  Iron  Age  "  in  a 
recent  editorial  said  :  "  I  ncix'asin^  ein phania  has  neen  put  of 
late  in  the  voluminous  discussions  on  rail  steel  on  the  imper- 
ative necessity  of  finding"  a  way  to  prevent  the  unsouiKlnens 
which  enters  into  steel  in  the  very  process  of  rastiii"'  aiul 
solidification  into  its  original  form." 

With  the  iron  trade  thus  in  earnest  and  on  the  rigl" 
scent  at  last,  it  will  not  take  long  for  a  general  realisation 
of  the  fact  that  the  one  sure,  scientific  and  only  way  of 
making  sound,  clean,  reliable  steel  is  to  kill  the  steel  in  the 
moulds  by  overhead  electric  heat,  solidifying  the  top  of  tli" 
ingot  last  ；  provided,  of  course,  1  ho  re  are  no  liirkinir  an<l 
insuperable  mechanical  flifliculties,  aiul  Ilia!  the  cant,  is  not 
too  great.  With  regard  to  the  first  point,  tl"'  wriw-r  tor 
his  part  can  see  no  probability  of  great  trouble.  With  r'w'l 
to  the  second  point  it  would  seem  plain  that  if  it  does  not 
cost  too  much  to  refine  open  hearth  steel  in  an  electric 
auxiliary  furnace,  it  woukl  cost  considerably  less  to  kill  it 
electrically  in  the  moulds  instead  of  thus  refining  it  further 
in  an  auxiliary  electric  furnace.  Her©  the  point  must  be 
raised  that  if  the  writer's  idea  of  the  utter  inutility  of  ex- 
treme chemical  purity  be  correct,  then  the  trade  in  using 
electricity  to  refine  steel  to  a  greater  degree  than  it  can  be 
refined  in  the  ordinary  open  hearth  furnace  is  entirely  on 
the  wrong  track,  any  gain  in  quality  thereby  to  the  cont  ra  rv 
notwithstanding.  For  such  gain  would  seem  to  be  due  to  less 
impurity  mechanically  held  rather  than  to  less  impurit  v 
chemically  combined,  and  this  consummation  can,  of  c (川 i、,'， 
be  far  better  reached  by  killing  in  the  moulds,  omitting  the 
supererogatory  (and  it  might  be  added  superstitious)  step  of 
refining  in  the  electric  auxiliary  furnace.  Clearly,  tlie 
chemical  engineers  are  half  right,  and  just  as  clearly  they 
are  half  wrong.  Within  very  wide  limits  of  chemical  com- 
position it  is  true  the  analysis  tells  everything.  But  within 
narrow  limits  it-  tells  nothing ― there  is  nothing  to  tell ― 
and  all  metallurgical  efforts  based  on  the  reverse  of  this 
latter  proposition  can  ar'.omplish  notliing  except  tlie 
familiar  achievements  of  good  money  resolved  into  its 
original  elements. ― "The  Iron  Age." 


ACCIDENTS  TO  MONOPLANES. 

The  report  has  been  issued  of  the  Committee  appointed  by 
the  Secretary  for  War  to  enquire  into  the  causes  of  recent 
accidents  to  monoplanes  of  the  Royal  Flying  Corps.  The 
specific  fatal  accidents  into  which  tlie  committee  enquired  were 
those  in  which  Captain  Hamilton  and  Lieut.  Wvness  Stuart 
were  killed  at  Gravely,  near  Ilitcliin,  and  Lieut.  Hotchkiss 
and  Lieut.  Bettington,  who  lost  their  lives  at  Walvercote,  near 
Oxford  last  September.  The  committee  also  investigated  the 
accident  in  the  same  month  to  Major  Gerrard,  which  fortun- 
ately was  not  attended  with  serious  consequences  to  the  flier. 
The  first  disaster,  they  believe,  probably  arose  from  some 
damage  to  the  engine  or  its  mounting  or  to  the  nropellor. 
The  Oxford  accident  probably  resulted  from  the  breaking  of 
a  tubular  ferrule  intended  to  secure  the  quick  release 
attachment  on  the  right  wing  cable,  aud  Major  Gerrard's 
mishap  was  due  to  fracture  of  a  gudgeon  pin  and  a  connect- 
ing rod  in  the  engine.  In  their  conclusions  the  committee 
say  that  as  regards  that  enquiry  they  had  no  information 
before  them  which  would  lead  them  to  conclude  that  the 
monoplane,  as  such,  is  less  stable  than  the  biplane,  and  that 
the  accidents  to  the  monoplanes  specially  investigated  were 
not  due  to  causes  dependent  on  the  class  of  machine  to  、vhi(  h 
they  occurred,  nor  to  conditions  singular  to  the  monoplane 
as  such.  After  consideration  of  the  general  questions  affect- 
ing the  relative  security  of  monoplanes  and  biplanes,  the 
committee  found  no  reason  to  recommend  the  prohibition  of 
the  use  of  monoplanes,  provided  that  certain  precautions  are 
taken,  some  of  which  are  applicable  to  both  classes  of 
aeroplanes.  They  make  various  suggestions  for  strengthen- 
ing machines,  the  examination  aud  testing  of  machines, 
regular  inspection  of  all  machines,  the  engagement  of  two  or 
three  skilled  mechanics  for  each  squadron  as  instructors,  and 
to  set  a  standard  of  technical  workmanship. 
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NICKEL  AND  NICKEL  ALLOYS. 

An  interesting  lecture  on  "  Nickel  and  Nickel  Alloys,"  was 
delivered  by  Mr.  G.  A.  Boeddicker,  of  Birmingham,  at  a 
meeting  of  the  Sheffield  Society  of  Applied  Metallurgy  held 
on  Monday  last.  The  lecturer  showed  that  great  advances  in 
t  lie  production  of  nickel  had  taken  place  since  1875，  up  to 
wliicli  time  no  method  existed  for  the  separation  of  nickel  t'rom 
i-o|)|KM-  by  a  metallurgical  process.  Such  a  process  was  dis- 
covered by  Thompson,  of  New  York,  and  this  inade  available 
the  enormous  deposits  of  nickel- copper- sulphide  ores  in  the 
vSiulbury  district  of  Canada.  This  process  was  so  successful  t  liat, 
at  j)resent  about  two-tliirds  of  the  world's  production,  which 
had  risen  to  24,000  tons  per  annum,  was  produced  in  Canada. 
The  great  increase  in  consumption  was  largely  due  to  the  use 
of  nickel  in  nickel  steel,  which  contained  up  to  30  per  cent, 
of  nickel .  The  discovery  of  Dr.  L anger,  that  nickel  could  be 
volatilised  by  carbon  monoxide,  and  so  separated  from  co])|>er, 
had  given  a  further  process  for  the  manufacture  of  pure  nickel 
from  copper  ores.  Binary  alloys  of  nickel  and  copper,  ranging 
from  15  to  40  per  cent,  nickel,  were  used  for  coinage 
nukt;il  and  resistances.  The  copper,  nickel,  zinc  alloys 
known  under  the  name  of  German  or  nickel  silver,  had  a  great 
variety  of  compositions.  The  action  of  nickel  was  a  whiten- 
ing of  the  colour  and  the  raising  of  tlie  electrical  resistance. 
In  both  these  qualities  nickel  was  entirely  different  from 
cobalt,  which  had  very  little  colouring  effect,  and  raised  the 
resistance  very  slightly.  The  use  of  chloride  solutions  was 
generally  preferable  for  the  electrolytic  determination  of 
nickel,  as  it  worked  quicker  and  easier.  The  presence  of  a 
small  quantity  of  zinc  in  the  nickel  prevented  the  complete 
deposition  of  the  nickel  with  an  ordinary  current  of,  say, 
1  ampere.  The  lecturer  mentioned  that  cobalt  was  being 
largely  used  in  the  making  of  a  new  high-speed  tool  steel.  The 
supply  of  cobalt  ores  came  from  Cobalt,  Ontario.  The  quanti- 
ties in  sight  were  undoubtedly  large,  but  the  quantities  of 
payable  ore  at  present  prices  were  limited,  and  could  not 
possibly  be  put  at  more  than  750  tons  per  annum.  Of  this, 
about  300  to  400  tons  were  required  for  cobalt  oxide,  leaving 
about  300  tons  disposable  for  the  manufacture  of  metal.  This 
was  a  very  small  quantity.  At  one  works  in  Germany,  where 
liigh-speed  cobalt  tool  steel  was  being  made,  already  over  100 
tons  per  annum  were  consumed .  As  the  price  of  cobalt  at 
present  was  £600  per  ton,  this  represented  £60,000,  so  that  the 
manufacture  of  cobalt  steel  must  already  be  very  considerable. 
If  cobalt  steel  came  into  extensive  use,  and  it  became  necessary 
to  increase  the  production  of  cobalt,  poorer  ores  would  have 
to  be  worked  up,  and  a  considerable  rise  in  price  would  result. 


CABLES  FOR  MINE  SHAFTS. 

This  subject  was'  dealt  with  by  Mr.  E.  Kilburn  Scott,  in  a 
paper  recently  presented  before  the  Association  of  Mining 
Klectrical  Engineers.  He  pointed  out  that  cables  for  shafts 
of  mines  differed  from  those  in  other  situations  because  the 
question  of  weiglit  was  so  important  a  factor.  In  order  to 
reduce  the  weight  the  cables  should  be  worked  at  high  ten- 
sion and  insulated  accordingly.  Although  aluminium  had 
not  been  used  for  shaft  cables  there,  was  every  reason  to  sup- 
pose that  the  lighter  metal  would  be  found  distinctly  ad- 
vantageous. Contrary  to  the  general  supposition,  it  was 
much  stronger  from  the  point  of  view  of  supporting  its  own 
weight  than  was  copper.  All  metal  work  which  was  con- 
tinuous from  the  top  to  the  bottom  of  a  shaft  should  be 
utilised  as  the  earth  return .  There  was  nothing  in  the  Re- 
vised Rules  against  this  being  done,  or  indeed  requiring  shaft 
cables  to  be  armoured.  In  any  event  the  cross  section  of  the 
armour  of  a  high  tension  cable  was  likely  to  be  too  small 
to  earth  properly  the  low  tension  underground  feeders.  Even 
where  it  was  not  convenient  to  use  existing  metal  work  it 
would  be  much  cheaper  to  suspend  wire  ropes  in  the  shaft 
for  the  earth  return  than  to  place  the  same  amount  of  metal 
round  a  cable  as  armour.  He  pointed  out  the  marked  suc- 
cess which  had  followed  the  use  of  silicious  tyre  rubber  as  a 
mechanical  protection  on  cables  subjected  to  moisture  and 
hard  wear  and  tear,  and  was  of  opinion  that  it  was  also  a 
very  suitable  material  for  cables  permanently  installed  in 
shafts.  Hitherto  casing  had  always  been  made  of  sawn 
planks,  the  joints  of  which  were  difficult  to  keep  tight.  The 
use  of  telegraph  poles  sawn  longitudinally  and  having  the 
joints  between  the  halves  closed  by  steel  hoops  was  sug- 
gested. Casing  made  in  thab  way  should  be  cheap  and  easy 
to  erect,  and  it  would  form  a  complete  protection  to  the 
enclosed  cable,  As  regards  preservatives  for  casing  aiul 
cleats  saccharine  impregnated  into  the  wood  had  no  action 


on  insulations  or  metals  ；  also  when  impregnated  alon^  witli 
arsenic  it  was  a  solution  of  the  white  ant  difficulty  which  was 
so  troublesome  in  mining  work  oversea. 


INDUSTRIAL  AND  TRADE  NOTES. 

Diesel  Engines. ― An  order  for  ft、、'  Diwl  engines  of  1，"K)  b.h.p. 
each,  for  tlie  Merscv  Docks  :md  HaiU)m'  JJoard,  is  Immii^;  carried 
out  hy  th<k  ( 'onsolidatcd  Diesel  lOn^iiic  M aimiacturcrs,  Lttl.，  u  ho 
olitained  it  after  sev("t  <()mp('tition.  llw  nianufaftuio  of  tho 
(Mi^iuos  is  in  the  hands  of  tl"'  【*sin«'s  Cards  Fror(4s. 

Underground  Electric  Railway  for  Sydney.— 'J'h*-  New  South  Wales 
(Jal»ii"'t  has  approved  ;i for  th<*  construction  of  eloctric 
undorgrouixl  railw  avs  in  Sydney,  tlie  city  section  of  which  is  to 
consist  of  three  lines  instead  of  two,  as  originally  i(H*«inn)onded. 
Preparations  aro  being  made  for  l"'gimii:ig  tho  work  inimodiat<»ly 
tho  project  is  sanctioned  by  Parliament. 

Large  Electric  Crane  for  Belfast.  ―  The  B<  liii>t  Hail'oiu  Board 
have,  we  learn,  accepted  the  tender  of  Messrs.  (m'oi  «£o  J{ussc)1  and 
Co.,  Ltd.3  Mothorwoll,  for  tlio  constriK'tion  at  Alexandra  Wliarf  of 
an  electric  derrick  crane  capable  of  lifting  120  tons,  th**  prif-o 
lieing  £8,725.  Additional  fxponditure  of  £1,300  will  bo  incurrod 
tor  the  foundations  and  other  necessary  w  ork. 

Hydro-Electric  Power  Scheme  in  Prussia. ―  A  Hitl  lias  laid 
lj*»foro  tho  Prussian  Diet,  for  the  development  of  water  power  on 
tho  upper  waters  of  the  WeseT.  Tlie  Bill  provides  for  an  exp<*ndi 
tiuv  ol  L I  i2,-">i)0f  of  which  it  is  proposed  to  spend  immodiatelv 
£k24o,834  on  the  erection  of  power  stations  at  Homfurt  and  lid 
niin*j;haust'ii  ；  the  r(»maiii(l* t  will  sul)sequontly  l>o  spent  on  tho  con 
struction  of  a  powor  station  at  Miinden.  It  i-s  estimated  that  tho 
three  stations  can  produce  41   million  kilowatt  hours  annually. 

Electrically-driven  Rolling  Mill  for  Non-ferrous  Metals. —— The  Bii - 
min^ham  Battery  and  ^letal  Company,  Ltd.,  have  adopted  in 
their  works  at  Selly  Oak  an  electrically-driven  reversing  rolling 
mill,  operated  on  the  Sioniens-Il^ner  system,  for  the  rolling  of 
non-ferrous  metals.  The  rolls  are  18in.  and  21  in.  diam.,  and 
are  capable  of  rolling  sheets  weighing  1*1  tons.  The  driving 
motor  works  at  1,270  revs,  per  minute  on  direct  currontj  nt 
440  volts,  generated  by  dynamos  driven  by  gas  engines.  Tlie 
flv 、、- lieol   weighs  3  tons. 

Russian  Petroleum  Production. ― According  to  figures  recently  puh 
li.shed,  the  production  of  petroleum  iu  Russia  sliowed  a  slight 
increase'  iu  1912,  as  compared  、vith  the  previous  year.  During 
li)l2  the  production  was  8,960  tons.  During  tho  past  decade  thero 
has  been  an  almost  constant  decline  in  the  output  of  petroleum 
in  the  old-established  fields  of  Baku,  "hiL、t  tlie  (  iitput  in  tlu  com 
paratively  new  districts  has  increased.  It  would  seem,  therefore, 
that  ti)e  future  of  this  industry  lies  in  the  possibility  of  opening 
up  and  developing  new  petroleum  wells. 

The  Malay  Dreadnought. ― The  contract  for  the  Dreadnou^lit  to  l«o 
presented  to  this  country  by  the  Federated  Malay  States  1ms  U'，  h 
pl:"'t'fl  by  the  Admiralty  with  Messrs.  Armstrong,  Wliitworth,  and 
Co.  The  battleship '  will  cost  about  £2?2o0,000,  and  will  in- 
au<i;u rate  Messrs.  Armstrong,  Whitworth's  now  naval  works  at 
Walkw，  、vlii('h  are  now  almost  ready  for  occupation.  The  vessel 
、vill  l)e  called  "  Malaya."  There  are  at  tlie  new  shipyard  nine 
lxtikling  berths,  of  the  following  lengths :  l，000ft.,  0(X)ftM  SOOt.t., 
(J 滅" 5,30ft. ，  oOOft,,  450ft. ，  400ft. ，  and  3o0ft.  The  ocjuipinont 
will  be  of  the  most  modern  kind,  and  the  、vm'ks，  when  in  iull 
swing,  will  rank  among  the  finest  of  their  kind  in  the  world. 

London  and  South-western  Railway:  Electrification  Proposals.  ― Pre- 
siding at  the  recent  half-yearly  meeting  of  the  London  and 
South-western  Railway,  Mi'.  H\igh  W.  Drumniond,  in  referring 
to  tho  question  of  electrification,  said  they  had  gone  into  tin* 
matter,  and  were  fully  prepared  to  go  on  with  it  almost  im- 
mediately. The  complete  programme  put  before  them  was  to  deal 
with  tho  lines  from  Waterloo  to  Hounslow,  Shopperton,  Kinpsto", 
and  Hampton  Court  on  tho  north  side,  and  as  far  as  Guildford  on 
the  south  side  of  tho  main  lino.  But  for  the  present  thoy  only 
proposed  to  go  in  for  the  line  on  the  north  side,  including  tho 
electrification  of  tho  main  line  as  far  jus  Hampton  Court  Junction. 

The  Pay  of  Dockyard  Electrical  Engineers.— The  Admiralty  ha<  ("、 
cith <1  that  in  future  electrical  engineers  and  assistant  electrical 
*'ii»iineers  serving  in  tho  Royal  dockyards  will  lie  paid  the  follow- 
ing pensionable  scales  of  salary  in  place  of  tho  non-pensionahlo 
sala l  ies  now  payable  :  Electrical  onginet'rs  (higher  ^rade),  1' 
rising  l>y  annual  increments  of  £20  to  £650，  with  an  official  resi- 
dence or  an  allowance  of  £oO  or  £75  in  lieu  ；  oloctrical  onginoors 
(lower  grade),  £300,  rising  l»y  annual  increments  of  £15  to  £400, 
with  an  official  residence  or  ait  allouance  of  £50  in  lieu  ；  first 
assistant  electrical  engineors,  £250,  rising  by  nnnual  increments 
of  £10  to  L3o0  ；  second  assistant  electrical  engineers,  £200,  rising 
by  annual  increments  of  £10  to  £250. 

Municipal  Trading.  ―  In  coiuuH-tion  with  tlu  Slioflield  Corporn 
tion  Bill,  an  important  sub-clause  to  clause  90，  in  Hpu  of  sub- 
clause 2,  was  agreed  to  in  the  House  of  Lords  on  the  4th  iust.  to 
the  effect  that :  "The  Corporation  may  enter  into  contracts  for 
tlio  exoTiition  of  any  of  tho  j>o\vors  of  this  action,  including  the 
wiring  of  private  property.    The  Corporation  shall  not  under  the 
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pow(M-8  ol'  tins  section  sell  any  such  electrical  iiitinus  (other 
oltH'trii^  lii"、s，  i、is，s，  switches,  ('('iliiig  n>s<>s，  and  siicli  licr  ,'l''('t ri(  :i I 
(ittiiiK-s  as  a ro  used  in  c'oimoctio"  with  the  wiring  o『 "riv;it('  pm- 
j)0rty  iroin  th(、  distribution  main  as  far  as  the  r('iliii"，  wall,  or 
Hoor  outlet  only)  c\<  «'j)t  iliron^h  ； t  <  <>ntractoi-  <*.in  vinj/  on  his 
ImsiiH'ss  iM(l«'p("""'iiU,v  ol'  tlic  Corporation." 

Mexican  Petroleum  Production.— -Tho  production  ot  crude  pi'"" 
J«'mii  in  Mexico  in  is  cstimatod  at  42<I,(KH)J M 10  Imrn-ls,  and  tins 

,,u;uitity,  it  is  stated,  coul<I  «':»sil,v  1im\ c  i"(.r，':isHl  had  tin- 

storago  and  in;irkrtin«i;  lacilitit's  inon'  Um  i"K  tl"' 

iirst  iiim、  iDontlis  oi'  tlio  yc;n,  1,237/KM)  harrcls  、、<"•,'  exported  to 
tho  (Tiiitt(l  States.  B<、si(h's  。i"  pipe  lines  under  c(mstructioii,  ； uul 
U'iiig  planiHHl,  i'or  tho  delivery  of  oil  to  Tamp"",  Tuvpaui,  ;uid 
Vei;i  Cruz,  with  mio,  or  possibly  two,  lines  ruiinin<i;  to  Texas,  much 
attontion  is  ^ivon  to  providing  fleets  of  oil  tank  vessels. 

IVnding  tht"  Itnildiiig  ol"  tluso  vessels,  tank  farms  art'  U'iiig  <on 
struot<Ml  for  th<、  storage  oi'  th<^  ]:\v^  quantities  ot  oil  that  <-;inii(»t 
1,(、  put  on  tho  market  owing  to  tho  impossiliility  oi  cliartrriiifj;  oil 
vessels. 

Pig. iron  Production  in  Manchuria.— The  Chinoso  ('olliorv  ； uul  I  mn 
IVIino  Company  in  Manclmria,  lias,  imdt"st:m<l，  （l('ri(lt'd  to 
work  tho  I'en^cliihu  (ollit'r.v  atul  iron  mill*'  on  ;i  law  s(:il,'，  ； uul 
cstnhlisli  ;in  iron  foundry  there.  Tl"'  <-(nn|>;iity  will  use  tin1  w;it,'r 
portion  of  its  own  coal  tor  its  iron  t'ouncl ry  undertaking,  mid  (lis 
poso  of  tho  r(vst  in  the  form  of  l»ri((iiettt  s.  It  i.s  anticipated  that 
IU0  tons  of  pig- iron  can  I"'  produced  daily  w  ith  the  plant  to  U' 
laid  down.  Tlio  operations  of  tho  iron  loiuidry  will  he  opened 
with  ono  sm<kltin^  furnace,  wliich  is  capaltlo  <»f  pr"d"('i"g  l(M)  tons 
a  clay.  Japan,  a\  liich  has  only  small  supplies  of  iron  oiv，  h;is  to 
import  about  4(),0( H)  tons  :i  year,  ;ui<l  tin-  <，pt'""ig  of  Hie  iron 
louiul ry  bushuvss  at  JViigchihu  is  expected  to  attVct  the  pig-iron 
market  in  that  country. 

Labour  Co  partnership.  ―  M  r.  Tliomas  Burt,  M .  IV,  in  his 
monthly  circular  to  the  Noithumherland  Miners'  Association, 
i\  icrs  to  tlie  subject  of  labour  co-partnership.  He  states  that, 
personally,  he  has  ahvays  looked  hopefully  towards  some  form  of 
co-operation  or  co-partnership  to  initiate  a  better  industrial  sys- 
tem than  that  which  now  prevails.  No  great  change  can  come 
suddenly  or  without  preparation,  and  the  workmen  themselves 
must  take  a  large  pa rt  in  bringing  alK>ut  any  reform  of  a  pei- 
maiient  kind.  But  when  fail- min(lt、d,  liberal  employers  are  ready 
to  oo-operate,  their  assistance  should  be  welcomed  without  nag 
ging  and  suspicion.  Tliough  co-partnership  may  not  prove  n  com 
plete  and  final  solution  of  the  problem,  it  will  lte  of  enormous  edu- 
cational value,  and  it  will  prepare  the  way  for  a  l"'ttt>r  s\stcni. 

World's  Output  of  I  'on  Ore,  Pig  Iron,  and  Steel.  ―  Aofordin*j;  to  a 
return  recently  issut^d  by  the  Board  ot'  Trade,  tlie  world's  output 
of  iron  oro  in  1911  w  as  ahoiit  14o  million  tons  ；  the  figures  so  far 
available  indicate  tliat  the  output  was  less  than  in  1910,  owing 
cliieHy  to  a  reduction  in  the  output  in  the  Uiiitwl  States  of  al>ont 
1:>,"0(),000  tons.  The  priiu-ipal  producers  of  iron  oro  aiv  the  ITnited 
States,  Germany,  the  United  Kingdom,  France,  and  Spain,  in  the 
or  dor  given,  these  five  countries  producing  about  six-seventlis  of 
the  total  output  of  the  world.  The  total  quantity  of  pig  iron 
produced  in  tho  world  in  1911  may  be  ostium  ted  at  about  63  mil- 
lion tons.  The  principal  countries  of  production  are  the  United 
States,  Germany,  ami  th^  United  Kingdom,  in  the  order  named, 
thoso  three  countries  together  accounting  for  al>out  seven-ninths 
ol'  tl"、  total  output  ot"  thf  world.  Tlie  ooinhinod  output  of  steel  in 
tho  United  Kingdom,  Gtimany,  and  the  Unitod  States  in  191 1 
exfeeded  45  million  tons,  and  the  world's  output  may  estimated 
at.  hetw eon  59  and  (SO  million  tons. 


Employment  in  German  Engineering  Trades  in  ，9I2. ―  An  interesting 
report  on  oniployment  in  Germany,  issued  l)y  tho  1  ni])ei  ial  Statisti- 
cal OHico  at  Berlin,  shows  that  during;  H)l '2  tlui  countrv  tMi,jo\ <nl  n 
fair  sliar^*  of  the  rising  wave  of  industrial  prosperity.  Keturns  indi- 
cating increased  acti\  ity  wero  root  ivod  from  tlie  majority  of 
trades,  and  the  improved  state  of  the  labour  ma rkct  which  h;i<l 
Ix'eii  oxi>eritaK'e(l  in  1911  oontimunl  during  the  past  year.  As; 
regards  coal-mining,  tho  total  output  of  coal  in  1912  a mouuttHl  to 
2ol)'4  million  tons,  and  exceeded  tho  a^^rt^ate  ior  1911  l»y  2o-"2 
millions.  Blast-furnaces  wt-re  well  employod  throughout  the  year, 
JUul  at  times  were  very  busy.  The  total  production  of  pig  ir (川 
iu  1912  reached  the  record  figure  of  17*8o  million  tons,  as  com  pa  red 
witii  lo'oo  millions  in  1911 ― an  increase  ot  neai  ly  1  ">  p，  ，'  cent,  in 
two  conseoutivo  years.  Iron  foundries  were  also  husy,  l>ut  suf- 
foi'tnl  from  a  dearth  of  skilled  workers.  Tube  works,  steel  works, 
and  rolling  mills  all  furnislied  reports  indicating  good  omploynieiit. 
hi  the  general  eiiginwiiig  trades  employment  、vas  satisfactory, 
according  to  the  large  majority  of  the  reports.  Tho  ehn-trical 
trades  were  tmsy  right  through  the  year,  <"'(l，、i's  hcing  ivrm  rd 
i"  increasing  quantities,  and  employment  wa.s  better  than  in  1911. 

Canadian  Trade  Disputes  Act.— A  White  Paper  has  liooit  issiunl 
^ivin^  the  report  to  the  Board  of  Trade  oi  Sir  (;'— 'org*'  Askwitli, 
Cliiet'  Industrial  C'onnnissioiuM-,  on  tho  working  of  the  1  ii'lu"  rmt 


Dispiitt  s  Investigation  Act,  of  Cana<la  HlH)7j.  Acting  on  tli^  in- 
structions oi*  tl"、  British  (Jo\  crnmcnt.  Sir  (；' "i"'''  t',m  '  'l  Canada 
in  S('pt，'i"l"'r  atxl  OcUiIht  l;i、t  .v<':ir,  ;inrl  <'\;uiiiin-<I.  ii oin  tho 
British  point  of  view,  its  "sH  ，ilii''、、  ：i、  ;i  im-ans  o)  ;i\  ortin^  "r  、'- ，- 
tlin^  disputes,  with  tin1  (山. jwt  of  (  oiisi(l«'r"ig  liow  far  any  <I#  \ <*lop- 
ment  an  tl",  linos  oi*  tin*  Aft  could  I"  ol  s<-r\  in  this  "niiitry. 
Tho  main  fVatiims  of  tho  Act  :mk  that  it  r«'quir"、  ：mv  fl 卜 put'' 
arising  "i  <*onnoction  with  iiiining,  tli«-  tr:"i、|",rt:"i',ii  ii"lt 卜 ti、， 
or  public  services  to  I"'  sul'mitt<'(l  to  a  Iio;ir<l  i>f  Conr-ilialion  ； uul 
Investigation  uitli  :i  v"'、v  to  cfftH-tin^  :i  s,'ttl''""'iit  l'H'»r<'  :i  strike 
or  lock-out  can  l»»  legally  (li'<'l:ir，'<l，  an<l  stipuhitt's  tor  at  li*;ist  :i' I 
days'  notice  of  any  <  haii^e  affecting  ^oiulitions  ot  <'i"】'lo.v""'iit.  .uul 
that  i)roc(M»(lin^s  Kclor*'  Uic  lion  i  r|  in  th«*  t  \  »*nt  ot  mk  Ii 

clian^B  resulting  in  a  dispute  iH'itl"'r  |);ti  t>  sli;ill  |'n'<  i|'it:it'、 
matters  on  the  pain  of  i"'nalti<'s.  Sir  (；' p。mi、  （,'it  lh.it  t In* 
Act  differs  «'ssciiti:illy  t'mm  conipulsm  \  ;i  rl»i 1 1  ;i t  ion  ,  ；>  nd  m''r''ly 
lc^alis<'S  tlu^  coinmunity's  ri^lii  tliron^li  u  ("，、  《'rmn，'iit  rlt*|».i  1 1  - 
merit  to  i liter vono  before  stoppa^r,  w  itli  :i  、  "'、、  to  sfcui m^'  adj n>t  - 
ment  hy  discussion  and  negotiation.  Pl<»  thinks  w  liat  olijcctions 
there  are  can  bo  remedied  }>y  :"rH'ii(lm"nt，  、、  "limit  "lt<'ri"g  tho 
main  ]>riiu*ipl(*s  of  the  Act.  As  regards  its  adaptation  to  this 
country,  Sir  (ilcoi'go  arrives  at  the  conclusion  tlmt  tl"'  real  \alu*' 
of  tho  Act  cloes  not  lio  in  conipulsory  rt'.strictio",  w  ith  aU'"i'l:i 'a 
penalties  upon  the  ri^ht  proclaiiniii^;  ;i  strike  or  lock  "ut， 
iatli«'r  in  tl",  forwarding  of  the  spirit  and  intent  of  conciliation , 
and  that  a n  Act  on  tl"'  lines  oi"  coiiciliatiii^  pai  ti ，'- s，  and  oi"  inakin^ 
rt'('()inn"'i"latiuiis  whero  oonciliation  was  \iua vailing  "'ven  omittint; 
restrictive  features  aiming  at  delaying  st，'pL>:iji('  until  ； itt«*r  cit- 
(piir'v)  would  Ik'  suitaltli1  and  practicable  in  this  country.  Such  an 
Act,  、vliil*k  not  ensuring  (  oinph't(、 ：山 s"n(.''  ot  sti  iUcs  and  Kw  k  oiu>, 
would,  lie  thinks,  l>o  valual'Ie  ali Uo  to  tlio  country  and  to  "mplo.、vi、 
uihI  (Mn})l<)\(i(l. 

Fire  Prevention  Precautions  at  the  Ghent  Exhibition. —  Tli''  iiMMttion 
of  an  int(M'national  oxhil>ition  cannot  tail  to  suiry -、 t  tl"'  (Lm"'  r  "i 
fire  ever  since  tho  terrible  disaster  which  lx^foll  tl"'  HrussrN  K\ln 
hition  of  1910,  when j  in  a  matter  oi'  minutes.  U、i(l'*、  other  Ituild 
in^s,  tl"k  British  and  Belgian  iixlustrial  s*u-tions,  with  tli'  ir  prict* 
less  contents,  were  entirely  destroyed.  How  fully  the  l*'、"ms 
lirussels  have  heoii  learned  is  wo  11  sliown  hy  tlie  arrangeliioiits 
which  have  been  mad«  hy  the  authorities  of  the  Ghent  Interna- 
tional Kxhiltition.    At  Brussels  the  disastt  r  u:i.、  largely  (lii,'  t" 
the  failure  of  the  water  supply,  so  at  Ghent  a  powerful  supply  has 
been  in.stallcd  quite  distinct  from  all  otlu-r  u  atci-  、uppli*、，  ：m'l 
the  grounds  are  lined  in   all   directions  w  itli  w  ater  main's,  tl"' 
largest  of  which  are  300  in m"  while  tho  greater  mmil"'r  :ir, 
mm.  and  loO  mm.  tliam.      These  mains  serve  tho  h\ diants  、。： it 
tt'ifd  throughout  the  grounds  and  pa\  ilions.     I  n        \>:\ i  t  nl  tht- 
w liolc  exhiUition,  tlie  authorities  state,  are  tv.o  h.vdr:iiits  moro 
than  50  metres  apart,  the  average  distance  heing  considcral»l\ 
less.    The  water  supply  itself  is  derived  from  the  river  Scheldt 
by  means  of  large  automatic  pumps  at  a  prossuro  of  five  atrno 
spheres,  and  tho  liydi  ants  will  consequt"itl.v  1m*  (  apahlt '  ("  tlir"u  i'lg 
w  ater  to  the  top  of  any  of  tl"'  buildings.    These  pumps  can  supply 
600  cubic  metres  of  water  per  hour.    But  tho      (、； it，'、t  、； "，*tv 
i'rom  fire  lies  in  the  fact  that  all  l)\iildin^s  arc  •:  "llatwl,  and  in 
no  place  less  than  10  metres  apart,  、vlnl《'  in  practically  all  casos 
they  are  mucli  more.    A  special  iin*  l)ri^ade  station  is  also  U'in'j; 
installed  by  the  nnuuoipal  fin*  ln'ig;Klt、  in  tho  ct'iitr*'  of  tl"'  Ki 
tion  ainl  oquipptd  with  motor  firo  engines  and  a  staff  of  2")  iihmi. 
A  supply  of  electric  fire  alarms  comuH-tiii^:  、vitli  the  tire  station 
u  ill  also  be  in  operation  just  as  in  tho  fiOiulon  strtn'ts,  、vliil，'  liand 
t'xtin^uLsliors  will  ho  placed  in  all  buildings.    The  Briti、li  m  ction 
w  ill  h:n  t'  yet  another  safeguard ― and  one  of  tho  greatest ― in  tho 
fact  that  tlie  floors  aro  laid  dinn-t  upon  tho  ground  and  all  plat 
iornis  paoktd  with  earth.    This  coinph'trl v  prevents  tin*  spread 
iug  of  fiiv  in  the  space  U 小）、 v  tli"  tioorin^,  and  oontincv  .i  tiro  t«» 
、vl"'iv  it  can  1h»  reached  at  once. 


West  of  Scotland  Iron  and  Steel  Institute—  At  tl"  ]n<mthly 
meeting  of  this  Institute,  held  recently  at  Glasgow,  a 
paper  dealing  with  the  sequence  of  reactions  in  the  aHd  open 
hearth  process  by  Mr.  F.  A.  Matthewson  and  Professor 
A.  Campion,  was  submitted  and  discussed,  and  a  paper  by 
Mr.  C.  O.  Bannister  dealing  with  the  regeneration  and  recu- 
peration of  heat  was  read. 

Surface  Combustion. ― Sir  Oliver  Lodirt\  F  K  S  ,  、 
at  a  joint  meeting  of  the  University  of  Binnin^haiii 
Metallurgical  Society,  the  Birmingham  入 letalluri'inl 
Society,  and  the  South  StafTordshire  Iron  and  Steel  In- 
stitute, held  at  the  Birniingharn  University  on  the  27th  ult . , 
the  occasion  being  a  lecture  on  '  Surface  Combustion  "  by 
Professor  Bone,  F.R.S.,  of  tlie  Imperial  College  of  Techno- 
lo87- 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  publislK d,  and  u-r  shall 
be.  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Aihlrcss 
" Mechnn  iral  Enqinrer,"  53,  New  Bailey  Siri't  t ,  Mnnchcstt  i . 

MECHANICAL,  1911. 

C'arburetters  for  internal  ('onil)iistion  olivines 
Safety  apparatus  for  railways.  Lots.  28983. 
Hotary  oii^ino  or  pnm]».     0;iI>1m-(  I  l'':iirt，n\'. 


Barnett.  21276. 


1912. 

ruttM  iml  cnnilmstioii    engines.  It .     1 1H. 

Cai  luiiotiors  lor  pob'ol  motors.     Win^lirid .  Ik— ',)(•'  ； unl  1'— Ml7. 
Alloys  I'm'  ciistin^;.    I)c  Bm^m'.  131", 

Mt  、： I  ns  I  or  proix'llin^;  shi]»s  ntnl  oUh'i.  vessels,   ； loiopln  i"'s,  flying 

mncliiiics,  A'c.     Orr.  1 
C,iirl)iirottois.    Sliool>ri(lg('        (jJiihsIoih1.  I 
(Uk\ r  cut  tin^;  iiiMcliiiics.     Drhu.     I  -")7J). 
C'cMitiif ii^mI  pumjis.    Watson  i、'  Bill<>t"p.  Hi31). 
Toothed  ^on ri Gnillon.     1  (;(;:). 

V;ilv«vs  :m(l  v:'l、、、  iik'cIih nisins  lor  explosion  olivines.  M ilh'r.  1 7*20. 
ay  sigiialliiig  mid   train  st ojipint!;  <levi(vs.     I\ ； ist (»u sk v  :m'l 

l*i j»o  joints.     Uou  .     1 7,";. 

INMliict  ioti  ol'  tin  Mini  similat'  "ivs  or  n\  idt'is.     Tunikitis.     I M I  I . 
Wator  till"'  si  fain  wn('r:iturs.    ( 'oopcr.  181!). 
I^uttuico  (lran^lii  iii(lic;it(ns.     V'on  Lossau .  1870. 
('up  |)iickin«i;s  ior  pistons  :im(1  plun^tM'S.    Trist.  1873. 
Drill  hit  sliiu  pt'iiinfj;  ;i nd  lorniin^;  iniicli incs.     1'"、山、'..     I!)        I M , 
;i  lid  li)oo. 

Maiiiitactmc  ol  rh;iiii  couplings.     Ha^iialL  1958. 

Pistons  for  motive-pow  or  ("igiiios.     Billiard  A:  Wcicliiiian.  2072. 

Hammer  drills.    Holman  &  Holuian.  2134. 

Carburetters  for  internal-oombnstion  ('iigim's.  Hinks  tV* 】iiiik*s. 
2179. 

Apparatus  for  promoting  the  combustion  of  fuel  and  effecting. the 

consumption  of  smoke  in  l>oiler  furnaces.    Hardy.  2680. 
Metallurgical  furnaces.    Cornthwaite.  2709. 
Clutches.    Tessier.  2745. 

Governor  to  control  a  motor  to  run  at  any  speed  within  a  large 
r;ui<i;e  of  rate  of  revolution.  Belliss  <fe  ]VI("':oni，  Ltd.,  and 
Walshe.  2833. 

I)ri\  in<i  mccliMii ism  of  motor  road  veliiclt^s.     Dent.  '3177. 

MocliMtiisiii  lor  I 中 "r;，ting  rocijirocatin^;  tools.    M  illi'ii.  K). 

Naval  destroyer  craft.    Jolin  I.  'Iliornycrol t  A'  (、>.，  and  IS;u  ti;»liv 

SjxhmI  r^cordt'i's.     I5i ow  n.    'M '^2~) . 

I^ucl-supply  devices  l。r  internal  ('omhustiftn  (.'Moines.  Pulk-u  ;md 
liurton.  3745. 

Mt 、： uis  for  automatically  regulating  or  controlling  elastic?  fluid 

pumps.    Smith  &  Delahanty .  4495. 
SvsttMn  of  utilising  heat  in  cupolas.    Cerieys.  G38(i. 
Regulation  of  tlie  air  supply  to  rotary  kilns.    Gill»e-rt.    0( >03 . 
Construction  of  the  gas  and  air  passages  of  regenerative  fiir":u  "s. 

Gibbons,  Gibbons,  and  Masters.  6847. 
Two-stroke  internal-combustion  engines.    Watkins.  G938. 
Machines  for  indicating  irregularities  in  ges\ v  wlieels.  Sunbeam 

Motorcar  C'ompany,  and  Guy.  7083. 
Water-current  motors.    Struble.  7744. 
Carburetting  apparatus.    Gardiner.  8028. 

Kegulation  of  the  pressure  of  the  steam  supplied  for  opeiiiiig 
ejectors.  Soc.  Anon,  pour  l'Exploitation  des  Procecles 
Westinghouse  Leblanc.  80(U. 

Vaporisers  for  use  with  intcrual-conilnistion  engines.  Hallidn v. 
8081. 

Apparatus  for  feeding  boiler  furnaces  with  fuel.    Rey.  8099. 
Systems  and  apparatus  for  heating  buildings.    Avery.  8424. 
Vaporisers  for  internal-combustion  engines.  Corson. 
Turbines  driven  by  fluid  pressure.    KendaL  9231. 
Lock-nuts.    Thompson.  9556. 

Regulation  of  continuous  coitilnistioii  interna ！ -comlmstioti  miiinos. 

Otten.  9951. 
Locomotives.    Dawson  &:  Lucas.  10042. 

Method  of  controlling  valves  of  steam  and   iuteriial-comhnsi  ion 

engines.    Fornaca.  10451. 
Valves  for  steam  engines.    Relph.  】12(Hi. 
Hotaiv  fluid- piv'ssure  engines.    Pavitt.    11 4(>S. 
( 'oat  ing  iron  with  aluminium.    Uyeno  1183ii. 
Miners'  safety  lamps.    Fattinger.  12708. 
Rofk-drillino*  hammers.    KlujitVl.  12798. 

Apparatus    for    interlocking    hand-levers    1'or    railway  signals. 

Phillips  cV-  Ha.iKliton.  12983. 
Automatic  regulators  for  water  heaters.    Krupitschka.  13583. 
Propelling  means  for  aerial  machines.    Rose.  14375. 
Apparatus  for  roasting  or  sintering  ores.    Groenawalt,  14805. 


Sf-row  propoll<M".s.    Holt.  lf;0'"i:J. 

( ，"mpr<'ss;'"l  :iir    liauliu^    、、  ii'('l"»s.       ，{i"l     M,'v'u+    Akt .  Cms.  "ir 

Alaschinon  nnd  Mpi  ^I)uii.    Ki^  Hi. 
INitary  oM^incs.    Stiinson.     ] 0002. 

Sluil't  couplings.    Soc.  Anon.  <l<*s  Aiu  icus      :il 山、、 ,'m''iil 、  Panliard 

'； issor.  17171 
Drill  chuck.    Bevgsten.  17563. 
Driving  gem'  for  hoats.     Daimler  .MotonMi  Ges. 
Valvt^s  for  intiM  iial  combustion  engines.    Elliott.  19327. 
Jh'oeess  and  product  for  purifying  acetylene  and  other  gases 

Granjon.  19838. 
Valve-uftnatin^  moclnuiisni  i'or  iiiultijilo cvliiulor  ciigim's,  】lir、, 

20228. 

I^oundry  core  sii|>i)orls.  Somu»t.  2020.5. 
.Mri<*Ks  ior  n"';isuring  liquids.    A i  ridt.  j?< 

Controlling  ^o;\v  lor  w  iinlin^;  :m(l  hauling  (Minim's.    \V"i、l*'v  -、 IV'sn,*s 

lion  works,  Ltd..  :m(l  Urdtonl.  2102s. 
Steam  ^'MtMators.    B:il"'(x'k  &  "Wilcox,  Titd.    2l2i )i»H. 
Hnilw  ;iv-ritil  joints,    lizard.  22222. 
I?;iilu;iy  coupling    S('id('l  A'  Seidol.  2:\2(>U. 

Tm  biims.     Bdliss  tV  Morcom,  T/Ul.，  Morcom,  Judo,  :uk!  I'>1、、  :iri|、. 

23911. 

IUjkIcs  tor  I  iirliirifs.     Mclliss  tV:  Morcoii],  l't(l,，  >[oitoiii  :iik1  .1  mlr 

24657. 

Pulk'.v  1)locks.    Smitli.  24990. 

Aiito"i;'tic  (-ouplin^s  lor  j-juhvny  wl"<l,'s.    Willisnn.    'J.M Mil. 

ELECTRICAL  1911. 

Mlcctric  lioottM'  Jor  iliiids.    Mann.  *J()4K."). 
Br'isli  gt"u'  for  dynamos.    Lcitner.    *Js><1  7. 
Kloftric  switclios."    I)，'iis,'i<lt.  fcJS<)42. 

1912. 

Kloctric  switch  and  f ust»  boards.    Selby  (t  Preston.  1G46. 
Electric  switches.    British  Thomson-Houston  Company,  and  Gar- 
ton.  1680. 

Electric  tablet  systems  for  working  single  lines  of  railway.  Black- 
all  &  Jacobs.  1852. 
Apparatus  for  the  control  of  electric  circuits.    Leitner.  190-). 
Dynamos.    Siddeley.  1999. 

Spring  shade  holder  for  electric  lamps.    Munro.  2020. 

Electric  incandescent  lamps.  Deutsclif  CJa^^Iiililiclit  Akt. -Ges. 
(Auerges).  2284. 

lOlectric  lighting  systems  for  motor-f^nrs.  British  Tliomsm 卜 Hous- 
ton Company,  n?id  Garton. 

Driving  of  vehicles  by  means  of  inteini)l-<<>in  bust  ion  engines  com- 
bined i'or  re(Miperating  purposes  witli  dynamos,  accumulator 
batteries  and  motors.    Pieper.  3281. 

Electric  fuse  switches  and  switchboards.  Ben'y  &  ^Markliam.  'XYA<. 

Automatically-controlled  electric  、u  itcln's.    Clifford.  391-5. 

Electrical  switches.    Cox.  5280. 

Apparatus  for  fharging  accumulators.     Von  Dreger.  o434. 
Electrical  furnaces.    Rennerfelt.  7367. 

Portable  electric  reading  lamp.    Levi,  】los*>.  A'  Hos«\  9442. 

Electric  fuse.   Boyd  &  Tannahill.  12273. 

Telegraphic  photography.    Stille.  12709. 

Mercury  switches.    Siemens  Schuckertwerke  Ges.  14087. 

Electric  arc  lamps.    Steinert.  19425. 

Self-acting  electric  switch  devices.     Schott  &  (； en.  25518 
bloving-coil,  eleotrical  measuring  instruments.  Record.  26241  and 
26242. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  11th. 

Aluminium  ingot   93/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】12/-  ,， 

，，        sheets        "  "  •••  ，  120/-  " 

Antimony  £30/-/-  to  £37/-/-  per  ton. 

Brass,  rolled   9|d.  per  lb. 

，， tubes  (brazed)   10 id. 

，,       ,，     (solid  drawn)   9Jd. 

，，      „     wire   8|d. 

Copper,  Standard   £66/1.5/—  per  ton. 

Iron,  Cleveland   65/3  ，, 

,， Scotch   71/3  ,, 

Lead,  English    £17/2/6  ,, 

，， Foreign  (soft)    £1G/15/-  ,， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb 

"  ,，  "       medium   3/6  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/15/-  per  bottle 

Silver   28fr:d.  per  oz. 

Spelter    £25/10/-  per  ton. 

Tin,  block   £223/10/- ,， 

Tin  plates   U/7J  ,, 

Zinc  sheets  (Silesian)   £29/7/6 

„  (Stettin  ；  Vieille  Montagne)   £29/17/fi  ，， 
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Combustion  and  Explosions  in  Oil-fired  Furnaces. 

Thk  rapid  development  of  the  oil  carrying  trade  and  the  use 
of  oil  as  a  fuel  in  steamships  employed  for  its  transport, 
render  it  desirable  that  the  possibility  of  serious  explosions 
arising  from  the  careless  manipulation  of  the  fuel  in  boiler 
furnaces  should  be  generally  recognised  by  sea -going  engi- 
neers. An  illustration  of  the  disastrous  results  that  ma v 
occur  was  afforded  on  December  2G  last  by  an  explosion  that 
took  place  on  a  new  oil  ship  which  was  being  fitted  out  at 
Messrs  Swan  Oc  Hunter's  shipya id  at  Walker-oii-Tvm-  A、 
a  munher  of  men  were  engaged  preparing  for  Lloyd  s  efficial 
test  of  the  boilers,  wliich  were  oil-fired,  flames  suddenly 
flaslied  out  of  one  of  the  furnaces  and  overwhelmed  nine  men 
who  were  in  the  stokehold,  live  of  1  hem  being  so  terribly 
injured  that  they  subsequently  died.  The  inquest  on  the 
unfortunate  men  has  not  yet  been  concluded,  and  we  are 
therefore  not  in  a  position  to  make  any  cominents  on  the  par- 
ticular circumstances  which  led  to  the  disaster,  or  express  any 
opinion  as  to  responsibility  for  it.  It  is  permissible,  however, 
and  it  seems  opportune  to  refer  to  some  features  of  oil  burn- 
ing and  the  way  in  which  risks  may  be  incurred  in  the 
working  of  such  furnaces,  miless  suitable  precautions  are 
adoj)ted.  Unlike  coal,  oil  fuel  cannot  be  thrown  on 
to  tlie  furnace  in  bulk.  For  proper  combustion  it 
must  be  delivered  into  the  furnace  in  the  t'orin  of  a  spray, 
and  there  are  several  ways  of  doing  this.  The  oil  may  b^ 
atomised  by  delivering  it  under  pressure  from  sperinllv  formed 
orifices,  or  it  may  be  allowed  to  trickle  out  of  a  supply 
pipe  and  be  dispersed  by  the  inipingemeiit  of  a  jet  of  steal" 
or  compressed  air  as  it  escapes,  pretty  nnu-li  after  the  fashion 
of  a  scent  spray .  Tn  the  design  of  these  escaping  orifices  and 
dispersing  nozzles  a  great  deal  of  ingenuity  lias  been  ex- 
pended, and  numerous  designs  are  now  ia  use. 

It  does  not  matter  nuu-h,  however,  to  the  final  combustion 
which  method  is  adopted  if  the  ； ituniisiiii:  is  effective.  Some 
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favour  compressed  air.  others?  the  use  of  steam,  while  others 
again  prefer  the  spraying  of  the  oil  jet  under  its  own  pressure, 
and  the  tendency  of  modern  practice  is  towards  this  latter 
method.  If  air  is  employed  for  spraying  it  requires  a  separate 
compressing  plant,  and  to  avoid  this  complication  steam  is 
generally  used,  though  in  that  case  when  the  boiler  is  started 
compressed  air  or  an  independent  steam  supply  is  necessary. 
Whatever  the  details  of  the  arrangement,  however,  it  is 
desirable  for  proper  combustion  that  the  furnaces  should  be 
of  ample  capacity,  and  to  ensure  perfect  burning  should  be 
lined  with  firebrick  to  maintain  the  temperature  as  high  as 
possible.    If  the  hydro-carbon  gases  evolved  are  brought  into 
contact  with  a  relatively  cold  surface  before  their  combus- 
tion is  complete,  the  solid  carbon  is  liable  to  separate  out  and 
form  smoke,  just  as  when  burning  bituminous  coal.  When 
steam  is  used  for  spraying  purposes  it  is  desirable  also  to 
remember  that  the  amount  absorbed  for  this  purpose  may  be 
as  much  as  five  per  cent,  of  the  total  steam  generated,  and  this 
in  the  case  of  boiler  installations  working  witli  fresh  water 
and  surface  condensation  is  a  rather  serious  item,  as  it  neces- 
sitates a  corresponding  increase  in  the  feed  water  make-up 
plant.    Further,  steam  does  not  supply  oxygen  as  air  does  for 
combustion,   and  tends  to  carry  the  point  of  combustion 
further  forward ?  which  with  Scotch  marine  boilers  is  rather 
objectionable,  as  it  is  liable  to  make  the  last  stage  of  com- 
bustion occur  in  the  smokebox  and  funnel.    Above  all  it  is 
important  that  the  air  entering  the  furnace  ―  and  about 
200    cub.    ft.    at    normal    pressure    and    temperature  are 
required  per  pound  of  oil ― should  be  heated  before  its  intro- 
duction to  the  furnace  to  secure  the  highest  efficiency.  Oil 
flames  can  net,  like  a  fire,  be  regulated  to  a  half  rate  of  com- 
bustion.   Whatever  the  quantity  of  fuel  admitted  the  oil 
flame,  whether  it  be  large  or  small,  must  be  perfect,  and  if 
there  are  several  flames  in  the  furnace  it  may  be  preferable  to 
cut  out  one  or  more  altogether  rather  than  diminish  them  all 
equally,  if  it  is  desired  to  reduce  the  duty  of  the  furnace.  A 
primary  essential  in  all  cases  is  that  furnaces  should  have 
ample  capacity,  and  inadequate  recognition  of  this  is  respon- 
sible for  some  of  the  troubles  that  have  occurred  where  oil 
fuel  has  had  to  be  temporarily  resorted  to  and  coal  burning 
grates  have  been  retained  in  position.       Several  instances 
occurred  during  the   late  coal  strike,  when,  owing  to  the 
failure  of  the  coal  supply,  many  Lancashire  boilers  were  par- 
tially fed  with  oil  fuel,  injected  in  a  somewhat  crude  fashion 
on  to  firebeds  made  of  slack  coal  of  inferior  quality.  Quite 
a  number  of  explosions  of  flue  gases  in  land  installations  in 
Lancashire  and  Yorkshire  came  under  our  notice,  and  in  one 
or  two  cases  they  were  sufficiently  violent  to  shatter  the  brick- 
work and  do  considerable  damage.    As  far  as  investigation 
could  reveal  the  cause  they  were  found  to  be  due  to  the  accu- 
mulation in  the  flues  of  partially  burned  oil  vapours ― arising 
from  restricted  furnace  capacity  and  imperfect  spraying ― 
which,  mingling  with  air  leakages  through  the  brickwork, 
formed  an  explosive  mixture  which  a  chance  spark  subse- 
quently ignited.      Such  accumulations  are  of  course  more 
likely  to  occur  when  the  furnaces  are  damped  down  for  some 
reason  or  other,  and  occasional  explosions  from  a  similar  cause 
are  not  unknown  even  in  connection  with  coal  fuel.    With  a 
material  so  readily  volatilised   as  oil   the  risk  is  of  course 
greater.    It  is  for  this  reason  that  a  special  watch  needs  to  be 
kept  over  the  dampers,  to  make  sure,  especially  when  lighting 
up,  that  no  un consumed  gases  are  banging  about  in  the  com- 
bustion chamber  or  flues,  and  before  lighting  the  oil  flames  the 
dampers  should  be  fully  opened,  so  that  any  accidental  accu- 
mulations may  be  cleared  away. 


POWER  TRANSMISSION  BY  COMPRESSED  AIR. 

In  a  paper  entitled  '  Some  Apjjlicatious  of  Compressed  Air 
and  its  Measurement/'  recently  read  before  the  Liverpool 
Engineering  Society,  Mr.  G.  J.  Gibbs  said  that  in  auy  but 
the  very  smallest  installations  the  matter  of  air  compressing, 
storage,  and  distributing  plant  warranted  most  careful  atten- 
tion. One  point  well  known  in  theory  but  very  often 
ignored  in  practice  was  that  air  compressors  should  be  sup- 
plied with  cool,  clean  air  as  dry  as  possible.  Aft^r  compres- 
sion the  heated  air  should  be  cooled  or  allowed  to  cool  before 
it  passed  into  the  air  mains ；  otherwise  cooling  in  the  mains 
would  entail  deposition  of  moisture  which  gradually  collected 
and  was  driven  forward  with  grit  and  rust,  filially  causing 
trouble  in  the  working  parts  of  the  apparatus  with  which  it 
came  in  contact.  Compressed  air  could  be  conveyed  tlirough 
pipes  for  long  distances  with  practically  no  loss,  especially 
where  the  demand  was  intermittent,  and  where  a  supple- 
mentary air  receiver  was  placed  at  or  near  the  end  of  the 
air  main  remote  from  the  compressor.  In  large  installa- 
tions the  air  compressors  required  large  units  of  power  to 
drive  them,  and  it  was  good  practice  to  couple  them  as 
directly  as  possible  with  the  prime  movers,  with  consequent 
improvement,  in  capital  costs  and  power  transmission 
efficiencies. 

The  author  considered  as  an  example,  a  compressor 
requiring  100  h.p.  to  drive  it.  The  ideal  arrangement  would 
comprise  a  prime  mover  capable  of  driving  this  compressor 
and  direct  coupled  to  it.  On  the  other  hand,  where  there 
existed  an  electric  power  generating  station  the  tendency  was 
to  place  the  air  compressor  near  the  department  where  the 
compressed  air  was  required,  and  to  transmit  power  to  it 
electrically.  Under  such  conditions  the  sequence  of  plant 
would  probably  be  as  follows :  Prime  mover,  electricity  gen- 
erator, switches  and  instruments,  transmission  cables,  motor 
and  starter,  and  power  transmission  to  compressor  crank 
shaft.  Each  conversion  of  energy  entailed  a  serious  loss, 
and  instead  of  a  transmission  efficiency  of  95  per  cent,  with 
the  simple  arrangement,  probably  less  thau  73  per  cent  , 
efficiency  would  be  obtained  under  the  electric  transmission 
arrangement,  while  there  would  be  a  much  increased  capital 
expenditure  on  account  of  generator,  instruments  and  switch 
gear,  cables,  motor,  and  a  necessarily  larger  prime  mover. 

An  objection  sometimes  advanced  to  compressed  air  as  a 
power  transmitting  agent  was  that  leakage  was  liable  to  be 
a  great  and  unknown  quantity.  The  uncertainty  as  to  the 
rate  of  consumption  of  compressed  air  by  the  various  items 
of  apparatus  to  which  it  was  supplied  aud  the  continuance  of 
the  good  efficiency  of  the  air  compressors  bad  always  been 
a  cause  of  uneasiness  to  the  engineers  responsible  for  the  good 
working  of  an  installation  of  any  considerable  magnitude.  To 
meet  the  requirements  of  the  case  the  author  had  designed  a 
combination  of  variable  orifice  and  mauometer.  The  variable 
orifice  was  in  the  form  of  an  accurately  constructed  sluice 
valve,  and  the  manometer,  which  was  not  provided  with  any 
scale,  simply  indicated  with  great  certainty  and  prevision  one 
particular  pressure  difference  which  might  be  caused  by  move 
or  less  closing  the  valve  to  the  flow  of  air.  The  valve,  which 
could  serve  as  an  ordinary  stop-valve,  was  inserted  in  the  pi]>o 
line,  and  was  fitted  with  a  scale  to  indicate  the  precise  amount 
of  opening,  and  consequently  the  precise  amount  of  throttlin*: 
of  the  flow,  which  produced  that  one  pressure  difference 
under  which  the  manometer  was  operative. 


THE  BURKHARDT  WATER-TUBE  BOILER. 

The  accompanying  illustration  shows  an  interesting  tvpe  of 
water-tube  boiler,  fitted  with  superheater,  designed  by  Mr. 
Burkhardt,  and  manufactured  by  Mr.  J.  Piedboeuf,  of  Dus 
seldorl.  It  comprises  four  drums  connected  in  pairs  by 
bundles  of  tubes  of  2in.  external  diameter  ；  in  these  tubes 
the  steam  is  generated,  the  water  flowing  back  through 
larger  tubes  located  along  the  outside  shell  of  the  boiler 
proper.  The  circulation  of  water  follows,  therefore,  two  inde- 
pendent but  intersecting  paths  ；  in  the  upper  boiler,  above 
the  ascending  pipes,  is  placed  a  longitudinal  plate  to  keep 
the  circulation  of  water  steady  and  to  prevent  violent  varia- 
tions of  the  water  level.  There  are  7,  9，  or  11  water  tubes  in 
one  plane,  their  curvature  being  so  proportioned  that  they 
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may  be  removed  when  ！ lei^essary  through  Hinall  holes  in  the 
jacket  of  the  upper  boiler  ；  these  holes  serve  also  to  clean 
the  pipes  without  entering  th©  boiler.  The  hot  gases  rise 
slowly  in  the  high  combustion  chamber  and  transfer  their 
heat  mainly  l>y  radiation,  while  baffle  plates  made  of  refrac- 
tory ('lay  take  care  that  all  the  tubes  receive  their 山"' 
amount  of  lieat.  At  the  intersection  of  the  nests  an  addi- 
tional amount  of  heat  is  extracted  from  the  gases  by  con- 
duction owing  to  the  strong-  formation  of  eddies.  The  gases 
then  flow  downwards,  and,  witli  a  sharp  change  of  direction, 
on  to  the  two  preheaters  and  smokestack.  The  two  sharp 
changes  of  direction  of  flow  of  the  gases  help  t'o  shake  out 
the  ashes  which  settle  down  and  can  be  conveniently  re- 
moved through  the  dampers.  The  system  of  baffling  the  hot 
gases  is  interesting  in  that  ih  is  arranged  so  that  the  warmer 
gases  are  nearly  always  surrounded  by  layers  of  somewhat 
colder  gases,  thus  materially  decreasing  radiation  losses 
which  are  further  decreased  through  the  hottest  gases  being 
nearly  always  in  immediate  touch  with  the  heating  surfaces. 


「i 


BUBKHARDT  WATER-TUBE  BOILER. 

The  boiler  shell  is  made  of  wrought-iron  walls  lined  with  fire 
clay  and  consisting  almost  entirely  of  flap  doors  ；  this  increases 
th©  accessibility  to  the  boiler  and  facilitates  the  cleaning  of 
the  eoonomiser,  an  especially  welcome  feature  as  there  are 
no  mechanical  appliances  for  this  purpose.  The  preheater 
can  be  blown  through  by  steam  or  compressed  air  even 
during  the  operation  of  the  boiler,  by  means  of  nozzles  rolled 
into  the  upper  header.  The  superheater  is  placed  inside  the 
tube  nests,  and  is  in  the  same  path  of  the  hot  gases  as  the 
water  tubes,  thus  peiynitting  a  very  strong  superheating  with 
a  comparatively  small  surface  of  superheater,  and  the  attain- 
ment of  a  high  steam  temperature  at  low  loads.  The  hot 
gases  flow  through  side  openings  in  the  brickwork  shaft 
where  the  superheater  is  located,  pass  by  it  and  come  back 
to  the  boikr  flues;  rotary  valves  being  provided  to  regulate 
the  admission  of  the  hot  ga&es  to  the  superheater  coils.  By 
a  steam  collector  of  generous  size  the  steam  is  kept  dry  even 
with  a  strong  demand  on  the  heating  surface.  We  are  in- 
debted to  the  transactions  of  the  American  Society  of 
Mechanical  Engineers  for  tlie  fore^oin^  particulars. 


THE  USE  OF  HIGHLY-SUPERHEATED  STEAM  IN 
LOCoMOllVtb.* 

BY  GILBERT  E.  RYDER. 

The  development  of  the  modern  locomotive  has  been  marked 
by  many  improvements,  each  of  which  was  of  some  import- 
ance in  its  evolution.  Those  which  stand  out  most  promin- 
ently are  the  ones  which  have  been  influential  in  making 
possible  large  increases  in  capacity  and  improvements  in 
efficiency.  In  the  earlier  years  of  the  advancement  of  loco- 
motive construction,  capacity  was  the  principal  object  sought 
for  in  order  to  meet  the  ever-increasing  demands  cf  trans- 
portation. Only  within  recent  years  has  the  tendency,  mad  t 
necessary  by  the  narrowing  margin  of  railway  profits,  besn 
that  of  increasing  the  efficiency  of  the  locomotive.  One  of  th  ' 
most  recent  improvements  in  this  direction,  and  one  which 
has  made  possible  the  largest  increases  in  capacity,  and  at 
the  same  time  greatly  improved  efficiency,  is  the  superheater. 
The  extent  of  its  adoption,  prompted  by  the  results  of  its  suc- 
cessful operation,  is  sufficient  testimony  to  its  right  to  be 
classed  among  the  leading  inventions  which  mark  the  progress 
of  locomotive  construction.  Since  the  success  of  this  device 
became  established  in  the  United  States,  about  two  and  one- 
half  years  ago,  there  have  been  over  6,000  applied  to  new 
and  existang"  locomotives  in  operation  on  more  than  100  rail- 
roads. 

While  the  superheater  was  passing  through  the  experi- 
mental stage,  several  forms  and  types  were  tried,  furnishing 
superheat  varying  within  the  range  of  50°  to  250°  Fah.  above 
the  temperature  of  saturated  steam  at  boiler  pressure.  Super- 
heaters furnishing  a  low  or  moderate  degree  of  superheat, 
were  tried  in  service  and 
discarded  because  of  the 
small  economies  obtained,  as 
well  as  the  mechanical  objec- 
tions attending  their  con- 
struction and  location.  The 
type  best  adapted  to  Ameri-  ^ 
can  practice  has  proved  to  ^ 
be  the  fire-tube  superheater  。 
furnishing  steam  with  from  g 
200°  to  250°  superheat.  ^ 

The  design  followed  in  the 
construction  of  this  type  is 
based  on  the  principle  of  the 
location  of  coils  or  units 
within  large  boiler  flues. 
The  front  ends  of  these 
units  are  suitably  con- 
nected with  saturated  and  superheated  steam  passages  of 
a  header  casting,  which  acts  as  a  steam  receiver  or  collector, 
and  is  located  in  the  smokebox.  The  units  extend  nearly 
through  the  flues  and  are  exposed  to  the  temperatures  of  the 
combustion  gases,  which  temperatures  range  from  1,600°  to 
600°  within  the  flue.  The  steam  passing  through  the  pipes 
exposed  to  this  range  of  temperature  is  raised  to  from  200° 
to  250°  above  that  of  the  temperature  of  the  steam  in  con- 
tact with  the  water  in  the  boiler.  With  this  high  degree  of 
superheat  the  steam  has  a  specific  volume,  roughly  30  per 
cent,  larger  than  that  of  saturated  steam  at  the  same  pres- 
sure. In  passing  from  the  superheater  into  the  cylinders  some 
of  the  superheat  is  lost  and  the  specific  volume  is  reduced  to 
a  point  approaching  that  of  saturated  steam.  There  is,  how- 
ever, at  the  moment  of  cut>off，  or  at  the  point  where  the 
expansive  action  of  the  steam  commences,  fullv  100°  of  super- 
heat in  the  st^am,  which  is  enough  to  carry  it  through  expan- 
sion and  exhaust  without  condensation.  The  entire  elimina- 
tion of  all  losses  through  condensation,  together  with  the 
somewhat  increased  specific  volume  of  the  steam,  effects, 
under  average  conditions,  a  saving  of  30  per  cent,  in  the 
steam  consumption  per  indicated  hcrse-power  and  a  crrre- 
sponding  saving  in  fuel  of  25  per  cent,  as  comoared  with  i 
saturated  locomotive  of  the  same  type,  operating  under  the 
same  conditions. 

Before  attempting  to  show  what  bearins:  this  savine  hps 
on  the  maximum  power  that  the  locomotive  cpn  develop, 
there  are  two  points  which  should  be  mentioned.  First :  therf* 

•  Paper  read  before  the  Western  Railway  I'lub,  .Tanuary.  】913. 


'/e6  Per  fiour 


9C  /00 


Fig.  1. ― Charactkbtstic  Rf.lation  be- 
tween Draw-bar  and  Indicated 
Hobse-poweb. 
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Fig.  2.— Pull-speed  Curves  op  Satubatep 
and  superheatku  locomotives. 


is  no  increase  in  pressure  attending  the  addition  of  heat  to 
the  steam  in  the  superheater.  Further,  the  mean  eflVctive 
pressure  in  the  cylinders  of  locomotives  operating  at  the  same 
boiler  pressure,  the  same  cylinder  diameter,  the  same  cut-off 
ami  stroke,  is  no  higher  in  the  superheater  locomotive  than 
in  the  saturated  locomotive.  Either  of  these  facts  will  be 
evident  upon  the  comparison  of  indicator  diagrams  taken 
from  cylinders  operating  with  saturated  and  with  super- 
licatol  steam.  Reasons  other  than  these  must  then  explain 
the  increase  in  hauling  capacity  of  the  locomotive  resulting 
I'roiii  t lie  use  of  highly  superheated  steam. 

The  increase  in  hauling  capacity  is  obtained  by  the 
increase  in  efficiency  of  the  locomotive,  〗m"le  possible  j)rin- 
<"ipally  by  the  entire  elimination  of  condensation  and  in  a 
sina  1  part  by  the 
increase  in  specific 
volume  of  the  steam. 
By  reason  of  these  con- 
ditions, the  same  cylin- 
der power  may  be 
developed  at  a  lower 
steam  rate.  A  lower 
steam  rate  means  the 
evaporation  of  less 
water  per  unit  of  power, 
resulting  in  an  increase 
in  boiler  capacity  and 
a  saving  in  fuel.  In- 
creased boiler  capacity- 
can  be  made  to  be  a 
source  of  greatercylinder  power,  which  in  turn  results  in  increased 
drawbar  power  or  greater  hauling  capacity  for  the  same 
amount  of  fuel  burned.  The  increase  in  drawbar  horse-power 
obtained  is,  of  course,  a  measure  of  the  increased  hauling 
capacity  resulting  from  superheating. ' 

To  illustrate  the  increase  in  drawbar  horse-power 
obtained,  it  is  convenient  to  assume,  two  locomotives  of  the 
same  cUniensions  and  working  under  the  same  conditions  of 
boiler  pressure,  cut-off  and  speed,  developing  the  same  indi- 
cated horse-power,  one  using  saturated  steam  and  the  other 
using  highly  superheated  steam.  Under  average  conditions 
the  superheater  locomotive  will  burn  at  least  20  per  cent,  less 
coal  per  indicated  horse-power.  Then,  if  the  same  amount 
of  coal  is  burned  in  the  superheater  engines  as  in  the  satur- 
ated engine,  and  if  the  efficiency  of  the  boiler  is  the  same, 
and  the  engine  efficiency  remains  constant,  the  indicated 
horse-power  developed  will  be  25  per  cent,  more  than  that  of 
the  saturated  engine.  That  is,  if  a  given  amount  of  coal  is 
burned  in  a  superheater  locomotive,  say  801bs.，  a  certain 
horse-power  will  be  developed  ；  then,  in  order  to  develop  the 
same  power,  lOOlbs.  must  be  burned  in  a  saturated  locomotive. 
Then,  if  the  same  amount  of  coal  is  burned  in  each  locomo- 
tive, the  power  developed  by  the  superheater  engine  will  be 
in  the  ratio  of  100  to  80，  or  25  per  cent .  in  excess  of  the 
power  developed  by  the  saturated  engine. 

Only  about  70  per  cent,  of  the  cylinder  power,  or  the 
indicated  horse-power,  is  available  at  the  drawbar  of  the 
tender  in  the  operation  of  saturated  steam  passenger  locomo- 
tives at  average  speeds.  By  the  addition  of  thp  superheater, 
the  weight,  dimensions,  &c.，  of  tlie  locomotive  are  not 
changed  materially  and,  therefore,  its  efficiency  as  a  whole, 
will  increase  over  the  saturated  locomotive  at  corresponding 
speeds,  because  the  cylinder  power  is  greater,  while  the 
actual  machine  and  tender  friction  remain  practically  con- 
stant. For  example,  a  saturated  locomotive  developing 
1,000  h. p.  at  the  cylinders  on  a  given  amount  of  coal,  30  per 
cent,  or  300  h.p  being  consumed  in  the  engine  and  tender, 
will  have  available  at  the  tender  700  drawbar  horse-power. 
A  superheater  locomotive  of  the  same  dimensions  operating 
at  the  same  coal  rate,  will  develop  1,250  h.p.  at  the  cylinders. 
The  loss  between  the  cylinders  and  the  drawbar  will  prac- 
tically remain  the  same,  or  300  h.p.,  which  will  leave  950h.p. 
available  at  the  drawbar,  which  is  approximat?]y  35  per  cent, 
greater  than  that  developed  by  the  saturated  :oniotive.  This 
example  shows  cleai*lv  what  increase  in  hauling  caj)acit v  is 
possible  by  superheating.  Results  of  tests  and  road  condi- 
tions have  verified  these  figures  many  times,  but  to  show  just 
what  some  of  these  results  have  been ,  it  will  be  interesting 
to  investigate  the  follcwins:  curves. 


The  relation  between  the  drawbar  horse-power  and  the 
indicated  horse-power  is  shown  by  the  curves  in  Fig.  1.  They 
are  typical  curves  representative  of  the  indicated  aud  the 
corresponding  drawbar  horse-power  developed  by  a  modem 
Pacific  type  locomotive  in  passenger  service  running  at  vari- 
ous speeds  from  starting  to  85  miles  per  hour,  and  illustrate 
the  figures  used  in  comparison  given  above.  The  drawbar 
horse-power  is  roughly,  70  per  cent,  of  the  indicated  horse- 
power at  from  65  to  75  miles  per  hour,  and  varies  in  an 
inverse  proportion  with  the  speed.  It  requires,  therefore, 
greater  cylinder  power  to  maintain  a  certain  drawbar  horse- 
power at  the  higher  speeds.  When  the  saturated  locomotive 
has  reached  its  limit  in  indicated  horse-power,  the  super- 
heater locomotive  still  has  a  margin  in  cylinder  power  be- 
cause of  the  lower  steam  rate  and  consequent  increased  boiler 
capacity.  In  otlier  words,  it  has  been  shown  in  Fig.  1，  that 
the  engine  efficiency,  or  the  percentage  of  the  indicated 
horse-power  which  is  available  at  the  drawbar,  varies  with 
the  speed  at  whicli  the  locomotive  is  operated.  The  hauling 
capacity  of  the  locomotive  at  different  speeds  depends  on  the 
tractive  power  that  can  be  developed  and  sustained  at  these 
speeds.  The  m ax i muni  sustained  tractive  effort  (lej)encls  in 
turn  primarily  on  the  boiler  capacity. 

To  show  the  supremacy  of  the  superheater  locomotive,  as 
far  as  sustained  tractive  power  is  concerned,  the  curves  in 
Pig.  2  show  a  comparison  of  the  drawbar  pulls  in  pounds  of 
a  saturated  and  a  superheated  locomotive  of  the  same  general 
dimensions,  at  speeds  ranging  from  25  miles  an  hour  to  84 
miles  an  liour  for  the  saturated  locomotive,  and  to  95  miles 
an  liour  in  the  case  of  the  superheater  locomotive.  At  80 
miles  an  hour,  the  sustained  tractive  effort  of  the  superheater 
locomotive  is  about  33  per  cent,  above  that  of  the  saturated 
locomotive,  and  represents  the  increased  hauling  capacity 
available  at  the  drawbar  at  this  speed  obtained  by  the  use  of 
highly  superheated  steam .  In  connection  with  these  curves 
it  is  interesting  to  note  that  the  limit  in  speed  of  the  satur- 
ated locomotive  with  the  train  that  it  was  pulling  was  very 
nearly  reached  at  85  miles  an  hour,  indicated  by  the  fact 
that  the  curve  fades  rapidly  from  75  to  85  miles  per  hour. 
The  same  reference  to  the  other  curve  would  indicate  the 
limit  of  the  superheater  locomotive  with  its  train,  wliich  wa? 
the  same  weight,  was  not  reached  at  95  miles  per  hour.  The 
conditions  limiting  the  speed  probably  being"  those  of  track, 

rather  than  that  of  in- 
sufficient boiler  capa- 
city. 

The  superiority  of 
the  superheater  over 
the  saturated  engine, 
or  the  increased  haul- 
ing capacity  obtained 
by  it,  is  clearly  pointed 
out  by  a  comparison  of 
the  curves  in  Fig.  3. 
While  they  show  the 
drawbar  horse-power 
of  the  saturated  and 
superheater  locomo- 
tives sustained  at 
various  speeds,  con- 
sidered in  Fig.  2,  they 
are  representative  of 
results  that  may  be 
expected  by  the  intro- 
duction of  the  super- 
heater. The  maximum 
saturated  engine  was 
while  the  superheater 


Miles  Per  Hour 


Fia.  3.— Drawbar  Horse-power  or  Satu- 
ratki)  and  superhkater  locomotivks 
at  Vahious  Speeds. 


drawbar     horse-power     of  the 
developed  at  about  33  miles  per  hour 

locomotive  developed  its  niaxinium  drawbar  hoi'se-power  at 
50  miles  per  hour. 

The  increased  hauling  capacity  realised  in  actual  service 
by  the  use  of  highly  superlieated  steam  varies  widely.  The 
ton  mile  basis,  however,  wliich  is  generally  used,  is  not  alto- 
gether reliable  and  does  not  show  the  true  increase  in  hauliii£r 
capacity  that  is  obtained.  For  example,  we  mav  consider  a 
s  lturated  locomotive  operating  a  train  of  eight  cars,  weighing 
say  500  tons,  over  a  100  mil-e  division,  wliicli  would  represent 
50,000  ton  miles.  By  the  introduction  of  the  superheater  it 
possible  to  haul  10  cars  over  the  same  division  in  the 
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sauiB  time,  burning  the  same  ainount  ol'  coal.  When  I  In* 
sujMiriority  of  the  superheater  locomotive  is  considered  on  1  \\r 
ton  mile  Imsis,  the  increase  in  ton  miles,  due  1o  t  he  super- 
heater, in  this  case,  is  20  per  cent.,  while  in  reality,  then' 
may  have  been  many  points  on  the  division  where  Hit'  sup('r- 
heater  locomotive  was  developing  a  drawbar  horse-power 
much  more  t  han        prr  in  excess  of  t  hat  flcvrlopcd  l>v 

the  saturated  locomotive.  This  point  is  illust rated  hy  t  lit- 
graphic  log  shown  in  Fig.  4  y  whicli  was  ol>t;ihu'd  from  ;u-l  u;i  1 
tests  of  practically  the  same  weights  of  trains  opecatcd  m't'r 
81  mile  division,  first  by  a  saturated  an<l  t Ihmi  hy  a  supef- 
lirater  locomotive.  WIhmi  consider-ed  on  a  ton  mile  basis,  t  he 
superheater  lo(om()t i、'（'  shows  no  superiority  over  tlie  satur- 
atetl  locomotive.  However,  by  coniparin^  various  pa rl s  uf 
1  lie  run,  it  is  evi(l("it，  t  hat  t  he  su]>erhe;iter  】o('(>inot  i ve  was 
developing  more  drawbar  horse-power,  or  a  gmiter  liaulin^ 
f:aj>a('ity  than  the  saturated.  It  is  also  evident  from  the  log, 
t  hat  the  sat  urated  locomotive  was  taxed  very  nearly  to  t  lie 
limit  of  its  capacity  1  hroughout  the  entire  run  in  order  to 
make  the  schedule,  and  coming  into  the  terminal,  it  w;is 
necessary  to  mainlain  a  hi^li  spet'd  to  the  very  end  of  the 
run.  While  in  the  case  of  the  superheater  locomotive,  the 
speed  over  the  first  half  of  the  run  was  considerahly  higlit'r 
than  was  necessary  io  maintain  the  schedule  ；  evident  from 
the  fact,  that  the  speed  curve  drops  below  that  of  the  satur- 
ated engine  over  the  latter  part  of  the  division.  Tlie  speed  on 
the  grades,  and  on  the  (lifficidt  parts  of  the  run  was  also 
higher  than  the  saturated  locomotive  could  make.  Tlie  maxi- 
mum speed  obtained  by  the  saturated  engine  was  84  miles  an 
hour,  while  the  superheater  engine  at  the  same  point  on  the 
division  reached  nearly  93  miles  an  hour.  It  is,  therefore, 
apparent  that  the  increased  hauling  capacity  due  to  the  use 
of  superheated  steam  is  best  measured  by  the  increase  in 
power  obtained  at  the  drawbar. 

r"  a  preceding  paragraph,  it  was  pointed  out  that  the 
hauling  capacity,  or  the  sustained  tractive  effort  at  different 
speeds  depend^  on  the  boiler  capacity  and  the  engine 
efficiency.  It  is  by  reason  of  the  increased  boiler  capacity, 
(iue  to  the  entire  absence  of  cylinder  condensation,  together 
with  the  gain  due  to  the  greater  specific  volume,  that  it  is 
]>ossible  to  develop  a  higher  indicated  horse-power,  and  tlie 
attending  increase  in  drawbar  horse-power  realised  with 
superheated  steam,  that  the  work  done  per  pound  of  steam  is 
increased.  This  increase  may  be  made  useful,  either  by 
longer  cut-off  at  the  same  speed,  or  greater  speed  at  the  same 
cut-off. 

By  superimposing  the  indicator  cards  taken  from  a  satur- 
ated  and  superheated  locomotive  of  the  same  general  dimen- 
sions, operating  at  the  same  steam  rate,  it  will  be  noted  that 
the  area  of  tlie  superheater  engine  card  is  greatly  in  excess  of 
the  saturated  engizie  card,  due  to  the  greater  cut-off  at  which 
the  former  may  be  operated.  The  difference  does  not,  how- 
ever, measure  completely  the  increased  boiler  capacity  that 
may  be  obtained  by  superheating.  In  order  to  utilise  to  the 
fullest  and  most  economical  extent,  the  increased  capacity  of 
the  boiler  obtained  by  the  superheater,  it  is  not  enough  to 
merely  increase  the  cut-off  or  the  length  of  admission,  be- 
cause if  this  only  is  done,  the  steam  will  not  be  used  at  the 
same  efficiency.  That  is,  the  cut-off  coming  later  in  the 
sjroke,  the  steam  does  not  liave  an  opportunity  to  expand 
tli rough  the  necessary  range  to  ensure  its  most  eroiu 川 ii(al 
use.  The  terminal  temperatures  and  pressure  are  hio-h  and 
consequently,  the  losses  are  greater.  The  diameter^of  U"、 
cyJinders  should  be  increased  in  proportion  to  the  increase  in 
boiler  capacity  to  realise  to  the  fullest  extent  the  possible 
fonon^-  This  can  be  done  without  any  limitations  from 
tei|r  .°\  condensation.  In  new  locomotives,  it  can  be  prr>- 
Vlde;!  i01\  1,1  the  design.  When  sui)erlzeaters  are  applied  "> 
^xishng  locomotives  the  adhesive  factor  and  thv  streno-th  of 
Partf  "  withstand  the  greater  piston  thrusts  must  bo 
taken  into  account.  It  is  generally  possible  to  increase  the 
cylinder  diameter  to  some  extent  without  dan-er  This 
tact  makes  the  superheater  an  economical  remedy  for  (卜 
=t1Ves  where  cylinders  are  too  large  for  the  boiler,  or  in 
other  words,  for  locomotives  deficient  in  boiler  rapacity 

Before  leaving  the  subject  of  increase  in  haulincr  <;M)acitv 
；1 ttemh;^  tlie  use  of  highly  superheated  steam,  it  is'  pertinent 

mentxon  its  effect  upon  the  tonnage  ratn.o-  of  locomotives 
ln  the  ratlnS  of  locomotives  the  boiler  rapacity  is  in  most 


cases  either  directly  or  indirectly  i\w  limiting  factor  aiul  tli  • 
maximum  starting  effort  that  the  loromotive  is  capable  of 
exerting  is  of  secondary  irnportaiice.  WIhmi  <-onsifl**riug  the 
rating  of  locomotives  in  pusher,  slow  flrag  service  and  hcavv 
switching  service,  the  maximuiu  t  ra*  t  iv<*  ''(W,  heroines  ihr 
leading  factor  in  fixing  the  tonnage  of  the  trains  to  be 
hauled,  but  even  in  these  instances,  the  sustained  tractive 
effort  is  in  many  cases  made  dependent  on  the  boiler  capa- 
city. Passenger  locomotives  and  frei^lit  Iwmot i、'es  in  t \n- 
rating  of  which  the  speed  element  enters  in.  are  rated  ac- 
corfliii^  to  the  ability  of  the  boiler  to  furnish  strain  main- 
taining a  certain  tractive  effort  at  the  desired  f  (1 ;  tin- 
maintaining  starting1  effort  being  only  a  fraction  of  the  maxi- 
mum starting  effort  of  the  locomotive,  so  tliat  in  almost  all 
cases  it  may  be  said  that  the  tonnage  rating  is  in  reality 
based  on  the  capacity  of  the  boiler.  Then,  iitHsmuch  as  t  h:' 
increased  hauling  capacity  is  based  iipr>]i  t  he  ability  of  the 
toiler  to  furnish  sufficient  efficient  steam,  tlie  sui"',  1,'  at'  i 
installed  in  the  boiler  provides  a  reserve  source  of  power 
which  is  amply  sufficient  to  meet  the  demands  that  are  made 
upon  it.  In  fact,  it  has  been  said  that  the  superheater  locomo- 
tive cannot  be  overloaded,  1 川 t  t  hat  it  will  pull  all  thai  it 
can  start.  It  is  also  a  fact,  that  as  the  flemands  for  power 
are  increased  in  the  operation  of  the  superheater  lotoinotivc. 
the  efficiency  increases,  which  Tiiakes  it  possible  lo  "  beat  it." 
unfler  conditions  where  a  saturat<id  lorf'motive  must  he 
favoured. 

That  the  possibility  exists  of  obtaining  economies  in  coal 
consumption  aiul  large  increases  in  hauling  capacity  \>y  t  In* 
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Fig.      Gbaphic  Logs  of  Bi-.ns  made  by  Saturated  and  S[  ['euiii'.ati:k 
Locojiotives. 

introduction  of  the  superheater  is  apparent  from  the  results 
of  many  of  the  locomotives  equipped  with  the  apparatus. 
However,  in  ovder  to  obtain  these  results  in  tlie  highest 
degree  there  are  some  points  regarding  the  operation  and 
maintenance  of  tlie  superheater  locomotive  tliat  must  !>,> 
observed. 

Al!  parts  of  the  locomotive  require  a  certain  amount  of 
attention  in  order  that  they  may  be  properly  maintained. 
TWe  are,  however,  some  parts,  the  maintenance  of  wliidi 
is  more  vital  to  the  efficiency  of  the  engine  than  others.  The 
superheater  may  be  considerably  neglected  without  resulting 
m  a  complete  engine  failure,  but  any  neglect  will  affect  it- 
efficiency  and  tlie  ultimate  results  in  economy  tliat  mav  U, 
realised  will  not  be  obtained.  Oiu>  instance  "which  I  recall 
wa?  tliat  of  an  engine  in  passenger  service,  running  out  of 
Chicago.  For  some  time  this  engine  had  been  reported  as 
not  steaming  well.  The  front  end  was  examined  and  there 
w.ere  found  to  be  three  holes  of  about  ^in.  diam.  in  the  unit 
pipes,  having  been  cut  there  by  the  action  of  the  steam  from 
a  leak  in  the  front  flue  sheet  flange.  Had  there  been  a  leak 
of  this  size  in  the  steam  pipe  of  a  saturated  engine,  it  would 
hav!  ljee11  impossible  to  operate  at  all.  The  superlieater  loco- 
motive'  however,  had  a  sufficient  margin  in  steam  capacity 
to  make  the  schedule  time  over  the  division,  although  the 
ecouom)'  that  should  liave  been  obtained  was  not"  bein- 
realised. 

' This  incident  is  mentioned  to  bring  out  the  importaiu.- 
°f  making  periodical  inspections  and  tests  of  the  super- 
heater, and  partirularlv  of  the  front  end,  ln  order  to  find 
a"'v  leaks  that  will  affect  the  economy  of  the  operation  l,e- 
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fore  they  have  become  so  large  that  the  engine  must  be 
taken  out  of  service  to  repair  them.  The  practice  of  making 
an  inspection  every  30  days  will  ensure  a  better  economy  in 
the  performance  of  the  engine,  as  well  as  prevent  any  small 
leaks  becoming  so  large  as  to  necessitate  extensive  repairs. 

Another  point  to  be  carefully  watched  in  the  mainten- 
ance of  the  superheater  locomotive  is  that  of  keeping  the 
large  flues  clean  so  that  the  flow  of  gases  through  them  will 
not  be  retarded  or  altogether  stopped.  The  water  heating 
surface  in  the  boiler  of  the  superheater  locomotive  is  less 
than  that  of  the  boiler  of  the  same  design  for  saturated  loco- 
motives, and  the  large  flues  constitute  a  large  percentage  of 
this  surface.  If  cinders  are  allowed  to  accumulate  in  them 
they  will  become  partially  or  wholly  stopped  up,  and  the 
water  heating  surface  which  they  represent  will  become 
inactive.  Stopping  up  of  the  large  flues  also  influences  the 
efficiency  of  the  superheater  inasmuch  as  the  flow  of  the  gases 
is  retarded  and  the  amount  of  heat  available  for  suj>erheat- 
ing  thereby  restricted.  The  flue  cleaning  periods  cannot  be 
fixed  to  apply  to  all  operating  conditions  ；  the  quality  of  the 
coal  used  principally  governs  the  fixing  of  these  periods. 
With  some  classes  of  coal,  it  is  necessary  to  clean  the  flues 
every  trip,  while  with  others,  engines  will  run  days  and 
even  weeks  without  any  attention.  When  the  flue  cleaning 
periods  have  been  fixed  by  the  operating  conditions,  they 
should  be  strictly  adhered  to. 

For  the  same  reason  that  the  flues  should  be  kept  clean, 
care  should  also  be  taken  to  prevent  the  occurrence  of  leaks. 
From  a  maintenance  standpoint,  the  care  of  the  flues  neces- 
sitates the  use  of  the  flue  roller,  prosser  expanders  and  bead- 
ing tool.  Ill  using  these  tools,  experience  has  proven  thai 
the  prosser  should  be  given  the  preference,  using  the  roller 
only  when  absolutely  necessary,  and  omitting  the  beadirag  pro 
cess  unless  the  condition  demands  that  it  be  used.  The  de- 
signs of  tools  t.li at  have  given  the  best  satisfaction  in  carrying 
out  this  work  are  the  roller,  consisting  of  five  rolls,  and 
prosser  of  noi  less  than  twelve  sections.  Specific  flue  condi- 
tions, of  course,  demand  that  specific  methods  be  used  in 
caring  for  them,  but  the  above  applies  in  general.  The 
maintenance  and  operation  of  superheater  locomotives  are 
very  closely  allied,  and  the  value  of  good  maintenance 
methods  and  conditions  can  be  reduced  by  improper  opera- 
tion. While  the  operation  of  the  superheater  locomotive 
does  not  differ  in  general  from  that  of  properly  operating 
saturated  locomotives,  there  are  certain  practices,  which,  if 
carefully  followed,  will  make  it  possible  to  realise,  to  a  fuller 
extent,  the  increased  capacity  and  efficiency  of  a  locomotive 
comprising  superheater  equipment. 

The  firing  should  be  light  and  regular,  on  account  of  the 
fact  that  the  coal  economy  is  improved  by  the  superheat, 
thereby  necessitating  the  burning  of  a  smaller  amount  of 
coal  to  develop  the  same  pow^r.  The  aim  of  the  fireman  on 
a  superheater  locomotive,  in  order  to  ^et  the  best  results, 
and  to  make  the  work  easier  for  himself,  should  be  to  main- 
tain a  fire  that  will  result  in  the  highest  firebox  tempera- 
tures. This  practice  will  ensure,  as  far  as  combustion  is 
concerned,  the  highest  degree  of  superheat  and,  therefore, 
the  best  efficiency  for  the  locomotive. 

In  running  locomotives  equipped  with  superheater,  the 
engineer  should,  in  addition  to  satisfying  himself  that  all 
parts  are  operative,  carry  the  water  in  the  boiler  as  low  as 
operating  conditions  will  permit.  The  superheater  provides 
the  same  power  on  the  evaporation  of  from  30  to  35  per  cent, 
less  water,  which,  of  course,  means  that  water  will  not  drop 
so  fast  in  the  boiler  with  the  injector  cut  down,  or  shul  off. 
The  practice  of  carrying  water  as  low  as  possible,  results  in 
a  higher  efficiency  of  the  superheater,  because  the  quality  of 
the  steam  is  better,  or  the  moisture  which  it  contains  is 
less,  when  the  water  level  is  farthest  away  from  the  point 
where  the  steam  -enters  the  throttle  box.  "Whatever  moisturo 
there  is  in  the  steam  when  it  enters  the  throttle  valve  must 
be  evaporated  in  the  superheater  before  superheat  can  be^in 
to  be  realised.  Therefore,  as  the  amount  of  water  in  the  steam 
is  increased,  the  efficiency  of  the  superheater  is  decreased.  On 
account  of  the  difference  in  the  amount  of  lieai  required  to 
evaporate  the  water  compared  with  that  necessary  to  raise 
Ihe  temperature  of  the  steam  in  the  superheater,  water  ad- 
mitted with  the  steam  will  reduce  the  economy  that  the 
superheater  is  capable  of  effecting*. 


One  more  important  point  on  the  subject  of  operation 
is,  that  of  the  proper  lubrication  of  the  valves  and  cylinders. 
Because  of  the  high  temperature  of  the  walls  of  the  valve 
and  cylinders  in  superheater  locomotives,  oil  with  a  flash 
point  as  high  or  higher  than  these  temperatures  should  be 
used .  While  it  has  been  shown  that  oil  enclosed  in  the  steam 
may  be  raised  to  a  temperature  several  hundred  degrees 
above  that  of  steam  coming  from  the  locomotive  superheater, 
the  temperature  of  the  cylinder  walls,  valve  and  steam  chests, 
does  not  drop  instantaneously  when  the  flow  of  steam  is  shut 
off.  If  the  oil  used  has  a  flash  point  or  carbonising  point 
below  the  temperature  of  these  walls,  the  steam  shut 
off  and  air  admitted  through  the  vacuum  valves,  the  result 
must  be  a  carbonisation  or  burning  of  the  oil.  So  in  order  to 
ensure  against  the  carbonisation  of  the  oil  in  the  cylinders, 
valves  and  the  gumming  up  of  the  rings  and  clearance  spaces, 
it  is  recommended  that  the  engine  tbrx>ttle  be  slightly  cracked 
while  drifting,  or  independent  drifting  valves  iised  to  admit 
steam  to  the  cylinders  while  the  engine  is  drifting. 

In  conclusion,  we  may  sum  up  that  the  superheater  loco- 
motive is  capable  of  producing  a  marked  increase  in 
hauling  capacity,  which  is  best  measured  in  draw- 
bar horse-power,  a  saving  in  fuel,  and  a  reduction  in  the  cost 
of  transportation,  made  possible  by  the  increase  in  haulintr 
capacity.  In  order,  however,  to  obtain  these  results  to  their 
fullest  extent,  certain  care  must  be  taken  in  operating  and 
maintaining  it. 


CONVEYERS  FOR  FACTORIES. 

At  a  meeting  of  the  Mancliester  Association  of  Engineers 
held  on  Saturday  last,  Mr.  W.  H.  Atherton,  M.Sc,  read  a 
paper  entitled  "  Continuous  Package  Conveyers  for 
Factories."  He  said  that  all  the  means  employed  for  moving 
goods  from  one  point  to  another  could  be  included  under  two 
heads  ：  (1)  Intermittent  methods  such  as  the  wheelbarrow, 
crane,  and  cage  hoist,  and  (2)  Continuous  methods  which 
included  the  numerous  family  of  conveyers  and  elevators,  and 
some  types  of  ropeways.  The  former  had  been  used  for 
centuries,  while  the  latter  were  of  comparatively  recent 
application.  In  the  most  general  sense  one  might  include 
under  the  term  "  conveyer "  any  kind  of  truck,  carriage, 
locomotive,  canal  boat,  ship,  crane,  overhead  runway,  telpher, 
transporter,  or  ropeway  ；  but  in  the  restricted  or  specialised 
technical  sense,  a  conveyer  was  a  machine  capable  of  carry- 
ing goods  in  a  continuous  stream,  usually  in  one  direction 
only,  and  having  for  its  most  characteristic  feature,  some  form 
of  endless  band  or  chain  belt  built  up  of  a  series  of  metallic 
links,  with  its  attached  carriers.  This  definition,  however, 
did  not  include  the  inclined  roller  tracks  or  runways  now  so 
much  used  in  connection  with  light-cased  goods,  and  often 
referred  to  as  gravity  conveyers.  In  an  engineering  workshop 
the  transportation  work  was  essentially  of  an  intermittent  and 
miscellaneous  character,  demanding  the  use  of  overhead 
travelling  cranes,  telphers,  and  pulley  blocks.  In  such 
situations  conveyers  were  seldom  applicable  ；  because  they  did 
not  possess  the  same  flexibility  and  radius  of  action  as  cranes, 
and  they  were  not  at  all  suitable  for  】r»oving  isolated  lieavv 
articles  at  considerable  intervals  of  time.  On  the  other  hand, 
the  transportation  work  was  of  a  fairly  uniform  and  con- 
tinuous character  in  large  warehouses  and  productive 
factories  ；  such  as  spinning  mills,  breweries,  bottling  stores, 
paper  mills,  soap  works,  tobacco  and  biscuit  factories,  where 
conveyers  could  often  be  applied  with  oreat  economic 
advantage.  Conveyers  were  usually  installed  for  the  follow- 
ing reasons  ：  (1)  To  save  labour  and  time.  (2)  To  increase 
the  output,  and  (3)  To  utilise  existing  buildings  for  new  pur- 
poses. Although  the  mechanical  construction  of  conveyers 
was  simple,  yet  the  variety  of  types  was  so  great  and  the 
conditions  of  application  so  diverse  that  it  often  became  quite 
a  complex  engineering  problem  to  design  the  most  suitable 
scheme  of  conveyers  to  meet  existing  local  conditions  and 
requirements.  The  designer  also  experienced  the  ever-present 
difficulty  of  endeavouring  to  reconcile  as  far  as  possible  the 
conflicting-  demands  of  low  first-cost  and  efficiency  in  opera- 
tion throughout  a  reasonable  period  of  years.  This  difficulty 
was  by  no  means  unknown  in  other  branches  of  engineerinir, 
but  in  the  case  of  conveying  machinery  commercial  considera- 
tions seemed  to  be  specially  insistent.  The  desire  on  the  part 
of  in  any   purchasers  to  cut  the  price  at  all  hazards  was  a 
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mistaken  policy,  which  often  resulted  in  niaclnnery  that  was 
cheap  bub  not  economical,  and  sometimes  led  to  serious 
(rouble.  Tlio  autlior  noxt  procoedod  to  describe  very  fully 
the  various  types  of  j>ackage  conveyers,  and  illustrated  their 
application  to  di/Terent  industrial  purposes  l)v  views  and 
details  of  numerous  art  ual  install;it  ions. 


K  \V .  Oil,   J',  \  ( .  I  X  K  I  N^TAI.I-A  IION. 

Two  500  i).h.|).  oil  en^iiK's  riii <•<■(  coupU^I  to  .'i25-kw. 

dii'ect  -current  generatM'K,  、villi  fit  t  iii».'H    9 

Circulating  puinp   

Piping  for  water,  exhaiiHt,  aiul  siU-nrcrs   

Hn^ine-liouse  nn<l  foundat  ions    1 

Oil  storage  tank  £70,  switchl.oar.l  I  I2<>   


COMPARATIVE  COSTS  OF  PRIME  MOVERS. 

In  a  paper  on  1 '  Internal coinhust  ion  Kn^int's/ '  read  hel'orc 
I  ho,  Yorksliire  section  of  lln'  I  list  ilut  i'm  of  Elect  rical  Engi- 
neers, Mr.  K .  Cox  referred  to  1  he  coiii])arat ivc  costs  of  in- 
stalling and  working  various  prime  movers  for  t Ik*  "(>iiera"()ii 
of  electricity,  and  to  rtve!"  山1  v ('！ ()pm:';" s  m  the  'lesion 
interiial-coinhustiou  engines. 

Til  the  case  of  an  extension  t o  a  sieani  plant T  he  said, 
where  there  were  existing  boilers  cai>al)Ie  of  giving  enough 
steam,  a  turbo  set,  with  it's  lower  capii a]  cost ,  would  probably 
prove  the  most  satist'aciory  expedient,  and  in  I  he  case  of  a 
very  large  installation,  where  spare  was  of  prime  iinporlaiu  e, 
and  j>articularlv  where  heavy  peak  】oa(ls  had  to  he  carried, 
the  turbo  sclieine  must  also  offer  the  most  satisfactory  solu- 
tion. On  the  other  hand,  where  a  new  plant  iiad  to  he 
erected,  and  more  especially  where  coal  was  expensive  and 
the  load  fairly  steady,  the  internal-coin  bust  ion  engine  had 
many  points  in  its  favour.  There  was  not  very  much  dif- 
ference between  the  capital  cost  of  steam,  gas,  or  Diesel 
engine  stations,  when  all  the  necessary  auxiliaries,  buildings, 
and  foundations  were  taken  into  consideration. 

The  steam  station  consisted  of  boilers  with  their  seatings, 
flues,  and  chimney  stack,  also  economise rs,  superheaters,  and 
feed  pumps.  The  turbo-generator  would  certainly  be  much 
cheaper  than  the  gas  or  Diesel  d riven  set,  but  i here  also  inusl 
be  taken  into  consideration  the  necessary  condensing  plant 
and  high-pressure  piping.  The  gas  station  would  consist  of 
a  gas  producer  plant,  gas  engine,  and  generator,  water  civ- 
culatiiig  pumps  and  air  compressor  for  starting  purposes, 
and  there  would  be  an  engine-house  and  small  shed  for  cover- 
ing tlie  boiler  and  gas  producer  auxiliaries.  The  Diesel 
engine  station  would  cost  somewhat  more  than  t!ie  steam 
station  ；  but  although  the  Diesel  engine  was  a  coinparatively 
expensive  piece  of  machinery  it  was  complete  in  itself  ；  the 
only  accessories  being  a  circulating  water  pump  and  fuel 
tanks. 

The  comparative  capital  cost  for  a  station  of  650  k\v., 
wliich  would  be  a  typical  installation  for  the  supply  of  power 
to  a  moderately  large  works  or  factory,  would  be  as  follows  :— 


Approximate  Capital  Cost. 

650  kw.  tuubo  genehating  plant.  £ 

Power-house,  crane,  chimney,  and  fittings   2,500 

One  B.  aud  W.  boiler,  mechanical  stoker,  and  internal 

superheater   1 ,300 

Motor  and  gear  for  driving  stokers    50 

Setting  for  boiler    150 

One  650  kw.  turbo-alternator  set  with  coiuleuser   4,000 

One  boiler  feed  pump   】 00 

Piping  and  waives — steam  £500，  water  £153     650 

Switchgear   100 

Total  capital  cost   £8,850 

650  kw.  Gas  Engine  Installation. 

Two  500  b.h.p.  gas  engines  direct-connected  to  325  kw.  £ 

direct-current  generators,  wit h  fittings    )(> 

Air  starting  equipment    of   motor-driven    (。川 j>r。ss()r 

and  tanks  ；   150 

Water  circulating  pumps  (motor-driven  )    f ；。 

loping  for  gas,  air,  water,  exhaust,  and  sileurei's. . . ...  210 

1,000  b.h.p.  continuous-pressure   gas    plant,  coolers, 

scrubbers,  cleaning  tVn,  gas-holder,  and  boiler   2,250 

Foundations  for  gas  plant   >   200 

Engine-house  and  foundations    800 

Switchboard   120 


Total  capital  cost   £9,640 


Total  capital  cost   丄 1  l.oSli 

Assuming  (hat  the  st.it ion  would        worked  3,*)0i)  lio  irs 


a  year,  the  running  costs  per  week  would  be  as  follows  ： — 

Al'THOXIMATi;    J{UNMN<;    C()H'\  . 
650  KW.  TL'ItHO-(;K\KIiAT(Nr;   I*  LA  NT. 

Fuel  :  171bs.  of  steam  per  kilowati  hour,  iix-ludiiig  丄'    s.  *l. 
auxiliaries  (coal  10s.  per  ton,  10  per  cent,  for 

standby)    25  0  0 

Labour  :  Stoker  3t)sM  atteiidant  36s. ，  labourer  20s.  4  5  0 

Oil,  waste,  and  stores    2  ('  0 

Repairs  aiul  tnainteiiauce     1  14  0 

Interest :  5  per  cent,  on  £8,850    8  \U  () 

Depreciation  :  7.1,  )>er  cent .  ai\  t  \iv\n)  sot    (J    3  (， 

2!,  per  cent,  on  buildings   1     9  (> 

Total  running  cost    丄 T/J     1  '  > 

Cost  per   brake    horse-power,    0H)(1  ；    per  kilowatt-hour. 

0'348d. 

650  kw.  Gas  En (； ink  Installation. 

Fuel :  Bituminous  slack  at-  His.  per  ton  (1 丄 Uis.  per      £    s.  (1. 

brake  horse-power  hour,  including  standby)   13  11  0 

Labour :  Driver  35s. ，  gas  plant  muii  :;。s.，  labourer 

20s   4    5  0 

Oil,  waste,  and  stores    1     7  (» 

Repairs  and  maintenance    1  19  (, 

Interest :  5  per  cent,  on  £8,850  -..  8  lo  n 

Depreciation  :  7 J,  per  cent,  on  engine  aiul  producer  1 12  1")  '  ► 

2\  per  cent,  on  buildings   0    8  0 


Total  iMinning  cost    £43  1 '  >  o 

Cost  per  b.h.p.  hour,    0195d.  :    per    kilowatt  hour,  ''i 

650  kw.  Oil  Engine  Installation.  £    s.  d. 

Fuel :  Oil  at  50s.  per  ton,  0"451b.  per  b.h.p.  Iiour  ...  27    2  0 

Labour  ：  Driver  35s"  labourer  20s.   2  1'〕 

Oil,  waste,  and  stores   2  17  o 

Repairs  and  maintenance   1  1!) 

Interest:  5  per  cent,  on  £11,080    10  13  " 

Depreciation :   1\  per  cent,  on  engines    11  11  (' 

2%  per  cent,  on  buildings    0  lu  o 


Total  running  cost    £60  7 


Cost  per  b.h.p.   hour,   0'268d.  :    per    Uilowatt-liour,   0*  [\7(\. 

Where  gas  existed  as  a  by-product  the  gas  engine  ha、l 
tremendous  advantages  ；  and  although  in  Great  Britain  there 
was  an  inuneiise  quantity  of  blastfurnace  and  roke-ovtMi  «:as 
available,  and  often  going  to  waste,  only  a  small  penerita^e 
of  it  was  economically  used  in  ii»tern;il-t-oinbusti<)ii  euuiiies. 
M uch  greater  advantage  was  taken  of  these  by-products  in 
Germany,  where  about  30  per  cent,  of  the  available  "'as  \va> 
used  in  gas  engines,  against  on Iy  5  per  cent,  in  this  coiuitrv. 
Probably  this  was  due  largely  to  the  fact  that  durinir  I"" 
10  or  15  years  there  had  been  great  developments  in  t lie  iron 
industry  in  Germany,  and  it  was  in  sucli  estahlislnnents  that 
large  gas-engine  units  could  be  most  advauta^eouslv  employed. 
In  this  country,  where  the  iron  industry  had  been  in  exis- 
tence for  so  many  years,  the  old  steam  plant  could  be  enly 
gradually  replaced  by  the  more  eflicient  intenial-t'oinhu.-t  n  n 
engine.  Where  a  new  plant  was  hein^  installed  the  advan- 
tages of  gas-driven  electric  plant  were  obvious,  as  the  deniand 
for  power  in  the  case  of  a  modern  colliery  or  coke-oven  plant 
with  by  product  recovery  apparatus  was  so  great  that  the 
utilisation  of  gas  engines  to  obtain  the  niaximuin  output  from 
the  waste  gas  was  almost  a  npcessity,  for  the  reason  that  a 
gas-fired  boiler  aud  steam  plant  would  not  in  general  give 
liioi'e  than  35  per  cent,  of  the  power  that  could  be  ohtained 
from  a  gas  engine  using  the  same  volume  of  gas. 
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On  the  Continent  the  development  in  gas  engine  work  had 
been  mostly  in  the  horizontal  double-acting  type  of  large 
power,  units  of  2,000  b.h.p.  to  3,00U  bJi.j).  being  coiiiinon. 
These  engines  were  built  on  both  the  two  and  the  4-cycle 
])iinciple.s.  The  usual  arrangement  was  to  put  two  double- 
； ictiiig  cylinders  in  landein  working  on  one  crank,  and  for 
the  larger  powers  four  cylinders  on  two  cranks,  with  tlie  fly- 
wlioet  and  generator  between  tlie  cranks.  Coin}mrativoly  few 
of  tliese  engines  were  installed  in  t  his  country,  the  largest 
being  a  2,40Ub.li.p.  and  a  l,200b.h.p.  Niii'nberg  engine  at  the 
Jiargoed  Colliery  in  South  Wales.  These  engines  had  cylinders 
of  b4]iu.  diameter  with  a  43'3in.  stroke,  and  ran  on'  coke- 
oven  gas.  The  2 -cycle  engines  were  made  on  the  Koerting 
and  Oeclielhauser  principles.  In  both  these  types  tlie  piston 
overran  the  ports  through  whicli  the  burnt  gases  were  forced 
by  the  incoming  charge,  this  new  charge  being  pumped  into 
t  iic  rylinder  by  separate  gas  and  air  pumps.  By  this  means 
the  piston  received  an  impulse  at  every  stroke  and  the  ex- 
haust valves  and  gear  were  eliminated.  Engines  developing 
2,000  b.li.p.  iu  one  cylinder  had  been  made  on  this  principle, 
the  cylinder  diameter  being  43in.  The  greatest  disadvantage 
of  this  class  of  engine  was  that  when  working  on  a  dirty  or 
tarry  gas  there  was  a  danger  of  the  gas  pumps  getting  clogged 
and  causing  the  gas  piston  to  seize  in  the  cylinder,  with  tlie 
result  that  unless  the  driving  gear  operating  this  piston  was 
very  strong  it  became  strained  or  brokeu. 

Tnere  was  much  to  be  said  in  favour  of  the  ynialler  units, 
and  tne  toiiowing  considerations  were  worthy  of  notice  ： ― (a) 
Tlie  tnermai  elnciency  of  a  moderate-sizeci  unit  was  not  less 
tii an  tnat  of  a  large  unit  ；  (J>)  the  risk  of  failure  of  vital  parts 
in  large  engines  was  certainly  greater  than  in  small  ones  ；  (c) 
tlie  capital  cost  and  space  occupied  by  a  number  of  smaller 
units  was  very  Jittle  more  than  that  ot  a  large  unit  ；  and  (d) 
a  number  ot  units  gave  a  much  more  ((  elastic  "  station  aud 
a  greater  factor  ot  reliability. 

One  of  the  greatest  difficulties  iu  the  case  of  large  double 
acting  gas  engines  was  tlie  cooling  of  the  moving  pai'ts.  Iu 
engines  working  on  producer  gas  where  the  cylinder  did  not 
exceed  ^3in.  tne  lieat  of  tlie  explosion  absorbed  by  the  piston 
coiud  be  dissipated  by  the  coolmg  elfecti  of  the  ('vlimlt".  walls 
on  tne  sides  of  the  piston.  Wiiere  pistons  above  this  size 
were  required,  and  especially  in  the  case  of  a  double-acting 
engine,  it  was  necessary  to  water-cool  the  piston  and 
piston  rod  ；  and  as  the  piston  speed  of  sucli  an  engine  was 
from  800  ft.  to  900  ft.  per  minute  the  inertia  of  the  water 
caused  juany  difficulties,  making  joints  on  the  articu- 
lating pipes  conveying  the  water  to  the  piston  uo  easy 
matter.  The  same  trouble  applied  to  the  exhaust  valves  of 
large  engines  which  had  to  be  water-cooled  ；  and,  as  it  was 
customary  to  make  the  piston  rod  and  exhaust  valve  stems 
of  steel  considerable  pitting  and  wear  took  place,  due  to  the 
condensation  of  the  exhaust  gases^  which  had  always  an  acid 
tendency  on  the  cooled  surfaces.  One  of  the  main  disad- 
vantages of  large  cylinders  was  the  danger  of  cracking  the 
cylinders  and  cylinder  heads,  due  to  tlie  temperature  varia- 
tion. Owing  to  the  high-pressure  which  occurred,  it  was,  of 
eours-e,  necessary  to  have  cylinder  walls  of  considerable  thick- 
ness, and  when  one  considered  that  the  temperature  at  the 
moment  of  explosion  was  from  2,500°  to  3，56o°  Fall,  on  the 
inside  of  the  cylinder,  and  that  there  was  rohl  wntc r  on  tlae 
outside,  it  would  be  seen  that  the  inifrnal  strains  in  a  thick 
wall  of  metal  must  he>  enormous.  The  design  at'  the  t-ylindor 
for  tliese  large-power  horizontal  engines  must  of  necessity 
become  very  complicated,  and  the  mechanism  for  uperatiug 
the  large  diameter  valves  was  very  involved,  requiring  the 
most  careful  adjiistineiit-  and  attention .  The  ])iston  rods  and 
glauds  required  most  careful  attention,  as  Hie  action  of  the 
gas  was  extremely  erosive  in  case  of  a  leaky  gland,  and  if 
not  immediately  attended  to  cut  a  groove  in  the  piston  rod. 

To  get  a'  fairly  high-power  engine,  say,  1,000  b.h.p. 3  there 
was  the  alternative  of  a  small  number  of  large  cylinders  or  a 
large'  number  of  small  cylinders.  To  avoid  some  of  the  above 
troubles  the  liiulti-cyliudcr  vertical  t'ngine  had  been 
developed  on  the  lines  of  the  high-speed  steam  engine  ha vin^ 
forced  lubrication  to  Hie  bearings  ； i n < I  an  enclosed  crank 
case.  Tlie  stroke  being  fairly  short,  the  number  of  revolu- 
tions was  high,  the  whole  engine  being  compact.  On  the 
4-cycle  principle  each  crank  received  one  impulse  in  two 


revolutions.  A  further  advance  on  this  type  was  the  verti- 
cal tandem  gas  eugiue  of  the  vertical  single-acting  type,  on 
the  4-cycle,  and  cylinders  arranged  two  iu  tandem,  so  that 
the  explosion  stroke  of  oue  cylinder  was  the  suction  stroke 
of  the  other.  A  very  even  pressure  was  exerted  on  the  crank 
piii,  and  an  even  turning  inoiiR'iit  et^ual  to  the  highest  class 
steam  engine  was  produced.  This  type,  like  the  liigli-speed 
steam  engine,  was  particularly  adapted  fur  electric  driving. 
In  tlit'  t-nsv  o[  engines  having  only  one  or  two  cylinders  it 
had  Ijeeu  fouiKl  necessary  to  drive  the  generator  through  a 
flexible  coupling.  Such  couplings  were  a  source  of  trouble, 
and  the  elimination  of  them  was,  he  said,  desirable.  Again, 
with  the  higher  speed  of  the  vertical  multi-cylinder  engine  a 
smaller  and  cheaper  dynamo  might  be  used.  Other  advan- 
tages were  lliat  tlie  vibration  was  less,  due  to  the  inertia  of 
the  reciprocating  parts  being  smaller  ；  consequently,  lighter 
foundations  could  be  used.  Owing  to  the  smaller  volume  of 
the  cylinders  silencing  of  exhaust  was  less  difficult. 

rn  tlie  duplex  vertical  engine  the  cylinders  were  placed 
side  by  side,  and  connected  at  top  and  bottom.  The  inlet  ports 
were  arranged  in  one  cylinder  and  the  exhaust  ports  in  the 
other.  The  pistons  moved  together,  the  cranks  being  almost 
in  line,  one  crank  having  a  slight  advance  over  the  other  to 
give  lead.  The  pistons  over-running  the  ports  dispensed  with 
valves  in  i  lie  power  cylinders.  The  advantages  claimed  for 
this  type  were  tlie  eliniination  of  t lie  cam  shaft,  and  that  the 
cylinder  being  valveless  was  of  simple  construction  It 
appeared  to  ilw  author  lliat  iliis  engine  must  have  the 
inherent  defects  of  all  2-cycle  engines,  viz.,  comparatively 
high  fuel  coiisiunption,  difficulty  in  running  on  any  hut  the 
cleanest  gas,  due  to  the  gas  pumps  and  valves  becoming 
fouled  with  tar  and  dust,  and  the  necessity  of  water-cooling 
the  piston  -  It  would  also  appear  difficult  to  balance  an 
engine  of  this  type,  as  the  reciprocating  mass  of  the  two 
pistons  working  together  must  be  very  great. 

One  of  the  principal  advantages  of  the  oil  engine  was  that 
direct  economical  use  could  be  made  of  heavy  residual  oils， 
and  this  form  of  fuel  was  extremely  easy  to  handle  and  store 
and  occupied  a  minimum  of  space.  It  was  quick  and  easy  to 
start,  there  were  no  stand-by  】osses,  and  the  whole  instal- 
lation required  very  little  floor  space.  Several  Continental 
manufacturers  were  building  Ibe  oil  engine  on  horizontal 
lines.  Tliese  were,  of  necessity,  slow  running,  and  were  con- 
sequently of  great  weight  and  occupied  a  large  amount  of 
floor  space.  The  large  size  of  dynamo  required  for  the  output 
ati  this  low  speed  was  a  further  disadvantage.  The  air 
compressor  for  starting  and  also  for  injecting  the  oil  into 
the  cylinder  was  now  almost  universally  direct-driveu  from 
the  end  of  the  crank  shaft.  This  was  either  a  two  or  prefer- 
ably a  3-stage  machine,  capable  of  compressing  up  to 
l,0001bs.  per  square  inch,  provided  with  intercoolers  between 
the  stages  and  the  air  was  stored  in  wrought  steel  tanks. 
Air  was  taken  from  one  of  these  tanks  for  starting  purposes, 
one  or  more  of  the  engino  cylinders  being  for  the  time  used 
as  an  air  motor.  The  2-oycle  oil  engine  was  more  specially 
adapted  for  marine  work,  as  the  reversing  mechanism  was 
liiuch  simpler  than  on  the  4-cycle .  It  had  the  disadvantai:c, 
liowever,  of  requiring  about  10  per  cent,  more  fuel  than  the 
4-cycle  engine. 

With  the  experience  gained  and  improvements  in  design 
the  modern  gas  or  oil  engine  was  as  reliable  as  a  good  steam 
engine.  The  cost  of  upkeep  was  little,  if  any,  more  tlian  a 
steam  engine,  provided  that  reasonable  and  intelligent  care 
was  given  to  the  running. 


Tests  for  Safety  Lamps.  -The  Home  Office  has  issiu'd  a 
revised  ineinoraiHliun  on  the  testing  of  safety  lamps  for  coal 
mines  iu  substitution  for  those  previously  issued.  Flame  safety 
lamps,  it  is  laid  down,  must  be  provided  with  double  gauzes 
so  constructed  that  the  lamp  ran  not  be  put  together  without 
the  gauze.  The  tests  include  dropping  the  lamp  from  a 
lici^ht  of  6ft. ,  droj)j)ing  a  51b.  weight  on  it ,  stren^tli  and 
heat  tesls  for  the  glass,  and  standing:  in  an  explosive  atmo- 
sphere. Electric  safety  l;unps  will  also  be  dropped  from  a 
height  of  I'i't .  and  tested  in  an  explosive  mixture.  A  Hanie 
lamp  is  required  to  give  a  minimum  candle-power  of  0*30  for 
ten  hours,  and  an  electric  lamp  one  caiullo  pttwer  all  rouiul  in 
； i  horizontal  plane  for  nine  hours. 
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MODERN  CONDENSING  SYSTEMS, 

ItV  .、•  K.  SCANKS,  M.A. 

It  is  tlie  object-  of  this  paper  to  iinli  -ale  as  briefly  as  possible 
I  ]l(>  lines  along  which  development  in  coiultMisi systems  lias 
taken  place  (hiring  rer"i"  years  and  will  j>njl>al)lv  '""mm' 
in  the  i'utunv  It  will  l>e  slu  x^n  t  h:it  t  lie  t cm leiicy  is  tow;u  fls 
smaller  and  chfapcr  i»lants  of  liiuh   v,i''mmi  "Hirienry'  jiihI 


^iCujm  inches  Jg.  (baro.  30^ 

Fl(i.   1.— C'O.MI'MUSCN" 


Vacuum  inches  J^^.  (3aro.  jo") 
Imti  \l  Cost  or  Vahious  Typi;s  oi'  C-'ondknsi  n> 


")、v;u''ls  simplicity  in  auxil ia ries  as  ex.Miij)iilie;l  Ijv  l'otai'v 
pmiips.  So  much  has  already  beer;  written  about  the  ulti- 
mate advantages  of  condensing  systems  as  opposed  to  the 
initially  clieaper  non-condensing  types  of  engines  tliat  noth- 
ing need  be  said  under  this  head.  The  same  is  true  to  a 
lesser  extent  regarding  the  degree  of  vacmuu  it  is  desirable 
to  iiKiintain  for  maxiiiHim  overall  efficiency.  1  n  practice  it 
is  necessary  to  investigate  eacli  particular  case  with  regard  to 
local  conditions,  as  to  the  cost  of  coal  and  tlie  water  supply 
； ivaihible  for  cooling.  Generally  speaking,  it  will  be  found 
that  for  i*eciprccating  engines  vacua  of  froni  2(iin.  to  27in. 
are  most  suitable,  and  for  turbines  from  27in.  to  29in.  1 1  ere 
and  in  all  calculations  which 
follow  the  barometer  has  been 
assumed  to  be  30in,  of  mercury. 

For  high-pressure  steam 
turbines  an  approximate  saving 
of  5  to  ()  per  cent,  in  steam 
consumpfcions  can  usually  be 
effected  between  27in.  and  28in. 
vacuum,  and  7*5  to  9*5  per 
cent,  between  2Sin.  and  2(')iti.， 
and  13  and  15  per  cent,  respec- 
tively for  low-pressure  tur- 
bines.|  For  low-pressure  tur- 
bines in  connection  with  wind- 
ing engines  and  similar  plants, 
care  must  be  taken  that  air  is 
not  pumped  into  the  condenser, 
if  a  very  high  vacuum  is  to  be 
maintained.  From  the  above 
gain  there  must  he  deducted  the 
increased  capital  outlay,  running 
cost,  and  depreciation  of  the 
condensing  plant,  over  one  for 
27in.  vacuum,  which  may  be 
taken  as  the  minimum  desir- 
able vacuum  under  normal  con- 
ditions. 

7'〃/w  of  Condensers. ― Con- 


(2)  Jet. —  (〃)  High  level  or  l>ai-  jinelrir.  (h)  Lr>\v  1<  v<*I. 
(f)  Ejector. 

The  first  type  is  used  when  water  is  not  available  at  a 
rt'Hsoiiahle  cost  for  boiler  t'effl  purposes. 

f  '/to/cf  of  ft  Plant .  ― Figs.  1  and  2  show  a  series  of  curves 
from  which  it  is  possible  to  compare  the  relative  arlvar.ta^es 
of  the  difTerent  types  of  j>lant .  I  n  ralr'iUt  in"'  Ui''."'  rnrv»*s 
in  Fig.  J  allowance  has  been  ma'le  for  Ui"  original  oi 

condensers,  cooling  towers 
(when  necessary),  and  foundu- 
tiori8.  In  I'，i"'.  2  depreciation 
ut  VI  per  cent,  per  annum  and 
ruMiiing  cost  ut  {(\.  jx  r  unit 
liave  been  capitalised  at  •、  jjer 
cent.  If  the  <lepreciation  and 
running  cost  weie  capitalised  at 
4  per  cent,  the  difference  be- 
tween the  curves  for  surface 
anrl  jet  condensers  would  not  l>e 
as  much,  and  in  any  case  tlie 
greater  freedom  from  troublrs, 
smaller  number  of  working 
parts,  and  reduced  attention  for 
cleaning,  make  the  jot  plant  the 
most  desirable  w  lien  it  can 
possibly  be  used.  These  figures 
do  not  pretend  to  be  more  than 
an  approximate  guide,  as  so 
many  conditions  must  l)e  taken 
into  consideration  that  any  h«inl 
and  fast  rule  is  impossible. 
In  the  earlier  types  of  surface  cou- 
densers  a  very  low  rate  of  heat  transmission  wnb  u^ual,  about 
350  B.Th.U.  per  square  foot  of  surface  per  degree  Falirenlicit 
mean  temperature  (lirtei'ence.  The  above  rate  would  Lrive  con- 
densation of  5 lbs.  or  61bs.  per  square  foot  per  hour  for 
moderate  vacua  and  water  temperature 

From  the  point  of  view  of  i'elial)ilitv  inucli  Jims  1>''"ii  、  'i'l 
in  favour  of  large  surfaces,  since  t hey  were  supposed  to 
require  less  attention  ami  cleaning  to  maintain  a  Iml'Ii 
vacuum.  This  may  be  true  with  moderatelv  t'leii'  \v;it  "r. 
With  some  kinds  of  bad  water,  however,  marine  pracf  ice  l"is 
shown  that  small  surfaces  are  best  for  reducing  the  fornui  I  if  n 
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(lensers  can  be  divided  into  two  main  types  and  live  divisions: -- 
( I)  Surface. — 國 Cooling  water  passing  through  tubes,  the 
usual  form.     ( A)  Kvaporative  where  steam  is  condensed  in  t  he 
tabes  by  a  small  quantity  of  water  (lowing  over  t heir  exterior. 

*  IVpor  rr ml  lu'forc  llio  【n、liliiU<ui  of  Mcclniiiicul  I'-u^inci-is,  I'，,  l,rmu'y  1  llli. 
1913. 

t  K. 】"imiumii  tm  Krcciit  Di'veloiniii'iU^  in  ht'  i'iii-Uu'""i，'  IMarlicr.  '  lust,  ot 
Jslectviral  l-ln^inot'vs,  Dort-iiibcr,  HIM. 


of  scale,  owing  to  the  increased  water  velocity  Furthermon', 
this  increase  of  velocity  through  tlie  tubes  also  increases  tlie 
rate  of  heat  transmission  from  tlie  metal  to  the  cooliug  ttuid. 

Fig.  3,  taken  hoin  The  Engineering  Review/'  Vol.  24, 
No.  110,  shows  experimental  results  obtaineil  by  various 
authorities,  connect ing  the  rale  ot"  transinissioii  and  water 
velocities.      It  will  be  seen  that  consid-Mahle  ditlerence  of 
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opinion  exists,  and  it  is  necessary  to  observe  the  greatest  care 
in  details  of  design  to  obtain  results  corresponding  to  even  a 
mean  of  the  curves  shown. 


I ―… Ser. 

2  Jasse . 

3.  CJei^hhn. 

4  Jlepb 

5  JJagerr.ann . 

<7  S Ronton , 

7_  Joule  • 

S  Men. 

9  Clement 

A-  Corhnd. 
/o_  Orrok. 

、 

cq'        ^cloeih^  oj  ztj-ater-  in  fiet per  Second 
Fig.  3.— Hkat  Transmission  from  Steam  to  Water  in  Surface  Condenskhs 

Taumo  \t— Burnley  Corporation. 
K\ tract  of  Official  Test  on  20  per  cent.  Overload. 
1,500  kw.  Turbine,  2,100  revs,  per  "iiii.，  3,100  s<[.  ft.  Condenser. 
P'wi'  of  Auxiliaries,  28*5  b.h.]>. 
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Average  steam  condensed,  29,1051bs.  per  liour.  Pounds  condensed 
]>cr  square  foot  of  surface  =  9*4.  Hot  well  of  68°  Fah.  corresponds  to 
a  vacuum  of  29  32in.  mercury.  Therefore,  '- W  'Jiti.  98  56  per  rent, 
vacuum  efficiency,  that  is  9S  56  per  cent,  of  2y'32iii.  mercury. 

A  common  cause  of  failure  is  throttling  of  the  flow  of 
steam  among  the  tubes,  a  large  drop  of  vacuum  resulting  be- 
tween the  steam  inlet  and  the  air-pump  suction.  Many 
methods  have  been  tried  to  overcome  this  by  keeping  a  con- 
stant steam  velocity,  such  as  spacing  the  tubes  farther  apart 


and  last  have  been  adopted  l)y  the  British  Westinghouse  Elec- 
tric and  Manufaduring  Company,  with  great  success,  and 
in  their  opinion  these  offer  the  best  all-round  results  when 
combined  with  a  cylindrical  shell  which  offers  many  advan- 
tages in  manufacture  and  is  uiechanically  strong. 

Fig.  4  is  an  illustration  of  this  type.  It  will  be  seen  that 
the  path  of  the  steam  follows  an  easy  curve,  it  being  advisable 
to  avoid  baffle  plates  and  sudden  changes  of  direction  as  much 
as  possible.  Note  should  be  taken  of  the  generous  size  of  the 
steam  dome  at  the  top  of  the  condenser,  obviating  air-pockets 
and  distributing  the  steam  easily  without  the  need  of  direct- 
ing plates.  Small,  but  important,  points  in  manufacture 
are :  (1)  Ferrules  which  do  not  allow  <(  creeping  ，，  of  the 
lubes.  (2)  Avoidance  of  "expanded"  tubes.  (3)  A 川 pie 
thickness  of  the  tube  plates.    (4)  Staying  of  the  tube  plates. 


Fig.  4.— Diaguam  of  SuitFAci-;  Co\m''.Nsi:it  < \\'estin(;iu>i 


A,  atcata  inlet;  B,  condense  outlet  ；  C，  air-pump  suction  ；  D,  cooling  water  inlet  ；  K, 
F,  baflle  in  front  of  air-pump  suction  to  prevent  any  steam  entering  the  i)ump. 

near  the  steam  inlet,  making  the  condenser  shell  heart-shaped 
to  offer  a  large  surface  at  the  top,  gradually  decreasing  to  the 
air  outlet,  and  running  passages  among  the  tubes.  The  first 


Fig.  5.— Diaguam  of  an  Older  Typk  of  Surface  Coxni:\sEK. 
A,  steam  inlet;  B,  condense  outlet  over  weir  ；  C,  air-pump  suction ；  D,  coolinj; 
wak'i'  inlet  ；  E，  cooling  water  outlet. 

(5)  External  joints  between  tube  plates,  condenser  body,  and 
water-boxes. 

This  last  point  is  very  important,  as  any  leakage  in  the 
junction  between  the  water-box  and  tube  plate  will  be  to 
atmosphere  and  not  into  the  vacuum  space,  and  is,  therefore, 
immediately  detected.  With  the  condenser  as  shown  in  Fig. 
4，  having  a  water  velocity  of  over  5ft.  per  second,  effective 
condensation  can  be  obtained  commercially  for  land  practice 
at  the  rate  of  81bs.  to  151bs.  per  square  foot,  depending  on 
the  degree  of  vacuum  required.  The  official  test  at  Burnley 
Corporation  electric  light  station,  shown  in  Table  I.，  is  an 
example  of  a  plant  of  this  type.    It  will  be  seen  here  that 

with  ;i  vacuum  of  28'9in.  con- 
densation was  obtained  at  9*41bs. 
per  square  foot.  A  few  years 
ago  this  would  have  been  con- 
sidered very  unwise,  if  not  im- 
practicable. In  this  case  the 
water  flows  at  about  7ft.  per 
second,  passing  four  times 
through  the  condenser. 

Table  II.  gives  results  ob- 
tained at  the  official  test  of  a 
condenser  for  the  East  Indian 
Railway  Company.    This  con- 
denser was  designed  for  45,800 
lbs.  of  steam  per  hour,  26in. 
vacuum,  2,S00  galls,  per  minute 
of  circulating  water  at  85°  Fah., 
transmission  43o  B.Th  I',  per 
square  foot  per  degree  mean  tem- 
perature difference.    The  read- 
ings give  a  mean  transmission 
of  639  B.Th.U.    The  vacuum  efficiency  in  readings  3  to  fi 
fell  off,  as  by  au  oversight  the  condensed  steam  was  allowed 
to  rise  a  few  inches  in  the  condenser,  by  over-throttling  the 


ilini;  w  a ler  outlet  ； 
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extract  ion  puinj)  <lis(  li;ii.w  which  was  con(  rol led  l>y  a  sluice 
valve  to  give  t  he  ^uai-anleed  head.  Tli"  Hlcrt  of  I  his  was 
similar  to  a  weir  in  ilie  bottom  of  t  ho  (  (mdenser.  It  will  be 
seen  in  reading  No.  7  the  efficiency  was  ris"，"r  n^am.  Kij^.  5 
shows  ati  ol'ler  1  vpe  still  largely  made  by  British  luanui'ac- 
turers. 

Tahl ，'：  II. —- The  East  Indian  liaihrai/  Company. 
】0.、li'a('t  troni  ( >fiicial  Test  on  (he  Surfiu-c  ( 'omlonser. 
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V  =  \'jicuiun,  inches  ot*  mercury  (Bar. 
1\=  Inlet  cooling  water  tempei'iiture,  deg.  Fall. 
T.(=  Outlet  cooling  water  temperature,  deg.  Full. 
T.j  -  Theoretical  temperature  of  steam  ;it  inlet  tu  。 

ser,  (leg.  Fall. 
T4  =  Condensed  steam  temperature,  deg.  Kah. 
T-  =  Air-pump  suction  temperature,  (leg.  Fiili. 
(S=Mean  temp<*rature  difference  (T..  =  T„  see  App 

page  3f ). 

/■  —Transmission  in  !>.Th.  I '.  per  square  foot  per  deg. 
mean  temperuturo  difference. 
' acuuni  efficiency  per  cent. 


K;«l. 


By  far  the  most  ii 
t  he  rate  of 


factor  that  has  to  be  considered 
of  heat  from  the  steam  to  the  cool- 


l，i(;.  (1.  -I)iAGitA>[  of  A  Reciprocating  Air-i'vmi'  C'Yr,iNT)KH,  with 

AUTOMATIC  DISCHAltGE  AND  ItKLIKF  VALVES. 

ing  water  is  unfortunately  one  which  has  often  been  nuich 
neglected,  namely,  the  absolute  partial  pressure  of  air  in  the 
condenser.  Many  people  not  intimately  concerned  willi  th,' 
problem  of  condensation  think  that  the  only  reason  for  lower- 
ing the  partial  air  pressure  in  condensers  is  to  reduce  thereby 
the  total  pressure.'  A  most  important  point,  however,  is  that 
the  air,  being  admittedly  a  bad  conductor  of  heat,  should  be 
eliminated  as  far  as  possible  for  this  reason  also.  If  this  is 
not  done,  a  certain  proportion  of  the  surface  near  to  the  air 
pump  suction  becomes  "  air- logged,"  and  little  condensation 
takes  place  at  that  point,  the  surface  being  wasted.  It  must, 
however,  be  remembered  that  the  distribution  of  air  through- 
out the  condenser  is  not  equal,  wliicb  affects  the  results  of 
experimenters  with  small  apparatus  who  have  given  】i"uiv 
admirable  papers  on  this  subject.  It  is  obvious,  in  any 
case,  that  an  air  pump  is  necessary  that  will  deal  efficiently 
with  air  at  a  very  low  absolute  pressure. 

The  next  point  of  importance  is  vacuum  elliciency.  It 
is  obvious  that  the  hotter  the  condensed  steam  is  when  re- 
turning as  feed  water,  the  higher  will  be  the  overall  thermal 
efficiency  of  the  plant.  This  point  is  (lea】t  with  more  fully 
under  the  heading  "  Auxiliaries/'  With  a  good  system  of 
departmental  drainage  a  vacuum  efficiency  of  100  per  cont. 
('an  be  obtained  ；  indeed,  Prof.  Weighton,  in  his  experiments 
at  Armstrong  College,  Newcastle-on-Tyne,  claims  to  liavo 
exceeded  even  100  per  cent.,  probably  owing  to  the  vacuum 
卜' measured  at  a  point  remote  fi'oni  the  coiulensed  steam. 


The  author  is,  however,  of  the  opinion  that  if  serious  Iosh 
of  vacuum  is  to  be  avoided  in  the  condenser  between  the  ex- 
liaust  inlet  and  the  air-pump  siu-tion,  as  straight  ； i  fl。、v  of 
steam  as  possible  is  desirable,  and  that  departmental  drain 
age,  which  involves  baffle  ])lates,  is  ！ lot  t(，  Im'  r<--cojniii*Mi<Ie<l , 


inlet  un- 
der prtfKsurc* :  it  jr 
Kiiction  ；  3,  com- 


except  to  ； i  ver 


id  extent. 


Referring  again  to  the 
Burnley  tests,  it  will  be  seen  that  a  vacuum  ein<  ieiH-y  oi  98  " 
per  cent,  was  obtained,  without  any  special  arrangement  of 
steam  baffles.  This  is  due  to  the  Leblanc  air  pump,  wliicli 
will  be  described  later. 

A  condenser  designed  for  】no(lerately  lii^h  transmission 
lias  usually  three  or  four  water  passes,  to  obtain  the  necessary 
velocity  without  undue  length  of  tubes  between  plates.  This 
means  it  is  possible  to  obtain  fairly  short  tubes,  which  are 
easily  cleaned,  and  this  is  a  great  advantage.  The  cost  of 
renewals  is  also  lower,  as  the  number  of  tubes  to  be  replaced 
will  be  approximately  the  same,  whilst  their  length  is  shorter  : 
moreover,  there  is  greater  freedom  from  troubles  due  to 
" sagging  ，，  and  vibration.  It  will  now  be  seen  that  the  per- 
formance of  a  surface  condenser  for  any  given  set  of  condi- 
tions does  not  necessarily  depend  on  the  number  of  square 
feet  of  surface  it  contains,  but  that  design  and  efi&ciencv  of 
air  pump  play  a  most  important  part. 

Air  Pumps. — It  has  already  been  shown  that  a  high  effi- 
ciency is  impossible  without  a  first-grade  evacuator.  The 
Hon.  Sir  Charles  Parsons  was  the  first  to  take  a  practical  step 
towards  solving  the  problem,  when  he  introduced  liis  vacuum 
augmeixter.  It  is  not  intended  to  describe  this  well-known 
invention,  but  note  should  be  taken  that  it  absorbs  from  1  to 
1*5  per  cent,  of  the  main  steam  consumption  of  the  turbine 
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Fi«.  9.— Tkst  on  Rotary  Aiu-rrMi*  ov  Similaii  Df.sion  to  Fig.  7. 

at  full  load,  and,  in  calculating  the  relative  over-all  erti- 
cieiicy  of  different  types  of  pumps,  this  fact  should  be  taken 
into  consideration  ；  also  there  is  the  additional  cost  of  the 
auxiliary  condenser 

Excellent  results  can  be  obtained  by  use  of  a  dry  piston 
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])U)ii[)  working  with  an  equalising  valve.  The  use  of  such 
valves  was  a  ^real  advance  on  previous  practice  '；  but  as  the 
efficiency  of  the  punip  depends  on  very  fine  clearances  any 
wear  on  the  pistons  and  valves  rapidly  decreases  the  volu- 
metric efficiency,  whicli  some  makers  claim  to  be  ； is  liigli  as 


一厂  一 


CL^JJ* .  Fig.  10. —Space  Occupied  by" Sukface-condenhixg  Plant  (Leblanc)  and  by  Reciprocating  Pcmi-s 


98  per  cent.  Fig.  6  is  a  common  type  of  dry  au'  pump.  It 
will  })e  observed  that,  in  addition  to  the  slide  valve,  there 
are  at  least  two  automatic  discharge  valves  and  two  relief 
valves.  Great  care  must  be  taken  with  the  dry  piston  pumps 
to  eliminate  moisture  as  far  as  possible  from  the  cylinders  ； 
the  percentage  carried  over  with  the  air  should  not  exceed 
015  to  0*3  per  cent,  if  trouble  is  to  be  avoided. 

Good  results  are  also  obtained  wit'i  limltiple  cyliiuler  wet 
air  jjiunps  :  one  or  more  cylinders,  being  flooded  with  cold 
water  to  reduce  the  vapour  tension,  are  usei  as  an  air  jnnrp, 
and  the  other  removes 
the  condensed  steam 
at  a  higher  tempera-  A 
tm'e.  This  type  also 
suffers,  although  to  a 
】ess  extent,  from  the 
disadvantages  of  valves 
which  require  constant 
attention  and  renewal. 

Rotary  Air  Pumps. 
― With  the  object  of 
obtaining  greater  sim- 
plicity, while  retaining 
all  the  advantage s  of 
reciprocating  pumps 
and  auginentei's,  vari- 
ous rotary  and  water 
ejector  pumps  have 
been  developed  during 
the  last  ten  years, 
nearly  all  of  them  an 
evolution  of  the  K"rt- 
ing  ejector  condenser, 
which  was  one  of 
the  earliest  forms. 
The  Leblanc  pump 
"； is  the  first  working  rotary  pump,  and  all  later  types  follow 
the  same  general  principles,  except  the  Kolb  rot ary  condeTisor. 
which  never  gave  satisfaction  in  practice.  Then  came  a  rotary 
pump  in  whicli  water  was  discharged  at  a  high  velocity 
through  a  munber  of  rotary  converging  nozzles.  Sucli  a 
pump  is  illustrated  dia^rainniaticnllv  in  Fig.  7. 

Pressure  is  generated  by  centrifugal  force  in  the  central 
chamber  A,  which  is  rotated  at  a  high  speed.    This  pressure  is 


converted  into  velocity  throu^li  the  converging  nozzles  liB, 
which  are  usually  arranger]  in  pairs,  the  action  being  similar 
to  that  of  an  old-fashioned  gas  burner,  the  resulting  water 
spray  taking  a  i'an  format  i (； u.  These  faii-shape(l  jets  entrain 
air  which  is  drawn  in  through  the  slots  CC.  The  mixture  is 

discharged  through  a  series  of 
suitably  arranged  guide  blades 
into  the  diffuser  D，  as  shown 
in  the  illustration. 

Fig.  9  shows  the  results  of 
a  test  on  a  pump  of  this  ty{>^ 
of  a  very  large  capacity,  suitable 
for  100,0001bs.  of  steam  per 
hour,  with  a  vacuum  of  27*4in. 
It  will  be  observed  that  the 
brake  horse-power  is  practi- 
cally constant  for  all  loads. 
This  is  claimed  to  be  an  ad- 
vantage, but  in  the  author's 
opinion  it  is  the  reverse,  the 
efficiency  being  necessarily  bad 
at  light  loads.  A  jjuinp  of  this 
type,  however,  only  removes 
a  small  weight  of  air  per  brake 
horse-power  under  normal 
working  conditions.  It  is  ob- 
vious that  this  design  can 
never  be  efficient  owing  to  the 
loss  of  kinetic  energy  in  the 
spraying  nozzles. 

A  simple  type  of  pump  is 
shown  in  Fig.  8.     The  water 
jet  or  jets  remove  the  air  by 
ejector  action.    Here  again  the 
3  very  small,   often   less  than 
Still  another  recent  development 
a  steam  augmenter  aiul  water 


ex])anded  volume  entrained 
twice  the  volume  of  water, 
consists  of  a  ronil)inalion  of 

jet.  Tiie  author  is  unable  to  give  figures  of  the  working  of 
this  plant,  as  there  are  not  many  in  operation,  and  no  results 
】iad  been  published  that  the  author  was  aware  of  when  this 
paper  was  written,  hni  it  would  be  interesting  to  know  the 
makers'  guarantees  on  weight  of  air  dealt  wit h  for  a  given 
power,  including  the  necessary  steam  reckoned  at  lOlhs. 
brake  l】orse-po、ver. 


per 


-—^ ― 


inlet ； 


Fig.  11.— Diagramjiatic  Skction  of  Am  Pump  and  Tank. 
tl  iff  user  and  water  outlet  ；  C，  water  inlet  ；  D,  valve  for  filling  tlic  tank  ；  E  tatik  ； 


G,  water  guide  uozxlo. 


La  lest  Dcvdopim  nta  in  Rotffrtf  Pu  ///  ps. — Finally  we  come 
to  the  Westinghouse  Leblanc  drv  air  ])iini]>.  This  pump  has 
undergone  nianv  improvements  since  it  was  originally  brought 
out  by  Prof.  Leblanc,  and  its  original  faulls  l»;ive  been  found 
out  by  constant  experiments  and  world-wide  experience,  and 
eliminated.  Tlie  changes  consist  niainlv  in  alteration  to  the 
shape  of  the  blades  and  proportion  of  the  cones,  and  the 
points  oi  difference  are  so  dependent  on  knowlerlge  gained 
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by  experiments,  and  in  m;mv  cases  so  apparently  trivial,  tliai 
it  is  outsicU*  the  scop"  of  this  pnpcr  to  doscriho  th<Mn. 

The  latest  designs  oi'  the  Westingliouse-LehlaiK'  pmnps 
will  remove  much  more  air  per  brake  liorso-))owor  under  simi- 
lar working  conditions  than  any  other  rotary  puinp.  One 
peculiarity  of  this  and  of  similar  rotary  piutips  is  t  Irit  U"' 
expanded  volume  removed  increases  as  the  absolute  air  pres- 
sure decreases,  the  contrary  being  the  case  with  reciprocat- 
ing puni])s.  A  great  advantage  is  that  the  working  medium 
of  the  pump  being  at  a  far  lower  temperature  than  the  con- 
densed steam,  the  air  is  cooled  and  considerably  reduced  in 
volume  before  being  removed.  In  comparing  ex'paii 山'' 1 
volumes  in  various  types  this  fact  must  be  taken  into  account, 
which  can  easily  be  done  by  specifying  the  weight  of  air  in- 
stead of  the  volume.  A  i'lirlinT  advanlai;**  o\'  I  lie  I'('l)laiK' 
piunp  is  tliat,  to  save  spar"  ； uul  cotn])li('at  ion ,  it  can  in  maii  v 
4-anes  be  dii'ed,  coupled  wit li  its  extraction  pump  to  a  cii <:u 
] a  ting  putti])  l'uiuiiiig  ； U  1  lie  sanic  speed  willioui  I  lie  use  of 
gears,  the  whole  set  being  <lriv<:ii  l)y  ； i  motor  or  smal!  I  ur))ine, 


A,  absolute  pressure  in  condenser  witli  '*  wot  piston  "  pump  ；  B,  absolute 
pressure  in  condensti*  with  a  '  Lebl  tnc  "  pamp  ；  C,  power  absorbed  by 
41  Leblanc  "  I'ump  :  D,  power  ai>so  bed  by  "we  pis'.oa  "  pamp  ;  E,  net 
Main  ia  B.Th.U's  obtained  wi  h  "  Leb  anc  "  pnmp  ；  F.  percentage  of 
coal  consumption  saved  with  "  Leblanc  "  pump. 

discharge  and  suction  of  the  pump.  Fig.  12  shows  a  test 
under  these  conditions  showing  that  the  pump  is  effectively 
removing  air  even  at  little  above  atmospheric  pressure.  】t 
is  interesting  to  note  that  With  decreased  vacuum  the  horse- 
power also  decreases. 

Tt  has  been  said  against  the  Leblanc;  pump  that  it  absorbs 
more  brake  horse-power  than  its  reciprocating  rivals.  This 
is  undoubtedly  true  under  normal  conditions  for  both  types 
when  the  plant  has  to  maintain  a  fairly  low  vacuum,  though 
under  equal  conditions  of  hot-well  temperature  it  is  net  the 
case.  It  will  be  noticed  that  condenser  builders  who  use  re- 
ciprocating air  pumps  usually  advocate  a  weir  in  the  bottom 
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Fig.  12.— Test  on; Air  PumpJWestinghouse-Lkblanc)  arranged  as  in  Fio.  11. 

Fig.  10,  Iii  the  latter  case,  as  a  good  steam  consumption 
cannot  be  attained  on  so  small  a  machine,  when  running  con- 
densing at  a  suitable  speed  and  with  a  simple  design,  it  is 
usual  to  exhaust  above  atmospheric  pressure,  either  into  a 
stage  of  the  main  turbine  or  to  a  feed-water  heater.  A  high 
overall  efficiency  can  be  obtained  iu  this  manner.  Further- 
more, the  Leblanc  pump  in  certain  cases  can  be  used  as  a 
combineil  air  and  extraction  pump  without  reducing  its  effi- 
ciency. 

Fig.  11  is  a  diagrammatic  representation  of  the  method 
of  operation  of  the  air  pump,  The  particulars  are  as 
follows  ： — 

The  pump  does  not  take  its  working  fluids  from  a  seal 
well  below  its  axis  as  in  the  older  types,  but  from  the  tank  E 
with  its  water  level  above  C.  The  advantage  of  this  arrange- 
ment is  that  should  the  vacuum  fall  for  any  reason  the  puni[) 
remains  primed,  and  on  the  leakage  being  stopped  it  picks 
up  again  without  attention.  Supposing  that  the  casing  is 
full  of  water  from  the  tank  E,  the  motor  or  turbine  is  started 
and  the  wheel  revolves  in  the  direction  of  the  arrow.  The 
centrifugal  force  imparted  to  the  water  forces  it  out  tlirou^li 
the  cone  B  until  the  case  is  empty.  This  creates  a  vacuum  in 
the  casing,  and  more  water  is  drawn  in  ih rough  the  guide 
nozzle  G.  This  water  is  cut  off  in  a  series  of  thin  sheets,  about 
0'2in.  thick,  which  are  hurled  at  a  velocity  approaching  130ft . 
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f^ercenta^e  of  unit 
Fig.  15  — Tests  on  Various  Types  of  Rotary  Pumps. 
Barometer  during  test  of  rotary  pump  -29  47'Hg. ;  Temperatnre  of  water  nsed 
64°F.  co  responding  to  a  water  vapour  tension  of  0'63'Hii  ；  TluMU-etical  vaonr.iu 
28*84*Hg.  ；  Barometer  during  test  of  WVstinfihou-»e-Leblanc  pump  29  78*Hg. ： 
Temperature  of  water  used  68°F.  corre-*pondiu«  to  a  water  vapoar  teatdon  of 
0'68'Hg. :  Theoretical  vacuum  291iu.  Ht;.  ；  «*mve  A,  vacuum  obtain.  il  with 
Westinghouse-Leblauc  pump,  absorhin^  to  H  H  IV  ；  Cu  、t  R  vacuum  obt  ineil 
with  rotary  spray  pump,  absorbing  42  B.H  P.  ；  Curve  C,  vacuum  obtained  with 
Westinehouse-Leblanc  pnuip,  absorbing  -27 -2  B.H. P.  ；  Curve  D.  vrtcMium 
obtained  with  rotary  multiple  jets  pump,  absorbing  40  B.H. P. 

of  their  condensers  to  submerge  2  to  3  per  cent,  of  the  tubes, 
with  the  object  of  reducing  the  hot-well  temperature  to  a 
point  at  which  the  ail'  pump  can  operate  on  favourable  brake 
horse-power  terms  with  the  rotary  pump.  (See  Fig.  4.)  A 
moment's  consideration  of  overall  efficiency  will  expose  the 
false  economy  of  this. 

With  a  28'8in.  vacuum  we  know  that  the  wet  air  pump 


I>er  secorul  through  collecting  ronos  into  1  lie  flifTusfr  H.  、K a'  li 
sheet  of  water  carries  with  it  ； i  layer  of  air,  t  he  <-oiiibinefl 
mixture  bein^  (lisc'iargerl  hack  to  the  tank  E，  where  the  air 
is  sej)aratecl  from  the  water  l)y  a  series  of  haHl";  I jrt '.、'《，*' ii  the 
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has  a  vacuum  efliciency  of  about  96*5  per  cent.,  and  therefore 
requires  a  hot-well  temperature  about  80°  Fah.,  which  is 
frequently  obtained  by  means  of  the  weira  while  the  Leblano 
pumj)  will  work  with  94°  Fah.,  an  advantage  of  14°  Fah.  over 
the  piston  pump.  Now  an  increase  of  14°  Fah.  on  the  feed- 
water  temperature  means  an  approximate  gain  on  coal  con- 
sumption of 

94-80  )     ，  _、e  , 
per  cent. 


100 


119:5-80' 


1-2： 


、vith  steam  at  1501bs.  boiler  pressure.  From  this  gain  must 
be  deducted  the  percentage  lost  in  extra  power  for  driving 
the  pump,  leaving  a  balance  in  favour  of  the  Leblanc  of  1 
per  cent,  ou  the  overall  efficiency.  In  addition  there  is  the 
decreased  cost  of  a  smaller  condenser  due  to  the  absence  of 
submerged  tubes,  less  circulating  water  and  simplicity  of 
design  and  operation,  there  being  no  valves  or  reciprocating 
parts. 

Figs.  13  and  14  show  graphically  the  relative  power 
absorbed  by  a  Leblanc  rotary  ^ir  pump,  including  rotary 
hot  well  pump,  delivering  to  10ft.  external  head,  compared 
with  a  reciprocating  wet  air  pump  of  good  design.  In  Fig. 
13  full  load  lias  been  taken  at  27in.  vacuum,  and  in  Fig.  14 
ni  28iji.  vacuum.  The  power  has  been  given  in  B.Th.U.  for 
the  sake  of  simplicity,  an  overall  efficiency  of  20  per  cent, 
being  assumed.  The  other  curves  give  the  respective  total 
absolute  pressures  in  the  condenser,  the  total  heat  returned 
by  the  rotary  pump  in  the  hot  well  in  excess  of  that  returned 
by  the  piston  pump,  the  net  gain  in  B.Th.U.  and  the  over 
all  gain  in  coal  consumption,  assuming  that  live  steam  at 

100  per  cent,  efficiency 
be  used  to  raise  the  hot 
well  temperature  before 
entering  the  economiser, 
in  the  case  of  the  piston 
pump. 

In  calculating  the  net 
gain  in  B.Th.U.,  allow- 
ance has  been  made  below 
full  load  on  the  condenser 
for  the  decreased  steam 
consumption  for  equal 
power  outputs  due  to  the 
higher  vacuum  main- 
tained by  the  Leblanc 
pump  ；  this  decrease  has 
been  taken  as  5  per  cent, 
mean  between  27in.  and 
28in.  vacuum  and  6 
per  cent,  between  28in. 
and  29in.  vacuum.  In 
Fig.  15  curve  C  shows  a  test  on  a  Leblanc  pump  superimposed 
on  the  test  of  the  rotary  spray  pump.  The  pumps  are  of 
approximately  the  same  capacity,  and  it  will  he  seen  that  the 
power  taken  by  the  Leblanc  is  considerably  less  than  the 
other,  namely,  42  b.h.p.  This  variation  in  power  is,  of  course, 
obtained  by  regulating  the  quantity  of  water  passing  through 
the  pump  to  suit  the  load.  If  the  controlling  valve  is  left 
set  for  full  load  conditions,  the  power  wil).  of  course,  remain 
constant  at  27  b.h.p.  The  other  curves,  D  and  A,  are  for 
a  less  known  (in  this  country)  type  of  rotary  pump,  Fig.  16， 
which  needs  no  detailed  description,  and  for  a  Leblanc  pump 
of  approximately  the  same  brake  horse-power  as  the  rotary- 
spray  pump. 

Finally,  the  author  would  recomniend  that  intending  pur- 
chasers of  air  pumps  would  do  well  to  insist  ou  】nakers 
guaranteeing  the  weight  of  air  to  be  removed*  (not 
expanded  volume,  which  means  nothing),  the  total  power 
absorbed,  including  steam  jets  at  (say)  lOlbs.  per  brake  horse- 
power, and  the  temperature  of  the  condensed  steam  as  de- 
livered to  the  puntp  from  the  condenser,  not  as  it  leaves  the 
hot  well  pump,  the  real  efficiency,  of  course,  depending  "  on 
how  little  "  lieat  is  extracted  from  the  condensed  steam  and 
imparted  to  the  circulating  water  and  lost  therein. 

^To  be  vo/tti/iued.) 

卜  *  Averftfie  I3l'»s.  of  air  rev  *_>-2,0001bs.  of  steam  for  surface  condensers  in  con- 
junction witb  tnrbines,  and  3(>1  bs.  per  hour  for  the  same  steam  from  engines.  For 
jet  condensers,  th«-  "ir  in  the  water  must  bv  added,  which  may  vary  from  2-4lbs.  to 
•>lbs.  per  10,(K.M)  gallons  of  wntor.    See  ¥\rA-  '2">  in  nppendfx  TV.  to  l)c  given  latev. 


i.— Diagram  of  Rotary  Jet  Pdmp. 

Pressure  is  generated  in  the  revolving  cham- 
ber A,  and  a  thin  stream  of  water  is  projected 
across  the  chamber  B  extraiuint;  air  which  is 
compressed  in  the  passage  D  up  to  atmo- 
spheric pressure. 


TWO-STROKE  CYCLE  CONTINUOUS-COMBUSTION  OIL  ENGINES 

FOR  SHIPS. 

Two  arrangements  showing  the  application  of  two-stroke 
cycle  continuous-conibustion  internal-combustion  engines  to 
the  propulsion  of  ships,  are  shown  in  the  accompanying  illus- 
trations. They  have  been  designed  and  patented  by  Messrs. 
Sulzer  Bros.,  of  Winterthur,  and  have  two  or  more  driving 
engines,  in  which  each  propelling  engine  drives  one  or  more 
pumps  wliich  supply  air  thereto  within  given  limits  of  load, 
separate  auxiliary  motors  being  also  provided  for  supplying 
additional  air  for  scavenging,  charging,  starting,  or  the  like. 
】n  the  arrangement  shown  in  Fig.  1  ，  the  main  anrl 
auxiliary  engines  are  divided  in  groups,  each  group  being  in 
a  water-tight  compartment  and  the  groups  being  so  arranged 
that  the  auxiliary  engine  of  an  after  group  is  arranged  above 
the  propeller  shaft  driven  by  the  engine  forward  thereof.  In 
the  arrangement  shown  in  Fig.  2，  the  main  engines  are 
disposed  in  one  compartment  and  the  auxiliary  engines  in  a 
separate  adjacent  compartment,  and  the  delivery  pipes  of  all 
the  pumps  of  the  main,  as  well  as  the  auxiliary  engines,  are 
capable  of  being  connected  together  or  shut  off  by  means  of 
valves  or  cocks,  the  suction  pipes  being  similarly  arranged. 

In  the  construction  shown  in  Fig.  1,  the  machinery  is 
arranged  in  two  water-tight  compartments  A  and  B，  the 
main  engine  C  having  six  cylinders.  The  charging  air  pump 
D  is  directly  connected  to  the  engine  and  a  compressed-air 
pump  which  may  be  used  for  starting  some  other  engine, 
reversing,  or  operating  auxiliary  machines,  may  also  be 
directly  connected  thereto  if  desired.  The  auxiliary  engine 
E  is  arranged  in  the  same  water-tight  compartment  A  and 
supplies  additional  scavenging  and  charging  air,  as  well  as 
compressed  injection-air,  compressed  starting  air,  &c.，  to  the 
main  engine  C.  The  charging  air  pumps  have  a  suction  pipe 
F  and  a  discharge  pipe  G,  opening  into  the  receiver  H  of 
the  main  engine.  The  exhaust  pipes  J  and  K  of  main,  as 
well  as  of  auxiliary  engine  open  into  a  joint  chimney  L. 

In  the  water-tight  compartment  B  is  arranged  a  main 
engine  M  with  six  cylinders,  with  a  directly  connected  charg- 
ing air  pump  N.  The  main  engine  drives  the  propeller  shaft 
O.  In  this  compartment,  as  in  the  compartment  A， 
there  is  further  arranged  an  auxiliary  engine  Z  for  supplying 
scavenging  and  charging  air  and  high-pressure  air  for  revers- 
ing, starting,  atomising,  and  injecting  the  fuel,  &c.  The 
charging  air  pumps  are  provided  with  a  suction  pipe  P,  and 
a  discharge  pipe  Q,  opening  into  the  receiver  R  of  the  main 
engine  M.  The  exhaust  pipes  S  and  T  of  the  engines 
arranged  in  the  compartment  B  are  led  into  a  funnel  U. 

As  will  be  seeu  from  Fig.  1，  the  propeller  shaft  O  is 
arranged  in  such  a  low  position  that  the  auxiliary  engine  E 
can  be  arranged  directly  above  it.  The  receiver  H  of  the 
main  engine  C  is  connected  by  a  pipe  V  to  the  receiver  R 
or  air  supply  pipe  Q,  of  the  other  main  engine  M.  The 
two  receivers  H  and  R  can  be  connected  to  or  disconnected! 
from  each  other  by  means  of  a  stop  cock  W,  so  that  in  the 
event,  for  instance,  of  one  auxiliary  engine  failing,  the 
charging  air  could  be  supplied  from  the  other  auxiliary 
engine.  The  auxiliary  engine  E  drives  a  pump  X  and  the 
auxiliary  engine  Z  a  ilynanio  Y. 

In  the  construction  shown  iii  Fig.  1  each  propeller- 
driving  engine  drives  an  air  pump  for  supplying  scaveng- 
ing and  cliarging  air,  as  well  as  compressed  air  for  starting 
and  reversing,  for  a  limited  power  of  the  main  engine,  whilst 
separate  t】ierefroni，  in  another  water-tight  compartment,  are 
arranged  auxiliary  engines  which  supply  additional  scaveng- 
ing and  charging  air  as  well  as  compressed  air  for  starting 
and  reversing*.  In  this  arrang-ement  the  hull  of  the  ship  has 
mounted  witliin  it  two  propeller  shafts,  wliich  are  each 
driven  by  a  two-stroke  internal-combustion  engine,  A  aud  B 
respectively. 

The  propeller-driving  engine  A  comprises  six  cylinders, 
and  lias  a  pcavcngin^  and  charging  air  pump  C  directly  con- 
nected to  it,  and  also  a  high-pressure  air  pump  D.  The 
rvlinders  receive  their  scavenging  and  charging  air  through 
the  pipes  E，  and  discharge  their  exhaust  gases  into  the  pij>e 
F  leading  into  the  uptake  G.  The  pro}>eller-clrivini:  engine  B 
also  comprises  six  cvlinders,  and  a  scaventring  and  charginc 
air  pump  H,  directly  oonnp<*ted  to  it,  and  has  a 】 、"： h-】）res- 
sure  air  pump  I.  The  cylinders  receive  their  soaven$rin,£:  and 
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supplied  by  the  high-pressure  air  pumps  D，  I，  and  P  can  1)。 
"sed  both  for  starting  and  reversing  the  intenial-ronibustion 
engines,  atomising,  and  injecting  tlie  fuel,  aiul  also  for 
engines  worked  by  co  111  pressed  air,  for  driving1  d  vuanios, 
pumps,  hoists,  &c. 

The  scavenging  and  cliargi"g  air  pumps  C  and  N  draw  air 
through  the  joint  pipe  R,  and  supply  the  same  into  tlu> 
pressure  pipes  S  and  T.    The  scavenging  and  chariring  air 


Twostrokk  Cycle  CoNTiNfors  ('omiu'stion  On.  :  n<;inf.s  kou  Ships. 

and  the  English  Channel  for  36  hours.  Tlu'v  had  hunkers  from 
the  same  colliery,  and  were  fired  by  ordinary  crews.  AcvonJint: 
to  Mr.  \\\  J .  Noble,  the  rhairnian  of  the  Cuivn  Line,  the 
results  were  highly  favourable  to  the  geared  turbine.  A 
careful  analysis  of  them  showed  that  with  coal  at  1  .">s  a  ton 
the  geared  turbine  would  hold  its  own  against  the  Diesel 
engine  with  oil  at  about  36s.  a  ton.  The  current  price  of 
fuel  oil  is  more  than  double  the  price  indioate<l. 


4__ 
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charging  air  t  lirou^li  t  lie  pipes  .J ,  and  disrliarjj''  t  licii-  exhaust 
'—'as''s  into  t  lie  pipe  K  leading  into  the  ii])takc  G.     The  r()m 
pHrtment  fontainin^  tlie  two  propelling  engines  A  and  H,  ib 
closed    l)v  I  wo  wat  er-l  i^lit   pai'i  it  ions. 

Tl"'  two  auxiliaiv  olivines   I,  and    .M    are  ,'m';uiiM"l    in  " 


I'miips  1 1  ； iikI  O 
and  convey  til 
I  In-   pressure  |tijx*s 

plfSSlM 


liMinhcr  X, 
、•（'.  by  means  of 


Iraw  in  I  \io  air  t  lirou^l»  tlie  joinl  U, 
same  into  t  Ik*  pressure  pi|>es  V  aiul  \V.  All 
*S,  T,  V，  and    \V,   deliver    into  ； i  joint 


Two-sTiioicr.  Cvcr>i:  CoNTivunrs  ('o.Miii'sTins  On.  r:.v;i、'i':s  roit  Sim〜 


separate  conipartment  as  shown.  Earh  of  these  auxiliary 
engines  comprises  two  engine  cylinder?,  and  each  of  these 
ilcives  a  scavenging  and  charging  air-pump  cylinder  N  and  O. 
The  rods  of  this  charging  air  pump,  each  drive  by  means  o( 
a  balance  lever,  a  two-stage  high-pressure  air  pump  P. 
These  high-pressure  air  pumps  deliver  their  cha  r^c 
through  ]Mj)cs  into  the  high-pressure  air  reservoirs  Q.  The 
high-pressure  air  puinps  D  and  I  also  discharge  into  the  high- 
pressure  air  reservoirs  Q,  these  pumps  being  directly  con- 
nected to  the  prf^peUer-flriviii^  engines.    The  compressed  air 


wliicli  is  arranged  an  afljuslaffle 
li  t  lie  prcssun*  ('l"m""'r  of  th<* 
auxiliary  engines  can  be  separatfH 
from  that  of  the  main  ^ n^iiif.  This 
valve  is,  for  ii 卜 t;mr*'，  closecl  when 
the  quantity  delivered  by  the  wav- 
**n<;in^  and  cha r^fiii<:  air  pninps  (' 
"ii'l  II,  directly  coinuTt^l  \o  \  )io 
])ro|)eIler-driviiiLf  <  'i"'iii''s  A  and  B( 
is  sufficient  for  the  working  oi'  t  lie 
latter.  The  si-avcn^ini;  aiul  charg- 
ing air  passes  from  the  pressure 
cIiHriiljci-  X  iii")  t  lie  rec(M\<*r  V , 
which  is  used  jointly  for  hoth  pro 
pcller-driving  engines.  From  i  ]io 
rocci  vci*  Y  the  sravciigiii"'  arul 
rlmgin"'  air  passes  through  tlie 
pipes  E  and  .1 ,  into  the  cylin- 
ders. A  second  branch  of  the  pres- 
sure pipe  X  leads  into  t  h«-  x  ;i、、' lin- 
ing and  charging  air  pipe  Z  of  the 
auxiliary  engine  cylinders.  H  v 
means  of  a  valve  formed  in  t In- 
Z  leading  io  the  auxiliary  engine-, 
tlie  su])]»lv  to  tlie  same  can  be 
regulated  or  stopped  in  any  desired  ""'imit'r.  The  auxiliary 
engines  may  be  used  at  the  same  time  for  driving  other 
pumps,  electrical    or  ot her  inachiiiery. 


Trials  of  a  Geared  Turbine  Vessel. ― For  the  purpose  of  try- 
ing the  cargo  steamer  "Cairnross"  fitted  with  geared  turbm' 、， 
the  "  Cairn  rowan/'  a  similar  ship,  but  driven  by  means  of 
triple-expansion  engines,  was  got  out,  and  the  two  were 
recently  run  side  by  side  at  full  power  in  tlie  Bristol  (1hannel 
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THE  REACTIONS  OF  THE  PUDDLING  PROCESS.* 

ItV  l'ROK.  THOMAS  'H UNKU,  M.SC. 

It  is  now  liiore  t ban  half  a  rentury  si]ic(j  the  introduction  of 
the  Bessemer  process  startled  the  civilised  world  and 
threatened  the  entire  extinction  of  the  trade  in  malleable  or 
wrought  iron .  The  successful  development  of  tlie  new  pro- 
cess occupied  some  years,  and  taxed  thei  energies  and  the  skill 
of  so  great  an  inventor  and  so  keen  a  business  man  as  Sir 
I  It'iu*y  Bessemer.  For  nearly  20  years  t  he  older  process 
suffered  romparat ivHy  little,  frotn  tlie  attack  of  its  youn^  and 
、  i'— 'umiis  rival  ；  hut  t  lie  gradual  int  rodut't  ion  of  jnild  rt-l 
lor  rails,  plat  es,  、vin、  and  guns  gave  such  a  shock  to  1  lie  ii  on 
1  rade  that  wlien  the  l)a(l  times  of  t he  later  'sevei"i ('卜 ，： a 川 
the  whole  iron  industry  was  again  threatened  with  extim- 
tion.  To-day  we  see  a  most  remarkable  change  in  tho  rela- 
tive position  of  tlie  two  processes.  Bessemer  steel  is  now 
threatened  by  its  newer  open-hearth  rivals,  its  annual  out- 
put is  diminishing,  and  its  coiitinuatioit  is  held  by  some 
competent  observers  to  be  ])roblematical.  The  wrought-iron 
t  radc,  on  tlie  other  liand,  after  having  shrank  to  relatively 
insignificant  proportions,  now  shows  signs  of  permanency,  and 
even  of  expansion,  which  was  certainly  unexpected  only  a 
few  years  ago.  At  the  end  of  1912  there  were  in  the  South 
Staffordshire  and  North  Worcestershire  (list ricts,  3'2  firms 
engaged  in  the  production  of  puddled  iron.  These  firms 
operated  661  puddling  furnaces,  and  employed  a  total  of 
about  10,000  hands,  while  the  trade  was  in  a  very  prosper- 
ous condition.  During  the  last  year  or  two  the  demand  for 
really  capable  puddlers  has  exceeded  the  supply,  and  there 
is  a  call  for  younger  men  to  train  for  the  work. 

It  may  be  well  to  glance  for  a  few  minutes  at  some  of 
the  causes  which  led  to  these  changes.  The  reason  for  the 
adoption  of  steel  are  obvious  and  clear.  As  compared  with 
malleable  iron,  steel  could  be  produced  in  larger  masses,  with 
greater  uniformity  of  texture,  with  less  labour,  and  at  a 
greatly  diminished  fuel  consumption.  It  also  possessed  a 
higher  tensile  strength  and  limit  of  elasticity,  while  its  enor- 
mously increased  resistance  to  wear  rendered  it  invaluable  for 
rails,  wheels,  and  many  similar  purposes.  For  such  applica- 
tains  no  enthusiast  would  be  so  bold  as  to  dream  that  wrought 
iron  can  ever  replace  steel. 

On  the  other  hand,  it  must  be  acknowledged  that  wrought 
iron  has  certain  properties  which  are  largely  responsible  for 
the  fact  that  this  variety  of  material  is  to-day  in  increasing; 
demand.  Amdng  these  properties  are  the  readiness  with 
which  it  can  be  welded  or  otherwise  smithed,  its  trustworthi- 
ness under  certain  kinds  of  shock ，十 and  its  power  of  resist- 
ing atmospheric  action .  In  consequence  for  chains,  nails, 
wire,  sheets,  rivets,  bolts  and  nuts,  gas  pipes,  and  many 
similar  purposes  malleable  iron  is  still  preferred  in  many 
cases.  A  distinct  demand  has  also  arisen  for  ships'  fittings 
and  for  colonial  purposes,  where  the  loss  of  value  due  to  cor- 
rosion is  so  serious  with  certain  kinds  of  steel.  While  it  is 
true  that  steel  can  be  made  to  weld  regularly  and  perfectly, 
aud  that  sometimes  it  stands  the  weather  as  well  as  wrought 
iron,  still  in  such,  cases  it  may  be  pointed  out  that  wrought 
iron  is  not  said  to  weld  as  well  as  steel  or  to  stand  the 
weather  as  well  as  steel.  On  the  contrary,  it  is  claimed  for 
a  superior  piece  of  steel  that  it  welds  like  wrought  iron , 
or  rusts  as  little  as  wrought  iron,  as  the  case  may  be, 
thus  showing  that  after  all  our  standard  of  comparison 
for  such  purposes  is  nob  steel  bui  good  malleable 
iron.  For  further  amplification  of  this  branch  of  the  sub- 
ject, reference  may  be  made  to  two  excellent  papers  recently 
read  by  Mr.  H.  Pilkington,  one  before  the  West  of  Scotland 
Iron  and  Steel  Institute,  and  the  other,  a  few  weeks  ago,  be- 
fore the  Staffordshire  Iron  and  Steel  Institute,  at  Dudley. 
These  two  papers  are  very  suggestive  and  full  of  useful 
information. 

Though  the  continued  demand  for  wrought  iron  is  thus 
due  to  the  qualities  of  the  material    itself,    there    are,  of 

*  Paper  read  before  the  West  of  Scotland  Iron  and  Steel  Institute  Jan.  11th,  19K1. 

t  fuddled  iron  and  extra-soft  steel,  which  have  nearly  the  same  composition 
(apart  from  the  percentage  of  manganese,  which  ranees  between  0  05  and  0  4  i)er 
pent.),  and  which  have  also  tbe  pame  mechanical  constants,  show  i\  marked 
difference  as  reearfls  the  length  of  time  retiuirerl  to  effect  rupture  tbv  vibratory 
movement)  ；  puddled  iron  resints  much  lon^ei*  tlian  extra-soft  steel  (Boudonard  ； 
Proceedings  of  the  International  Association  for  Testiug  materials.  1912,  page  498V 


course,  several  other  causes  which  have  contributed  to  tliis 
result.  In  the  first  place,  when  t he  greater  demand  for  steel 
arose  there  were  existing  mills  and  forges  which  if  stopped 
were  only  valued  at  breaking-up  prices.  Many  ironmasters 
naturally  clung  to  their  trade  as  long  as  possible,  and  of 
these  the  most  capable  and  the  most  favourably  situated  sur- 
vived. There  was  also  the  fact  that  certain  kinds  of  pig  iron 
which  were  admirably  suited  for  puddling  are  not  so  well 
adapted  for  steel-making  by  any  of  the  larger  processes.  So 
long  as  the  argillaceous  and  the  brown  iron  ores  of  this  coun- 
try are  available,  so  long  shall  we  also  have  pig  iron  whirli 
will  he  suitable  for  use  in  the  puddling  furnace. 

The  process  being  tlius  with  us,  and  with  a  probability  oi 
increased  activity,  it  may  be  well  to  consider  how  far  it  may 
l)e  possible  to  improve  upon  our  present  procedure  and  so 
increase  the  output,  lower  the  cost,  or  improve  the  qualitv 
of  the  product.  It  may  at  once  be  frankly  confessed  that  the 
hope  of  any  revolutionary  change  is  remote.  The  process  has 
been  so  long  with  us,  has  stood  such  fierce  competition,  and 
attempts  at  drastic  alterations  have  been  so  often  made,  and 
so  often  abandoned,  that  it  is  probably  by  careful  attention 
to  details  rather  than  by  changes  in  principle  that  the  best 
results  will  be  obi  ained . 

There  are  in  all  businesses  certain  commercial  considera- 
tions which  can  only  be  mentioned,  but  not  discussed,  in 
detail  here.  Questions  such  as  the  selection  of  the  site,  the 
general  design  of  the  establishment,  the  supply  of  raw 
materials,  the  quality,  cost,  and  organisation  of  labour,  the 
facilities  for  marketing,  and  the  methods  adopted  for  keep- 
ing in  touch  with  and  satisfying  customers,  apply  to  all 
businesses  which  are  conducted  on  a  large  scale,  and  not  less, 
in  these  days  of  competition,  to  the  wrought-iron  trade. 

The  attention  of  the  metallurgist  is  concentrated  rather 
upon  what  goes  on  inside  the  works,  and  the  more  commer- 
cial aspects  are  dealt  with  by  the  commercial  staff,  whose 
training  is  often  less  expensive,  but  whose  remuneration  is 
not  infrequently  on  a  higher  scale.  Among  the  questions 
which  confront  the  metallurgist  are  the  quality  of  the  pig 
iron  employed,  the  quality  and  consumption  of  fuel,  the 
character  of  the  fettling,  the  most  suitable  size  and  shape  of 
furnace,  the  reactions  which  take  place  while  tbe  impurities 
of  the  iron  are  being  removed,  the  losses  during  the  conver- 
sion, aud  the  quantity  and  quality  of  the  iron  and  the  tap 
cinder.  He  then  has  to  follow  the  puddled  ball  through  all 
its  stages  of  hammering,  rolling,  piling,  reheating,  and  finish- 
ing, until  at  length  it  has  been  tested  and  is  ready  for  sale. 
The  mere  enumeration  of  these  questions  and  processes  indi- 
cate how  wide  a  field  there  is  for  careful  observation  and  dis- 
cussion, and  it  is  obvious  that  only  a  very  limited  portion  of 
the  field  can  be  covered  in  any  single  paper. 

About  twenty  years  ago  I  contributed  to  the  Iron  and 
Steel  Institute  and  to  the  Staffordshire  Iron  and  Steel  Insti- 
tute certain  papers  dealing  with  the  theory  of  the  puddling 
process,  and  these  were,  with  additions  and  alterations, 
afterwards  incorporated  in  my  "  Metallurgy  of  Iron."  At 
that  period  the  pyrometer  and  the  microscope  were  only 
beginning  to  be  applied  to  metallurgical  problems,  and  there 
was  little  accurate  knowledge  of  the  physical  constants  of  the 
materials  used  by  the  iron  and  steel  maker.  It  may  be  well 
now  to  place  on  record  some  of  the  results  which  have  since 
been  obtained,  as  these  preliminaries  will  be  of  use  for  refer- 
ence, and  will  be  of  great  assistance  in  our  further  discussion 
of  the  problems  to  which  we  hope  to  direct  attention. 

Turning  first  to  the  metal  used,  it  will  be  remembered 
that  it  was  formerly  customary  to  give  the  melting  point  of 
pure  iron  as  being  1,600。  C.  "The ^careful  determinations  of 
Carpenter  and  Keeling  gave  the  lower  figure  of  1,505°  C.  on 
the  thermo-couple  scale,  and  that  figure  is  now  generally 
accepted.  On  adding  carbon  to  the  iron,  it  is  well-knowii 
that  the  metal  becomes  much  more  readily  fusible.  The 
lowest'  melting  point,  or  eut 仅、 tic,  of  the  series  is  with  about 
4'25  per  cent,  of  carbon,  and  is  at  about  1,130°  C.  Such  a 
material  can  only  be  produced  when  a  very  high  temperature 
has  been  employed.  In  ordinary  pig  iron  the  carbon  usually 
varies  between  about  3  and  3*6  per  cent.,  and  the  melting 
point  is  consequently  in  the  neighbourhood  of  1,250°  C.  The 
presence  of  silicon,  or  of  phosphorus,  makes  the  pig  iron 
more  readily  fusible  and  more  fluid  when  melted.  But  under 
ordinary  circumstances  pig  iron  which  contains,  say,  3  per 
cent,  of  silicon,  requires  a  somewhat  liigher  temperature  in 
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order  to  melt  it  than  does  a  rather  purer  material.  Tl"' 
reason  for  this  is  that  when  part  of  the  total  carbon  is  re- 
placed by  silicon  the  loss  of  carbon  raises  the  melting  point 
somewhat  more  rapidly  than  the  gain  in  silicon  causes  it  t(, 
fall.  The  net  result  of  the  addition  of  silicon  is,  lIuM'ci'orc, 
usually  not  to  lower,  but  to  raise  the  melting  point  of  pig 
iron.  If  phosphorus  is  present  the  melting  point  is  lowered, 
owing  to  the  formation  of  an  iron-carbon  phosphorus  euiectic, 
which  melts  at  about  950°  C.  This  phosphorus  is,  however, 
not  uniformly  distributed  tlirough  the  whole  solid  metal,  Imt 
in  the  case  of  grey  iron  is  met  with  in  separate  enclosures 
or  segregations,  and  as  a  result  a  phosphoric  pig  iron,  wIhmi 
slowly  melted,  has  a  tendency  to  part  with  some  of  its  plios 
pliorus  by  a  process  of  sweating  or  liquation.  This  recalls 
the  view  expressed  by  Dr.  Percy,  before  the  theory  of 
puddling  was  so  fully  examined ― namely,  that  the  plios 
phorus  was  removed  by  liquation.  This  view  is  no  douhi 
partly  true,  though  other  things  have  to  be  remembered  be- 
fore a  complete  explanation  can  be  supplied. 

Viewing  next  the  infusible  oxides  with  which  our  fur- 
nace may  be  lined,  or  our  firebricks  made,  it  may  be  recalled 
that  the  usual  definition  of  a  refractory  material  at  present 
is  that  it  is  a  substance  which  can  successfully  resist  a  tem- 
perature of  1,600°  to  1,650°  C.  Thus  magnesia  melts  at 
2,250°,  lime  at  1,900°,  alumina  at  1,880°,  and  silica  at 
1,725°.  Judged  by  this  standard,  the  firebricks  are  refrac- 
tory, as  they  soften  at>  about  Seger  cone  30，  or,  say,  1,700  C. . 
but  the  oxide  of  iron  used  for  fettling,  or  making  up  the  "(l'  .、 
and  bottom  of  the  working  part  of  the  furnace,  is  scarcely  a 
true  refractory.  According  to  Kohlmeyer,  ferric  oxide 
(Fe203)  melts  at  1，565。  C.，  and  magnetic  oxide 
(Fe304)  at  1,527°.  The  temperatures  of  the  puddling  furiiart' 
are,  therefore,  comparatively  moderate. 

Though  the  puddling  processes  are,  chemically  speaking, 
the  application  of  a  number  of  oxidising  reactions  whereby 
the  impurities  originally  present  in  the  pig  iron  are  removed, 
the  direct  effect  of  the  oxygen  of  the  air  is  relatively  small. 
In  fact,  atmospheric  oxidation  must  be  regarded  rather  as 
a  source  of  waste  metal  than  an  action  to  be  encouraged  or 
increased.  During  remeltiug  uo  doubt  a  certain  amount  of 
metal  is  oxidised  as  it  is  gradually  heated  and  ultimately 
fused.  A  still  greater  oxidation  usually  occurs  during  the 
balling-up  stage  of  the  operation,  and  practically  the  whole 
of  t-his  oxidation  leads  to  loss  of  iron. 

The  fettling  of  the  furnace,  so  long  as  it  remains  Iianl 
and  infusible,  is  also  without  any  important  action  on  tli'' 
metal.  The  temperature  of  the  furnace  when  the  metal  melts 
is  probably  about  1,300°  C.，  and  during  the  hottest  part  ni 
the  heat,  just  before  the  metal  is  withdrawn,  is  probably 
very  little,  if  any,  above  1,400。，  and  at  this  temperature 
ferric  oxide  is  infusible.  The  most  active  agent  in  the  puri- 
fication of  the  iron  is  the  bath  of  fluid  slag,  or  cinder,  into 
which  the  crude  metal  trickles  as  it  melts,  and  by  which  it 
is  covered  during  the  subsequent  stages  of  clearing  and  boil- 
ing. 

For  many  metallurgical  purposes  a  fluid  slag  may  be  con- 
sidered to  consist  of  three  separate  parts :  (1)  A  fusible 
portion,  usually  a  silicate,  which  takes  no  direct  part  in  the 
reactions,  but  may  be  regarded  as  a  solvent  or  mother  liquor. 
(2)  An  active  agent  which  is  dissolved  by  the  solvent  and 
thus  brought  into  intimate  contact  with  the  metallic  or  other 
substance  upon  which  it  is  required  to  act.  (3)  The  pro- 
duct of  the  reaction,  which,  when  non-volatile,  accumulates 
in  the  cinder  until  at  length  a  proportion  is  reached  which 
prevents  the  proper  progress  of  ilie  reaction.  It  corresponds 
with  the  waste  products  of  a  living  organism,  which,  if  not 
removed,  ultimately  lead  to  death. 

The  three  parts  of  puddling  cinder  are  respectively:  — 
1.  The  solvent  is  ferrous  silicate  2  FeO  SiO"，  which,  when 
pure，  melts  at  about  1,183°  C.，  as  determined  by  Mr.  Dixon  in 
my  laboratory  some  years  ago.  When  melted,  it  is  almost  as 
Jluid  as  water  ；  on  cooling  it  gives  a  very  distinct  arrest  at 
its  solidifying  point,  and  crystallises  in  dark,  semi-vitreous 
plates  which  belong  to  the  rhombic  system,  and  which  occur 
iu  nature  as  the  mineral  Fayalite.  It  contains  70  6  per  cent, 
of  ferrous  oxide  and  29"4  per  cent,  of  silica.  In  its  pure 
form  it  is  rather  too  infusible,  and  much  too  siliceous  to  t'm'm 
a  good  cinder. 

2.  The  arti\'(,  agont.  is  tnagnotir  oxido  of  iron ,  、、.hi,'li  rmi 


sists  of  F©304,  or  FeO  .  Fe^C J;j .  Oiic  m^t IkhI  oi'  pr^pai  it\  j 
magnetic  oxide  is  by  heating  ferric  oxide  to  itH  ""  km"' 
point,*  when  oxygen  is  given  off  and  magnet i<-  oxi'l"  results. 
In  practice,  however,  it  is  very  sel'lom  t  hat  magnetic  oxitb' 
possesses  exactly  the  composition  which  <<"n>p')，i'U  witli  tli'' 
formula  Fe304.  It  may  still  be  attracted  Uy  a  inagn*-l ,  ',r 
even  become  distinctly  polar,  and  show  its  '  li;";"'teris"<:  ,  rv 
stalline  form,  while  the  proportion  oi  l''n"ii、  uxi'l'',  、-; ir"'、 
considerably  from  that  required  by  t  lu*  formula.  We  may, 
therefons  speak  of  the  active  agent  wliich  is  fliwlwl  in  tl"' 
ferrous  silicate  by  the  less  definite  torm  of  ••  oxide  of  iron," 
ifc  being  understood  that  by  this  namo  is  iiulicated  ； i  m(,n'  "i 
less  altered  form  of  ferric  oxide. 

Ferrous  silicate  can  readily  dissolve  either  silica  or  oxide 
of  iron.  The  addition  of  silica  gradually  raises  the  md,m_ 
point  and  makes  the  material  viscous  wlien  hot,  and  slow- 
setting  like  a  glass.  With  sufficient  silica  a  dark  (,li、'*'  l"'"  ti 
bottle-glass  is  obtained.  This  has  no  definite  "K'ltin 乂  point , 
and  gives  no  arrest  on  the  cooling  curve.  Tli"  ；" Idit" 川 ot' 
oxide  of  iron  first  slightly  lowers,  anrl  then  graduallv  ra 卜'、 
the  melting  point  until  ultimately  the  temperature  of  1，5G.V 
is  reached  with  pure  ferric  oxide. 

It  is  known  from  steel  works  practice  that  in  onh-v  u, 
remove  phosphorus  from  the  metal  the  silica  in  the  bath  ',， 
slag  must  not  exceed  20  per  cent.,  and  this  limit  is  probably 
rather  too  high  for  safe  working.  Since  f,'rmus  siiira"'  r0ii 
tains  29,4  per  cent,  of  silica,  it  is  evident  that-  it  must 山、 
solve  half  its  weight  of  oxide  of  iron,  at  least,  in  ord*  r  to 
make  a  satisfactory  cinder.  PiuUUin^  cinder  is  thus  a  very 
strong  solution  of  oxide  of  iron.  This  solution  comin-  m 
contact  with  iron,  when  both  are  in  the  fluid  state,  is  pra< - 
tically  without  action  on  the  metal,  since  a  metal  ca"'i(" 
reduce  its  own  lower  oxide.  It  does,  however,  rapidly  oxidise 
the  non-metallic  impurities —— carbon,  silicon,  and  phosphorus, 
while  even  sulphur  is  also  removed.  Puddling  cinder  doub" 
ksa  acts  as  a  carrier  of  oxygen  from  the  air  to  the  metal, 
though  the  extent  to  which  the  action  takes  place  has  n<>\ 
been  carefully  determined.  Puddling  cinder  also  contain> 
relatively  small  quantities  of  lime,  alumina,  mang;mM 卜 
oxide,  and  other  impurities  derived  from  the  fettling,  :m'l 
these  tend  to  lower  the  melting  point.  Actual  deterraination> 
in  my  laboratory,  by  Mr.  Coe，  have  given  a  solidifying  point 
of  1,075°  C.，  for  tap  cinder. 

3.  Tlie  product  of  tlie  reaction  which  is  present  in  t  l"' 
(huler  is  phosphorus,  in  the  oxidised  condition,  probablv 
as  normal  triferrous  pliosphate  Fe8(P04)o-  Several  impor- 
tant researches  have  been  published  "in  I't'fVn'm'e  to 
the  condition  in  which  phosphorus  exists  in  the 
basic  slag  from  steel  making.  Dr.  Stead  has  isolated  and 
recognised  a  tetra-basic  pliosphate.  Tap  cinder  does  not 
appear  to  have  received  the  same  careful  examination  ；  it  is 
found  from  analysis  that  the  phosphoric  oxide  does  not  usually 
resell  7  per  cent. ,  and  its  presence  appears  to  increase  the 
fluidity  of  the  cinder,  though  exact  information  on  this  point 
is  lacking.  If  the  pig  iron  used  is  high  in  phosphorus  it  is 
well  to  concentrate  this  as  far  as  possible  in  that  portion  of 
the  slag  which  is  first  removed,  and  which  usually 
boils  over  the  fireplace.  The  removal  of  the  impurities  at  this 
stage  is  economical  iu  fettling,  and  yields  a  better  ultimate 
product. 

It  has  been  assumed  in  what  has  hitherto  been  stated  that. 
，he  active  oxide  of  iron  is  wholly  dissolved  in  the  slag.  Then- 
is  some  evidence  that  metallic  iron  can  dissolve  oxide  of  iron, 
though  apparently  not  in  large  quantity.  The  subject  is 
receiving  attention  at  the  hands  of  several  investigators,  ami 
it  may  be  that  the  reactions  are  in  part  those  which  take 
place  between  iron  carbide,  silioide,  and  phosphide,  dis- 
solved iu  the  fluid  metal,  and  oxide  of  iron  also  soluble  in  tli，' 
bath  of  iron.  (Compare  Rosenliain,  Proceedings  of  the  Lit,  r- 
national  Association  for  Testing  Materials,  191—、.  |.;t;_','  ；)；».；  i 

Before  considering  the  reactions  further  it  mav  1>，>  well  t'， 
say  a  few  words  as  to  the  composition  of  the  pi 二'  iron  to  1"' 
employed.  Even  when  the  ironmaster  has,  in  liis  own  miiuK 
a  definite  ideal  composition,  he  is  not  always  able  to  。、t 
exactly  what  he  wants,  and  is  certainly  not  "able  al、va\、  t'> 
ensure  regularity  in  character.    Ono  advantaire  of  the  use 

*  Tho  dissociation  pressure  of  F*» >On  is  cuunttothnt  of  "10 oxygen  in  tlii'a""" 
>I>hero  lit  13o0t1o*;.  Below  that  t^min  raturc  Vr  Ot  is  st^iblo  if  licaknl  in  air  U 
13T，0  (leg.  nin^netio  oxi<lo  shows  no  sign  of  di^soomtion.  ( WnMen ,  '  Vmcricnn  ciiciu 
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of  three  or  four  brands  of  pig  iron  in  a  heat  is，  no  doubt, 
tlie  greater  uiuformity  thus  ensured,  as  it  is  unlikely  that 
all  of  tlu'm  will  vary  in  the  same  \va v  ； it  1  he  same  time.  F"oi- 
tunately  the  piuUUing  process  lends  itself  to  considerable 
iiiddilicat  ions  in  detail,  so  as  to  suit  difTerent  classes  of  iron  ； 
otherwise  it  would  long  liave  passed  away.  A  typical  iron 
iiui v  liave  approximately  the  following  composition  :  Carbon, 
cliierty  graphitic,  3  5  ]>er  cent.,  silicon,  1*5  to  2  per  cent., 
phosphorus,  1  per  cent.,  manganese,  075  per  cent.,  and  other 
impurities  as  low  as  possible. 

It  is  generally  a  mistake  to  atteni])t  to  pu(kll"  with  1  oo 
pure  an  iron,  and  this  for  two  reasons.  In  the  li rsl  place, 
tlie  metal  costs  more  to  buy.  and  yields  less  weight  in  1  lio 
furnace.  Secondly,  it  is  apt  to  work  "  dry,"  and  to  be  red- 
short  in  the  subsequent  processes,  while  the  bot">m  of  tlie 
furnace  is  apt  to  scurf.  But  tlie  improvement  clue  ">  silicon 
ainl  phosphorus  is  only  obtained  witliin  certain  deii nil t1 
limits.  With  too  large  a  proportion  of  metalloids  the  extra 
time  occupied  and  fettling  melted  may  more  than  coin])en- 
sate  for  the  initial  gain. 

Let  us  now  imagine  our  furnace  is  li"t  and  ]>ro|)erl v 
fettled,  and  the  pig  iron  is  weighed  out  and  ready  tu  !><■ 
cliarged.  The  first  step  usually  is  to  charge  in  some  shovels- 
ful  of  cinder,  such  as  the  slag  obtained  from  the  forge  ham- 
mer. On  this  the  pig  iron  is  charged,  care  being  taken  to 
place  any  pigs  which  have  a  higher  melting  paint  in  a  posi- 
tion in  which  they  will  get  the  most'  】ieat，  so  that  as  far  as 
possible  all  may  melt  down  together.  Since  the  cinder 
melts  at  about  1,100°,  and  the  pig  iron  visually  at  ovn*  1,200°, 
it  will  be  found  that  the  cinder  is  fluid  before  the  iron  is 
melted,  and  the  metal  therefore  trickles  down  into  a  pool  of 
slag.  Possibly  the  phosphide  eutectic  tends  partially  to 
liquate  out  before  the  rest  of  the  pig  iron  melts,  but  in  any 
case  the  metal  at  once  comes  in  contact  with  a  basic  liquid 
rich  in  dissolved  oxide  of  iron.  Much  of  the  phosphorus  is 
at  once  given  up  to  the  slag1,  but  the  remainder  passes  away 
slowly  during  the  rest  of  the  process.  Silicon  and 川 aiig;mes" 
rapidly  pass  out  of  the  fluid  metal,  and  are  usually  practi- 
cally gone  within  10  to  15  minutes  after  the  whole  of  the  iron 
is  melted.  Until  the  whole  is  well  and  uniformly  fluid  aiul 
u  cleared,"  the  carbon  is  not  attacked  ；  but  when  once  clear- 
ing is  completely  finished  the  object  is  to  bring  on  the 
"boiT  as  quickly  as  possible. 

Allowing  our  minds  to  picture  the  meeting  of  an  atom  of 
carbon  with  the  surrounding  fluid  containing  oxide  of  iron, 
we  see  that  several  tilings  are  possible.  It  might,  for 
example,  meet  one  molecule  of  ferric  oxide,  when  we  should 
have 

(a)  Fe2(>3  +  C  =  "，eO  +  CO， 

and  the  result  woulfl  be  that  one  molecule  of  carbon  monox- 
ide would  be  evolved  and  burn  in  the  blue  jets  of  the  fur- 
nace, wliile  two  molecules  of  ferrous  oxide  would  be  added 
to  the  slag.  So  far  as  yield  is  concerned,  there  would  be  no 
;rain  of  iron,  but  a  loss  exactly  equal  to  the  amount  of  car- 
bon removed.  On  the  other  liand,  our  atom  of  carbon  might 
meet  a  molecule  of  ferrous  oxide,  when  we  should  get 

(b)  Fe< )     +  C  =Fe4  CO 
(：»(；+!())  +  12-5G  +2S 

In  this  case  we  should  still  get  the  same  amount  of  rarlxm 
monoxide,  but  nothing  would  be  added  to  the  slag,  while 
12  parts  of  carbon  would  add  56  parts  of  iron  to  the  yield. 
But  since  12  parts  of  carbon  would  be  lost,  the  net  increase 
of  weight  would  be  4i  parts.  Hence  each  part  of  carbon 
removed  would  take  from  the  fettling  and  ciiuler  and  add  to 
the  charge  no  less  than  3f!  times  its  own  weight  of  iron.  These 
equations  represent  the  worst  and  the  best  of  what  may  hap- 
pen.   But  other  actions  are  also  possible,  such  as ― 

(c)  FeO.  Fe0Os+  C=  Fe   +Fe2。3  +  CO 
(,/)  Fe().   l'，(C(、+  C=3Fe()4-  CO 
(r)  FeO.    l'，e;(J3  + 化 =  :;l'，e    +4C(> 一"、 

Si milarlv  for  silicon  we  may  have 

(a)    FeO.   Fe0G,-f  2Si  =  3Fe   -f  i>Si00 

(h)    FeO.  YeXU  +  Si  =  Ye   +2FeO  +  Si02 

(r)  -2VrO.   i'，' 《。； j  I    Si  =  GFe()   +SiD2，Ar('. " 

From  this  il  w i 1 1  be  seen  that  as  Llie  oxide  of  iron  increases 
yield  decreases,  exactly  as  was  tlie  case  with  carbon .  The 


reactions  with  phosphorus  are  of  the  same  character  though 
slightly  more  complicated  in  form,  tlms 

(a)  r'FeO.  Fe203+  8P  = 】5Fe  -f  4P20, 

：) a  232  +  8  x  31  =  15xf>G  +  4  x  14i> 

hence  248  of  phospliorus  reduces  840  parts  of  iron  fro,"  the 
cinder  and  fettling,  or  one  part  reduces  3*4  parts  of  iron. 
Su})tracting  tlie  loss  of  one  part  of  phosphorus  we  h;ive  that 
each  1  per  cent,  of  phosphorus  adds  2 '4  per  cent,  of  iron  to 
the  charge.    Or  we  may  have 

(6)  5FeO.   Fe203  +  2P -】 WeO  +  iy 丄， 

in  which  case  G2  j)arts  of  phosphorus  will  use  up  1,1  GO  parts 
of  oxide  of  iron,  or  nearly  19  times  its  own  weight  aiul  adrl 
notliiug  to  the  yield. 

1 1  will  therefore  be  seen  that  iu"l("'  ci'ila [ji  specified  huA 
favourable  conditions,  carbon,  silicon,  and  phosphorus  can  be 
removed,  and  their  places  taken  by  a  greater  weight  of  iron 
obtained  from  the  fluid  bath  of  cinder.  The  ideal  condition 
is  by  the  reduction  of  ferrous  oxide  as  this  contains  least 
oxygen.  In  this  case,  after  allowing  for  the  loss  due  to  the 
removal  of  the  non-nietallic  element  itself,  1  pail  of  carbon 
may  add  3H  its  own  weight  of  iron,  silicon  3  parts,  and  phos- 
phorus 3A  parts.  Or,  conversely,  these  iicm-nietals  】iiay  be 
oxidised  in  such  a 川 amier  as  to  use  up  many  times  their  own 
weight  of  oxide  of  iron,  and  add  nothing  whatever  to  tlie 
charge.  In  practice  it  may  be  assumed  that  we  always  work 
under  some  intermediate  coiulilions,  and  though  some  metal 
should  be  gained,  the  quantity  never  reaches  the  theoretical 
maximum. 

From  a  practical  point  of  view  the  question  naturally 
arises  ：  How  far  the  reactions  are  under  control,  n\ul  what 
are  the  conditions  which  ensure  the  best  results '?  An  exami- 
nation of  ou r  equations  will  show  that  iu  al!  cases  where 
there  is  no  iron  added  to  the  charge  the  quantity  of  oxide 
of  iron,  and  particularly  of  ferric  oxide,  is  excessive.  So 
long  as  other  conditions,  such  as  time,  remain  constant,  any 
excess  of  ferric  oxide  diminishes  the  yield.  It  also  lends  to 
make  the  cinder  less  fusible,  and  the  iron  <\ r y  under  the  liam- 
mer.  It  may,  however,  quicken  the  rate  of  reaction  in  ina n v 
cases.  If  the  total  oxide  of  iron  which  is  present  in  the  cinder 
during  the  boil  be  separately  estimated  as  ferrous  and  ferric 
oxide  respectively,  it  will  be  found  that  there  are  in  every 
10  parts  about  nine  of  ferrous  oxide  and  one  of  ferric  oxide. 
The  cinder  which  is  tapped  out  at  the  end  of  the  process  con- 
tains about  twice  as  much  ferric  oxirle,  which  is  in  the  ])io- 
portion  of  about  five  parts  of  ferrous  oxide  to  two  of  ferric- 
oxide .  Within  these  two  limits  we  have  the  usual  working 
ccniposition. 

We  have,  however,  already  seen  that  ferrous  silicate  dis- 
solves about  half  its  own  weight  of  oxide  of  iron  in  the  for- 
mation of  puddling  cinder.  We  may  hence  assume  that,  in 
the  first  case  just  ineiitioned,  of  the  nine  parts  of  ferrous 
oxide  about  six  were  present  ronihined  with  silica,  and  three 
in  t he  free  or  dissolved  condition.  Tlie  composition  of  the 
active  oxide  of  iron  would  therefore  be  approximately 
6  FeO  Fe.,  Oa.  Similarly,  the  composition  of  the  active  oxide 
of  iron  in  the  second  case  would  be  approximately 
2  FeO  Fe203.  By  thus  eliminating  the  ferrous  silicate  from 
the  calculation,  the  difference  in  composition  of  the  dissolved 
oxide  in  the  two  cases  is  made  more  evident,  and  it  will  be 
seen  that  any  explanation,  such  as  was  formerly  in  vogue, 
based  merely  upon  the  reactions  of  Fe^O-j,  must  be  niisleadinir. 

The  practical  application  of  these  considerations  is  that 
care  should  l)e  taken  when  puddling  impure  irons  to  provide 
a  sufficiency  of  readily  fusible  material  ricli  in  ferrous  oxide, 
so  as  to  give  a  fluid  bath  of  cinder  early  in  tlie  melting-down 
aiul  clearing  stages.  Sucli  cinder  assists  in  the  rapid  purifica- 
tion of  the  iron,  increases  tlie  yield,  and  is  the  cheapest  and 
readiest  means  of  properly  working  a  charge.  Tf  there  is  a 
(leficiencv  of  cinder  in  the  oa rly  stages,  more  has  to  be  made 
at  the  expense  of  the  iron  and  of  the  】noi'e  infusible  fetiling. 
Tlie  making  of  cinder  in  this  way  leads  to  waste  of  time, 
metal,  and  fuel,  aii'l  should  be  avoided  as  far  as  possible. 

The  presence  of  a  reasonable  proportion  of  noa-uietals  In 
the  original  pig  iron  not  merely  iiu  reasos  (lie  yield  of  puddled 
iron,  tor  reasons  above  given,  but  also  iin])roves  the  fluidity 
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of  Hie  cinder,  and  lience  the  proper  working  o I'  1  1h*  charge, 
and  Hie  quality  111**  prodiH-t.  An  all-hcmjit  ite  cliarge,  for 
oxam])le,  is  unsat  isl'a  -lory.  .  The  niel  h  lloirls  (limiiiisli  I  lie 
fcrrir  oxide  in  the  rind('r，  wlnlr  I  lie  |i»')(lucls  ol'  I  lie  nxidat  ion 
of  silicon  hikI  phosphorus  also  lend  to  gi、v  a  shig  wit  li  ； i 
Idwcr  melting  fxiint  than  a.  piin'r  mafcria]  wouhl  possess. 

It  may  perhaps  he  supposed  lliat  if  it  is  ^ood  to  li:iv'' 
1  per  cent,  of  phosphorus  and  2  per  cent .  of  silicon ,  it  may 
be  still  more  advjmla^cous  to  lia vr  y("  l.'irgcr  ptoport ions 
of  metalloids.  T(>  this  there  are  very  definite  limits  in  prac- 
tirt'.  It  li;is  been  already  shown  t  hat  it'  I  lu-  suitai)le  pro|mr- 
t  ions  are  not  preserved  as  ltd  ween  oxide  of  Won  and  t 
metalloids,  it  is  possible  to  use  a  great  deal  of  fetlling  with- 
out gaining  a  single  particlo  of  iron,  ('"'("'r  is  also  a  slow 
I'onductor  of  lieat,  and  ； i  t  hick  covering  of  slag  pi  pvcni  s  t  he 
iron  receiving  its  projxM-  share  of  lie;".  I  hMice  ")o  t  hick  a 
coating  of  cinder  is  not  good,  ]>ar( icu lai'I y  if  that  riiifU'r  is 
heing  made  from  the  fettling  by  a  "  liungry  "  iron. 

A  few  words  may  not  be  out  of  place  in  reference  to  the 
temperatures  of  puddling  furnaces.  I  n  st  (kd  making  it  is 
known  ilia  I  pliosplKirus  is  removed  best  ai  relatively  low  teui- 
peratures,  aiul  t liat  if  t lie  heat  hcconies  too  great ,  1  hv  rtMnova  1 
of  [)hosphorus  may  ]>ract ically  cease.  1  n  the  pu(l(!liiig  fur- 
naco  these  conditions  (lo  not  ； i  ppl  v.  To  one  who  si  a  ihIs  in 
front  of  a  puddling  furnace  on  a  hot ,  closf  day,  an(l  woiks  a 
heat  of  iron,  it  may  appear  tliai  the  inside  ()「  a  puddling  fur- 
nace is  a  liot  ]>lace.  As  compared  wil  li  i  lie  lieal  of  a,  re^eiici'H - 
tive  steel  furnace,  nr  o\'  an  elf d  ri<-  furnace,  llic  ieinperat  urc 
employed  in  puddliui;  is,  even  at  its  inaxinmni,  relatively  low. 
The  result  is  that,  so  far  as  I  am  aware,  the  furnace  is  never 
too  hot  to  allow  of  the  removal  of  ]>lios|)horus.  On  the  other 
hand,  it  is  cotisirlerefl  best  practice,  if  good  ixnldled  bar  is 
to  be  obt aiiunl  from  rat  1km*  in (Vrior  iron,  lo  cliarge  iti  more 
liaiiiniei"  s<*a le  t  Iim n  usua  1  and  1  o  work  t  he  chaise  as  hot  as 
possible. 

However  importani  llio  chem ical  aspeci s  of  t he  |>u(l<lling 
process  may  lx\  in  m、l(、r  ( o  oltlain  proper  and  econoinical  j>uri- 
rn'atiou  of  t  lie  (n'igiiml  iron,  niauv  ol  \wr  tjiicst  ions  n ssume 
(Mpial  iuiport  ance  in  act  ua  1  pracl  ice\  I  mproveiiients  lia  ve 
been  suggested  from  lime  t o  t im<i,  and  of  these  some  have 
beeii  of  a  diai-art  er  \viii<  li  would  improve  tlie  process  alto- 
gether off  t lie  face  of  the  e;irt  h.  Tlie  inventor  was  at  his 
busiest  wlien  i  he  ('(jin ]>et  it  ion  of  steel  became  keen,  and  henre 
in  the  tea  years  between  】8G7  ； i  nd  1 870  inclusive  pal  cuts  were 
issued  in  Britain  alone  at  the  rate  of  about  one  every  seven 
working  clays.  When  v/e  remember  how  few  of  these  sug- 
gested alterations  survive  at  the  present  day,  we  have  a  sad 
picture  of  disappointed  hopes  as  we  contemplate  the  efforts 
wliich  were  then  being  made. 

Attention  was  naturally  directed  to  changes  in  the  size 
and  shape  of  the  furnace,  so  as  to  permit  of  the  working  of 
lar  ger  charges  of  metal,  and  to  render  the  work  of  the  pudrller 
less  onerous  and  exliausting.  Some  of  these  larger  ineclianical 
furnaces  met  with  a  measure  of  success,  and  tlie  idea  of  a 
tilting  or  oscillai in^  furnace  is  again  receiving  attention.  Mv 
own  view  is  not  favourable  to  the  use  of  large  furnaces  for 
]Mi()(llii)g.  Large  masses  of  iron  require  suitable  niacliinery 
for  their  inani})ulal ion,  and  it  is  no  use  to  alter  the  t'uniarc 
without  altering  tli(、  winkle  of  t  ho  rest  of  the  works  to  suit. 
Where  large  masses  are  to  he  dealt  with,  it  is  so  inucli  ejisuT 
to  handle  fluid  metal  than  large  blooms  of  iron  at  a  welding 
heat.  Ingots  can  be  made  true  to  size  and  shape,  and  chii 
be  stored  and  reheated  if  required.  It  is  true  that  these 
ingots  are  not  wrought  iron,  but  steel.  But  for  the  world's 
needs  steel  is  "  just  as  good,"  or  even  better  for  many  pur- 
poses than  wrought  iron.  But  it  is  not  wrought  iron,  and 
lias  properties  which  are  for  many  ])urposes  absolutely  dif- 
ferent.  I  am  incliiuul  to  tliink  also  thai  wrou^lit  iron  inado 
and  worked  in  these  large  musses  would  "iilv    prove  to 

just  as  good  M  as  that  made  in  sm'iller  1  jails  of  less  than 
1  cwt.  in  weight  h\  the  labour  and  skill  of  a  good  puddler. 
Even  when  mild  steel  scrap  has  been  mixed  with  \vrougli( 
iron,  worked  on  a  bali  furua<  e,  and  sul)setjueiitlv  rolled  into 
bars,  llio  vo.sull  is  net  a  sal  istacim  v  w  rou^lit  Imn.  Tli'' 
"'||:|''"、'  may  l»c  liiglit'r,  :iml  loi-  soino  purpost's  it  ma v 
be  better  than  pu(l,lk"l  iron.     But  every  piece  of  steel  still 


retains  its  own  cliaracUM-isti s,  and  can  be  r»*ro^ni-ef|  muh'r 
t  lie  mi(  ms(w.  Tin*  liars  flo  not  n-sisl  o\  i'lat  khi  、v«  :l，  aii'l  are 
otlierwisc  misfit  isi';iri ory.     When  B'.ssf'mf'r  was  first  in 

lr()fIur(H|,  it    WHS  OX|M'rlc<|   t  1|；|1  '  ril'  il 山' slf*-!  wrjiilrl 

.soon  !)*•  a  tiling  of  past.  Mor**  n'"'mlv  ,.rm.il,l'.  s "卞 I 
l>een  threatened  by  the  electric  f uniare.  1 1  sw."  to  I'"  now 
established  that  however  puro  and  exrellent  eloctiicallv- 
refmed  steel  may  be,  and  though  it  may  in  srxnf  "'f  ，s  l>«* 
even  superior  to  rrm'il 山' st si  ill  it  is  wn\  (jiiiif  ，|,''  -,'  m'' , 
and  Sheffielfl,  i'igl"l  v  oi  wrongly,  adheres  to  its  ol<l  nu-t  lio«l> 
and  produces  its  o\<\  fjiialit y.  I  ti  t  he  w  rou<:lit  -iron  tr;"l'* 
I  am  inclined  to  think  t  luit  soineihiiig  of  t  lie  same  nat  urc  "  ill 
continue  to  hold  good.  There  is  a  t  rust  worthiness  aiul  rjiialit  v 
iii  puddled  iron  wliich  lias  been  aii'l  skill  nil v  ina<U-  l'v 

the  ordinary  process,  such  as  ramiot  Ik*  oxaclly  reprtxlmoil 
eit  l»er  in  the  best  steel  or  with  reguhril  v  i  n  metal  made  in 
any  large  mechanically- worked  f  urnac**.  Tli*.  t  ut  ure  of 
wrought  iron  is,  I  believe,  more  (lependeiit  upon  quality  ami 
uniforinity  than  upon  rapidity  of  output  or  redurtion  in 
price.  If  for  special  purposes  wrought  irmi  is  tlie  best  material 
and  costs  more  to  make,  tlien  it  should  coitwunnd  a  lii;'li'  r 
price. 

If  it  be  then  assumed  t  ,  in  the  majority  of  cases  at 
all  events,  small  puddling  furnaces  an*  U,  he  n't;,i'""l，  the 
question  of  fuel  <  oiisuniplion  is  settled  to  this  extent  t  hat 
regenerative  gas  furnaces  are  out 《"•  court .  卜: '  （>n')mv  tiwl 
is  to  be  looked  for  rat  her  in  ilir  direct  ion  of  t  lie  use  of  '  lieaper 
fuel,  the  coi)»|)l('t<»  combiist ion  of  its  carbon,  aiul  t he  utilisa- 
tion of  the  waste  lieat  for  steanwraisin^  or  ol  ]i«t  suil;il>le  pur- 
poses. For  】nill  furnaces  regenerative  working  is  advan- 
tageously employed,  and  in  such  cases  excess  of  steam  from 
the  waste  heat  of  the  forge  finds  a  profitable  application  in  t  In- 
mill.  There  are  usually  so  manv  possible  applications  for 
waste  steam  Hint  no  heat  should  be  wasted  whi'-li  '  ； m  he 
profitably  employed.  I  n  t  he  West  of  St-otlaixl,  1  Relieve, 
much  progress  has  been  made  in  the  utilisat  ion  of  small  fuel 
in  connection  with  tlie  production  of  malleable  iron,  and  in 
1  his  direction  tiie  Glasgow  (list  viri  lias  given  a  rlisl  iii'-t  U»;ul  I o 
oilier  localities. 

My  address  this  evening  has  been  in  the  nature  of  a  plea 
for  the  fuller  recognition  of  tlie  place  wlii'  li  wrought  or  mal- 
leable iron  holds  in  the  world  to-day,  and  tlie  ]>a rt  wliich  it 
appears  destiiierl  to  plav  in  1  he  future.  I  p  also  en- 
deavoured to  show  the  imporiaiice  of  sonic  s('i'"itifir  kno',v，' 'I'—"' 
in  connection  with  puddling.  We  want  sticii  knowh-'lc,  in 
its  simplest  and  most  practical  form,  to  be  within  the  reach 
of  those  by  whom  it  has  to  be  applied. 


CORROSION  OF  SPIKES  IN  TIES  TREATED  WITH 
ZINC-CHLORIDE, 

A  report  prepared  by  Mr.  Win.  Camp,  dealinir  wit  li  t  lit*  ,  m - 
rosion  of  spikes  in  ties  treated  with  zinc-chloride,  is  given  in 
the  "Bulletin"  of  the  American  Koa drn;is(<T>'  ant]  Maiiitm 
ance  of  Way  Association. 

During"  tlie  past  12  or  15  years,  the  report  states,  the  use 
of  the  ziuc-chloride  process  for  treating  ties  has  extended  to 
numerous  railways,  and  with  this  largely  extended  use  of 
the  process  there  have  been  instances  where  serious  corrosion 
of  spikes  (and  tie-plates  also)  has  occurred.  Sucli  dainairr, 
however,  is  by  no  means  general.  On  some  roads,  where  sudi 
ties  have  been  in  use  in  large  numbers  for  many  years,  t  1ht»- 
is  no  evidence  of  corrosion  of  track  fastenings  (eitlier  in  hard- 
wood or  soft-wood  lies).  On  other  roads,  tlie  corrosion 
appears  in  some  localities,  while  in  others  it  is  absent .  TIh' 
cause  of  tlie  corrosion  is  not  well  understood.  Tn  the  ea rlier 
days  it  was  laid  to  the  presence  of  free  acid  in  the  treatini: 
solution,  and  this  ma v  l>e  responsible  lor  n\ sos  of  n'rriit 
occurrence.  Tlie  trealinent  of  ti*、s  is  now  done  m"r，'  l:»wl、' 
by  contracts,  and  t here  nia v  l>e  more  hasty  iiipIIhhU  ol 
liandling  tlie  ties,  with  possibly  less  attention  to  the  purity 
of  tlie  solution.  The  reniedv  is  a(lot|iiate  in?pe»tion  at  the 
treatiiii;  plants  Ijv  representatives  of  the  rail\\;iv>. 

I  ii  i  lu'  W't'lllioiisr  |>r，"'t'ss,  ； i  weak  si>lut  ion  lm>  aiul 

tannin  or  tannic  arid  is  oil  Iht  inixod  、、  illi  I  lie  rlilorich*  or 
is  applied  later  as  a  soparato  solut ion.  in  order  to  phig  up 
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the  cells  and  prevent  the  entrance  of  moisture  to  leach  out 
the  zinc-chloride  salt,  which  is  easily  soluble.  It  has  been 
<-l;iimed  that  no  corrosion  of  spikes  has  been  noticeable  where 
glue  and  tannin  have  been  used.  On  some  roads  it  has  been 
noticed  that  while  steel  spikes  have  been  appreciably  corroded 
in  zinc-treated  ties，  iron  spikes  have  shown  no  evidence  ol 
corrosion. 

The  most  widely  prevailing  opinion  as  to  the  cause  of 
corrosion  has  reference  to  the  seasoning  of  the  ties  after 
treatment.  It  is  thought  that  if  zinc-treated  ties  are  innne- 
diately  put  into  the  track  the  spikes  will  corrode,  but  1  lial  i  i' 
the  ties  are  permitted  to  dry  out,  so  t  lial  all  1  lie  s;iit  lias 
solidified,  there  will  be  no  appreciable  corrosion.  It  is  an 
interesting'  fact  that  in  all  cases  of  corrosion  the  action  on 
the  spike  is  most  intense  at  the  face  of  the  tie.  Others  claim 
that  the  supposed  greater  activity  of  the  corrosion  in  freshly 
treated  ties  is  due  to  galvanic  action,  and  that  when  once  the 
solution  in  the  tie  becomes  evaporated,  the  dry  salt  will  nni 
act  upon  the  spike  01'  other  fastening.  Contrary  to  this  view 
is  the  fact  that  spikes  in  tracks  at  the  doors  of  tie-treating 
cylinders,  constantly  exposed  to  the  dripping  of  zinc-chloride 
for  periods,  as  long  as  ten  years,  show  no  evidence  of  cor- 
rosion, while  spikes  in  untreated  ties  in  main  track  (in  lli? 
same  neighbourhood)  in  service  the  same  length  of  time,  have 
become  badly  corroded.  However  this  may  be,  it  is  in  line 
with  good  practice  to  give  treated  ties  time  to  season  before 
putting  tliem  into  the  track,  as  the  zinc-chloride,  once  solidi- 
fied, is  less  liable  to  be  leached  out  of  the  tie  by  the  dampness 
of  the  ballast. 

On  electric  railways  the  corrosion  of  spikes  is  more 
frequently  met  with  than  on  steam  railways,  and  it  is 
thought  that  it  is  more  rapid  in  zinc-treated  ties.  It  seems 
to  be  agreed  that  the  corrosive  action  is  caused  by  electrolysis 
from  the  currents  which  escape  to  tlie  ground  from  tlie 
return  circuit  of  the  track.  In  the  case  of  ties  treated  with 
a  metallic  salt  the  path  to  the  ground  would  naturally  be 
easier  than  through  untreated  ties.  There  is  the  question 
of  a  similar  action  on  the  spikes  from  the  track  circuits  of 
electric  block  signals.  Enquiry,  however,  fails  to  show  that 
any  case  of  spike  corrosion  can  be  traced  to  the  signal  circuits. 
It  might  be  worth  while  to  investigate  whether  the  corrosion 
of  spikes  in  steam  railway  tracks  might  not  in  some  cases  be 
caused  by  stray  ground  currents  originating  in  an  intersect- 
ing or  parallel  track  of  an  electric  railway. 

On  a  railway  system  where  corrosion  of  steel  spikes  in 
zinc-treated  ties  had  occurred,  experiments  were  undertaken 
to  determine  the  relative  corrosive  effect  on  spikes  driven  in 
untreated  ties,  in  ties  treated  with  zinc-chloride  and  in 
ties  treated  with  water.  After  seven  years  of  service  the 
spikes  were  pulled  out  and  it  was  found  that  corrosion  had 
taken  place  with  all  the  spikes  under  the  three  test  con- 
ditions, and  that  the  differences  were  so  slight  that  con- 
clusions in  favour  of  any  of  the  three  seemed  unwarrantable. 
On  some  roads  where  corrosion  has  occurred  it  has  been  found 
difficult  to  determine  whether  or  not  the  corrosion  in  treated 
ties  was  more  tlian  in  the  .untreated  ones.  This  makes  it 
certain  that  some  other  agency  than  zinc-chloride  was  respon- 
sible for  at  least  some  of  the  corrosion.  On  other  roads, 
inspection  has  shown  that  corrosion  of  spikes  on  zinc-treated 
ties  was  caused  by  the  brine  drippings  from  refrigerator  cars. 


Overheating  and  Burning  of  Steel.— A  lecture  on  this  sub- 
ject was  delivered  by  Dr.  J.  E.  Stead,  F.R.S"  at  a  rerent 
meeting  of  the  North-easfc  Coast  Institution  of  Engineers 
and  Shipbuilders.  Dr.  Stead  lectured  to  the  North-east 
Coast  Society  some  time  ago  on  the  practical  use  of  the  iron 
carbon  equilibrium  diagram,  but  was  unable  to  complete  his 
remarks,  and,  before  proceeding  to  deal  with  the  subject 
of  his  recent  lecture,  dwelt  for  a  few  minutes  ou  the  equili- 
brium diagram.  Afterwards  he  showed  that  overheating  of 
structural  and  soft  steels  does  no  permanent  harm  to  the 
material,  and  that  burnt  steel,  under  certain  conditions,  may 
be  made  equal,  in  good  properties,  to  the  same  steel  before 
burning. 


ILLUMINATION  OF  ENGINEERING  WORKSHOPS  BY  GAS, 
ELECTRICITY,  AND  OIL 

{Concluded  from  paye  170.) 
Oil. 

JiY  .r,   E.  EVEKKD. 

Before  referring  to  the  special  uses  of  oil  in  lighting  factories, 
a  few  introductory  words  may  be  said  on  industrial  lighting  in 
general.  It  is  now  almost  a  truism  to  say  that  a  factory  wliicli 
is  insufficiently  lighted  is  also  one  that,  can  hardly  hope  to  turn 
out  the  best  class  of  work.  Improved  illumination  has  become 
a  necessity  in  view  of  the  advance  in  accuracy  in  modern 
engineering.  When  it  is  recalled  that  the  annual  cost  of 
lighting  of  many  businesses  is  almost  always  a  very  small  per- 
centage― sometimes  actually  less  than  1  per  cent. —— of  the  bill 
for  wages,  one  can  easily  understand  how  the  cost  of  improved 
illumination  up-to-date  may  be  more  than  compensated  for  by 
the  improvement  in  output  and  quality  of  the  work. 

The  choice  of  an  illuminant  for  factory  lighting  depends 
very  largely  on  the  local  conditions  and  on  many  factors  which 
are  not  included  in  the  conventional  comparisons  of  cost. 
Calculations  of  expense  in  the  form  of  cost  per  1,000  c.p. 
hours,  are  no  doubt  useful  as  a  rough  guide  to  the  per- 
formance of  a  lamp  ；  but  there  are  almost  always  other  cir- 
cumstances to  be  taken  into  account.  The  real  problem 
resolves  itself  mainly  into  the  position  of  a  certain  illumina- 
tion on  the  working  tables  or  benches,  &c.，  in  a  room  of 
specified  size,  and  devoted  to  stated  purposes.  Such  questions 
as  the  range  of  candle-power  available,  the  amount  of  trouble 
needed  to  keep  them  clean  and  in  working  order,  the  con- 
venience with  which  they  can  be  applied  to  clifFuse  and  distri- 
bute the  light  in  all  directions,  and  the  readiness  with  which 
provision  can  be  made  to  avoid  glare  and  dazzling  effect ― all 
these  are  matters  to  be  considered. 

Every  factory  really  requires  to  be  treated  as  a  separate 
problem,  and  to  receive  the  kind  of  illumination  specially 
suited  to  the  work  carried  out.  For  example,  in  shops  where 
large  objects  are  carried  out,  foundries,  machine  shops,  goods 
yards,  &c.，  the  provision  of  a  general  illumination  by  powerful 
lamps  placed  high  up  will  be  considered  best.  A  great  deal  of 
discussion  has  taken  place  as  to  tlie  amount  of  light  necessary 
in  such  cases,  and  the  impression  seems  to  be  that  wl  ile  half  to 
one  foot-candle  may  be  enough  to  enable  people  to  see  their 
way  about,  two  to  four  foot-candles  is  nearly  always  desirable 
where  any  close  work  has  to  be  done.  Assuming  the  lamps 
are  to  be  hung  a  sufficient  height  to  preclude  any  possibility 
of  glare,  we  have  next  to  consider  whether  they  will  distribute 
the  light  evenly,  and  what  is  the  correct  spacing  for  them. 
There  are  also  other  cases,  such  as  work  at  the  lathe  and 
bench,  when  very  fine  detail  has  to  be  examined,  where  a 
strong  local  illumination  from  well-shaded  lamps  may  be 
necessary.  This  is  obviously  a  factor  which  may  have  au  im- 
portant bearing  on  the  choice  of  an  illumiuant,  since  it  is  not 
always  easy  to  provide  local  shaded  lamps  of  the  requisite 
caiulle-power.  One  other  illustration  of  such  special  circum- 
stances may  be  mentioned.  When  very  complicated  maohiuerv 
is  to  be  examined,  the  perfection  with  which  the  light  is  dif- 
fused in  all  directions  is  most  important.  The  illumination 
should  be  schemed  out  so  that  the  light  can  get  into  all  corners 
and  crannies. 

I  have  entered  into  these  general  questions  in  order  to 
show  bow  many  are  the  circumstances  to  be  borne  in  niincl  in 
choosing  an  illuminant,  and  it  may  be  added  that  there  is 
equal  opportunity  for  skill  in  the  way  iu  which  the  lamps 
are  arranged  when  selected.  Let  me  now  turn  to  the  main 
subject  of  my  paper,  namely,  oil  lighting  for  factories  Tl"' 
light  given  by  wick  oil  lamps  depends  materially  on  the  level 
of  oil  in  the  reservoir,  aud  a  diminution  in  light  of  20  to  30 
per  cent,  or  more  can  readily  be  produced  in  this  way.  It 
is  therefore  advisable  to  keep  the  well  of  the  lamp  constantly 
iilled  up.  Judged  in  this  way,  the  oil  lamp,  costing  8d.  to 
9cl.  per  thousand  candle-power  hours,  conies  quite  low  down 
in  the  list,  while  the  candle  is  almost  tlie  most  expensive 
method  of  lighting  in  common  use.      In   large  works  the 
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amount  of  attention  required  by  the  wick  of  the  oil  lainj)  [ne 
dudes  its  being  used  to  any  great  extent.  It  may  also  l>e 
pointed  out  that  tlie  fact  of  the  oil  reservoir  being  ui""'r- 
neath  the  light  is  (lisjulvunta^eous,  since  it  is  apt  to  ('； ist  a 
shadow  iriunediately  uiuler  the  lamp.  Lamps  burning  oil 
tlirough  a  wick  in  the  ordinary  way  can  scarcely  compels  with 
ordinary  illuiiiinants  on  the  ground  of  efliciencv,  although 
they  may  be  serviceable  in  cases  where  ouly  a  small  light  is 
re(juired;  and  in  remote  districts.  But  the  efficiency  of  oil 
lijuliting  has  been  enormously  increased  during  the  last  few 
years  by  the  invention  of  the  incandescent  mantle  and  its  use 
in  conjunction  with  a  burner  using  oil  vapour.  Various 
systems  of  this  kind  liave  been  contrived. 

I  ii  the  petrolite  lamps  use  is  made  of  air  sucked  through  a 
porous  reservoir  impregnated  with  suitable  hydro-carbons,  the 
mixture  of  vapour  and  air  being  burned  in  a  suitable  Bunsen 
burner.  These  lamps  are  claimed  to  he  very  safe  in  action,  Imt 
they  have  been  employed  mainly  for  domestic  purposes.  There 
are  other  lamps  using  paraffin  vapour  with  an  incandescent 
mantle  representing  another  form  of  illumiiiant  of  this  type, 
and  there  is  also  the  well-known  petrol-air  gas  system,  in 
which  a  small  percentage  of  petrol  vapour  is  generated  and 
passed  through  pipes  to  the  burners,  where  it  can  be  turned 
on  and  off  in  the  same  manner  as  gas.  There  are  now  quite 
a  number  of  such  plants  on  the  market,  but  the  petrol  air- 
system  hardly  comes  within  the  scope  of  oil  lighting  properly 
understood. 

I  now  come  to  the  system  with  which  I  am  most  familiar, 
and  which  is  pre-eminently  adapted  for  factory  lighting.  I 
refer  to  the  Kitson  oil  vapour  system.  The  development  of 
this  system  of  lighting  was  described  in  a  paper  before  the 
Royal  Society  of  Arts,  by  Mr.  Arthur  Kitson,  in  1903.  The 
essential  point  is  that  petroleum  vapour  is  generated  under 
pressure  and  supplied  to  a  Bunsen  burner. 

The  essential  elements  in  the  Kitson  system  are  three, 
namely,  the  lamp  (Fig.  1)，  the  oil  reservoir,  and  the  tubing. 
The  oil  is  kept  in  a  special  reservoir  of  drawn  seamless  steel, 
fitted  with  a  glass  gauge  to  show  the  quantity  of  the  oil  in 
the  tank,  a  pressure  gauge,  and  a  check  valve  for  automati- 
cally cutting  off  the  supply  in  the  event  of  any  damage  being 
done  to  the  pipes.  The  reservoir  may  either  be  immediately 
connected  to  the  lamp,  so  as  to  make  the  whole  arrangen)ent 
self-contained,  or  it  may  be  situated  at  some  distance,  the  oil 
being  forced  along  the  pipes  to  the  lamp  by  suitable  air  pres- 
sure. 

The  reservoir  is  filled  one-third  full  of  petroleum  (a  special 
variety  of  oil  is  supplied)""*  and  air  is  forced  into  it  by  means  of 
a  small  hand  pump  until  the  gauge  shows  that  a  pressure  of 
551bs.  to  751bs.  per  square  inch  has  been  obtained.  Imme- 
diately below  the  pressure  gauge  there  is  a  valve  ；  when  this 
is  opened  oil  is  allowed  to  flow  into  the  tube  attached  to  it, 
by  which  it  is  conveyed  to  the  vaporising  tube  in  the  lamp. 
This  vaporising  chamber  is  kept  at  a  high  temperature  in  a 
manner  to  be  described  shortly,  and  the  vapour  is  ejected  into 
the  mixing  cup  and  thence  into  the  mixing  tube.  In  passing 
in,  it  carries  with  it  a  sufficient  amount  of  air  to  support 
combustion  :  thus  the  oil  vapour  and  air  become  thoroughly 
mixed  to  form  a  highly  combustible  gas,  which  is  led  into 
the  burners  and  brings  them  to  a  vivid  incandescence. 

Once  the  lamp  has  been  started  the  vaporisation  con- 
tinues automatically,  the  heat  of  the  lamp  being  sufficient  to 
keep  the  parts  into  which  the  oil  is  injected  at  tte  necessary 
temperature.  It  is,  however,  necessary  to  start  the  lamp  by 
some  pre-heating  device,  and  there  are  three  chief  methods  in 
use : —— 

(1)  Spirit  Ignition. —— This  is  the  simplest  and  most  econo- 
mical method  when  only  a  few  lamps  are  installed.  A  small 
can  is  provided  which  contains  the  exact  quantity  of  spirit 
required,  and  this  is  poured  into  a  cup  fitted  on  the  reflector, 
whence  it  passes  down  a  tube  into  the  burner  and  is  ignited 
by  a  match.  The  burning  spirit  heats  up  the  vapour  tube, 
and  in  about  one  minute  this  becomes  sufficiently  hot.  The 
oil  may  then  be  turned  on  at  the  supply  valve  and  becomes 
ignited,  and  the  lamp  continues  to  work  automatically. 

' It  may  be  remarked  that  it  is  essential  to  use  the  good  quality  of  oil  recom- 
mended for  these  lamps  ；  inferior  varieties  lead  to  carbonisation  aud  the  deposit 
of  soot,  which  is  apt  to  choke  up  the  burner. 


(2)  (Jhh  Iffnitum.  \Vfhen  gas  is  availahle  in  a  huilding,  a 
Huiisen  burner  and  pilot  jet  may  be  fitted  mi'"'i  \ vapour 
tul>e  and  connected  with  the  gas  mains.  By  pulling  the  rliain 
gas  is  turned  on  and  ignited  from  the  pilot,  ami  in  ahout  oik' 
niimite  lieals  uj)  Hie  vapour  \  nhe  si"liri«',i，  1— 、'■  As  soon  n> 
mantle  becomes  iiicaiulescent,  the  burner  is  tunicl  o(F  -iii'l 
gas  coiiHumed  is  therefore  very  little. 

(3)  /'Jlertrical  lymiion, 一 This  system  is  used  in  conjunc- 
tion with  spirit,  and  enables  the  lamp  to  be  conveniently 
started  from  a  distance.  A  swit<  hl)oanl  is  fixed  to  the  wall 
in  a  suitable  place,  and  on  this  is  fitted  an  inje<  tor  hy  wliirh 
spirit  is  forced  into  the  burner.  An  electric  spark  U'tww'i 
two  electrodes  ignites  tlie  spirit.    This  spark  is  readily  \>tn 


Fig.  1.— Section  of  Kitson  Lamp  fitted  with  Lever-Nkkdlino  Arrange- 
ment and  Bunsen  Burnp:r,  for  Gas  Ignition. 

duced  from  a  battery  of  dry  cells.  The  period  of  heating  up 
in  this  case  takes  about  l-l  minutes. 

The  largest  lamps  give  approximately  1,000  c.p.,  and  it 
is  considered  that  1,000  candle-power  hours  can  he  obtained 
from  such  lamps  at  a  cost  of  less  than  one  penny.  Tests  show 
that  the  maximum  intensity  is  received  at  an  angle  of  40°  to 
45°,  which  renders  the  lamp  very  suitable  for  lighting  large 
areas.  Smaller  lamps  with  a  candle-power  ranging  from 
150  to  500  are  also  available. 

The  advantages  of  such  a  system  as  this  are  considerable. 
Quite  apart  from  the  cheapness  with  which  the  light  is  pro- 
duced, the  fa rt  that  the  lamps  are  self-contaiued  and  can  he 
removed  in  a  minute  and  transferred  to  anotlier  pari  of  the 
building  is  frequently  a  great  advantage.  When  special  work 
has  to  be  done  in  one  part  of  the  works,  there  need  never  be 
any  difficulty  in  securing  the  required  illuinination.  Incan 
descent  oil  lamps  are  frequently  employed  by  contractors 
doing  repairs  in  the  streets  and  docks,  in  the  case  ot  buildings 
in  course  of  construction,  &c.，  where  neither  gas  nor  elertricity 
are  available. 

While  self-contained  lamps  are  of  the  greatest  value  when 
lamps  require  to  be  shifted,  it  is  often  convenient  to  supply 
oil  from  a  single  central  reservoir  tlirough  pipes  wlien  a 
workshop  is  lighted  by  a  series  of  lamps  in  fixed  positions. 
At  the  Philadelphia  Exhibition  in  1899  100  lamps  were  sup- 
plied from  one  tank  in  this  way.  As  an  illustration  of  the 
economy  of  space,  it  may  be  said  that  a  space  of  10  sq.  ft.  was 
all  that  was  needed  to  provide  light  equivalent  to  200,000  c.p. 
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Wm'e  a  similar  liglil.  io  )>e  produced  l)y  gas  or  elec- 
tricity a  very  】i"i('li  larger  space  for  engines,  boilers,  dynamos, 
A','.,  would  U)t«louhtedly  hav<*  required.     By  Hie  aid  of 

I  lie  pressure  supplied  to  the  oil  it  can  be  carried  quite  a  con 
、i'kral>lt'  distance  through  pipes;  it  is,  in  fact,  ]>i'art  icahle  to 
run  oil  pipes  into  houses  in  a  manner  similar  to  that  in  wliicli 
gas  and  electricity  are  supplied. 

Reference  should  next  be  made  to  one  of  the  latest  im 
provemeuts,  namely,  the  substitution  of  an  inverted  mantle  for 
tlie  upright  one  previously  employed,  and  tlie  improvements 
in  the  meclianisui  of  t  he  lamps  resulting.  The  latest  self- 
contained  inverted  lamp,  ^iviiio  ； i n  improved  dist  ril)ut  ion  of 
light,  takes  only  t wo  iiiinut^s  t o  rliurge  \v i 1 1  i  oil  and  air,  and 
c.iii  he  fixed  and  st'utcl  in  one  ininnte.  With  t he  larger 
t  v of  lamn  (say  t  lie  1 ,200  c.p.  type)  as  much  ； is  1  1 ,000 
(■aiidle-povver  hours  ran  be  obtained  from  one  gallon  of  oil, 
and  all  sizes  will  normally  run  from  100  to  150  hours  without 
cleaning.    Fig.  2  shows  the  details  of  its  construction. . 

In  the  design  of  this  lamp  the  main  features  are  the  acces- 
sibility of  working  parts,  simplicity  of  construction,  elimina- 
tion of  renewal  replaceinenis,  such  as  needles,  gauzes,  burner 
cips,  iirr.        The   case    of    t lie    lainp    is    a    solidly  desjoned , 


Fig.  '2. ― Section  of  "Still"  Short-type  Lamp,  using  Inverted  Mantles. 

accurately-machined,  hinged  casting,  into  the  bottom  of  which 
is  fitted  the  air  and  venturi  tube  and  burner.  These  are  solid, 
heavy  castings,  which  will  not  burn  out,  being  made  of  a 
special  bronze  alloy,  capable  of  withstanding  great  heat.  The 
vaporiser,  which  is  of  novel  construction,  lies  across  the  air 
tubes,  fitting  into  a  socket  on  them,  and  into  a  recess  on  the 
casting.  The  base  casting  is  closed  and  held  by  a  screw  pro- 
jecting from  the  top  portion.  On  to  this  body  casting  is  fitted 
a  reflector,  so  constructed  as  to  give  an  annular  space  around 
the  casting,  which  allows  for  warming  the  air  before  inter- 
mixing with  the  vapour  issuing  from  the  vaporiser  nipple. 
It  will  be  observed  that  the  reflector  can  very  easily  be  de- 
tached and  exchanged  for  another  if  it  is  desired  to  alter  the 
distribution  of  light. 

The  lamp  is  made  in  two  types,  a  long  type  for  outdoor, 
which  is  self-contained,  and  a  short  type  for  indoor  use.  In 
the  long  type  the  annular  space  is  taken  right  up  the  chim- 
ney, to  ensure  that  the  air  is  】iiade  warm  and  to  increase  the 
draught,  which  might  be  disturbed  by  gusts  of  wind  or  other 
(—'hilling  influences.  It  is  essential  that  the  air  should  be  warm 
before  being  admitted  to  vapour  lamps  of  this  type,  because 
cold  air  chills  the  nipple,  and  this  causes  carbon  deposits  to 
form  quickly.  The  vaporiser  has  a  main  tube  of  large  bore, 
which  lies  horizontally  across  the  air  tubes,  and  from  which 
a  tube  of  smaller  bore,  bent  "  U  ，，  shape,  is  taken  vertically 
down  as  close  to  the  mantle  as  possible,  returning  to  a  central 
socket  on  the  main  vaporiser.  Into  the  main  vaporiser  is 
fitted  a  deposit  tube  of  slightly  smaller  bore.  This  forms  an 
annular  vaporising  chamber,  oil  being  admitted  from  a  con- 
nection at  the  end  of  the  vaporiser  outside  of  the  lamp.  The 
deposit  tube  is  kept  cool  by  means  of  a  circulating  strip  v/liich 
runs  up  its  centre.  The  cooler  surface  of  the  deposit  collects 
the  solid  or  less  volatilisable  constituents  of  the  oil,  and  can 
be  easily  withdrawn  for  cleaning  at  any  time.      After  the 


vapour  has  passed  this  tube,  it  is  condutied  through  a 
specially-designed  metal  filter,  which  further  removes  any 
solid  particles.  This  filter  is  designed  so  that  it  can  be  easily 
taken  out  and  cleaned  or  renewed.  The  vapour  is  super- 
heated in  the  "  U  ，，  tube,  and  passed  on  to  the  nipple. 

Besides  the  simplified  construction  of  this  lamp,  the  use  of 
； m  inverted  mantle  has  proved  decidedly  beneficial.  Mantles 
of  this  kind  seem  particularly  suitable  for  incandescent  oil 
lighting  from  the  standpoint  of  efficiency,  and  they  are  less 
fragile ― an  important  point  in  the  case  of  lamps  which  are 
carried  from  place  to  place,  and  apt  to  be  subjected  to  rough 
t  reat  nifMit . 

The  Kitson  system  is  reinarkahly  safe,  for  the  oil  supplv 
(； iimot  be  set  alight  at  ordinary  temperature,  and  onlv  be- 
comes ((jmhusi in  the  vaporising  tube  of  the  lamp.  A 
leakage  from  the  pipes  would  not,  therefore,  lead  to  any  pos- 
sible danger.  One  other  advantage  of  the  system  mav  lx* 
】nentioiied，  namely,  the  high  penetrating  power  claimerl  for 
the  rays  issuing  from  the  Kitson  lamp. 

And  now  let  us  turn  to  the  problem  of  lighting  the  bays 
in  the  machine  shop.  Let  us  take  first  the  two  large  bays, 
each  250 ft.  long,  50ft.  broad，  and  30ft.  high.  These  are  de- 
votee! to  heavy  machine  tools  and  tlie  election  of  machinerv. 
For  such  work  some  authorities  consiflei'  a  general  illumina 
tiou  on  the  working  plane  of  about  2  to  3  foot-candles, 
but  personally  I  think  it  is  better  to  err  ou  the  right  side, 
aiul  the  method  of  lighting  I  propose  should  give  quite 
3  to  5  foot-candles  on  a  working  plane  3ft.  above  the 
ground.  Taking  an  average  of  4  foot-candles,  I  estimate 
that  each  of  these  big  bays  would  require  about  16,000  c.p., 
and  with  high-pressure  oil  lighting  the  running  cost  per 
1,000  c.p.  hours  should  not  exceed  one  penny.  A  rough  esti- 
mate, therefore,  suggests  a  running  cost  per  hour  of  Is.  4d. 
per  bay.  The  new  inverted  burner  lamps  would  preferal)lv 
be  employed.  They  would  proliablv  be  hung  at  a  height  of 
about  14ft.  to  16ft.  (well  below  the  probable  level  -of  the 
travelling  crane).  Such  lamps  possess  a  distribution  curve 
approximating  to  the  "extensive"  type,  and  may  conveniently 
be  spaced  at  a  distance  apart  about  equal  to  twice  their 
height. 

We  may  therefore  propose  two  sets  of  eight  1,000  cp. 
lamps,  hung  off  brackets  from  either  side  of  the  bay,  and  pro- 
jecting about  6-8  ft.  from  the  wall  or  pillars  to  whicli  they  a  re 
attached.  The  distance  between  lamp  and  lamp  across  the 
bay  will  be  34-38ft.;  and  the  distance  between  successive 
lamps  down  the  line  of  the  kop  about  32ft.,  which  coit»])lies 
well  with  the  spacing  for  uniform  illu mination.  The  value 
of  illumination  named  above  should  easily  be  obtained  with 
this  arrangement.  The  lamp  at  the  height  specified  will  be 
well  above  the  eye  level,  and  will  not  give  rise  to  glare,  and 
they  will  comply  with  the  requirement  of  not  interfering  with 
the  crane  ；  tlie  motion  of  the  crane,  being  above  the  lamp,  will 
not  give  rise  to  shadows.  The  running  cost  of  the  32  lamp^ 
required  for  both  bays  will  be  about  2s.  4d.  per  hour.  The 
initial  cost  of  supplying  lamps,  piping,  and  everytliing  neces- 
sary will  depend  upon  conditions,  but  will  probably  not 
exceed  £192. 

The  three  small  bays,  each  250ft.  long,  30ft.  high,  and 
30ft.  wide,  will  only  require  a  single  row  of  eight  lamps  down 
the  centre  of  the  room,  at  about  the  same  height  as  Vefore.  As 
these  bays  are  devoted  to  small  machinery  a  good  local  illuini- 
nation  of  three  to  four  foot-candles  will  certainly  he  neces- 
sary, and  this  will  be  provided.  The  central  arrangement,  is 
also  an  advantage  in  that  it  will  keep  the  lamps  clear  from 
the  belts,  which  will  probably  be  most  of  them  located  at  the 
sides  of  the  room.  Should  the  munher  of  belts  be  very  con- 
siderable, it  might  be  desirable  to  use  twice  the  number  of 
500  c.p.  lamps.  The  running  cost  of  the  lamps  in  each  of 
these  small  bays  should  not  exceed  8d.  per  hour, 八,. ， 2s. 
per  hour  for  the  three  bays.  The  cost  of  installation  for  tlie 
three  bays  would  probably  not  exceed  £144. 

It  is  harcllv  necessary  to  say  that  the  exact  details  in  these 
schemes  might  have  to  be  modified  somewhat,  according  to 
the  nature  of  the  surroundings,  the  exact  kind  of  work  done, 
and  the  disposition  of  the  machinery.  T  hope,  however,  to 
have  said  enough  to  show  wliat  incandescent  oil  lighting  can 
do. 
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BELLISS  &  MORCOAVS  CENTRIFUGAL  GOVERNOR 

The  accompanying  illustration  shows  a  design  of  centrifugal 
governor,  the  invention  of  Messrs.  Belliss  、、-  Morcom,  l"l.， 
Ledsam  Street  Works,  Birniin^liani ,  and  Mr.  J .  M  Walslic 
which  is  adaj)ted  to  be  so  adjusted,  whilst  t  he  motor 
is  running,  as  to  cause  the  governor  to  automatically 
control  the  motor  to  run  at  any  desired  speed,  within  a  rela- 
tively large  range  of  speed,  and  remain  running  at  tlie 
selected  speed  with  only  a  small  fluctuation  therefrom.  A 
are  the  weights  of  the  governor,  which  are  rotated  in  t It- 
usual  Planner  by  the  crank  sliaft  of  the  engine,  and  t  lie 
springs  of  which  by  their  extension  are  adnpted  to  bahuic.' 
tho  centrifugal  force  developed  at  any  selected  speed.  B  is 
the  sleeve  which  is  displaced  by  the  bell-crank  levers  of  I  In- 
governor  weights.     C  is  a  rocking  lever  pivoted  as  shown , 


BELLISS  S:  M«)It( -OM'S  C'ENTKlFUfiAL  GOVKHNOH. 

and  connecting  the  sleeve  B  with  an  adjustable  link  D.  This 
link  is,  through  a  spring  device,  connected  to  the  shorter 
arm  of  a  bell-crank  lever  E，  the  longer  arm  of  which  is  con- 
nected to  the  rod  F  of  the  steam  supply  valve.  The  link  D 
is  screw-threaded  for  a  portion  of  its  length,  and  on  this 
screw-threaded  portion  is  mounted  a  nut  G  which  constitutes 
the  connection  between  the  rocking  lever  C  and  the  link  D. 
The  link  D  is  rotatable  by  means  of  a  hand-wheel  H  so  thai 
the  nut  G  can  be  displaced  along  the  link,  whereby  any  por- 
tion of  the  travel  of  the  governor-sleeve  B  can  be  selected  to 
control  the  travel  of  the  valve. 

After  adjustment  has  been  effected,  the  nut  G  can  be 
looked  against  unintentional  displacement  by  means  of  a 
second  nut  formed  as  a  hand-wheel,  and  the  travel  of  the  nut 
G  along  the  link  in  a  direction  to  shorten  the  latter  is 
limited  by  a  pair  of  nuts  which  are  mutually  locked  one 
against  the  other.  Displacement  of  the  nut  G  towards  the 
outer  hand-wheel  end  of  the  link  D  will  render  oj>erative  a 
portion  of  the  travel  of  the  governor-sleeve  B  corresponding 


to  a  more  outwardly  displaced  position  of  the  weights  A  ； im'I 
to  a  higher  rate  of  revolut  i(»n ,  when' as 山 s|'l;i'i'，i"'i't  "f  tli" 
nut  G  towards  the  bell-crank  h'、'"r  K  will  rwl'-r  "|"'rati 、- •• 
a  portion  of  the  travel  of  the  gov' rm'r  sl"，'、"  H  '  "rr'、|",'，" 
ing  to  u  Uiss  out  \vai<lly  flisplairod  prwiLion  of  thf  、v*'ii/l'，、  A 
and  to  a  lower  rate  of  revolut iotj 

The  sj)iin^  device  above  inentiuiied  vvliirh  romi'-Hs  t lif 
link  D  to  the  sliorl  arm  ol'  t  he  n  auk  K,  <  oiisi.、ts  (,f  a 
t  uhular  casing  K，  pivoted  t  o  I  lu'  short  arm  of  1  «  rani: 

E,  and  containing  a  spring  of  sufficient  st ifTness  to  tr;"i、【mi 
the  thrust  of  the  link  spindle  I)  for  rlusplacin^  t  lie  v;jIv** 
the     speed     temporarily     falls   below    th;it    to    whirh    t  li' 
governor  is  set.    The  spring,  however,  yields  when  t lie  valv" 
is  fully  open  and  tlius  permits  t  lie  L"vcnior  wciij  lit  ^  A  I  o  、'- ； tt 
themselves  against  stops  undfi  the  icnsioti  of  t  Ik-i i  、|'n'ii'、. 
wlien  the  engine  comes  to  rest,  so  relieving  t lie  ii、"'n'om"''  t 
ing  mechanism  of  the  stress  due  to  tlif  springs.     Aii  ； i<1  jusl 
able  stop  O  limits  the  displacement  of  the  short  arm  ol*  lln- 
bell-crank  E  and  relieves  the  valve  when  fully  open  of  ，lif' 
thrust  of  the  spring  in  the  tubular  casing  K. 

To  enable  the  arrangement  under  notice  to  ； i('li"'、''  ii、 
purpose  with  great  precision,  even  when  subject  t r>  rli:ui'— ' '-、 
in  the  load  oti  tlie  "nuin(、  it  may  bf  <  rmihini**l  、、'i，li  1  lit* 
auxiliary  apparatus,  as  shown  on  the  acrornpiiiivin^  *i rawing, 
wherein  the  longer  arm  of  flic  hell-naiik  Uno r  K  is  con- 
nected by  a  link  P,  lever  Q  aiul  link  】{  、、  itli  tli"  n>\ 
valve  of  the  auxiliary  apparatus  and  the  longer  arm  of  t lie 
bell-crank  lover  E  is  acted  upon  by  tlie  plun^or  nt'  tli'- 
au viliary  apparalus,  tlirou^li  ； i  lever  S  and  sprint:  T. 


BAYER'S  STEAM  METER. 

The  following  is  an  interesting  record  of  a  recent  test  witli  a 
Bayer's  steam  meter,  made  by  Dr.  Nicolson  and  R.  M . 
Ferguson,  at  the  Municipal  School  of  Technology,  Manchester. 
The  meter,  which  is  manufactured  by  Messrs.  Schaffer  and 
Budenberg,  of  Whitworth  Street,  Manchester,  measures  the 
weight  of  steam  passed  through  it  per  hour,  and,  as  will  be 
seen  from  the  results  in  the  appended  table,  it  gives  result s 
which  agree  with  remarkable  closeness  to  the  actually  weighed 
quantities  under  a  wide  range  of  pressure.  At  lOOlhs. 
results  were  in  fact  coincident,  and  the  maximu m  error 
observed  when  the  pressure  was  reduced  to  301  bs.  was  on】v 
4'2  per  cent. 、  while  the  average  error  at  701bs.  was  little  over 
1  per  cent.  The  construction  of  the  meter,  we  may  add,  was 
described  in  our  issue  for  October  25th,  1910  (see  p.  546， 
Vol.  XXVT.). 

Table  showing  results  of  Tests  on  a  Bayer's  Steam  Meter  carried 
out  a(  the  Manchester  School  of  Technoloijif. 


Date  of  Test. 

No.  of 
Mrt.r 

Size  of 
Meter. 

Steam 
Pressure. 
Lbs.  per 

Inch 
Gauge . 

Stritlll 

Indicated 
bv  Meter. 

Lbs. 
per  Hour. 

Steam 
tlnou^li 

per  Hour. 

Knoi' 
【,l,、 
per 

Hour. 

Fitoi- 
per 
Cent. 

Ins. 

9th  May, 

1912 

102 

a 

70 

730 

721 

+ 

i) 

+  l-2.-> 

i»th  May, 

1912 

102 

70 

1,1)1"> 

1,90.) 

+ 

10 

+0.5 

10th  Mav, 

1912 

102 

70 

1,861 

1.836 

+ 

25 

,+  1-3() 

13th  Mav, 

1912 

102 

2^ 

70 

655 

G3G 

+ 

l!t 

+  3-0 

Kith  Mav. 

1912 

102 

2i 

30 

445 

427 

+ 

18 

,  +  4.2 

13th  Mav. 

1912 

102 

2h 

30 

1,43" 

1.400 

+ 

3" 

1+2.57 

13th  Ma  v, 

1912 

102 

2\ 

100 

2,584 

1>.."»S(I 

+ 

9th  Jul\% 

1912 

104 

2h 

80 

779 

800 

21 

mh  .lulv. 

1912 

104 

2l 

80 

2,280 

2.：541) 

t>0 

-2-5H 

11th  .lulv. 

1912 

111 

2f 

140 

1.37(1 

1. ：}<»(! 

20 

-1.44 

11th  Julv, 

1912 

111 

2l 

140 

2.410 

2.4li(i 

oO 

，， 

12th  Xuv. 

1912 

112 

100 

4. .590 

4.44,' 

.")!» 

一  1.13 

Uth  Nov. 

v.n-i 

50 

l.!Mil> 

l.'KSd 

18 

-0-91 

Utli  Xov.. 

wn-i 

4(> 

2,S4i» 

2.S4S 

8 

一  0.2X 

Ttli  -Ian.. 

www 

113 

8 

«i,180 

(i.210 

li.:. 

lTtli  Jan., 

1913 

114 

s 

82 

(i.070 

",":"> 

+  0.3 

2 1st  Jan., 

n»i;i 

11.、 

s 

80 

(i.540 

(i,620 

1-21 

28th  Jan., 

1913 

lit) 

、 

80 

.-).45() 

.->.:"'> 

+  110 

The  Society  of  Engineers.  -An  ordinary  im -， of  this 
society  will  be  held  on  Monday,  March  3rd,  at  the  Institution 
of  Electrical  Engineers,  Victoria  Emba"k"v"t.  W.C,  when 
Mr.  John  Kennedy  (president,  1912)  will  present  the 
premiums  awarded  for  papers  published  in  the  ••  Journal  '， 
during  1912,  after  which  Mr.  Arthur  Valon,  the  president  for 
1913,  will  then  deliver  his  presidential  address. 
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A  GERMAN  DESIGN  OF  WATER -TUBE  BOILER. 

The  construction  of  water-tube  boiler  illustrated,  lias  beer- 
designed  and  patented  by  Messrs.  J5abcot;k  &  Wilcox,  of 
Oberhausen,  Rlieinland,  Germany.  】t  is  provided  with  an 
ecoiiomiser  installation  arranged  for  heating  the  feed 
water,  whereby  the  furnace  gases  are  utilised  to  advantage. 
Fig.  1  is  a  longitudinal  vertical  section ,  and  Fig.  2  is  a  cross 
section  on  the  lines  X ― X  and  Y ― Y,  Fig.  1，  of  the  boiler. 
The  main  generating  element  is  arranged  within  the  furnace 
and  comprises  inclined  water-tubes  B  extending  between 
front  and  rear  headers  connected,  respectively,  by  means  of 
downconier  tubes  E  and  return  tubes  F，  with  an  overhead 
steam  and  water-drum  G.  A  steam-receiving  drum  H  is  dis- 
posed above  the  drum  G  and  connected  thereto.  The  space 
between  the  water-tubes  B  and  the  return  tubes  F  n  1  ay  l>e 
utilised  by  locating  therein  a  system  of  tubes  comprising  a 
superheater,  as  shown  in  Fig.  1.  Located  in  a  chamber  on 
each  side  of  the  furnace  is  a  group  of  substantially  vertical 
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A  German  Design  of  Water-tube  Boilfr. 
tubes  A，  which  in  Fig.  1  are  indicated  by  dotted  lines,  con- 
nected to  upper  and  lower  drums  J  and  K,  each  drum  J  being 
sub-divided  internally  by  a  transverse  diaphragm  L  extend- 
ing upwardly  from  the  lower  part  of  the  drum  J  and 
arranged  so  as  to  afford  communication  between  the  steam 
spaces  of  the  front  and  rear  drum  portions  M，  N  separated 
by  the  diaphragm  L，  a  pip©  C  connecting  the  drum  J  with 
the  steam  space  of  the  drum  G.  The  tubes  A  connected  to 
the  frout  portion  M  of  each  drum  J  are  separated  from  the 
corresponding  tubes  connected  to  the  rear  portion  N  thereof 
by  means  of  a  depending  partition  0，  the  rear  portion  N 
being  connected  to  the  drum  G  by  means  of  tubes  P  and  the 
front  portion  M  being  connected  by  means  of  a  pipe  Q  to  a 
water  heater  or  economiser  disposed  horizontally  above 
the  corresponding  upper  drum  J,  each  economiser  in- 
cluding inclined  water-tubes  R  connected  to  end  headers  S 
and  T，  the  inlet  to,  and  the  outlet  from,  the  economiser  being 
shown  at  U  and  V  respectively.  The  passage  of  the  furnace 
gases  is  indicated  by  the  arrows.  The  installation  is  arranged 
to  operate  as  follows  ： ― 

The  feed  water  enters  each  heater  or  economiser  at  XJ 
and  passes  therefrom  by  way  of  the  piping  Q  into  the  cor- 
responding top  drum  J，  at  the  front  portion  M  thereof  thence 
through  the  tubes  A  and  into  the  lower  drum  K,  the  feed 
water  then  rising  through  the  tubes  A  connected  to  the  rear 
portion  N  of  the  upper  drum  J  and  passing  by  way  of  the 
tubes  P  into  the  overhead  drum  G  of  the  main  generating 
olement  wherein  the  wat^r  is  circulated. 


DEVELOPMENTS  IN  THE  PREPARATION  OF  IRON  ORES.* 

HV  J.  W.  H.  HAMILTON. 

The  rapid  growth  of  the  mining  industry  during  the  latter 
part  of  the  19th  century  was  accompanied  by  a  great 
development,  of  metallurgical  processes  for  the  utilisation  of 
ores  that,  on  account  of  their  low  grade  or  refractory  nature, 
had  been  considered  of  little  or  no  value.  Although  a  great 
rnany  students  of  ore  conditions  have  long  recognised  the  fact 
that  the  beneficiation  of  low  grade  iron  ores  was  becoming 
one  of  our  most  important  problems,  the  general  opinion  has 
been  that  iron  ores  of  sufficiently  high  grade  to  use  in  their 
crude  state  in  the  blastfurnace  were  so  abundant  that  tliere 
would  be  no  necessity  of  utilising  the  lean  ones.  Until 
recently,  the  opinion  has  also  been  prevalent  that,  with  few 
exceptions,  the  low  grade  ores  could  not  be  dressed  and  trans- 
formed into  a  product  suitable  for  the  blastfurnace  at  a  cost 
low  enough  to  make  it  possible  to  sell  this  product  at  a  fair 

profit  in  competition  with 
natural  ores.  The  work  of  geo- 
logical institutions  and  the  sta- 
tistics on  the  consumption  of  iron 
ores  have  rapidly  changed  the 
general  opinion  and  have  at- 
tracted attention  to  the  low- 
grade  ores. 

In  1870  the  iron  ore  pro- 
duced in  the  United  States  was 
3,831,891  tons.  Since  that  time 
the  production  has  been  doubled 
about  every  10  years,  and  in  1910 
it  reached  the  impressive  figure 
of  56,889,784  tons.  If  the  same 
rate  of  increase  is  kept  up 
during  the  present  decade,  we 
shall  be  mining  over  100,000,000 
tons  in  1920.  In  other  words, 
we  shall  then  be  mining  at  the 
rate  of  over  1,000,000,000  tons 
in  10  years.  In  Europe  the 
increase  in  production  during 
the  same  period  was  not  so 
rapid  as  in  the  United  States, 
but  iron  mining  has  there  also 
attained  such  proportions  that  a 
marked  depletion  has  taken  place 
in  a  great  many  of  the  iron  mines. 
It  was  less  than  two  decades  ago 
that  the  old  Bilbao  mines  in  Spain, 
which  for  half  a  century  have  been  among  the  chief  shippers 
to  English,  French,  and  German  furnaces,  were  considered 
almost  inexhaustible.  To-day  these  mines  show  evidence  of 
rapid  decline.  It  is,  therefore,  gratifying  to  note  that  great 
interest  is  being  manifested  in  the  conservation  of  natural 
resources.  An  expression  of  this  interest  was  the  request 
that  was  sent  out  to  all  civilised  nations  to  take  stock  of  their 
iron  ore  resources  and  submit  their  figures  to  the  eleventh 
International  Geological  Congress,  held  in  Stockholm  in  1910. 
The  records  of  this  congress  show  that  the  known  and 
recorded  high  grade  iron  ore  deposits  containing  60  per  cent, 
or  more  metallic  iron  are  very  limited,  the  actual  reserves 
being  estimated  at  1,300,000,000  tons  and  the  potential  at 
687,000,000  tons.  Out  of  these  1,095,000,000  tons  actual 
and  123,000,000  tons  potential  ores  are  recorded  for  the 
Swedish  mines.  Very  large  ore  reserves  averaging  from  50 
to  60  per  cent,  metallic  iron  exist  in  various  parts  of  the 
world,  but  the  great  mass  of  iron  ores  contain  on  an  average 
n.uch  below  50  per  cent.  iron. 

Most  mines  are  now  equipped  with  crushers,  which  break 
the  ore  to  about  4in.  before  it  is  shipped  to  the  furnaces.  In 
Europe  the  buyers'  specifications  generally  ('all  for  ore 
crushed  to  6in.  or  8in.  Since  the  steam  shovel  was  intro- 
duced for  loading  ore  mined  in  open  cuts,  the  crushers  have 
been  gradually  increased  in  size  until  they  now  are  built  so 

、 Paper  presented  at  the  Pittsburg  meetioj;  of  the  American  Iron  and  Steel 
Institute*. 
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large  that  they  can  break  rock  of  any  size  1  hat  can  In*  li;t n;i Ictl 
by  the  shovel.  The  crushers  used  in  coiinection  with  iron 
ore  mining,  and  particularly  in  connection  with  steam  shovel 
mining,  are  of  the  jaw  and  gyratory  type  and  tlie  Edison 
giant  rolls. 

The  jaw  crusher  can  be  built  with  a  receiving  opening 
that  can  take  a  larger  rock  than  a  gyratory  of  tlie  same 
weight.  A  gyratory  crusher  can  be  built  to  give  a  larger 
output  of  a  certain  size  than  a  jaw  crusher  of  1  ho  s;i me 
weight.  in  the  case  of  the  largest  crushers  the  capacity 
does  not  make  mu(，h  (liflerence,  because  it  is  generally  so 
great  that  it  is  not  practical  to  get  the  ore  to  the  crusher 
fast  enough  to  load  it  to  its  full  capacity.  It  is  claimed  that 
the  gyratory  consumes  less  power  per  ton  of  crushed  ore  than 
tlie  jaw  crusher.  This  may  be  true  of  slabby  material,  which 
is  easily  broken  in  the  gyratory.  A  slab  will  rest  both  its 
ends  on  the  concaves  and  the  cone  will  hit  it  iu  the  middle 
and  break  it  with  the  exertion  of  very  little  power.  A 
gyratory  is,  therefore,  often  termed  a  breaker  instead  of  a 
crusher.  There  are  few  test  records  of  any  value  for  the 
comparison  of  the  actual  power  consumption  of  the  two  types. 
The  largest  jaw  crusher  that  ever  has  been  built  for  iron 
ores  was  recently  supplied  to  the  Kiruua  mines  in  Sweden, 
where  it  will  be  employed  for  crushing  ore  for  export.  The 
jaw  opening  of  this  crusher  is  60in.  by  84in.  and  tlie  weight 
of  the  machine  is  about  400，0001bs. 

The  Edison  giant  rolls  break  the  ore  by  impact  and  not 
by  crushing  as  do  the  ordinary  crushing  rolls.  The  surface 
of  the  Edison  rolls  has  a  number  of  projections  known  as 
sluggers,  which,  on  account  of  the  very  high  speed  of  the 
rolls  and  their  great  momentum 5  give  terrific  blows  to  the  ore 
pieces  dumped  on  top  of  them  and  smash  them  to  pieces. 
They  are  particularly  effective  on  comparatively  soft  ore  of 
the  Cornwall  type.  This  ore  goes  largely  into  fines  during 
the  mining,  and  when  these  fines  get  wet  they  become  sticky 
and  are  likely  to  choke  ordinary  crushers.  On  account  of 
their  high  speed,  the  Edison  rolls  throw  off  any  ore  that  has 
a  tendency  to  adhere  to  the  roll  shells.  The  large  ore 
crushers  have  been  found  to  reduce  the  cost  of  mining  con- 
siderably. Block-holing  and  sand-blasthig  have  been 
reduced  to  a  minimum.  It  is  mucli  cheaper  to  break  rock  by 
mechanical  power  than  by  dynamite. 

Although  the  washing  of  soft  hematites  and  brown  ores 
is  the  ancient  method  of  concentration,  the  greatest  progress 
has  been  made  in  the  treatment  of  magnetites,  which  on 
account  of  their  magnetic  properties  are  peculiarly  well 
suited  for  concentration.  The  magnetites  are  concentrated 
either  wet  or  dry.  The  advantage  of  one  system  over  the 
other  depends  largely  on  the  nature  of  the  ore.  As  a 
general  rule  it  can  be  said  that  the  coarse  crystalline  ores 
can  be  treated  to  the  best  advantage  by  the  dry  method , 
whereas  with  the  fine-grained  ores  better  results  are  obtained 
by  the  wet  system. 

The  coarse-grained  ores  are  generally  easy  to  concentrate, 
and  the  concentration  can  be  done  at  a  very  low  cost.  The 
most  expensive  part  of  the  operation  is  the  crushing  ；  and  the 
coarser  the  grain,  the  less  the  cost.  In  many  ores  it  is 
necessary  only  to  eliminate  pure  rock  which  happens  to  get 
mixed  with  the  ore  in  mining.  In  such  cases  a  cobbing  of 
tlie  ore  after  it  has  been  crushed  to  about  2 in.  is  all  that  is 
necessary.  Coarse-grained  magnetites  are  abundant  in 
several  States.  The  large  ore  deposits  of  northern  Sweden 
and  those  of  the  Grangesberg  mines  are  principally  of  this 
type.  The  most  interesting  separating  plants  working  on 
coarse  crystalline  magnetites  are  those  of  Witherbee, 
Sherman,  &  Co.,  Mineville,  N.  Y.  Experiments  with 
magnetic  separation  were  begun  here  as  early  as  1852,  but  it 
was  not  until  the  80，s  that  the  magnetic  separation  became 
a  commercial  possibility.  Since  that  time  its  development 
has  been  rapid.  New  mills  have  beeu  built  from  time  to 
time,  and  to-day  the  company  has  the  largest  magnet  i<- 
separating  equipment  in  the  world.  The  aggregate  capacity 
of  the  four  mills,  when  operating  only  one  shift,  exceeds 
1,000,000  tons  per  year.  As  the  milling  system  here 
represents  the  most  up-to-date  practice  in  dry  magnetic 
concentration,  we  will  discuss  the  various  problems  principallv 
as  they  occur  in  connection  with  this  plant. 


The  cobbing  of  the  coarse  material  was  formerly  done  by 
liand,  but  n»echauical  cobbing  is  now  becoming  more  coiiiiiion. 
At  these  mines,  magnetic-cobbing  has  completely  replaced 
hand-cobbing,  with  tlie  results  1  liat  the  cost  of  operation  has 
been  very  much  reduced,  four  men  now  doing  the  work  t  lint 
formerly  took  14  ；  that  the  cobbed  product  is  absolutely 
uniform,  and  that  there  is  no  unnecessary  loss  of  iron  in  tl"' 
tailing.  Within  certain  limits,  the  iron  content  in  1  In- 
cobbed  ore  can  be  varied  by  regulating  the  magnetic  field. 

The  ore  is  crushed  to  4in.  as  it  comes  out  of  the  shaft  and 
is  then  delivered  by  belt  conveyer  to  a  revolving*  screen  with 
2in.  perforations.  The  over-size  is  re-crushed  and  returned 
to  the  screen  and  the  through-size  goes  over  the  cobber.  If 
it  is  desirable  to  take  out  low  grade  ore  as  well  as  high  grade, 
the  magnets  are  given  their  maximum  current  and  the 
tailing  \s  immediately  discarded.  Ii'  only  a  high  grade  ore 
is  desired,  the  cobber  is  given  a  weak  field  so  that  it  picks 
out  only  the  rich  ore  and  the  tailing  is  passed  to  another 
robber  with  a  strong  field.  The  ore  recovered  on  this  machine 
is  sent  to  the  concentrator  for  crushing  and  separation,  and 
the  tail  Lag  is  discarded. 

After  the  ore  has  been  crushed  by  jaw  crushers  and 
gyratories  to  about  1  Ain.,  the  fine  crushing  is  generally  done 
by  rolls.  For  sizes  ranging  from  about  2in.  to  jin.  the  sinoot  li 
rolls  have  been  found  to  be  the  most  efficient  crushers.  The 
size  of  the  rolls  should  be  made  to  suit  the  size  of  the  material. 
For  effective  roll  crushing,  the  material  should  be  carefullv 
sized.  Crushing  rolls  of  as  large  as  72in.  diam.  and  30in. 
face  are  used  now  on  low  grade  copper  ores.  These  rolls  have 
a  very  large  capacity  and  can  crush  ore  from  4in.  down. 
The  size  mostly  used  for  iron  ores  are  42in.  diam.  and 
about  16in.  face.  Rigid  rolls  have  been  tried,  but  generally 
with  disastrous  results.  It  is,  however,  good  practice  to 
make  the  springs  so  stiff  that  they  will  give  very  little  unless 
a  piece  of  iron  or  steel  happens  to  get  in  between  the  rolls. 
Corrugated  rolls  have  a  very  good  //  ip  and  can  crush  coarser 
ore  than  the  smooth  rolls  of  the  same  diameter,  hut  tlie 
corrugations  wear  off  and  then  the  nipping  power  diminishes 
so  that  the  rolls  can  no  longer  do  the  same  work.  Also, 
because  corrugated  rolls  cannot  be  trued  without  removing 
the  corrugations,  they  are  not  much  in  use. 

The  No.  4  mill  at  Mineville,  which  has  recently  been 
placed  in  operation,  is  the  latest  step  in  the  evolution  of  dry 
magnetic  separating  plants.  Its  most  noteworthy  features 
are  the  flexibility  in  the  milling  operations,  gained  by  making 
the  coarse  crushing  entirely  independent  of  the  separation 
and  fine  crushing  :  the  close  sizing  of  the  material  before  it 
is  separated  ；  the  roll  crushing  of  all  fine  sizes  and  the  arrange- 
ment of  the  rolls  so  that  any  one  of  the  eight  sets  of  rolls 
can  be  cut  out  for  repairs  without  interfering  with  the  opera- 
tion of  the  mill.  Only  the  fines  are  dried,  as  it  has  not  been 
found  necessary  to  dry  the  coarse  ore.  A  vertical  stack  drier 
is  used  for  the  purpose.  Between  the  crushing  and  t  hp 
separating  departments  is  a  1 ,000-ton  storage  bin,  which  acts 
as  a  reserve  bin,  and  is,  therefore,  by-passed  in  case  the 
crushing  and  separating  departments  are  in  oj>eratioii 
simultaneously.  Tlie  coarse  sizes  are  screened  on  revolving 
screens  and  tlie  fine  sizes  on  vibrating  screens.  The  coarse 
ore  is  cobbed  on  drum  type  and  ])nllev  t vpe  cobbers.  Two 
niacliines  are  always  used  in  series  for  a  tliree-product 
separation.  The  concentrate  from  tlie  first  machine  goes 
directly  to  the  concentrate  bins,  the  middling,  wliich  is  the 
head  product  of  the  second  machine,  goes  to  the  rolls  for 
crushing  and  re-separation,  and  the  tailing  from  the  second 
mnrhine  goes  to  the  dump.  For  the  medium  and  finest  size 
ores  the  drum  type  separator  is  used.  As  it  is  not  always 
necessary  to  make  a  three-product  separation  of  the  lltu^t 
sixes,  these  separators  are  arranged  so  that  they  cau  be 
operated  either  in  series  for  a  three -prod  net  separation,  or 
in  parallel  for  a  two-product  separation. 

The  capacity  of  the  mill  is  100  tons  per  hour  or  1 ,000  tons 
per  day  of  10  hours.  As  it  requires  only  14  men  to  operate 
the  whole  plant  the  labour  cost  per  ton  of  ore  milled  is  verv 
low.  The  iron  content  of  the  r(、i"'。itrate  ranges  from  64  to 
65  per  cent,  and  the  phosphorus  is  about  0*03  per  cent.  Tlie 
mill  produces  an  excellent  Bessemer  ore  which,  in  coninion 
with  other  products  of  iuagnetic  separation,  has  the  ad  van- 
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tage  of  great  uniformity,  no  matter  how  much  the  raw 
material  varies. 

When  a  fine-grained,  low  grade  ore  is  crushed  to  a  powder 
■  i  l;ir"i'  ])oi-l ion  of  it  goes  into  dust.  It  is  difficult  to  make  a 
clfan  conceiitrale  t'roin  surh  inat-erial  on  dry  magnetic 
separators,  and  the  handling  of  the  dust  becomes  a  serious 
(ircliltMn  in  t lie  uiill.  For  this  reason  the  wet  crushing  and 
srp;i ration  has  been  found  better  adapted  for  ores  of  that 
nature.  It  has  been  stated  previously  that  the  fine  crushing 
is  the  costliest  part  of  the  separating  process,  and  this  is 
particularly  true  of  the  fine-grained  ores.  The  comminution, 
therefore,  should  not  be  carried  any  further  than  is  necessary 
to  liberate  the  ore  crystals  from  tlie  adhering  gangue.  While 
some  fine-grained  ores  can  be  separated  satisfactorily  after 
a  crushing  to  20  mesh,  others  must  be  crushed  to  100  mesh 
or  finer.  Through  a  series  of  separation  and  screening  tests 
the  proper  crushing  size  can  be  determined,  but  a  more 
thorough  knowledge  is  obtained  by  making  a  microscopic 
study  of  a  thin  section  of  the  ore. 

The  coarse  crushing  methods  are  the  same  as  in  the  dry 
mills,  but:  the  fine  crushing  of  iron  ores  to  about  20  mesh  is 
almost  invariably  done  in  the  ball  mill.  If  the  comminution 
must  be  carried  further,  the  pebble  mill  is  used.  The  ball  mill 
is  generally  fed  with,  ore  crushed  to  2in.  or  Hin. 

The  largest  and  most  interesting  wet  mill  working  on  low 
grade,  fine-grained  magnetite  is  the  one  at  Sydvaranger  in 
Norway,  about:  220  miles  north  of  the  Arctic  Circle.  The  ore 
is  mined  in  open  quarry  and  is  loaded  by  steam  shovel.  The 
crude  ore  averages  about  36  per  cent,  iron  and  it  takes  about 
two  tons  of  crude  or©  to  make  one  ton  of  concentrate.  In  order 
to  make  a  good  separation  it  is  necessary,  on  account  of  the 
fine  grain  of  the  ore,  to  crush  it  to  aboufc  100  mesh.  The 
first  crushing  is  done  in  two  No.  18  gyratories,  which  have 
a  36in.  opening  between  cone  and  concaves.  These  are 
followed  by  jaw  crushers ?  reducing  the  ore  to  2in.,  which  size 
is  fed  to  the  ball  mills.  The  concentrate  is  dewatered  in 
large  concrete  settling  tanks  and  is  taken  from  these  tanks 
by  overhead  cranes  and  grab  buckets  to  the  briquetting 
presses.  The  yearly  capacity  of  the  plant  is  at  present 
500,000  tons  of  concentrate,  one-half  of  which  is  briquetted. 
The  rest  is  dried  and  shipped  in  the  form  of  concentrate. 

At  Moose  Mountain,  Out.,  another  concentration  plant 
has  been  built  for  treating  an  ore  similar  to  the  one  at 
Sydvaranger.  The  capacity  of  the  first  installation  is  350 
tens  of  concentrate  per  day.  Several  new  features  have  been 
introduced.  The  ore  after  having  gone  through  the  pre- 
liminary crushing  to  about  3 in.  will  be  pulverised  in  impact 
crushers  specially  designed  by  the  mining  company.  These 
reduce  the  ore  to  sufficient  fineness  for  separation.  The 
concentrate  from  these  machines  is  re-ground  in  conical  mills 
and  is  then  re-treatecl  on  the  same  kind  of  separators.  A 
new  briquetting  machine,  which  will  eliminate  the  manual 
labour  of  transferring  the  briquettes  from  the  press  to  the 
car,  is  also  being  developed  by  the  company.  The  briquetting 
kilns  are  gas-fired,  and  are  of  the  Grondal  type.  The  plant 
has  the  advantage  over  the  Sydvaranger  plant  of  cheap  water 
power.  The  briquettes  will  contain  about  64  to  65  per  cent, 
iron,  01' 02  per  cent,  phosphorus,  and  0*014  per  cent,  sulphur. 

[To  be  continued.) 


New  London  and  North-western  Engines. ― A  new  type  of 
4-cylinder  simple  express  engine  is  being  tried  on  the  London 
and  North-western  Railway.  It  is  of  the  4 ― 6 ― 0  type,  with 
coupled  wheels  6ft.  9in.  diam.  The  cylinders  are  1  Gin.  diam. 
and  the  stroke  26in.  Walschaert  valve  gear  fitted  in  the  out- 
side position  has  been  adopted.  The  boiler  is  14ft.  6in.  long 
ami  fjft .  2in.  diam.,  with  a  Belpaire  firebox  and  large 
extended  smokebox  projecting  beyond  its  stays.  A  sloping 
grate,  superheater,  and  mechanical  lubrication  apparatus  are 
fitted.  The  steam  pressure  is  2001bs.  per  square  inch.  The 
engine  is  to  be  named  after  the  chairman  of  the  company, 
Sir  Gilbert  H.  Claughton,  and  nine  others  that  are  on  order 
will  be  called  after  other  directors.  These  engines  will  be  the 
largest  and  heaviest  on  the  London  and  North-we&tern  Rail- 
way. 


INDUSTRIAL  AND  TRADE  NOTES. 

Fusion   of   Railway  Unions.— Tho  principal  imi')"h  w^w 

sentativo  ot  workers  in  the  railway  world ― the  Ainal^ainatcd 
Society  of  Jlailw  ay  S(*rvants，  the  General  R  ail  way  AVorkcrs* 
Union,  and  the  United  Signalmen  and  I'ointsmen  Socioty ― liav** 
dec-ided  to  amalgamate  under  tl"'  title  of  the  National  I'nion  of 
Railwaymon.  The  total  membership  of  the  thnc  uiiion>  is  ;t)>out  IH(».U« mi. 

The  Propelling  Machinery  of  the  Battle  ship  "Malaya,    The  Wall- 

Slipway  and  Engineering  Compa n y  have  received  tl】t'  order 
ior  the  propelling;  mat-hiiu'ry  of  the  l';ittlt»  sl"p  "  Malaya."  u  hicli 
is  to  be  built  at  Messrs.  Arnistion^,  Wli  it  worth's  new  shipyard 
at  WalktT.  The  engines  m ill,  it  is  ui»'l''rst"o(l.  he  >i)nilar  to  those 
fitted  in  tlie  "  Queen  Elizahotli."  of  nhout  .— )0，()()(J  h.p.  The  vessel 
will  steam  2.1  knots  an  hour. 

Cheaper  Gas  for  Sheffield.     XtHw  ithstauding  tliat  thf  Sii^fFicld 

United  Gas  Lijjit  Company  hold  the  record  for  .supplying  tlu* 
clic;i]>est  gas  in  this  country 3  the  diroctoi's  have  dec i tied  to  in;ik<' 
a  furtlier  reduction.  Tlie  reduction  will,  liowcver,  only  apply  to 
those  consumers  using  ovt'r  lm】f-a-inillion  cubic  feet  per  year  and 
to  users  of  gas  engines  、vho  are  to  pay  one  penny  less  per  1， (扇. 
Those  reductions  will  make  the  charges,  after  the  end  of  this 
qiiartci-,  Is.  3d.,  Is.,  and  lOd.  per  1,000  cub.  ft.  respectively. 

Shipyard  Agreement  Ratified— The  National  Shipyard  Agreement, 
as  recently  amended  at  the  grand  confereuce  of  the  Shipbuildii)^ 
Employers'  Federation  and  Allied  Shipyard  Trades  Union,  has 
been  approved  by  the  anajoiity  of  the  Union  members.  K('】）】v- 
sentatives  of  each  side  will  in,'et  in  Kdinbm-^h  】ater  for  the  \)\\v 
pose  of  signing  the  new  agreement,  which  will  remain  in  operatiim 
for  three  years.  The  previous  agreement  was  signed  in  、Iar(.li. 
1911.    The  Boilermakers'  Sor-iety  is  not  in  the  new  agreement. 

Model  Engineering  Institute.  The  C'lydt-  _M(,d,'l  Engineering  and 
Electrical  Institute,  at  12,  Crai^liton  Roa(l，  Go  van.  w  ;is  opened 
on  Saturday  last  by  Mr.  Fred  J.  Stephen,  of  Vosrs.  Alex. 
Stephen  &  Sons,  shipbuilders  and  engineers,  Lintliouse.  Tlio 
Institute  has  been  established  for  tlio  purpose  of  enabling  appren- 
tice engineers  and  other  young  mechanics  to  study  their  trades 
and  to  develop  their  ideas  by  experimenting  with  models.  A 
workshop,  equipped  with  machinery,  lias  been  provided  in  con- 
nection with  the  institute. 

New  Sheet  Mills  at  Ebbw  Vale. ― The  new  sheet  mills  constructs! 
by  the  Ebbw  Vale  Steel,  Iron,  and  Coal  Company  have  just  been 
started .  The  company's  works  had  to  close  for  a  period  of  six 
months  in  1911  for  want  of  orders.  It  then  occurred  to  tluj 
management  that  a  lack  of  orders  for  bars  could  be  met  by  con- 
structing sheet  mills  to  manufacture  the  finished  article  from 
their  own  steel  products.  The  new  sheet  mills  are  built  on  the 
most  approved  style  and  driven  by  electrical  power.  Ample  pro- 
vision has  been  made  for  extension  should  the  new  undertakinu 
warrant  it.  The  mills  will  give  employment  to  soiih*  1"】ik1i、'（1、  or' 
men. 

Speed  Record  by  a  British  Motor-car.  On  Saturday  Mlternoon 
last ,  at  Bi'ooklands，  the  world's  hour  record  for  motoring  was 
broken  by  an  Invincible  Talbot  motor,  with  2o  h.p.  engine,  the 
total  distance  covered  during  the  hou r  being  103  miles  1,470  yards. 
On  the  way  the  world's  50-mile  rooord  was  also  lu'oken,  the 
vehicle  covering  tlie  distance  in  29  minutes  l*i  seconds,  or  at  an 
average  speed  of  103*30  miles  per  h(mr.  The  motor  used  was  of 
only  25  h.p.  engine,  and  was  of  the  eoinpany's  standard  tom'iiijz 
size.  No  machine  had  previously  covered  100  miles  in  the  hour, 
the  motors  which  have  for  yea rs  lieen  ntteniptiii.L;  the  feat  beiiiL: 
built  with  engines  three  or  four  times  as  large  as  that  of  the 
Invinoilile  Tnlliot.  The  engine  is  of  101"o  nun.  l)oiv,  w  ith  140  nun. 
stroke. 

Canal  Development.— At  a  meeting  of  the  AVorcestor  Chamlu  r 
Commerce  held  on  the  12th  inst.3  the  Council  considered  a  su,u-es 
tion  to  memorialise  the  Prime  ^Tinistor  on  the  subject  of  thv  f'' ，- 
m  at  ion  of  a  Waterways  Boa  id.  The  memorial  set  forth  that  tlu* 
time  was  now  ripe  for  restoring  to  traders  the  use  of  the  water- 
ways. The  railway  com}ianies  ； ulmittod  that  they  could  not  deal 
with  the  mass  of  freight  now  offered  them.  It  was  not  yet  proved 
that  the  waterways  nooded  onIar^rnuMit.  In  their  j>resont  coiuli- 
tion  they  weiv  capable  of  carrying;  inoro  traffic  than  thoy  were  now 
bearing.  Members  urged  that  the  quostion  of  the  t、"lawm«"it 
need  not  now  be  seriously  pressed.  Wliat  was  nocessary  w a>  xhr 
formation  of  a  "Waterways  Board.  It  、vas  decidod  to  forward  thv 
memorial. 

Motor-omnibuscs  in  London. 一 According  to  the  report  of  tl"、 
London  Traffic  Branch  of  the  Board  of  Trade  for  1912,  the  total 
nunibor  of  licensed  motor-omnibiises  in  Loiulon  in  July.  11)12. 
was  2,08,5,  compared  with  1 ,550  in  July,  1911,  showing  an  increase 
of  535,  or  34  per  cent.    Of  these,  1,909  omnibuses  were  petrol 
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,Iurin-;  Lhc  ymr  ('wlod  Scph'mU'r,  HM  1,  \\;is  l*H),(il-'H.  187： 
l';is"  oi'  23,4^0,932  ovor  the  previous  year.  In  1(1, 
urn-  killed  and  l,i)J7  、v*"v  iiijim'd  l>y  mutor  "imiibuM's  in 
London.  The  iniinbor  t,r:ui"'ars  li(rns"l  in  Mi  im 
area  wus  2,7/5/5，  of  winch  2,665  were  electric,  sho、vm"  ;in 
()f  054  electric  and  n  reduction  of  30  in  liorsc  draw  11  cars 
(1  with  1910. 

A  Large  Tyre  Rolling  Mill -— Tli('  Mri^lilsidr  Koundry  an<l  Kn^i 
ueering  Company,  Ltd.,  of  Sheffield,  have  just  completed,  for  a 
l;ug(、  Anu'i  ican  steel  works,     vory  massive  tyr^  r<»llin^  mill,  "liirli 
is  possihlv  the  most  p<,、v"ri."l  m:'('l"»u'       its  kind  ('、.('r  built 
in  addition  to  rollin-;  tyrrs,  、、  ill  1"'  called  upon  to  (Ksil  with  vvvy 
]uxn\  stoel  hoops  up  t<»  u  i 山、 and  i.miu  'it't.  to  lOt't.  (Imm 

The 川 ill  is  0.1  "the  li"('s  u\'  ihr  -  Collier  "  typr,  with  r;.<li;»l  "rms 
tor  the  si(U'  rolls,  op('r:i"'(l  tliroii^li  、、"rm  niul  ((iiadrant  -<-ar, 
； UK1  the  pressure  tor  oxpimsioii  of  tl"'  materiul  in  rollin-  is 
;,j,plit.d  l»y  means  of  a  p(>、、 liyclravili^  cyliiuler.  Tl"'  "mi" 
vertical  shaft  has  ;i  sii])portiii-;  lH>armg  on  both  sides  ol'  rolls,  and 
the  principal  i'oatim's  that  havo  l)eon  kept  in  viow  in  dosi^niim 
the  mill  are  the  ronewal  of  all  waring  parts,  ;ind  the  adjustment 
of  alignment  of  shafts  as  wear  takes  place. 

New  Armour  Plate.— Mr.  William  H.  Worrall,  a  Sheitiehl 
engineer,  claims  to  have  invented  an  armour  plate  that 
effects  a  net  weight  saving  of  15  per  cent.  Further, 
he  claims  for  his  invention,  which  is  at  present  l)oin^  developed 
l,v  a  private  firm,  that  the  resistance  of  the  plate  is  ^roatly 
streii^theiu^l.  The  invention  consists  of  a  modification  of  the 
whole  process  of  iiiakiug  armour  plate,  connnenciu-  with  tl"' 
ingot,  which  goes  through  modifications  in  the  rolling  mills  and 
then  requires  different  heat  treatment  from  that  provided  in  the 
existing  furnaces.  The  ordinary  armour  plate  has  a  hardened 
back  and  front  and  a  soft  core.  Mr.  Worrall's  plate  consists  of  a 
number  of  small  plates  hardened  and  bonded  together  so  that  the 
core  of  the  plate  contains  layers  of  steel  as  hard  as  t\w  surface. 
Experiments  conducted  on  somewhat  similar  lines  havo  not 
hithorto  heen  ntttMided  with  succt^s. 

Employment  in  the  Engineering  Trades.  The  B(,:ir(l  of  Tr:i(lr 
Labour  Gazette  states  that  ，'mi)h)'vmeiit，  on  the  whole,  imitiiim'd 
irood  in  Jaima ry,  ；) iul  was  better  than  a  your  ag".  Ktuployiiicii t 
improves!  in  the  coal  mining,  pij^iro",  iron  and  steel. 
hi^,  and  sliipbuildiu^  trados,  hut  there  was  some  falling  oft'  in 
tlu-  tini»l;ito  tnule.  The  changes  in  nit(、s  of  will's  taking  eftVct 
in  January  affected  over  lialf- a  million  workpeople,  、vl、（>se  、、- w、s 
were  increased  by  nearly  £27,000  per  week.  Statistics  sh"、、  tliat 
out  of  884,444  trade  union  members,  19,494,  ov  2*2  per  cent., 
were  unemployed  at  tht  end  of  Janua vy,  ('(>iup;m'(l  w  ith  -  ^  p'  r 
cent,  at  the  end  of  December,  and  2  7  per  cent,  at  the  end  of 
Jamuiry,  1912.  Returns  tioni  firms  (unployin.^  419,398  、、- m'k - 
people  in  the  week  ended  January  25th3  1913，  showed  a  decrease 
of  0*2  per  cent,  in  the  number  employed  and  of  2  5  per  cent,  in 
the  amount  of  wages  paid3  comparod  with  a  month  ago.  Com- 
pared with  a  year  ago,  there  was  an  increase  of  1*6  per  cent,  in 
tho  number  employed,  and  of  6  per  cent,  in  the  amount  of  、、  ； s 
paid.  The  number  of  trade  disputes  beginning  in  January  was 
67,  und  the  number  of  workpeople  involved  in  all  disputes  in 
progress  during  the  month  was  52,066,  as  compared  with  30,(iS,、 
in  December,  1912,  and  1903374  in  January,  1912. 

Conveyer  Patent   Declared   Invalid.— Mr.  Justice  Warringtun,  iti 
the  Chancery  Division,  on  the  12th  inst"  decided  an  action  by 
Bertram  Norton,  of  Trindle  Road,  Dudley,  claiming  an  injinicticti 
to  restrain  W.  H.  Barker  &  vSon,  of  Etna  Works,  Feuton,  Staf- 
fordshire, from  infringinii;  letters  patent  granted  to  J.  F.  Zimmt'i'. 
and  now  owned  by  the  plaintiff ?  for  an  invention  relating  to  plant 
for  screening  and  conveying  coal  and  other  minerals.    The  prin 
ciple  of  the  invention  was  to  obtain  a  horizontal  and  upA\  aid 
movement  in  the  particular  conveyer.    The  plaintiff  ('oinpl;"i""l 
of  infringement  at  the  defendants'  collieries  at  Gresley.  De- 
fendants denied  the  alleged  infrin^omeiitj  ami  said  \\w  iiivt'iiti (出 
had  been   anticipated.      It  wns  statiMl,  in  support  ()|  tho  i>l;iin 
tiff's  case ;  that  the  spiM-itications  prior  to  tlu*  ZininuM'  jtattMit 山' 1 
not  deal  with  the  point  of  his  invention,  and  tl"，r《'i(>iv  tl"'y 
could  not  have  anticipated  it.    Neither  had  there  hw\i  any  (lis 
closure  of  the  pat<uit.    Tho  up^  ard  ;intl  horizontal  mm'"m<"it  u  as 
peculiar  to  the  Ziiiiniei-  patent,  ami  his  invoiition  was  applicjihlc 
to  a  lon<>-  length  as  distinct  from  the  ，、： u'l""'  patonts,  which  could 
be  applied  to  short  lengths  of  ooiivevi'is  only.    'l，li,'  ZinuiKM-  iiivt'11 
tion  had  boon  largely  used,  and  Mas  v("'y  well  know  n .     Hi、  Lord 
ship  disposed  of  the  action  without  calling  upon  tlu-  d，'tt"i(l;mt.、' 
counsel.    Ho  h<、l(l  that  tho  patont  was  invalid.    He  failed  to 
sufficient  invontion  to  support  the  pat*«itt  in  m,'ivlv  dividing  thr 
eunvcyer,  which  wns  primarily  for  somo  other  purpose,  into  sec- 


tions, for  the  purpose  of  cluimin^  exactly  the  samo  object  which 
the  plaintiff  had  obtaiiuid  bot'on-  in  、'  r'  -  iimj^  ； ippiiratiis.  H. 
therefore  <lismi.sK(ul  tli"  action,  with  (<>、t、. 

Nationalisation   of    Railways.      Mr.  J.   (:il'l*'r,  :i、、 卜 i.mt  ；;' 
"i;iiiag(、r  of  tl"!  North  British  Conipariy,  in  a  rwiit  1,'rt'm' 
u  Railway  NationaliHiition,"  said  that  on  tl",  i»;issiim  ot  tlic  A*  1 
of  1844  (which  contained  an  option  to  tl"'  St:i"'  to  i»,in.li:i、.'  tin- 
railways)  the  total  autlioristMl  liiil'f  ol    1        :iy.s   \\  itliin  tl,'' 
United  Kinydoni  was  2,320.    At         川 l','r,  1"1  I.  tin-  t«.t;ii 川 
of  lines  (u 體' (1  im'  traffic  was  '23，  117，  ：m  im  i«':im'      21,007.  TIm- 
movcinent  in  favour  of  nutioiialisatioii  of  niilw  ； iys  in  this  <ouiitr\ 
had  been  one  of  coniparatively  slow  <;rou  th.  Imt  then-  、、i'r"  m;mv 
indications  that  it  was  lu-iii^  prcsswl  i  or  ward  to  a  g'<;it''r  extent 
tliait  liiM«'tot'orc.    One  of  the  causes  of  tli;it  u;is  tlx-  labour  tn,"l,l''、 
in  railway  ami  otho-  splicn'S.    I《，it  in  "tl"'r  countries  、、l"、n'  tin* 
railways  were  owned  hy  the  State  strikes  had  (xciirifd,  as.  toi 
instiUKc,  in  Hungary  in  1U04,  and  iiimv  r«*c«*ntly  in  France.  Tli;it 
the  railways  of  the  United  Kingdom  wen-  l;ir 二 *1)  ,'v,  r  r  apitalis*-*!. 
and  that  gross  waste  took  place  in  connec  tion  w  itli  tl"'ir  con 
struction,  no  one  would  attempt  to  <leny.    Tliat  tlio  :m'r:w  。'、i 
of  railways  in  (Jroat  Hritnin  w  as  niiicii  in  i  \a-s>  ot  that  in  otln  r 
countries  was  :i  matter  of  general  admission.    That  waste  、、： 1、 
mainly  to  l>e  found  in  Parliamentary  diaries,  law,  on^ineorin^. 
and  incidental  expenses,  and  sums  paid  in  respect  of  land  and 
conipensation.    Hut  it  must  be  borno  in  mind  that  cvei y  pi'miv  (»i 
capital  which  had  been  raised  by  the  railway  ('<)1，11>;1，"<〜 had  l"'"n 
authorised  hy  Parliamont.    The  ownership  of  railways  l>y   t In- 
state had  been  undoriak<Mi  in  different   countries   for    va ryin- 
reasoiis— oconomic,  political,  or  military —— aiul  lu'  hclicvcd  it  u uiilf I 
be  a  matter       cotisiderable  difficulty  to  tind  that  in  any  case  t)w 
policy  ndoptod  was  as  ； 1  result  of  the  alleged  superiority  of  State 
over  private  operation.    The 山、 "i;u"l  ",r  1':"  "'11:1 1 卜： 1 1  i'"m  '山  the 
part  of  the  pixblic  in  this  country  arose  from  a  variety  of  causes, 
but  he  I)elieve(l  then*  cxistod  the  firm  coin  iction  tliat.  tollou  iim 
the  transfer  of  the  railways  to  the  Sta t*»,  the  sav i iig.、  to  1 
effected  would  result  in  an  iiuniodiatc  and  substantial  reduction 
in  rates  and  fares.    To  attempt  to  put  a  reliable  figuro  on  the 
savings  was,  of  course,  an  impossibility.    Tl"'  only  means  of  iorm 
ing  ;ui  estimate  、vas，  it  seemed  to  him.  to  he  found  in  the  insult 
of  State  <t\\  iKM'sliip  in  other  countries,  and  the  figures  as  affectin- 
State  railways  did  not,  as  n  wliole,  afford  any  ground  for  an 
optimistic  view  on  the  point.    The  q'iesti(m  of  、、li(、tl"'r  tl"'  p'ir 
chase  by  the  State  of  the  railways  w  as  desirable  or  otlicrw  isc. 
Mr.  Calder  said,  in  conclusion,,  must  l)o  finally  011   i 卜 

merits  from  tlie  point  of  view  of  the  national  welfare.  St:U'' 
ow  ncrshi]*  in  other  countrios  had  been  found  to  1m*  not  ;in 
unmixed  Mt'ssin^;,  w  hilc  naturally  th(\v  ； ill  k，i，'、v  sonu'tliin^  tl"' 
(lefen-ts  of  priviitc  ow  ncr.sliip.  With  r，'si"  '  t  i<>  tl"'  traders  and 
travt'lli'ig  puMic  h"  telt  bound  to  express  tlit、  view  that  tlx*  pri 
vatel.v  ("vi"、（l  i*i»ih\ays  of  the  United  Kingdom  had,  on  the  whole, 
served  their  interests  well,  and  that  tl"、re  was  very  great  room 
for  doubt  whether  uiulor  State  owutTship  tlicy  could  possibly  Imp" 
to  enjoy  many  of  the  benefits  which  had  accrued  to  them  undor 
the  present  systcni. 

The  Institute  of  Metals.  --  As  previously  announced,  llic 
annual  general  meeting  of  the  Institute  of  iletals  will  be  hel'l 
at  the  Institution  of  Mechanical  Engineers,  Storey's  Gate, 
Westminster,  S.W.，  on  Tuesday  and  Wednesday,  March  11th 
and  12th,  1913.  The  meeting  will  commence  at  3  p.m.  011 
March.  11th,  and  at  10-30  a.m.  on  March  12th.  On  tl"' 
Tuesday,  a  general  meeting  of  members  will  take  place  in 
the  hall  of  the  Institution  of  Mechanical  Engineers  wlien  the 
report  of  the  council  on  the  work  of  the  past  year  will  1" 
presented  by  the  president,  and  the  honorary  treasurer,  Prol . 
T.  Turner,  M.Sc,  will  present  his  report.  The  results  of  the 
ballots  for  tlie  council  for  1913  and  for  the  election  of  new 
members  will  be  declared,  after  which  the  newly-elected  |>r»- 
sident,  Prof.  A.  K.  Huntington,  will  deliver  liis  inaugural 
address.  In  the  eveniug  the  fourth  annual  dinner  of  tl"' 
institute  will  be  lield  at  the  Criterion  Restaurant ,  Piccadilly 
Circus,  W.  On  tlie  W**diies<lav.  ineinbers  will  meet  in  tl"' 
Hall  ol'  llir  Institution  of  Mt»clianical  KnLriii«'t'rs.  、、'l"'n  a 
selection  of  papers  will  be  read  and  discussed,  of  which  tli，' 
following  is  a  list :  (1)  Dr.  G.  H.  Bailey,  on  "  Corrosion  oi 
Aluminium."  (2)  G.  H.  Gulliver,  B.Sc. ,  on  "The  Quantita- 
tive Effect  of  Kapid  Cooling  on  Binary  Alloys."  (3)  O.  F 
Hud  sou,  M.Sc,  on  "  MiLrostruotiire  of  German  Silver." 
(4)  A.  Philip,  Assoc:  R.S.M.,  B.Sc,  on  "The  Corrosion  of 
Distilling  Condenser  Tubes."  (5)  J,  S.  Glen  Primrose,  aiifl 
H.  S.  Primrose,  on  "  Practical  Heat  Troatmonf  of  Adinirall  v 
Gun  Metal.  '  ((>)  AIoxjhhIoi*  SieimMis.  on  "Metal  Filament 
Lamps. ,J 
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NEW  PATENTS, 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
u  Mechanical  Engineer 53}  New  Bailey  Street y  Manchester. 

MECHANICAL  1911. 

Plant  for  compressing  ^as.    Phillips.  23487. 

Apparatus  tor  itroniotiny;  circulation  in  st(':im  lioi Irrs.  Circula- 
tors. Ltd.,  Schoiicld  &  SedKwick.  23576. 

IutcriKil-conibustion  engines.    Oriost);icli.  26338. 

Process  for  protecting  iron  surfaces  from  corrosion.  CV>、、  |"'r 
Coles.  26484. 

Ma  mi  fact  me  of  metal  tubing.    Mackenzie.  29129. 

1912. 

Carburetters  tor  iiitei  nal-conibustioii  engines.    TJurley.  131. 
Spanners.    Jones.  1830. 
Self-propelled  tractors.    Bensted.  2057. 

Atomisers  for  liquid  fuel  for  internal--coml)ustion  on^inos.  Kelley. 
2244. 

Internal-oonibustion  engines.    Paterson.  2426. 

A])paratus  for  signalling  on  trains  and  for  stopping  trains.  Min- 

nick.  2437. 
Belt  pulleys.    YoxaJl  &  Tl""'m',v<  i'oft.  2623. 
liadiators  for  internal-combustion  engines.    Morris.  2638. 
Aerial  turbine  specially  adapted  for  flying  machines.  Junieau. 

2641. 

Reciprocating  conveyers.    Turnbii]].  2713. 

Hotary  puni])s,  blowei's,  and  motors.    Lajuploit^h.  2844. 

Steam  superheaters.    Hollinworth.  2890. 

Construction  of  furnace  covers  a nd  doors.  AVinder  &  Miixlow. 
2908. 

Apparatus  for    drilling,   piiucliing,   or  sta lupine  consti-uctional 

metal  members.    Kolassa.  2934. 
Ijiilnicating  internal-combustion  engines.     Best  &  Lloyd,  Ltd., 

mid  Carpniael.  2953. 
Striking  gear  for  belts.    Capello.  2962. 

Valves  and  valve  gears  of  internal- ('oml)ustion  engines.  Coats 

and  Cameron.  3485. 
Valvo-actuating  mechanism  for  four-stroke-cycle  internal-conibus- 

tion  engines.    Lafitte.  3843. 
Driving  chains.    Ren  old,  and  Hans  Henold   Ltd.  3888. 
Automatic  compressor  pump  applicable  to  the   cylinder    of  an 

internal-combustion  engine.    Jaokel.  4062. 
Bolt-making  machines.    Marsden,  Webster,  A:  Dennott.  4422. 
Winches.    Linford.  4731. 

Machines  for  use  in  mining.  Mavor  <fc  Coulson,  Ltd.,  &  Mavor. 
4947. 

Gas  burners  for  heating  or  brazing  metals.    ]'，l('tclK"'，  Hussell,  and 

Co.,  and  Fletcher.  5506. 
Gear  wheels.    Terry.  (5240. 
Treatment  of  steel  ingots.    Talbot.  6391. 

Carburetters  for  internal-combustion  engines.    Dc  Valla t.  7197. 
Continuous  annealing  muffles.    Gibbons  &  Masters.  7202. 
Method  and  means  for  securing  pulleys  to  shafts.    Forster.  7501. 
Endless  chain  motors.    Kelleher.  7568. 
Lathes.    Feige.  7671. 

Automatic  coupling  for  railway  vehicles.    Smith.  7754. 
Hotary  ； lir  and  other  pumps.    Feichtinger.  8079. 
】"'guiiiting  means  for  internal- combustkm  engines.    Matti.  8U80. 
Tachometers.    Matlieson  &  Bruce.  8387. 
Atmospheric  engines.    Lake.  9738. 

Reversing  mechanism  for  explosion  engines.    Moore.  10741, 
Clutc-lK-s.    Prescott.  11336. 

Aci(»j)l;me  having  automatic  stability.    De  Bothezat.  11493. 

Spt'cdometers.    Hubert.  11861. 

Supports  for  mining  drills.    Newton.  12612. 

Water-tube  steam  generators.  Helm,  and  Sir  George  Croydon 
Marks.  13538. 

Injection  of  water  into  internal-combustion  engines.  Tan^vcs, 

Ltd.,  and  Robson.  13924. 
Constant  pressure  internal-combustion  motors.    Schmidt.  14105. 
Float  feed  devices  for  carburetters.    Evans.  14734. 
Process  for  recovering  tar  and  ammonia  from  volatile  ])rodiicts 

of  the  carbonisation  of  coal.  Dr.  C.  Otto  &  Co.  Ges.  15584. 
Slide-valve  gears  for  four-stroke  explosion  engines.  Htu-kel. 

15994. 

Machines  for  punching  plates.      Cameron ,  ； uul  John  CaiiitMon, 

Ltd.  16117. 
Sliip  proi>e]lf'is.    Maublanc  &  Lallie.  1(5422. 
I'lH'imiatic  tools.    Massmann  S:  Tindall.  16530. 
Yuvl  iiijectiiig  apparatus  for  internal-conibustion  en^iiu's.  (irmi- 

、、akl.  16768. 


Water-softonin^  apparatus.    Fox.  16861. 

PropelleiK  for  airships  and  aeroplanes.  Ott，  Fanta,  &  Ott.  17298. 
Automatic  lathe.    Veritys,  Ltd.,  and  Rogers.  17638. 
Steam  superheaters.    Sohniidt\schea  Heissdamp  Ges..  19608. 
M«';ins  of  and  apparatus  for  ohtainin^  motive  power.  Hughes. 

v.nm. 

乂  device  for  】iia('liii"'s  for  drilling,  punching,  or  stamping 
constructive  incnihcrs  of  rolled  metal.    Kolassa.  19700. 

Automatic  steam- pipe  isolating  valve.    Loll.  19923. 

Hixi'oty  device  for  water  tanks  used  in  connection  with  the  crxilcis 
oi'  nir  compressors.    Day  &  Windeler.  20227. 

Annealing  apparatus.    Kainmerer.  20949. 

Vernier  calipers.    Raiser.  21065. 

(i rates  for  gas  producers.    Wingen.  21235. 

Pistons  of  internal-combustion  engines  and  packing  rings  there 

for.    lonides.  21371. 
Single-track  railways.    Zsinko.  21768. 
Vertical  shaft  bearing.    London.  21833. 
Feed-water  heaters.    R.  Wolf  (Firm  of).  22137. 
Drill  sockets.    Morrow .  23293. 

Propelling  planes  for  airships,  flying  macliines.  and  water-going 

vessels .    Wisn  iewsk  i .  23941. 
Steam  turltine  packing  glands.    London.  25229. 
Ball  bearings.    Ilett  &  Ilett.  27435. 
Gas  producers.    Von  Ker]>ely.  29182. 

Driving  of  vehicles  by  means  of  internal-combustion  engines,  com- 
l'inecl  Avith  dynamos,  accumulators,  and  motors.  Pieuer 
29636.  1  • 

1913. 

Flying  machines.    Fokkor.  59(i. 

Manufacture  of  metal  tubing,  channels,  and  nioiildin-.s.  Mac 
kenzie.  816. 

ELECTRICAL,  1912. 

Automatic  battery  over  discharge  preventer.    Leitner.  2310. 
Electrical  water  heaters.    Shoenberg.  2522. 
Klectric  switches.    Leitner.  2747. 

Electrical  measuring;  :md  signalling  instruments  of  tho  uioviii- 

coil  type.    Record.  3454. 
Kloctro-magnetic  speed-varying  and  reversing  frear.  Jirukwifki 

4458. 

Connectors  or  lugs  for  electric  conductors.    Robb  &  Shaw.  5907. 
Klootrif  insulators.    Bullers,  Ltd.,  and  Twiss.  6287. 
Wi reless  telegraphy.    Vlug.    101 1 1  • 

Electric  switches.  Venner  Time  Switches,  Ltd..  ； uul  (；! iesbacli 
15366. 

Timing  devices  for  operating  electric  switches.  Chigor.  16142. 
Klectric  furnaces.    Gonnet.  19287. 

Regulation  of  the  speed  of  electric  motors.    Siemens  Schmker 卜 

werke  Ges.  23341. 
Electric  conduit  junction  boxes.    Terrv,  Biguood,  tV:  Bn)tliwt"ii 

Tubes  &  Conduits,  Ltd.  24492. 
Ignition    plugs    for    interna 卜 combusti  )n    engines.  Ruurecht 

28412.  ' 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  18th. 

Aluminium  ingot   93/-  per  cut. 

，,        wire,  according  to  sizes,  &c  from  112/-  ,, 

"        sheets        "  ，，   ，  120/- 

Antimony  £36/-/-  to  £37/-/-  per  ton. 

Brass,  rolled   8^<i.  per  lb. 

，， tubes  (brazed)   10^d. " 

，，       ，，     (solid  drawn)   OJd.  ，， 

，,       ，,     wire   Shd. ，, 

Copper,  Standard   £63/17/6  per  ton. 

Iron,  Cleveland   59/7J  ,， 

，, Scotch   G5/7i  ,， 

Lead,  English    £16/15/-  ，, 

，， Foreign  (soft)    £16/10/-  ，， 

Mica  (in  original  oases),  small   6d.  to  3/-  per  lb. 

,,  ，,  '，       medium   3/6  to  6/-  ，， 

，，  ,,  ,，       large   7/6  to  11/- ,, 

Quicksilver   £7/15/-  per  bottle 

Silver   28id.  per  oz. 

Spelter    £25/7/(i  per  ton. 

Tin,  block   £219/-/-  „ 

Tin  plates   U/6  ,, 

Zinc  sheets  (Silesian)   £28/10/-  ,' 

，,         (Stettin  ；  Vieille  Montagne)   £20/2/*>  ，， 
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Section  of  tuv.  Company's  Celebiutkd  Inteh lucked 
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Works  :   Ponder，s  End,  Middlesex.  。 

Head  Office:  112，  Queen  Victoria  St"  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Nuw  a  smile  he's  always  wearing,  lie's  found  "  NONLEAK  "  will  stand. 


WHY   NOT  WEAR  A  SMILEP 

NONLEAK  J ° 1 N qJ^i^po u n d 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  ！ 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  I 


TESTING  SAA1FLE3. 


WILL  NEVER  BLOW  OCT,  SCALE,  Oil  ROT. 

88,  Leeds  Road. 


J.  E.  TURNER  &  CO.,  Ltd.,  ^  "ak"s.  brad^rd,  yo^s 


JUST  PUBLISHED. 


Second  and  Enlarged  Edition. 


The  METALLURGY  of  IRON  &  STEEL 

This  work  fias  been  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
Metallurgy  of  Iron  and  Steel. 
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The  Hygiene  of  Gas  Lighting  and  Heating. 

The  superiority  of  electric  lighting  over  gas  is  so  universally 
accepted,  011  grounds  of  health  as  well  as  cleanliness,  that  it 
sounds  almost  like  heresy  to  put  forward  anything 
in  favour  of  the  latter  illuininant,  and  certainly  the 
appearance  of  the  gas-ligiited  room,  witli  its  stained  ceilings 
and  the  demonstrable  presence  of  products  of  combustion, 
does  not  appeal  to  the  general  ideas  of  health  aud  sanitation. 
But  it  is  only  recently  that  the  important  part  which  air  cir- 
culation plays  in  determining  whether  the  atmosphere  of  a 
room  is  healthy  or  unheilthy  has  come  to  be  properly  uiuler- 
stood.  The  presence  of  carbonic  acid  is  taken  invariably  as 
a  measure  of  the  bad  <|iialil v  of  an  atmosphere  as  regar<Is  its 
suitability  for  human  beings,  and  where  this  constituent  is  n 
product  of  respiration  it  is  uiuloubteclly  a  fair  gauge  of  the 
effete  human  products  that  are  so  deleterious.  Actual  ex- 
perience, however,  shows  that  when  it  is  the  output  of  gas 
flames  a  considerably  larger  quantity  may  be  present  in  the 
air  without  any  serious  effects  being  observable,  while  actual 
tests  have  further  shown  that  the  baneful  effects  of 
humidity  and  carbonic  acid  are  far  less  noticeable  in  rooms 
where  the  air  is  in  iiiotioii.  In  other  words,  a  staguaut 
atmosphere,  even  if  the  air  is  relatively  pure,  may  be  a  worsv 
enemy  to  health  than  one  which,  measured  by  the  carbonic 
acid  standard,  is  much  worse  provided  it  is  in  active  niotion. 
The  body,  in  fact,  is  as  dependent  on  the  action  of  the  skin 
as  upon  the  lungs  for  throwing  off  the  waste  products  of  life, 
and  it  is  this  humid  emauatiou  whicli,  entangled  by  the 
clothes,  produces  the  feeling  of  disconifcrt  that  is  so  fre- 
quently noticeable  iu  a  badly-crowded  and  ill-ventilated 
room.  For  this  reason  it  is  easy  to  understand  that  a  room 
electrically  lighted  and  free  from  the  dirty  effects  produced 
by  gas  flames  on  white-washed  ceilings  may  yet  be  very  ob- 
jectionable from  a  hygienic  point  of  view.  Gas  lighting  cer- 
tainly does  promote  air  circulation,  aud  the  blackened  area 
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on  the  ceiling  over  the  gas  light  is  as  strong  evidence  of  its 
influence  in  this  direction  as  it  is  of  atmospheric  impurities. 
Though  these  charred  remains  of  germs  and  organic  matter 
are  not  artistic  or  desirable  if  they  can  be  avoided,  the  ques- 
tion of  air  circulation  is  a  more  vital  one,  and  it  is  in 
this  feature  that  the  open  fireplace,  with  all  its  wastefulness 
and  smoke  objections,  excels,  and  in  which  the  old  forms  of 
gas  stove  in  which  high  economic  efficiency  was  secured  by 
using  the  gas  to  heat  the  air  of  the  room  by  convection, 
proved  so  deficient.  Much  imj'rovtMiienl'  lias  been  made 
in  the  later  forms  of  domestic  gas  fires  now  it  is  recog- 
nised that  the  only  satisfactory  way  of  heating  is  by  radiation. 
This  involves  a  little  sacrifice  in  efficiency,  though  il,  is 
claimed,  in  the  latest  designs  of  gas  stoves,  over  60  per  cent, 
of  the  total  heat  of  the  gas  may  be  utilised  in  this  way.  It 
is  not  probable  nor  is  it  desirable  that  electricity  as  an 
illuminating  agent  will  be  displaced  from  the  pre-eminence 
it  has  secured  on  the  grounds  of  cleanliness,  but  it  is  just 
as  well  to  recognise  that  gas  lighting,  with  all  its  faults,  has  at 
least  one  or  two  virtues  which  should  be  put  down  to  its 
credit,  and  that  one  of  the  steps  towards  the  abolition  of  the 
smoke  nuisance  in  towns  is  the  provision  of  a  cheap  gas  suj>p]y 
for  heating  purposes,  for  it  is  extremely  unlikely  that  elec- 
tricity will  ever  displace  it  as  a  general  agent  in  this  direction. 
Some  of  the  leading  municipal  authorities  are  coming  to 
recognise  this  by  reducing  the  price  of  gas,  but  they 
might  do  more  if  they  would  regard  the  gas 
department,  not  as  a  rate-reducing  device,  but  as 
a  means  for  distributing  a  heat-producing  agent  at 
the  lowest  cost  possible.  How  prices  can  be  brought 
down  with  the  present  high  values  of  by-products 
is  clearly  shown  by  the  action  that  has  just  been  taken  by 
the  Sheffield  United  Gas  Light  Company,  who,  although  a 
private  enterprise,  and  working  for  profit,  has,  with  a  view 
to  encouraging  the  use  of  gas  for  heating  and  power  purposes, 
made  a  further  reduction  in  its  rates.  Consumers  using  over 
half  a  million  cubic  feet  in  future  are  to  pay  only  Is.  per 
1，000  cubic  feet,  power  users  10d.,  while  the  small  domestic 
user  is  only  asked  Is.  3d.  When  lie  can  obtain 
gas  at  this  price  there  is  some  encouragement  for  him 
to  substitute  it  for  coal  altogether,  and  in  so  doing 
contribute  materially  to  the  success  of  the  campaign  against 
smoke  which  is  at  present  so  strongly  marking  the  attitude 
of  many  municipalities  towards  manufacturers,  who,  "what- 
ever their  faults,  contribute  only  a  moiety  towards  the  smoke 
nuisance. 

The  Possibilities  of  Large  Diesel  Engines. 

The  high  economic  efficiency  of  the  oil  engine,  and  particu- 
larly the  Diesel  development  of  it,  has  led  to  some 
rather  inflated  expressions  of  opinion  as  to  its  future 
prospects.  Not  only  is  a  distorted  perspective  taken  of  what 
economic  efficiency  stands  for,  but  eutbusiasrn  is  apt  to  close 
its  eyes  to  facts.  Not  long  ago  British  engineers  were  rather 
taken  to  task  by  some  of  its  professional  mentors  for  alleged 
lack  of  enterprise  in  the  direction  of  large  oil  engines,  and 
we  were  iu formed  of  the  wonderful  successes  that  were  being 
scored  in  Germany  and  elsewhere,  but,  as  Mr.  Ferranti  re- 
marked in  the  course  of  his  recent  Watt  lecture  at  Greeuoek, 
we  have  heard  very  little  of  the  failures  that  have  occurred 
and  are  repeatedly  occurring  with  these  large  Diesel  engines. 
One  of  the  biggest  experiments  with  them  was  to 
fit  a  12,000  h.p.  German  battle-ship  with  motors  of 
this  type  of  such  a  size  that  the  wliole  of  the  power  was  to 
be  developed  in  six  cylinders  ；  but  in  making  a  test  of  three 


of  them  an  explosion  occurred,  whicli  wrecked  part  of  the 
engine,  killed  several  men,  and  caused  a  serious  fire,  with  the 
result  that  the  naval  authorities  abandoned  the  attempt 
and  decided  to  substitute  a  full-power  steam  turbine 
plant  instead.  The  fact  is,  thai  for  large  power 
units  of  the  internal-combustion  type,  oil  does  not  offer  as 
great  advantages  as  gas,  and  the  Diesel  type  more  particularly 
demands  mechanical  refinements  of  a  high  order  to  give  the 
high  compression  which  is  necessary  ；  and  this  refine- 
ment, in  the  shape  of  minute  clearances,  is  very  liable 
in  practice,  as  our  columns  have  shown,  to  lead  to  serious 
breakdowns  even  v/hen  every  care  is  exercised  in  regard  to 
manufacture  and  attendance.  The  Diesel  engine  possesses 
many  merits,  and  we  have  uo  desire  in  any  way  to  belittle 
them  or  overlook  its  high  thermal  efficiency.  But  it  is  a  long 
way  behind  the  large  gas  engine  even  from  the  constructional 
point  of  view,  and  the  large  gas  engine  itself  is  far  from  per- 
fect. The  main  difficulty  in  the  application  of 
large  gas  engines  to  marine  propulsion  lies  iu  the  producer, 
the  chemistry  as  well  as  the  control  of  which  is  more 
complicated  than  is  generally  thought,  thougL  the  difficulties 
are  being  slowly  overcome.  These  conquered,  the  application 
of  large  gas  engines  to  marine  propulsion  would  receive  a 
great  impulse,  for  they  would  derive  their  fuel  supply  from 
the  same  inexhaustible  store  as  the  steam  engine,  namely, 
coal,  and  not  from  a  fuel  such  as  oil,  the  high  price  of  which 
must  always  handicap  the  motor  in  which  it  is  used,  however 
great  its  thermal  efficiency,  except  in  favoured  positions  or 
services.  For  the  fact  cannot  be  overlooked  that  the  world's 
total  supply  of  oil  is  but  an  insignificant  portion  of  that  lying 
iu  the  coal  beds,  and  if  all  of  it  were  used  for  power  purposes 
― an  assumption  impossible  of  attainment  owing  to  the 
demands  for  petrol  and  other  oils ― the  supply  could  only  meet 
a  fraction  of  the  demand 


Disastrous  Flywheel  Burst ― A  terrible  accidenl  is  roport^i 
from  a  large  steelworks  at  Wetteren,  iu  Belgium.  A  uuniber 
of  men  were  at  work  when  a  huge  flywheel,  weighing  about 
15^  tons,  burst,  and  the  pieces  were  hurled  in  every  direction. 
Three  workmen  were  fatally  injured,  and  a  number  of  others 
badly  hurt.  The  machinery  hall  was  wrecked,  and  300  men 
have  been  thrown  idle. 

Microscopic  Effects  of  Strain  in  Metals. ―  A  lecture  on  "  Micro- 
scopic Effects  of  Straiu  iu  Metals  "  was  delivered  by  Dr.  F.  E. 
Rogers  at  a  recent  meeting  of  tlie  Sheffield  Society  of  Engi- 
neers aud  Metallurgists.  He  pointed  out  the  value  of  strain- 
ing as  a  means  of  studying  the  structure  of  metals 一 particu- 
larly steel 一 and  as  au  accessory  to  the  usual  etching  methods 
employed  by  microscopists.  The  method  was  largely  used 
iu  tlie  laboratory  and  was  of  great  assistance.  It  threw  light 
on  the  relative  hardness  of  the  coiistitueuts  which  were  seen 
under  the  microscope.  Dr.  Rogers  showed  how  a  systematic 
knowledge  of  the  subject  might  be  usefully  applied  by  the 
practical  steel  microscopist.  Straiu  effects  iu  steels  of  various 
composition  and  treatment,  and  in  iron,  lead,  and  brass  were 
studied  and  illustrated.  The  effects  typical  of  static  stress,  of 
fatigue  under  alternating  stress  and  shock,  were  dealt  with. 
It  was  shown  that  the  strain  effects  might  take  different  forms 
in  different  cases,  such  as  crystalline  cleavage  ("  slip-bands  '•，)， 
intergranular  strain,  Neuntami  lamellse,  partial  critical  traus- 
formatiou  (as  in  the  cases  of  austenitic  steels  near  the  limit  of 
composition  beyoud  which  martensitic  structure  is  obtained), 
and  twinning.  Fracture  might  result  as  the  development  ot 
any  of  these  phenomena.  Llideds'  lines  were  explained.  The 
lecturer  said  the  straining  method  was  a  valuable  addition  on 
the  one  hand  to  etching  methods,  and  on  the  other  was  at 
least  as  valuable,  and  often  much  more  so  than  any  micro- 
scopic hardness  test,  because,  with  practice,  one  became  able 
to  recognise  as  typical  the  various  strain  evidences  in  each 
constituent,  aud  the  effects  of  varied  treatmeuts  upon  them. 
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MODERN  CONDENSING  SYSTEMS.* 

]IY  A.  E.  LEIGH  SCANES,  M.A. 

(Concluded  from  page  202.) 
Circulating  Pumps.— It  is  apparently  thought  by  many  people 
that  there  is  little  room  for  choice  under  this  heading;  that  it 
is  only  necessary  to  fix  the  water  quantity  and  head  required, 
ami  proceed  to  make  or  order  a  pump.  This,  unfortunately, 
is  Hie  view  taken  by  large  numbers  of  customers  who  do  not 
avail  themselves  of  expert  advice.  They  are  apt  to  look  only 
at  the  initial  outlay,  and  overlook  running  efficiency  and  reli- 
ability. A  short  study  of  the  design  of  centrifugal  pumps, 
however,  will  show  that  for  any  given  set  of  conditions  and 
design  of  pump,  one  set  of  characteristics  will  give  the  best 
results.  That  is  to  say,  the  speed  at  which  the  pump  is  to 
work  is  fixed  for  a  maximum  efficiency.  The  first  point  to 
settle  then,  in  the  choice  of  a  pump,  is  the  most  suitable  speed 
having  regard  to  all  conditions  of  service.  The  next  point  is 
to  consider  if  it  is  advisable  to  run  this  pump  from  the  same 
motor  or  engine  which  is  to  drive  the  air  pump.  With 
reciprocating  air  pumps  this  is  usually  done  with  the  help  of 
gearing.  This  arrangement,  however,  is  not  usually  liked, 
as  even  with  the  best  design  a  certain  amount  of  noise  is  un- 
avoidable, wliidi  is  most  noticeable  with  a  turbine  installa- 
tion.  The  best  alternative  is  a  rotary  air  pump  which,  when 
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Fig.  17.— Test  of  Low -lift  CmcuLATiNG  Pump  (Westinghouse-Rateau). 
Speed  480  revs,  per  miniitc. 

possible,  should  be  run  at  the  same  speed  as  the  circulating 
pump,  all  gears  being  avoided. 

When  the  cooling  water  has  to  be  lifted  against  a  very 
low  head,  the  circulating  pump  unfortunately  must  be  run 
relatively  slowly,  probably  480  revs,  per  minute  to  obtain 
good  results.  While  it  is  possible  to  make  a  rotary  air  pump 
to  run  at  480  revs,  per  minute  even  for  very  small  capacities, 
it  becomes  expensive,  and  under  these  conditions  it  is  better 
to  use  separate  motors,  the  air  and  extraction  pumps  then 
being  coupled  together.  Fig.  17  shows  a  test  on  a  Westing- 
house-Rateau  low-lift  pump,  designed  for  a  low  speed.  When 
a  cooling  tower  must  be  used  and  the  head  against  the  circu- 
lating pump  is  30ft.  or  more,  a  high  speed  can  be  utilised 
and  all  the  pumps  direct  coupled,  it  often  being  advantageous 
to  drive  them  by  a  low-speed  turbine  as  shown  in  Fig.  10. 
Even  with  a  liigh  head  the  efficiency  of  the  water  pump  will 
be  relatively  low,  about  65  per  cent,  for  a  speed  of  2,500  revs. 
]»er  minute,  but  the  advantages  of  a  self-contained  unit, 
which  does  not  depend  on  tlie  main  plant  for  power,  usually 
more  than  compensates  for  this  and  the  additional  initial 
outlay  involved. 

Extraction  Pumps.  ―  The  desire  for  high  efficiency  in  every 
detail  can  be  carried  to  excess,  and  in  the  end  defeat  its  own 
object.  This  in  the  past  has  often  been  the  case  with  con- 
densed steam  extraction  pumps  for  use  with  surface  con- 
densers. To  save  1  h.p.  to  2  h.p.,  4  or  even  6-stage  pumps 
liave  been  built  running  at  about  1,000  revs,  per  minute. 
When  it  is  considered  that  if  one  of  the  extraction  pumps 
should  fail  the  whole  plant  will  be  seriously  affected,  if  not 
shut  down  with  some  types  of  air  pump,  it  is  obvious  that 
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Fig.  19  — Dia«ram  op  Continuous-drain  Vacttum  and  Steam  Trap  tOom'.N 、+ 

Even  when  this  is  not  the  case,  but  the  water  is  of  a  quality 
which  would  rapidly  "  scale  "  or  "  pit "  the  tubes  of  a  surface 
plant,  jet  plants  can  often  be  advantageously  used  in  con- 
junction with  a  purifier  for  feed  purposes.  The  power 
absorbed  by  the  pumps  is  usually  higher  than  for  a  surface 
plant,  although  the  actual  water  quantity  required  is  con- 
siderably less,  the  excess  power  being  due  to  the  water  being 
extracted  from  the  condenser  body  against  the  vacuum  head 
(which  is  approximately  32ft.)  in  addition  to  any  external 
pressure.  The  air  pump  must  also  be  larger  to  deal  with  the 
air  liberated  from  the  water,  usually  not  less  than  2  per  cent, 
of  its  volume  at  atmospheric  pressure. 

The  earlier  forms  of  jet  condensers  were  of  the  parallel  flow 


simplicity  of  design  and  reliability  is  essential.  The  British 
Westinghouse  Company  has  developed  a  single-stage  pump 
running  at  a  high  speed  winch  gives  a  sufficiently  good 
efficiency,  from  40  per  cent,  to  60  per  cent"  according  to  size. 
A  section  is  shown  in  Fig.  18  which  is  self-explanatory.  These 
pumps  can  either  be  horizontal  and  direct  coupled  to  the 
air  pump,  or,  if  the  latter  is  coupled  to  the  circulating  purnp 
and  running  at  too  low  a  speed,  they  can  be  driven  by  a  hinall 
vertical  motor,  which  gives  an  ideal  arrangement,  as  the  puinp 
itself  can  be  sunk  well  below  the  condenser  floor  level,  ensur- 
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Fig.  18.— Diagram  op  Vertical  Extraction  Pump  ( Westinghodse). 

ing  a  good  head  of  water  on  the  inlet  side.  Much  trouble  has 
been  caused  by  not  allowing  sufficient  head  to  overcome  the 
pipe  friction  from  the  condenser  and  to  give  the  necessary 
velocity  into  the  impeller.  A  sure  symptom  of  this  is  inter- 
mittent discharge.  Should  an  accident  stop  this  pump,  a 
Leblanc  air  pump  will  take  up  its  duty,  and  remove  the  con- 
dense with  a  very  slight  fall  of  vacuum. 

Vacuum  Traps. ~  When  it  is  necessary  to  have  a  condenser 
placed  so  that  there  is  a  fall  in  the  exhaust  pipe  to  the 
engine  or  turbine,  an  efficient  vacuum  trap  must  be  fitted  to 
remove  the  water  which  collects  and  which  would  ultimately 
obstruct  the  free  passage  of  the  steam.  A  very  simple  and 
effective  type  is  manufactured  by  Mr.  John  E.  L.  Ogden,  and 
is  illustrated  in  Fig.  19.  It  consists  of  a  cylinder  divided  into 
two  compartments  B，  B，  and  supported  at  the  centre  on 
trunnions  A.  The  ends  are  connected  to  the  vacuum  space, 
and  the  drainage  water  falls  by  gravity  into  each  end  alter- 
nately, causing  the  cylinder  to  tip  from  side  to  side,  a  simple 
valve  C  releasing  the  water  when  the  slide-valve  cuts  off  the 
vacuum  connection. 

Jet  Condensers. ― Jet  condensers  may  be  used  when  the 
supply  of  cold  water  available,  either  from  natural  sources 
or  from  a  cooling  system,  is  suitable  for  boiler-feed  purposes. 
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type,  in  which  the  steam  enters  at  the  same  end  of  the  con- 
denser as  the  cooling  water.  The  air  is  extracted  at  the  oppo- 
site end,  and  is  obviously  at  the  temperature  of  the  discharge 
water.  A  marked  improvement  came  with  the  introduction 
nt'  Hip  roiinler-currenl-  type,  one  form  of  which  is  illustrated 


Fig.  20.— Diagram  of  Counter-current  Jkt  Conbknser. 
A,  steam  inlet :  B,  water  inlet  ；  C,  water  and  condenser  outlet  to  extraction  pump 
or  barometric  leg  ；  D,  water  separator  in  air-pump  suction  ；  E,  aii'-pump  suction. 

in  Fig.  20.  The  steam  here  enters  near  the  bottom  and  the 
water  at  the  top,  whence  it  flows  over  a  series  of  trays  or 
through  a  series  of  holes  in  fine  streams.  The  air  is  removed 
from  the  top  of  the  shell  where  it  is  coldest,  owing  to  contact 
with  the  entering  cooling  water 
through  which  it  passes,  and 
the  size  of  the  air  pump  re- 
quired is,  therefore,  smaller 
than  in  the  parallel  flow  type. 

It  is  curious  how  improve- 
ments in  any  apparatus  fre- 
quently revert  to  a  modification 
of  earlier  designs.  The  Westing- 
house-Leblanc  multiple-jet  con- 
denser is  an.  example  of  this. 
Turning  to  Fig.  21,  which  illus- 
trates this  plant,  we  see  that 
the  water  and  steam  enter  at 
the  top,  but  with  several  im- 
portant improvements.  The 
water  does  not  flow  by  gravity 
through  a  number  of  small 
holes,  which  are  liable  to  choke 
up,  but  is  sucked  in  by  the 
vacuum  at  high  velocity  through 
a  number  of  nozzles  of  ample 
size,  which  have  a  spiral  vane 
in  the  centre  of  the  nozzle  to 
give  the  water  a  rotary  move- 
ment which  effectively  breaks 
it  up  to  form  as  large  a  surface 
as  possible. 

The  most  important  point, 
however,  is  the  cone  under 
the  water-injection  nozzles,  Fig.  21.  The  water  passing 
through  this  at  a  high  velocity  gives  the  air  a  first  compres- 
sion into  the  chamber  D.  The  disadvantage  of  this  air  being 
a 七 the  temperature  of  the  discharge  water  is  neutralised  by 
the  cooling  effect  of  the  Leblanc  air  pump.  The  condensed  steam 


and  water  is  removed  by  the  centrifugal  pump  C,  which  is 
on  the  same  shaft  as  the  air  pump,  one  motor  or  engine  only 
being  needed  to  work  the  plant.  The  pump  C  is  specially 
designed  to  work  against  the  high  vacuum  head  of  the  con- 
denser, and  is  so  arranged  that  no  air  lock  can  be  formed. 
The  external  head  on  the  extraction  pump  is  normally  from 
Oft.  to  35ft. ，  according"  to  conditions,  but  in  special  cases 
even  higher  heads  can  be  dealt  with.  The  great  advantapo 
of  this  type  is  immediately  apparent,  as  it  can  be  ])la<e<l 
directly  below  a  turbine  plant  without  intermediate  or  bend 
exhaust  pipes,  onsurijig  a  straight  flow  for  the  steam  and  no 
loss  of  vacuum  between  the  exhaust  outlet  and  the  condenser. 
The  space  occupied  by  this  plant  is  much  smaller  than  is  re- 
quired for  any  other  similar  type,  owing  to  the  compactness 
of  the  rotary  pump. 

The  vacuum  efficiency  is  not  less  than  98  per  cent,  for 
turbine  work,  the  average  terminal  temperature  difference 
between  the  theoretical  temperature  of  the  vacuum  and  the 
outlet  water  temperature  is  about  4°  Fah.,  and  in  many  cases 
this  figure  can  be  further  reduced  and  sometimes  eliminated, 
that  is  to  say,  the  theoretical  vacuum  attained.  The  latter 
condition  necessitates  a  very  tight  system,  and  low-seal  water 
temperature  in  the  air  pump. 

Where  head  room  does  not  permit  of  the  plant  being 
placed  immediately  below  the  main  unit,  a  side  exhaust  can 
usually  be  adopted,  which  arrangement  was  adopted  by  the 
Westinghouse  Company  at  the  Metropolitan  Railway  Com- 
pany's Power  Station  at  Neasden.  This  plant  will  be  even- 
tually composed  of  five  5,000  kw.  Westingliouse-Rateau 
impulse  turbines,  exhausting  into  five  Leblanc  jet  conden- 
sers. Each  condenser  is  designed  to  deal  with  TOjOOOlbs.  of 
exhaust  steam  per  hour  at  a  vacuum  of  28'lin.,  the  temper- 
ature of  the  injection  water  being  82°  Fah.,  9,000  galls,  being 
circulated  per  minute.  Two  of  these  sets  are  now  running 
under  full  load  conditions,  and  the  guaranteed  vacuum  is 
easily  maintained.  The  author  thinks  it  may  fairly  be 
claimed  that  such  results  these  are  the  best  that  could  be 
obtained  under  commercial  working  conditions. 

A  detail  of  design  of  great  importance  in  low-level  jet 
condensers,  particularly  when  working  with  reciprocating 
engines,  is  the  vacuum-breaker,  F，  Fig.  21.  Many  serious 
breakdowns  in   the   past    have   been   due    to  complicated 


Fig  21.— Diagram  of  Multiple  Jet  Condenser  (Westinghouse-Leblanc). 
A,  steam  inlet :  B,  water  inlet;  C,  water  discharge  from  extraction  ])ump ；  D，  air-pump  suction ；  E,  air-imnip 
discharge  ；  F,  vacuum  breaker  ；  G,  、、- rttei'  guide  nozzle. 


mechanism  failing  to  act  efficiently  in  emergency  and  allow- 
ing the  cooling  water  to  ent^r  the  low-pressure  cylinders.  In 
the  Leblanc  jet  an  extremely  simple  and  effective  breaker  is 
emplovefl  whicli  eliniinat-es  tins  risk.  For  lar^e  plants  two  or 
more  breakers  are   fitted,   each  capable  of   destroying  the 
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m()r('  room  occupied  and  loss  of  vacuum  between  the  con- 
denser and  main  unit  due  to  the  abnormal  length  of  exliaust- 
pipe  necessary.  This  loss  may  vary  betwen  0  25  and  1*0  of 
mercury.  In  the  majority  of  cases  a  low-level  jet  is  to  be  pre- 
ferred. The  only  condition  where  a  barometric  plant  is 
advisable  is  when  the  cooling  water  is  at  a  level  which 
does  not  necessitate  an  injection  pump. 

Simple  Jet  Condensers. ―  For  very  small  steam  qua  ulities, 
ejector  condensers  are  frequently  employed.  Fig.  22  shows 
one  of  the  best  forms  of  the  older  designs.  A  great  objection 
of  this  type  is  its  limited  air  capacity,  which  depeuds  on  the 
quantity  of  water  passing  through  the  condenser.  To  over- 
come this  objection  the  Westinghouse-Leblanc  simple  jet  con- 
denser, Fig.  24，  was  designed,  working  on  the  principle  of  the 

Table  111.— The  Critical 


-DlAGItAMMATIC   SKCTIONAI^   AllHANGKMVINT   (Jl，  SlMl'LK  .1 KT  CONDENSIST. 

Plant  (Wkstixghou&k-Leblanc). 


given  quantity  of  steam  compared  with  the  theoretical  quan- 
tity necessary. 

Appkndix  II. 

Partial  Air  Pressure  —  Dalion's  law  of  partial  pressures  of 
gases  states  that  if  two  or  more  gases  (such  as  air  and  steam) 
are  enclosed  in  a  vessel,  tlie  total  pressure  exert-ed  on  tl"、 


Point  in  a  Jet  Condenser. 
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vacuum  in  a  few  seconds.  Should  tlie  pumps  stop  for  any 
reason,  the  air  pump  also  acts  as  a  vacuum-breaker,  the  air 
having  a  free  entrance  to  the  condenser  through  the  air- 
pump  rliscliarge  diffuser. 

It  has  been  the  author's  experience  that  troubles  have 
l"、('ii    hastily   attributoW    to   hack-flooding  of  the  condenser, 
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Fig.  23. 

I-'k;.  -2>.— DiAc.TtA^r  of  Kikctor  Condenskh. 
A.  wiitcv  inU  t ；  H.  sU:ain  inlet;  (',  natural  head  of  water  of  about  15  ft.  is 
ncct'ssa r.\  to  woi  k  this  plant,  or  a  rolary  pump  to  "'ive  the  necessary  liead. 
Fig.  23.— Critical  Point  in  Jkt  Condenskr. 

which  have  afterwards  been  traced  to  more  obscure  causes. 
In  several  cases  when  the  engine  has  been  running  on  light 
load  with  a  very  high  vacuum  of,  say,  28'5in.  when  chang- 
ing over  to  "  atmosphere/'  knocking  has  occurred  in  the 
lo\vVj)i*essure  cylinder  due  to  rapid  condensation  caused  by 
the  low  temperature  of  the  cylinder  walls.  Great  care 
should  be  also  taken  not  to  have  a  rise  in  the  exhaust  pipe 
between  the  engine  and  the  condenser,  or  if  unavoidable,  a 
large  and  efficient  vacuum  and  low-pressure  trap  should  be 
provided. 

Barometric  Jet  Condensers. ― These  are  very  similar  to  the 
low-level  type,  with  the  exception  that  the  hot  water  and 
coiulensed  steam  are  removed  by  means  of  a  barometric  leg 
instead  of  an  extraction  pump.  The  advantage  is  that  the 
risk  of  back- flooding  through  failure  of  the  extraction  pump  is 
eliminated.     The  disadvantages  consist  of  greater  expense, 


air  pump.  This  plant  will  remove  air  in  the  ratio  of  from 
four  to  five  times  the  water  v',lu"i'',  giving  a  vacuuiu 
efficiency  nearly  as  lii^h  as  t lie  multiple  j,'t,. 

Evaporative   Condensers.  ― The  aut  hoi 小， *•、  not  j'n 屮'' 

deal  with  these,  as  they  are  quite  unsuitable  for  the  high 
vacua  now  in  vogue,  owing  to  the  impossibility  of  k«''  i>"iL' 
them  reasonably  air-tight  for  any  length  of  time. 

A  very  important  condition  in  the  working  of  a  condenser 
which  draws  its  cooling  water  by  means  of  its  vacuum  is  fre- 
(juently  overlooked  by  users,  namely,  the  maximum  overload 
which  can  be  put  on  the  condenser  without  it  entirely  Hhut- 
ting  down.  It  is  obvious  that,  as  the  vacuum  falls,  less  water 
will  b©  drawn  in,  the  effect  being  cumulative  until  enougli 
does  not  pass  to  condense  the  steam,  the  vacuum  entirely  f-ul 
ing.  Table  III.  shows  how  this  may  be  calculated,  and  Fig. 23 
is  a  curve  plotted  from  the  table.  Arrangement  can  always 
be  made  so  that  the  critical  point  is  l>ovoii'l  1 1"'  lii"'li'  、t  、i'mi'i 
consumption  possible,  if  the  maker  is  consiill^l  with  t  hai 
view.  Many  unexplained  failures  could  probably  be  traced 
to  this  cause. 

Appendix  I 

Vacuum    Efficiency . ― This  is  the  pcn-rni  ；1^<-  of  t  hf*  t  ！  ■ 
tical  vacuum  corresponding  to  the  temperature  of  the  con- 
densed steam  discliarged  (as  obtained  from   steam  tal,l''s>, 
which  is  maintained  at  the  inlet  to  the  condenser. 
Example : — 

Hot-well  temperature,  90  0°  Fah. 
Corresponding  vacuum,  28'6in. 
Vacuum  at  inlet,  28in.  =  98  per  cent,  of  28'6in. 
This  term  must  not  be  confused  with  condenser  ('fT"'"'"rv, 
which  refers  to  tlio  volume  of  water  required  to  ('on<lfiisi'  ； i 

E\lmnst  inlft 
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walls  will  be  equal  to  the  sum  of  the  pressures  proper  to  each 
gas  at  the  same  temperature.  Therefore,  in  a  condenser  the 
total  pressure  is  the  pressure  of  steam  at  the  temperature  of 
the  mixture  plus  the  pressure  of  such  air  as  is  present  at  the 
same  temperature. 

Appendix  III. 

Mean  Temperature  Difference. ― For  counter-current  con- 
densers the  mean  temperature  difference  (8)  is  obtained  from 
the  formula  ： ― 

D  =  T,  -  T, 
B  =  T,  -  T , 


r  D 


In  practice  it  is  sufficiently  accurate  to  take  T3  二  T4、  whirli 
gives  a  lower  result  for 

Tx  =  inlet  water  temperature. 

T2  ―  outlet  water  temperature. 

T3  =  inlet  steam  temperature  at  top  of  condenser. 

T4  =  final  temperature  at  bottom  of  condenser. 

Diameter  of  nozzle  In  'inches 

t'A',  ff\ 丄， , f  ,  ,  ,  t,"  ,  ,  ,  ,^ 


《 


Pounds   of  air  per  hour* 
Fig.  25.— Wkight  of  Air  Passing  Through  a  Pkopebly  Shaped  Nozzle. 


ArPENDix  IV. 

Weight  of  Air  passing  through  a  Nozzle. ― The  weight  of  air 
passing  through  a  properly  designed  nozzle  may  be  calculated 
as  follows  (Leblanc)  :■ 


W  =  384*2 


P 


V  =  11*25  VTbi+  273  xF. 

W  =  weight  in  grammes  per  cm*2  area  of  neck. 
P  =  atmospheric  pressure  =  1  kg.  per  cm2. 

V  =  volume  in  litres  at  atmospheric  presssure. 
TB=  atmospheric  pressure  in  °  C. 

F  =  area  of  nozzle  neck  in.  cm'. 
In  English  notation  ： ― 

W  =  lb.  weight  per  hour. 
A  —  area  of  nozzle  neck  in  square  inches. 
TB=  atmospheric  temperature  °  C. 
20330a 


of  the  apparatus  was  taken.  Its  calorific  value  might  be 
taken  as  50  per  cent,  better  than  coal  ；  perfect  and  instant 
control  of  the  fires  might  be  obtained  ；  they  could  be  started 
or  shut  down  at  a  moment's  notice,  and  unlike  all  coal  fires, 
JU->  fuel  was  expended  and  no  heat  lost  when  the  oil  fuel 
supply  was  stopped.  In  the  case  of  steamships,  the  advantages 
might  be  enumerated  as  steady  steaming,  fires  never  dirty, 
no  fires  to  clean  and  consequently  no  tube  cleaning.  From 
the  effect  of  dirty  fires  and  boiler  tubes  fouled  with  soot  and 
ashes,  quite  12^  per  cent,  of  the  steam  was  lost  upon  a  voy- 
age between  points  seven  days  apart.  The  loss  of  speed  was, 
therefore,  considerable.  Other  advantages  were  the  reduc- 
tion of  bunker  space  to  about  five-eighths  of  that  required  for 
coal  and  the  reduction  of  the  number  of  fire-room  hands. 
Moreover,  the  bunkering  of  the  largest  vessels  couid  be 
effected  cleanly  and  silently  in  a  few  hours,  as  hundreds  of 
tons  of  fuel  could  be  pumped  into  the  bunkers  in  a  very 
short  time. 

The  lecturer  next  dealt  with  the  application  of  oil  fuel 
to  industrial  processes.  He  admitted  oil  cost  more  initially, 
but  more  than  ample  compensations  were  secured.  In  found i'v 
practice  the  u^e  of  oil  fuel  would  reduce  the  time  taken  to 
dry  large  cores.  Thus,  there  was  not  merely  the  time  saved 
on  the  operation  to  be  considered,  but  the  all-important 
factor  of  the  sp&ed  with  which  moulds  could  be  ready,  cast- 
ings completed,  and  goods  dispatched.  On  the  assumption 
that  a  foundry  floor  was  available  1|  times  as  often  owing  to 
the  employment  of  liquid  fuel,  the  cost  of  fuel  hardly 
counted,  as  it  was  overshadowed  by  the  many  advantages 
gained.  There  was  not  a  process,  he  declared,  where  heat 
was  required  where  the  operation  of  heating  could  not  be 
more  rapidly  accomplished  with  oil  fuel  than  with  coal,  and 
the  absolute  control  over  temperature,  absence  of  smoke, 
smell,  soot  and  clinker,  were  points  in  favour  of  liquid  fuel, 
and  the  healthier  conditions  of  working  which  its  employ- 
ment made  for.  Oil  fuel  could  be  used  for  the  most  delicate 
operations.  In  many  of  the  metal  trades,  the  number  of 
sheets  of  metal  spoiled  in  the  rolls  owing  to  the  plates  being 
imperfectly  heated  was  considerable.  Coal  fires  were  often 
irregular,  despite  caref.ul  attention,  but  the  automatic  oil  fire 
would  ensure  that  every  unit  was  uniform  and  the  percent- 
age of  wastage  would  be  reduced  to  a  trifling  amount. 

The  lesson  of  the  coal  strike  in  the  early  part  of  1912 
would  not  readily  be  forgotten,  and  the  heads  of  many 
municipal  electric  power  stations  had  under  consideration  at 
the  present  time  the  desirability  of  being  able  and  ready  to 
use  liquid  fuel  "should  the  necessity  again  arise  in  the  near 
future.  There  was  no  doubt  that  the  oil  companies  missed 
a  great  chance  to  establish  oil  permanently  for  certain  indusv- 
trial  furnaces  at  that  time,  when  the  raising  of  the  price  of 
oil  prevented  its  more  general  adoption.  In  conclusion,  Mr. 
Kirkpatrick  expressed  the  belief  that,  when  transport 
facilities  were  available,  the  present  price  of  residuum  oil 
would  rapidly  decline,  for  it  was  only  natural  to  expect  that 
producers  were  at  present-  only  shipping  the  better  paying 
products,  viz.,  motor  spirit  and  kerosene  distillates,  and  there 
must  necessarily  be  large  quantities  of  residuum  in  stock  at 
the  wells  pending  transport  arrangements. 


W  = 


+         (See  Fig.  25.) 


THE  ADVANTAGES  OF  LIQUID  FUEL 

At  a  meeting  of  the  Wolverhampton  and  District  Engineer- 
ing Society,  Mr.  W.  D.  Kirkpatrick,  of  Kermodes,  Ltd" 
Liverpool,  read  on  behalf  of  Mr.  J.  J.  Kermode  a  paper  on 
" Liquid  Fuel  and  its  Burning  for  the  Production  of  Power. 
After  dealing  with  the  methods  of  production  and  applica- 
tion, Mr.  Kirkpatrick  passed  on  to  the  economic  conditions 
involved  in  the  use  of  liquid  fuel.  He  declared  that  the  con- 
sumption of  oil  was  perfect,  provided  due  care  in  the  design 


Death  of  Sir  William  Arrol.— 、Ve  regret  to  announce  the 
death  of  Sir  William  Arrol,  the  eminent  engineer  and  princi- 
pal partner  in  the  firm  of  Sir  William  Arrol  &  Co"  Ltd.,  of 
Dalmarnoc'k  Ironworks,  Glasgow,  which  took  place  at  Ayr 
on  the  20th  inst.  Sir  William,  who  was  in  his  7 -5th  year,  was 
in  the  fullest  sense  of  the  term  a  self-made  man.  He  began 
work  when  nine  years  old  as  a  piecer  in  a  cotton  factory. 
Some  years  afterwards  he  started  work  on  his  own 
account.  From  minor  jobs  he  gradually  worked  his  way  up 
to  bigger  things,  and  at  length  he  had  a  full  opportunity  of 
showing  his  quality  as  an  engineer  when  he  was  given  the 
contract  for  the  construction  of  a  railway  bridge  over  the 
Clyde  at  Bothwell.  This  bridge  made  his  reputation,  and  he 
was  already  engaged  in  some  preliminary  work  connected 
with  the  Forth  Bridge  when  the  destruction  of  the  Tay 
Bridge  in  the  great  gale  of  1879,  brought  him  another 
immense  undertaking.  His  chief  achievement  was  the  Forth 
Bridge,  on  the  completion  of  which,  in  1890，  he  received  his 
knighthood. 
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THE  DESIGN  OF  HOT-WATER  SUPPLY  SYSTEMS  TO  MINIMISE 
CORROSION. 

In  a  paper  on  the  "  Durability  of  Welded  Steel  Pipe,"  re- 
printed in  our  issue  of  April  '21st,  191 1,  see  p.  17:''，  V"l.  X  X  \'  1 1  ., 
Mr.  V.  N.  Speller,  of  the  National  Tube  Company,  Pittsburg, 
discussed  the  results  of  investigations  on  the  relative  corrosion 
of  iron  and  steel  in  service,  and  the  influence  of  the  dissolved 
gases  (oxygen  and  carbonic  acid)  in  water  and  a  scheme  was 
suggested  for  rendering  the  water  practically  harmless  by  re- 
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moving  1  lie  air  utter  healing.  Ill  the  paper  referred  to,  the 
writer  pointed  out ,  first,  that  the  superiority  claimed  fur 
'' genuine  "  wrought-iron  pipe  had  not  beeu  proven  by  coni- 
]>arative  tests  in  service  ；  on  the  contrary,  tlie  numerous  cases 
which  are  on  record  (and  which  have  been  largely  added  to 
since  thai  time),  show  conclusively  that  wlier©  botli  iron  and 
steel  have  been  used  together  iu  water  lines,  the  wrought  iron 
pits  just  as  badly  as  the  steel  under  tlie  same  conditions. 

The  cause  of  this  pitting  is  now  generally  recognised  to  be 
due  to  galvanic  action  between  impurities  on  the  surface  of 
the  metal ,  especially  mill  seal©  and  rust.  The  leading  authori- 
ties now  seem  agreed  that  corrosion  is  practically  independent 
of  the  composition  of  the  metal,  provided  it  is  reasonably 
uniform  (as  the  steel  used  for  welded  pipe  must  necessarily  be 
if  it  welds  without  developing-  injurious  defects).  In  order  to 
liave  continued  corrosion,  oxygen  must  be  present  iu  solution  ； 
I  Ik1  removal  of  this  oxygen  has  been  found  to  greatly  lessen 
corrosion. 

In  his  recent  report  of  researches  along  this  line,  Dr.  W.  H. 
Walker,  Director  of  the  Research  Laboratory  of  the  Massa- 
chusetts Institute  of  Technology,  describes  one  of  liis  experi- 
ments thus:  "  Two  coils  made  up  from  pieces  taken  from  tlie 
same  length  of  pipe  were  each  fed  with  water  from  the  same 
source  at  the  same  temperature.  In  one  case  the  water  was 
heated  to  85°  C.  in  an  open  tank?  while  in  the  oilier  the  water 
was  heated  to  the  same  temperature  in  a  closed  tank.  The 
feed  water  contained  on  the  average  5*85  c.c.  of  oxygen  per 
litre,  and  passed  through  each  coil  at  the  rate  of  half-a-gallon 
per  minute.  After  running  1,750  hours  the  coil  fed  with  water 
heated  in  an  open  tank  had  lost  22  grammes,  while  the  coil  fed 
with  water  heated  in  a  closed  tauk  had  lost  155  grammes.  In 
neither  case  was  the  oxygen  completely  removed  ；  if  the  water 
iu  the  open  tank  had  been  gently  boiled,  corrosion  in  the  coil 
fed  with  this  water  would  have  been  completely  prevented." 

These  results  again  indicate  that  the  intensity  of  condi- 
tions have  much  more  to  do  with  corrosion  than  anything 
else;  so  much  so  that  the  same  material  used  as  a  pipe  in  ； i 
】iot-water  heating  system,  where  the  water  is  practically  free 
h'o!u  oxygen  aud  unchanged,  should  last  50  years  or  more, 
、)'liile  in  a  closed  hot-water  supply  system  it  may  only  last 
live  or  six  years.  This  principle  of  heatiug  and  freeing  the 
、vater  from  dissolved  oxygen,  by  which  it  seems  possible  to 
prolong  the  life  of  standard  welded  pipe  several  times,  is 
surely  worthy  of  careful  consideration  in  designing  piping 
systems  which  are  subject  to  corrosion. 

A  recent  investigation,  undertaken  by  Mr.  Speller  aiul  ro- 
corded  by  him  iu  a  recent  issue  of  ''  Engineering  News/'  has 
developed  interesting  points  in  regard  to  the  present  practice 


of  laying  out  liot-water  supply  systems.  Tho  inilueuce  ill'' 
arrangeiiient  of  tlie  piping  on  <'f,rr(,sio"  y'ms  to  b''  *\n\U- 
marked,  depending  on  whet  Ih-i*  I  \w  ^卜 ''、 an'  lilj''r;it''(l  b''i'('r(: 
the  water  enters  the  distributing  system  or  not,  although  tlie 
separation  of  these  gases  is  only  partially  ac(;oni|>lislied  under 
the  best  conditions.  Large  iustallalions  were  considered, 
such  as  hotels,  large  apartment  and  oflice  buildings,  where,  on 
account  of  the  great  quantity  of  hot  water  used,  serioun 
t  rouble  would  be  most  likely  to  occur. 

The  hot-water  supply  systems  found  in  these  buildings 
differ  in  many  details,  but  may  be  divided  into  two  classes, 
according  to  whether  the  main  vertical  distributing  lines  are 
supplied  from  a  common  horizontal  main  in  the  basement,  or 
from  a  similar  horizontal  distributing  main  above  the  level 
of  the  highest  fixture  uear  the  roof.  These  types  of  installa- 
tions are  illustrated,  diagrammatically  and  without  detail  of 
any  kind,  in  Figs.  1  arid  2. 

Tlie  underfed  system  is  characterised  by  a  number  of  inde- 
pendent risers  and  return-risers,  each  supplying  a  separate 
section  of  the  building.  These  risers  are  rarely  vented  at  t  Ik* 
top,  and  consequently  the  hot  water  is  always  supersaturated 
with  air  when  the  system  is  in  continuous  use.  This  is  a  good 
example  of  the  closed  type  of  heating  so  designed  that  it  woul'l 
be  very  difficult,  if  not  entirely  impracticable,  to  vent  so  as 
to  remove  the  gases  before  the  water  is  used. 

The  system  illustrated  by  Fig.  2,  on  the  other  hand,  is 
radically  different  in  this  respect,  and  to  a  considerable  extent, 
although  not  completely,  allows  the  escape  of  dissolved  gases 
to  the  atmosphere  at  the  highest  point  before  the  water  is  dis- 
tributed throughout  the  system  aud  returns  to  the  heater. 
Since  all  the  water  used  passes  up  through  oue  riser  a  vent 
must  be  provided,  otherwise  trouble  due  to  the  trapping  of 
air  in  the  upper  lines  would  probably  be  experienced.  It 
would  seem  to  be  a  very  simple  matter  to  almost  completely 
free  the  water  from  dissolved  gases  with  such  a  system ,  by 
putting  a  simple  air-separating  device  at  the  upper  eud  of  the 
maiu  riser,  as  indicated  at  the  point  A  in  Fig.  2.  To  obtain 
the  best  results  the  water  should  be  heated  to  about  200°  Fah., 
using  an  inter-cooler,  if  desired,  to  reduce  the  temperature 
after  leaving  the  air-separating  chamber. 

Only  general  principles  affecting  the  life  of  the  piping 
system  have  been  discussed  ；  the  details  necessary  to  carry  out 
these  principles  in  practice  will,  of  course,  require  thought 
and  expert  knowledge  of  design  on  the  part  of  practical 
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engineers  having  to  do  with  heating  and  plumbing.  With 
pure  water  the  percentage  of  dissolvecl  gases  is  proportiouatelv 
high,  so  that  the  benefit  to  be  expected  from  such  treatnitMit 
when  thoroughly  carried  out  and  maintained  would  probably 
be  very  marked.  Several  cases  investigated,  where  large 
systems  of  hot-water  supply  lines  have  suffered  serious  damage 
in  six  or  eight  years,  have  all  occurred  in  buildings  equipped 
with  closed  heating  systems.  So  far  serious  trouble  has  not 
been  found  in  systems  of  the  open  type  where  any  attention 
lias  been  given  to  venting,  althougli  the  significance  of 
adequate  venting  of  suoli  systems  ili>es  not  seem  to  be  appre- 
ciated by  architects  and  engineers,  for  in  some  cases,  where 
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vents  were  provided,  the  practice  was  to  keep  them  closed 
except  \vhen  trouble  with  air-hammer  was  experienced. 

Engineers  and  architects  have  perhaps  hesitated  to  make 
changes  in  the  closed  system  of  heating  without  more  prac'd':al 
evidence  of  a  substantial  character,  the  scientific  study  of 
corrosion  being  all  new  ground.  The  author  hopes  to  see  a 
free  discussion  on  the  part  of  those  who  have  most  experience 
in  such  work,  so  that  tlie  best  system  of  design  may  be 
develojieci  for  such  installations  with  due  regard  to  prevention 
of  corrosion. 


STARTING  AND  SPEED  CONTROL  OF  INDUCTION  MOTORS, 

BY  F.  C.  ALDOUS. 
In  the  following  paper  2  and  3-phase  motors  only  are  con- 
sidered, which  may'  be  taken  as  having  the  same  character- 
istics for  starting  and  speed  control.  Two  types  of  motor 
will  be  considered,  (1)  the  squirrel-cage  induction  motor  with 
permanently  short-circuited  rotor,  (2)  the  slip-ring  induction 
motor  with  phase-wound  rotor  and  external  resistances. 

1.  The  Squirrel-cage  Induction  Motor.  ―  The  squirrel- 
cage  motor  has  a  fixed  rotor  resistance,  and  with  a  given 
stator  voltage  can,  therefore,  only  run  at  one  speed  at  any 
particular  load.  At  no  load  it  runs  synchronously  with  the 
magnetic  field  of  the  motor.  As  the  load  increases  the  rotor 
current,  and,  therefore,  the  voltage'  drop  in  the  rotor, 
increases,  almost  in  proportion  to  the  load.  This  voltage  is 
generated  because  the  speed  of  the  rotor  is  below  that  of  tin; 
magnetic  field.  The  amount  by  which  the  speed  of  the  rotor 
is  less  than  the  synchronous  speed  is  known  as  the  slip,  gen- 
erally expressed  as  a  percentage  of  synchronous  speed,  and 
increasing  almost  in  proportion  to  the  load.  It  has  a  value 
of  a  few  per  cent,  at  normal  load.  The  correct  proportioning 
of  "  slip  "  is  a  most  important  point  in  the  design  of  squirrel- 
cage  machines,  and  will  be  referred  to  later. 

'1.  The  Slip-ring  Induction  Motor.  ―  The  slip-ring  motor 
differs  from  the  squirrel -cage  motor  in  that  the  speed  can  be 
varied  by  means  of  external  resistances,  which  are  connected 
in  series  with  the  rotor  through  the  slip  rings.  When  these 
are  short-circuited,  the  motor,  like  the  squirrel-cage  motor, 
runs  at  a  speed  slightly  below  synchronous  speed ,  but  can  be 
reduced  to  any  lower  speed  by  varying  tlie  resistance  in  the 
rotor  circuit). 

The  type  of  motor  wliich  is  most  suitable  for  any  particu- 
lar service  is  determined  by  the  conditions  of  the  load,  which 
may  be  classed  as  follows  :  (1)  Constant  speed,  where  after 
being  started  the  motor  lias  to  rxm  at  one  speed  only.  (2) 
Variable  speed,  where  the  motor  may  operate  at  move  than 
one  speed. 

1.  Constant  Speed.  ―  It  is  well  known  that  many 
engineers  are  strongly  prejudiced  in  favour  of  the  slip-ring 
induction  motor,  as  apposed  to  the  squirrel-cage  motor.  On 
small  circuits,  and  especially  on  mixed  power  and  li^litinu 
circuits  the  prejudice  is  a  natural  one,  since  the  effect  of 
starting  a  squirrel-cage  motor  of  comparatively  large  output 
is  to  draw  momentarily  from  the  line  a  heavy  current,  which 
causes  a  drop  of  voltage  and  a  temporary  dullness  of  any 
lamps  iii  the  vicinity.  With  a  slip-ring  motor  the  starting 
current  ran  be  more  gradually  applied,  and  its  maximum 
value  is  not  so  great  as  would  be  the  case  with  a  squirrel- 
cage  motor.  Where,  however,  these  restrictions  are  not  in 
force,  the  squirrel-cage  motor  lias  many  advantages  not  pos- 
sessed by  the  slip-ring  motor,  and  can  be  used  in  many  cases 
where  the  slip-ring  motor  would  be  impossible.  Since  it  has 
no  moving  contacts  it  requires  less  attendance,  so  that  the 
maintenance  charges  as  well  as  the  first  cost  are  a  good  deil 
lower  than  with  slip-ring  motors.  Squirrel-cag'e  motors  can 
be  used  in  practically  all  cases  where  they  normally  run  at 
a  constant  speed,  and  up  to  a  size  such  that  their  starting 
current  shall  nob  cause  undue  disturbance  to  the  voltage  oi 
supply. 

The  energy  absorbed  in  starting  a  squirrel-cage  motor 
exceeds  that  required  for  a  slip-ring  motor,  but  this  can  be 
neglected  when  compared  with  tlie  total  energy  absorbed  by 
the  motor  when  running  for  long  periods  under  load.  Tho 
maximum  size  of  a  squirrel-cage  motor  that  should  be  used 
on  any  particular  circuit  is  dependent  upon  the  minimiun 
total  power  of  the  generating  plant  which  would  be  runniug 
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when  the  motor  is  started  up  ；  on  t^h©  voltage  regulation  of 
this  plant  ；  and  on  the  dimensions  of  the  feeders  to  the  motor 
As  a  rough  rule  it  may  be  said  that  when  running  off  the 
mains  of  a  supply  company,  the  horse-power  of  a  squirrel- 
cage  motor  which  has  to  start  (m  heavy  load  should  not 
exceed  5  per  cent,  of  the  k.v.a.  of  the  total  minimum  gen- 
erating plant,  or  10  per  cent,  if  it  starts  on  light  load.  On 
a  large  power  system  lower  figures  tlian  the  above  would  have 
to  be  taken.  On  a  self-contained  syst/em,  such  as  a  group  or 
collieries  with  their  own  generating  plant,  these  figures  may 
be  easily  doubled,  since  the  permissible  voltage  drop  will  be 
greater. 

Variable  Speed. —  Fo r  variable  sj)eed  work  t  he  slip  \wu\  <n 
is  generally  preferred  to  tlie  squirrel-cage  motor.  In  order  to 
obtain  speed  control  on  a  squirrel-cage  motor,  the  motor 
must  be  built  with  a  rotor  of  high  resistance,  lower  speeds 
being  obtained  by  reducing  the  voltage  of  the  stator.  It  fol- 
lows that  to  obtain  a  certain  torque  at  a  reduced  speed  the 
stator  current  is  increased.  If,  therefore,  the  motor  runs 
for  】ong  periods  at  a  reduced  speed,  the  increased  stator  cur- 
rent, as  well  as  the  heating  effect  of  the  high-resistance  rotor, 
combine  to  increase  the  heating  of  the  stator,  so  that  a  motor 
is  required  larger  than  if  a  slip-ring  motor  were  used.  Where, 
however,  the  motor  operates  at  low  speeds  only  for  short 
periods,  or  where  the  use  of  slip-rings  is  objectionable,  squir- 
rel-cage motors  may  be  used  with  advantage,  especially  in 
small  sizes. 

If  good  speed  regulation  is  required  at  several  speeds,  as 
for  machine-tool  driving,  then  if  a  simple  slip-ring  motor 
were  used  the  speed  regulation  would  be  bad  at  low  sj>ee(ls. 
Again,  if  full-load  torque  is  required  for  long  periods  at 
reduced  speeds,  as  in  the  case  of  a  motor  driving  a  com- 
pressor or  a  plunger  pump  at  different  speeds,  there  would  be 
a  constant  loss  of  power  in  the  regulating  resistances  when 
running  at  low  speeds  if  a  slip-ring  motor  were  used.  In  this 
case  a  multi-speed  motor,  which  is  generally  of  the  squirrel- 
cage  type,  is  preferable,  wound  so  as  to  give,  by  changing  the 
number  of  poles,  two  or  more  economical  speeds.  For  2 -speed 
motors  with  a  ratio  of  speeds  2  ：  1  this  can  be  done  by  using 
one  winding,  which  is  connected  for  one  number  of  poles  for 
the  low  speed,  or  for  half  that  number  for  the  high  speed . 
For  other  ratios,  or  for  more  tlian  two  speeds,  it  is  neces- 
sary to  use  two  windings,  which  might,  for  instance,  be  con- 
nected for  six,  eight,  12,  or  16  poles,  the  corresponding 
speeds  on  a  50-cycle  circuit  being  960,  720,  480，  aud  360  revs, 
per  minute,  giving  a  very  useful  range  for  variable  speed 
work.  Where  suitable  speeds  cannot  be  obtained  by  the  use 
of  multi-speed  motors,  this  can  often  be  done  by  means  of 
" cascade  "  control. 

Fan-driving. ― The  electrical  driving  of  ventilating:  i'an>  l\>r 
mining  work  is  an  important  example  of  variable  speed 
drive.  During  the  development  of  a  new  pit  a  fan  may  have 
to  run  for  long  periods,  sometimes  for  years,  at  a  speed  lower 
tlian  its  ultimate  speed -  "Where  this  is  the  case  a  slip-rini: 
motor  with  l'heostatic  control  would  not  be  desirable,  owing 
to  tlie  constant  loss  of  power  in  the  regulating  resistances. 
Botli  inulti-speed  motors  and  cascade-connected  motors  can 
be  used  here  with  advantage,  though  separate  motors  for  tlie 
t wo  speeds  are  sometimes  preferred.  In  tlie  case  of  rope- 
driven  fans  the  different  speeds  can  be  obtained  by  changing 
the  driving  pulley.  Speed  reduction  of  fans  is  also  required 
for  short  periods,  as,  for  instance,  where  a  lower  air-pres- 
sure can  be  used  over  the  week-eud.  In  this  case  a  sli]>ring 
motor  with  rlieostatic  control  is  often  the  best  system  to 
adopt. 

The  simplicity  of  the  slip-ring  motor  with  rlieostatic  con- 
trol and  its  low  first  cost  render  it  preferable  to  the  differ- 
ent coTti])licated  systems  which  are  now  put  forward,  show- 
ing a  high  efficiency  at  all  speeds.  When  tlie  extra  first  cost, 
maintenance,  and  attendance  of  these  systems  are  balanced 
against  any  small  saving  of  power  they  may  show  at  low 
speeds,  the  advantages  rapidly  vanish.  Also,  since  the  slij)- 
ring  motor  lias  a  higher  efficiency  than  any  other  system  at 
the  top  speed,  that  is  over  the  longest  running  period,  it  will 
in  many  cases  show  an  even  lower  power  consumption  than 
is  shown  by  other  systems. 

Starting  of  Squirrel -ca^e  Motors. ― Squirrel-cage  motors  of 
small  size  can  be  started  by  switvliiiii;  full  voltage  on  to  their 
terminals.  In  this  case  about  six  times  full-load  current  is 
taken  momentarily,  which  current  is  independent  of  the  load 
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to  be  started,  though  its  effect  on  ilie  supply  voltage  is,  of 
course,  more  noticeable  when  starting  a  heavy  load  than  wlien 
starting  a  light  load.  The  torque  developed  may  be  about 
twice  normal  torque.  All  squirrel-cage  motors  can  he 
started  in  this  way  ；  but  above  a  certain  size,  say  5  h.j).  to 
]() li.p.,  tlie  starting  current  is  usually  considered  excessive, 
and  an  auto-start-er  or  star-delta  starter,  or  in  the  case  of 
l]-j)hasc  motors,  a  sories-])arallel  staiier  is  iwd.  The  atito- 
sl;ii-i(M'  consists  ol'  a  t  i'a  nst'cu'incr  and  a  douhlc-t  hrow  switch, 
by  whicli  a  reduced  volt a^t1  is  i  lirown  on  to  1  he  motor 
terminals  at  st;u'tiii"'，  caiisin^  a  r('du('"l  ('urn'nt  to  he  drawn 
from  t  he  line,  and  a  lower  torcjuc  to  be  (Irvelopt'd. 

If  difTerent  voltages  are  t  lirown  on  to  t lie  tcnninals  of  a 
moi or,  and  the  current  and  torque  of  tlie  motor  ； i  r(' 
measured,  it  will  be  found  thai  1  \w  ciirreni  varies  dirccl  lv  as 
tlie  voltage,  whereas  the  torque  (ne^U'ct in^  the  toi'(|i"'  '、s 
sary  to  overcome  the  hearing  friction)  varies  as  the  square 
of  1  lie  voltage.  So  that  a  motor  wliich  with  full  volt a^e  on 
its  terminals  gives  twice  normal  torque,  and  takes  six  times 
normal  current,  will,  wlien  50  per  cent .  of  full  volt  age  is 
thrown  on  to  its  terminals,  give  half  normal  toniue  and  lake 
three  times  normal  current.  If  this  is  done  by  means  of  an 
auto-si arter  with  a  2  :  1  ratio,  then  when  t he  current  in  Um 
motor  is  three  times  normal,  the  current  in  the  line  is  J  .1 
t  inies  normal,  since  the  k.v.a.  on  the  primary  and  secondary  of 
the  auto-starter  are  equal.  In  the  same1  way  it  is  found  that 
v  it  h  h  ta])]>ino;  giving  70  per  ceni.  of  full  voltage,  three  tinics 
normal  current  is  drawn  from  the  line  and  full-load  sterling 
"t(|ir，  is  developed.  It  will  easily  be  seen  from  tliis  that 
the  starting  torque  and  line  current  are  dependent  upon  the 
ratio  of  the  auto-starter,  and  that  the  current  drawn  from 
the  line  at  the  moment  of  starting  is  directly  proportional  to 
the  torque  developed.  It  should  be  clearly  understood  that  the 
maximum  value  of  the  starting  current  of  any  motor  is  quite 
independent  of  the  starting  load,  and  depends  entirely  on  the 
voltage  which  is  thrown  on  to  the  terminals  of  the  motor. 
With  the  star-delta  starter  the  motor  is  designed  to  run  con- 
nected, in  delta.  Leads  are  brought  out  from  both  ends  of 
each  phase,  and  by  means  of  a  double-throw  switch  the  motor 
is  started  in  star  connection,  and  wlien  up  to  speed  is 
switched  over  to  delta  connection.  By  this  means  rather  less 
1  lian  60  per  cent,  of  full  voltage  is  thrown  on  to  each  ]>hase 

starting,  corresponding  to  an  autostarter  with  a  60  per 
cent,  tapping.  The  series- parallel  starter  used  with  2-】）lias(' 
motors  in  whifli  (ho  windings  are'  connected  in  series  for 
starting,  and  in  two  parallel  circuits  for  running,  is  seen  in 
the  same  way  to  have  the  same  effect  as  a  50  per  cent, 
tapping. 

It  might  be  imagined  that  by  using  a  reduced  voltage  at 
starting,  tlie  total  energy  absorbed  during  starting  would  be 
reduced.  Such,  however,  is  not  the  case,  and  the  following 
general  theorem  for  induction  motor  starting  is  found  to  be 
true:  (1)  When  a  squirrel-cage  motor  starts  against  a  load 
consisting  entirely  of  inertia,  the  total  energy  absorbed  and 
the  heating  of  the  motor  during  starting  are  independent  of 
the  starting  voltage.  In  this  tlie  heat  dissipated  during  the 
starting  period  is  not  considered.  (2)  If  the  load  consists 
partly  of  a  friction  load,  the  energy  absorbed  and  the  heating 
the  motor  are  reduced  if  the  starting  voltage  be  incr("wl 

When  starting  on  loads  which  consist  chiefly  of  friction, 
such  as  compressors,  tube  mills,  &c.，  a  high  starting  voltage 
|s  advantageous,  whereas  for  loads  consisting  chiefly  of 
inertia  the  value  of  the  starting  voltage  is  not  so  important. 
Since,  however,  there  is  always  a  certain  friction  element  in 
the  load,  a  high  starting  voltage  is  preferable  where  there  is 
no  objection  to  the  consequently  heavy  starting  current. 

Slip. ― Reference  was  made  above  to  the  ini]>ort ance  of 
('(ineotly  proportioning  the  slip  of  a  squirrel-cage  induction 
motor.  It  is  important  that  the  slip  be  not  too  great,  since 
a  large  slip  represents  ； i  large  cci.stant  loss  when  the  motor 
is  running-  on  load,  and  a  corresponding  reduction  in  effi- 
(•ieiirv.  The  slip  must  not,  however,  be  made  too  small,  and 
is  actually  fixed  by  considerations  of  starting  torque  Tho 
starting  torque  is  directly  proportional  to  the  resistance  loss 
in  the  rotor  at  the  moment  of  start,  and  is,  therefore,  pro- 
portional to  the  resistance  of  the  rotor  and  to  the  square  of 
the  rotor  current.  With  a  given  stator  winding  the  starting 
current  does  not  alter  appreciably  for  small  alterations  in  the 
rotor  resistance,  and  the  starting  torque  will  vary  almost  in 
proportion  to  tlie  rotor  resistance. 


Determination   of  Short-circuit   Current  ―  In   ''r'l'  r    ， ',  ，1' 

termine  the  starting  torque  of  an  m'lu('t ion  , it  is 
necessary  to  determine  the  starting  current,  or  as  it  is 
generally  known,  tins  "  shorth  ircuit  cin  rent  "  of  ，  I"'  ukAoi  . 
The  value  of  tlie  short-circuit  current 小 '|>'""ls  partly  upon 
the  resistance,  but  cliiefly  upon  t he  magnetic  leakage  of  the 
motor  windings.  At  starting,  the  stator  and  the  rotor  cur- 
rents, which  oppose  one  another  ami  ai('  approximately 
equal,  cornhine  to  produce  a  leakage  fi' 小 I,  in  o\  Ikt  w(U*1s  a 
field,  every  part  of  which  passes  tlirou^h  (,，ip  hut  not  I'otli 
of  these  windings.  Since  in  any  motor  t  liis  leakage  ficM  is 
produced  by  the  combiiiecl  action  of  tlie  stator  and  the  rotor 
currents,  it  is  proportional  to  these  currents,  and,  ther''f''r''， 
to  the  terminal  voltage. 

If  two  motors,  exactly  similar  except  for  magm'ti'-  leak- 
age, be  compared,  the  one  having  the  greater  leakage  will 
for  the  same  current  have  a  greater  leakage  field,  and  will, 
therefore,  require  a  higher  terminal  voltage  than  the  other. 
Therefore  with  equal  terminal  voltages  tlie  first  motor  will 
have  a  lower  short-circuit  current  than  that  of  the  other  motor. 
The  magnetic  leakage  and  the  sliort-circuit  current  of  an 
induction  motor,  even  that  of  a  completely  new  type,  can  l)e 
calculated  ；  but  such  a  calculation  is  extremely  (liHicull-.  For 
the  det-ernnnatioii  of  the  short-circuit  current  many  formula' 
have  been  put  forward,  some  of  wliich  give  extremely  good 
results.  The  safest,  course  is  to  use  a  fairly  simple  formula, 
and  to  allow  a  margin  of  safety  until  suflricient  cxjK'rifnrt' 
has  been  gained  to  permit  an  accurate  estimate  of  the  short- 
circuit  current  to  be  made.  The  result  of  over-estimating 
the  short-current  is  seen  from  the  following  examnle  :— 

Suppose  the  motor  has  been  designed  with  a  (  wtaiii  slip 
at  normal  load,  calculated  from  the  normal  current -  A  "'r- 
tain  starting  current  is  expected  which  would  give,  say,  twice 
normal  starting  torque  with  full  voltage.  Supposing  the  actual 
starting  current  is  20  per  cent,  lower,  as  might  easily  be 
the  case  if  the  motor  was  of  a  type  with  which  the  designer 
was  unacquainted,  then  instead  of  twice  normal  torque  at 
starting  we  should  only  have  1:3  times.  If  the  motor  is 
started  by  means  of  an  autostarter,  then,  whereas  we  expect 
to  obtain  full-load  starting  torque  with  three  limes  full-ioa'l 
current,  it  would  actually  need  nearly  four  times  full-load 
current  to  produce  this  torque  at  starting.  The  motor  should 
have  been  built  with  a  higher  rotor  resistance  and  a  stronger 
field. 

Motors  wliich  have  an  unusually  large  sliort -circuit  cur- 
rent can  be  built  with  a  relatively  small  slip  and  still  develop 
a  good  starting  torque,  for  the  slip  is  decided  not  only  by 
the  starting  torque  required,  but  also  by  the  short-circuit 
current  of  the  motor.  Sufficient  starting  torque  can  usually 
be  obtained  by  taking  a  normal  slip  of  4  or  5  per  cent., 
though  ou  motors  of  large  size  this  value  of  slip  can  generally 
be  somewhat  reduced.  High-speed  motors  especially,  for 
pump  driving,  req uiring  a  comparatively  small  starting 
torque,  are  generally  designed  with  a  normal  slip  of  not  more 
than  2^  to  3h  per  cent.,  giving  an  increase  of  efficiency  at 
normal  load  and  a  reduced  starting  torque. 

When  specially  heavy  starting  torque  is  required,  as  for 
crane  motors,  and  motors  for  operating  sluice  valves  or  small 
i-onipressors,  squirre】-cage  motors  are  built  with  rotors  of 
much  higher  resistance,  giving  a  slip  of  8  to  10  |>er  rent,  at 
normal  load.  The  rotors  are  specially  built  to  withstand  the 
heat  developed  in  them  witliout  deterioration,  and  tlu*  motors 
are  generally  started  by  switching  full  voltage  on  to  their 
terminals,  or  in  the  case  of  crane  motors  are  controlled  by 
varying  the  terminal  voltage,  by  means  of  an  auto-trans- 
fornier  provided  with  difTerent  voltage  tappings. 

Heating  of  Motor  during  Starting  Period -The  heat  in  — 
a  motor  is  depemleut'  upon  the  starting  voltage,  and  in  order 
to  give  an  idea  of  what  this  heating  may  amount  to,  the 
following  example  is  given  of  the  starting  of  a  squirrel-cage 
motor  which  drives  by  a  belt  a  heavy  nuuinur  tan.  These 
fans,  owintr  to  their  great  inertia,  are  well  known  to  impose 
very  severe  starting  condit ions  upon  squirrel-cage  motors. 
The  fan  delivers  100,000  cub.  ft.  of  air  per  minute  against 
4i  w.g.  Its  runner  has  a  weight  of  1  ton  and  a  radius  of 
gyration  of  3ft. ，  and  its  speed  is  415  revs,  per  minute.  The 
motor  is  of  100  h.p.,  3-phiise,  50  cycle,  500  volts,  720  revs, 
per  minute,  and  starts  on  a  70  per  cent,  voltage  tapping.  It 
has  a  starting  torque  with   the  rotor  cold  of  1'75  x  normal 
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with  full  voltage,  and  a  normal  slip  of  4  per  cent.  The  load 
is  assumed  to  consist  of  a  constant  friction-load  of  1501bs. 
i  orque  at  lft.  radius  at  different  speeds,  the  remainder 
increasing  with  the  cube  of  the  speed,  giving  together  an  ulti- 
mate value  of  7301bs.  at  lft.  radius  at  full  speed.  In  addition 
to  this  we  have  to  allow  for  accelerating  the  mass  of  the  fan, 
which  when  reduced  to  the  motor  speed  is  equivalent  to  3 
tons  at  lft.  radius. 

As  is  well  known,  the  rotor  is  heated  up  during  starting 
iar  more  than  the  siatnr  This  is  partly  due  to  the  fact  tlial 
the  heat  produced  in  the  rotor  is  greater,  owing  to  the  resis- 
tance being  necessarily  higher,  for  obtaining  sufficient  start- 
ing torque.  It  is  also  .due  to  the  fact  that  the  rotor  winding 
is  more  concentrated  than  that  of  the  stator,  so  that  for  equal 
resistances  its  heat  capacity  would  be  lower  than  that  of  the 
slat  or  winding.  No  attempt  has  been  made  to  determine  the 
heating  of  the  stator  during  starting,  since  experience  proves 
that  the  stator  does  not  heat  up  to  any  extent  during  the 
starting  period  The  rate  of  heating  of  the  rotor  at  any 
instant  during  the  starting  period,  by  which  the  heating 
'■m、（'  of  the  rotor  is  determined,  depends  upon  the  current 
in  the  rotor  and  the  resistance  and  heat  capacity  of  the  rotor 
windings  at  tLab  iustant  ；  also  upon  the  amount  of  heat 
dissipated  by  the  rotor,  which  is  proportional,  to  the  tempera- 
t  urb  rise  of  the  windings  at  that  instant,  and  is  also  a  func- 
tion of  the  speed. 

When  the  motor  was  first  started,  the  rotor  heated  up  so 
rapidly  that  though  the  current  was  diminishing  the  rate  of 
heating  increased,  owing  to  the  fact  that  the  resistance  of 
the  rotor  was  increasing.  After  30  seconds,  when  the  motor 
was  nearly  up  to  speed ,  the  rotor  still  had  a  temperature  rise 
of  95°  C.，  corresponding  to  an  increase  in  slip  of  nearly  40 
per  cent,  above  its  slip  when  cold.  On  switching  over  to  full 
voltage  the  motor  came  up  to  a  speed  of  712  revs,  per  minute, 
and  gradually  crept  up  to  its  normal  speed  of  720  revs,  per 
minute  as  the  rotor  cooled  off.  The  rotor  had  a  maximum 
t''mperatur&  rise  of  126°  C.，  meaning  an  actual  temperature 
of  perhaps  150°  C.  This  may  appear  excessive,  especially 
when  thinking  of  temperature  rises  of  the  order  of  40°  C.  for 
ruotors.  Such,  however,  is  not  the  case》  since  a  rotor  of  good 
design  and  construction  can  stand  temperatures  far  in  excess 
of  tliis  without  deterioration.  When  running  at  normal 
load  the  rotor  had  a  temperature  rise  of  less  than  20°  C.，  and 
the  heating  which  occurred  during  starting  was  entirely 
local,  since  there  was  not  sufficient  time  for  heat  to  be  trans- 
mitted to  the  stator. 

Though  the  temperature  of  150°  C.  is  not  sufficient  to  melt 
solder,  it  would  certainly  be  undesirable  to  use  solder  on  a 
rotoi  which  operates  under  such  severe  conditions.  Any 
screwed  or  riveted  contacts  would  be  liable  to  deteriorate 
under  such  conditions,  even  if  the  design  and  workmanship 
were  very  carefully  carried  out，  and  the  only  thoroughly  satis- 
factory design  is  one  in  which  all  the  contacts  are  brazed  or 
welded.  In  some  experiments  made  on  different  contacts 
some  years  ago,  it  was  found  that  the  voltage  drop  on  a 
tightly  screwed  or  riveted  contact  was  so  small  when  the  con- 
tact surfaces  were  clean  that  it  was  indistinguishable  from 
the  solid  metal,  even  when  the  surfaces  in  contact  were  very 
small.  However,  even  with  machined  and  accurately  fitting 
surfaces,  on  alternately  heating  th©  test  pieces  to  tempera- 
tures of  200°  C.  and  allowing  them  to  cool,  the  contact  drop 
was  found  to  increase  very  rapidly. 

In  addition  to  heating,  vibration  is  found  to  have'  a  very 
bad  effect  on  squirrel-cage  rotors,  and  cases  have  been  known 
where,  through  one  or  other  of  these  causes,  the  rotor  has 
deteriorated  to  such  an  extent  as  to  be  practically  opeii  cir- 
cuited ； in  other  words,  the  motor  would  not  even  run.  In 
the  early  history  of  the  induction  motor,  when  motors  were 
of  a  large  size  and  of  ample  heat  capacity 7  there  was  very 
little  trouble  of  this  nature.  Of  course  thousands  of  induc- 
tion motors  are  in  operation  to-day  with  soldered  rotors  or 
with  riveted  or  screwed  joints.  Many  of  them  give  no 
trouble,  particularly  when  the  starting  conditions  are  easy . 
Many  others  give  trouble,  due  either  to  vibration  or  to  over- 
heating, winch  trouble  may  not  be  suspected  at  first,  and 
perhaps  not  until  the  consequent  overheating  has  necessi- 
tated rewinding  tlie  si  a i  or  as  well  as  the  rotor.  There  is  no 
doubt  that  the  rotor  is  the'  weakest  part  of  a  modern  squirrel- 
cage  motor,  if  screwed,  riveted,  or  sweated,  for  which  reason 


on  a  motor  of  good  design  all  the  contacts  should  be  brazed 
or  welded,  by  which  method  of  construction  most  of  tlie 
troubles  experienced  on  these  motors  are  eliminated. 

Conclusions. 

For  constant  speed  work  the  squirrel-cage  motor  is 
gi'eatly  to  be  preferred  to  the  slip  ring  motor,  and  can  be 
used  where  its  starting  current  is  not  objectionable. 

For  motors  of  very  large  size  the  slip-ring  type  is  gener- 
ally preferred. 

For  variable-speed  work  the  slij>ring  motor  is  generally 
used.  The  squirrel-cage  motor  can  be  used  for  intermittent 
service,  but  only  in  small  sizes,  or  when  the  use  of  slip-rings  is 
not  desirable. 

When  the  speed  is  reduced  continuously  on  heavy  torque, 
the  slip-ring  motor  is  nob  suitable,  owing  to  the  constan* 
rheosbatic  losses,  and  a  jnulti -speed  motor  giving  several 
efficient  speeds  is  preferred. 

The  multi-speed  motor  is  also  used  where  good  sp&ed  r，'L: 卜 
lation  is  required  at  several  speeds. 

W here  the  torque  at  reduced  speeds  is  diminisht'd,  tli' 
slip- ring  motor  with  rheostatic  control  is  often  tlie  best 
system. 

For  fan-driving,  where  the  speed  is  occasionally  reduced, 
the  average  power  consumption  with  the  slip-riug  motor  may 
be  as  low  as  or  even  lower  than  with  other  systems,  as  well 
as  the  first  cost  being  lower. 

Starting  of  Squirrel  cage  Motors.  —When  starting  a  m<jt''r 
with  an  autostarter,  If  the  maximum  current  and  the  maxi- 
mum torque  at  starting  are  measured  at  different  voltages, 
the  current  drawn  from  the  line  is  seen  to  be  directly  pro- 
portional to  the  torque  developed . 

If  the  motor  starts  against  a  load  consisting  entirely  of 
inertia,  the  total  energy  absorbed  and  the  heating  of  the 
motor  are  independent  of  the  starting  voltage. 

If  the  load  consists  partly  of  a  friction  load,  the  energy 
absorbed  aud  the  heating  are  reduced  if  the  voltage  be  in- 
creased - From  which  it  is  seen  that  a  high  starting  voltage 
is  generally  advantageous. 

When  the  starting  conditions  are  fixed,  and  the  friction 
of  the  load  is  fixed  but  the  inertia  is  varied,  then  the  time 
of  starting,  the  total  energy  absorbed  and  the  heating  of  the 
motor  are  proportional  to  the  inertia  of  the  load. 

Slip  and  Short-circuit  Current. — The  determination  of  tin- 
short-circuit  current  and  the  correct  proportioning  of  the 
" slip  "  are  of  very  great  importance  in  the  design  of  a  squir- 
rel-cage motor.  The  starting  torque  is  dependent  upon  the 
short-circuit  current,  and  upon  the  slip  at  normal  load.  The 
slip  at  normal  load  is  not,  therefore,  a  definite  percentage, 
but  depends  upon  the  required  starting  conditions.  In  the 
same  way  a  motor  with  an  inherently  large  short-circuit  cur- 
rent can  be  built  with  a  small  slip. 

Heating  of  Rotor  during  Starting.  —  The  starting  uf  a 
load  of  great  inertia  imposes  very  severe  conditions  upon  the 
rotor  of  a  squirrel-cage  machine.  Squirrel-cage  rotors  with 
screwed,  riveted,  or  soldered  joints  are  always  liable  to  give 
trouble  owing  to  overheating  during  starting,  or  to  vibration 
when  running.  The  trouble  can  be  completely  overcome  by 
brazing  or  welding  all  joints,  so  that  the  rotor,  which  is  other- 
wise the  weakest  part  of  the  machine,  becomes  practically 
indestructible. 


Association  of  Mining  Electrical  Engineers. — Tlie  Council  ot  tlie 
Association  announces  that  the  following  prizes  are  offered  for 
papers  for  the  present  session  ：  An  Association  prize  of  five 
guineas  for  the  best  paper  read  at  any  branch.  A  prize  of 
two  guineas,  given  by  Mr.  Carlow,  for  the  best  paper  by  a 
member  of  East  Scotland  branch.  A  j>rize  of  four  guineas, 
given  bv  Mr.  Alex.  Anderson  and  Mr.  Matthew  Brown,  for 
the  best  paper  by  a  working  colliery  electrician  wlio  is  a 
member  of  the  West  of  Scotland  branch.  A  premium  of  two 
guineas,  given  by  Lord  Joicey,  for  the  best  paper  bv  a 
Tiieniber  of  the  North  of  England  branch.  As  in  previous 
years,  examinations  for  competency  in  mining  electrical 
(Mi^ineerin^  will  be  held  on  Saturdays,  ^1  a  roll  8  nnd  15，  1913. 
in  ten  different  centres  in  the  United  Kingdom,  full  particu- 
lars relating  to  which  can  be  obtained  from  the  general 
secretary  of  the  Association,  Bank  Chambers,  Derby,  or  from 
auy  branch  secretary. 
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FATAL  EXPLOSION  IN  AN  OIL-FIRED  MARINE  BOILER. 

T.ik  inquest  on  the  five  victims  of  the  accident  which  took 
place  on  board  the  new  oil  ship  "  San  Eduardo  "  while  l'vii'y 
at  the  Neptune  yard  of  Messrs.  Swan,  Hunter,  <fe  Wig  ham 
Richardson,  Ltd.,  Walker,  on  December  26th  last  was  con- 
cluded at  Newcastle  on  the  19th  inst.  The  accident  occurred 
in  the  stokehold,  a  sheet  of  flame  suddenly  flashing  out  a( ("，（' 
of  the  furnaces,  which  were  oil  fired,  overwhelming  nine  of 
tho  ！ non,  five  of  them  so  seriously  that  they  subsequently  died. 

Mr.  A.  T.  Thorne,  ； in  engineer  employed  by  Messrs. 
Swan,  Hunter,  &  Wigham  Richardson,  described  the  ('omli 
tion  of  the  stokehold  immediately  after  the  accident.  Tliere 
were  evidences  of  a  fire  having  occurred,  but  nothing  was 
greatly  disturbed.  The  three  boilers  were  all  heated  with 
oil  fuel,  and  in  the  port  aft  boiler  the  fires  were  out.  The 
fires  in  the  other  boilers  were  burning  feebly,  and  h&  thouglit 
something  was  the  matter.  There  was  staging  in  front  of  the 
boiler,  and  it  was  obvious  that  the  men  had  been  engaged 
cleatiing  tubes.  Mr.  Josepli  Swan,  foreman  boilermaker  at 
the  Neptune  Engine  Works,  said  ho  was  in  the  stokehold  of 
tho  "San  Eduardo yy  on  th&  morning  of  December  26th. 
Shortly  after  nine  o'clock  he  noticed  dense  smoke,  and  almost 
imiiiodi;i(oly  th&re  was  a  flash  and  an  explosion.  He  did  nol 
observe  where   it   originated,    for   lie    was  thrown    to   t  lie 

J.  J.  Robinson,  a  fitter,  said  he  had  been  working  on  tlie 
" San  Eduardo  "  for  some  days  prior  to  December  26th.  1 1  e 
liad  so  en  that  the  damper  in  the  funnel  was  in  an  open  posi- 
tion, and  to  make  doubly  sure  he  lashed  the  lever  with  wire. 
He  went  on  board  the  vessel  on  Christmas  night,  and 
remaino<l  until  eight  o'clock  next  morning.  There  had  been 
an  official  test  of  the  engines  and  boilers  in  the  presence  of 
Lloyd's  and  the  owner's  representatives,  and  everything  had 
passed  off  satisfactorily.  Between  four  and  five  o'clock  on  tlie 
morning  of  December  26th,  he  drew  retarders  from  each  of 
1  lio  tubes  of  the  forward  and  starboard  boilers,  and  then  lit 
the  fires  of  those  two  boilers.  He  drew  the  retarders  to  give 
more  "vent"  to  the  flame.  Prior  to  lighting  the  fires  he 
examined  the  lever  of  the  damper  and  saw  that  it  was  lashed 
as  he  had  left  it.  The  furnaces  burned  brightly.  Witness  left 
the  ship,  and  subsequently  was  sent  for  on  account  of  the 
accident.  He  saw  Mr.  Dickinson,  who  said  the  lever  of  the 
(Umper  liad  been  released,  and  that  the  damper  had  been 
found  clospd.  Naphtha  lamps  were  not  used  during  the 
time  he  was  in  the  stokehold.  He  considered  there  was 
sufficient  ventilation. 

W.  Dickinson,  foreman  engineer,  said  it  was  part  of  his 
duty  on  Boxing  Day  to  see  that  steam  was  got  up  on  the 
main  boilers  of  the  "  San  Eduardo."  He  gave  orders  for 
lOOlbs.  to  1201bs.  pressure  to  be  up  by  nine  o'clock.  Shortly 
after  eight  o'clock  ho  noticed  that  the  lever  of  the  damper 
was  lashed  in  an  open  position,  and  the  damper  could  only 
be  closed  if  the  lashings  were  removed,  and  the  lever  drawn 
down  and  pinned.  At  nine  o'clock  witness  told  one  of  the 
deceased  men  that  there  was  to  be  a  test  of  th©  steam-heat- 
ing  pipes  in  the  hold,  and  that  he  was  to  see  that  steam  was 
UP*  Witness  then  went  on  shore,  and  on  returning  to  the 
ship  found  the  stokehold  filled  with  dense  black  smoke.  He 
opened  the  smokebox  and  then  found  the  damper  was 
closed.  The  lever  was  pinned  down,  shut.  He  had  been 
unable  to  find  who  had  released  the  lever.  Asked  for  his 
theory  as  to  the  cause  of  the  accident,  witness  said  tlio 
damper  being  closed  would  cause  gases  to  accumulate,  but  he 
(lid  not  know  how  they  became  ignited.  He  did  not  thiuk 
the  damper  could  have  been  closed  when  the  fires  were 
lighted,  or  the  man  who  lit  the  fires  would  have  noticed  it  . 

Mr.  F.  Piercy,  assistant  manager  of  tlie  Wallsend  Ship- 
" Company,  gave  expert  evidence  as  to  the  oil  fuel.  He 
the  fuel  fittings  on  tlie  "San  Eduardo  n  were  made  by 
his  firm,  but  they  did  not  do  anv  fixing.  Referrin-  to  th''' 
damper  in  the  main  f 翻 i,'】，  lie  'said  tlie  fact  that  the  lever 
was  lashed  was  recognised  as  an  intimation  that  the  lever 
llulst  not  be  touched.  The  fuel  uspcI  in  the  "  San  Ivluanlo  '• 
)iad  a  hlgh  flash  point.  It  ^ave  off  vapour,  which  would 
burn  when  mixed  with  air  only  if  heated  to  202J  Fall.  The 
？ U  in  bulk  would  not  ignite  at  that  point,  He  was  of  opinion 
tliat'  wllen  the  clamper  was  closed,  there  was  a  sufficient 
;unoinit  of  air  uncombined  to  continue  rombustion  in  the  fur 
nace  for  a  sll0rt  while.      Combustion  would,  therefore,  pro- 


ceed, and  the  products  of  combustion,  owing  to  the 】m  r'K'i 
temperature,  would  want  to  expand.  Tliey  mu3t  find  an  out- 
let and  they  got  out  through  the  furnace  doors  ；  Uttma  t\\f 
long  flamd  in  the  stokeb'jhl.  Ho  was  of  opinion  t  hat  the 
damper  must  have  been  in  an  open  position  until  小 
ately  before  the  accident.  He  had  never  heard  of  a  siniilar 
accident  having  occurred.  The  only  reason  he  could  give  for 
the  accident  was  the  damper  being  c]r>s.-«l. 

Mr.  G.  Vardy,  manager  of  the  Neptune  K'a'm''  W'.i  I； , 
said,  after  learning  of  the  accident  lie  went  to  the  stokeholrl 
of  the  vessel,  where  he  found  indications  of  a  re<:**nt  fire.  All 
the  fires  were  out,  and,  with  a  view  to  discovering  the  cause 
of  the  accident  he  gave  instructions  for  the  smokebox  on 
the  furnace,  where  the  men  had  been  working,  to  be  opened. 
He  found  the  damper  had  been  shut.  That  would  cause  the 
accident.  He  could  form  no  other  opinion.  He  thought 
that  the  damper  was  closed  very  shortly  before  tlif  ； t'f'iflc'ii 
happened.  If  it  had  not  been  the  smoke  would  not  have 
come  from  the  smokebox.  He  did  not  think  it  necessary  to 
have  dampers  at  all  when  burning  oil. 

jury  returned  the  following  verdict :  "The  cause  of 
the  accident  was  the  closing  of  the  main  damper  while  the 
furnace  of  two  of  the  boilers  of  the  ship  were  burning  and 
the  smokebox  of  the  third  boiler  was  open,  but  by  whom,  or 
for  what  purpose  the  damper  was  closed,  there  was  no  evi- 
dence to  show.    Death  was  directly  due  to  the  accident.'" 


ROTARY  GRATE  FOR  GAS  PRODUCERS. 

In  the  usual  arrangement  of  rotary  grates  as  fitted  to  gas 
producers  of  the  Kerpely  type,  it  is  only  possible  to  keep  tlie 
rotary  pan  filled  with  water  if  the  level  of  the  water  in  t  1m- 
])an  when  filled  is  below  the  lower  end  of  the  shell  of  the 
generator.    If  the  water  level  rises  above  this  point  the  pres- 


Rotary  Grate  for  Gas  Phoducers.  . 

sure  inside  the  generator  forces  the  water  over  the  edge  of  the 
pan  till  the  former  level  is  attained.  In  order  to  obviate  the 
drawbacks  attendant  upon  this  intermittent  overflowing  of 
tlie  water,  it  is  necessary  to  maintain  the  same  pressure  in 
the  surrounding  air-tight  annular  chamber  as  in  the  generator 
shaft.  Tliis  result  is  obtained  in  the  arrangement  illustrated, 
wliicli  has  recently  been  patented  by  Mr.  A.  Von  Kerpelv, 
Kaiser  Wilhelmsring  16，  Vienna,  by  placing  the  chamber  in 
communication  with  the  blast  supply  at  any  suitable  point. 
Where  this  is  done  the  pressures  cm  the  surface  of  the  water 
within  and  without  the  shell  of  the  generator  are  equal,  and 
neither  a  forcible  discharge  of  the  water  nor  an  overflow  of 
same  over  the  edge  of  the  pan  can  take  place.  Referring  to 
the  illustration,  A  is  tlie  rotary  grate,  B  the  rotary  pan,  C  the 
stationary  generator  sliaft,  D  the  slieetriron  casiinr  oxteruallv 
enclosing  the  air-tiglit  chamber  E.  The  blast  supply  pipe  \V 
is  placed  in  coinmunication  witli  the  chamber  E  through  a 
branch  R  which  is  adapted  to  be  closed  by  a  full  way  valve  S. 
As  a  result  of  the  arrangement  the  same  pressure  prevails  in 
the  chamber  E  at  Y  as  in  the  shaft  C  at  X,  thereby  preventing 
the  overflow  of  (he  water.  Closing  the  valve  S  enables  the 
former  conditions  to  be  restored.  The  arrangement  is 
particularly  suitable  when  dealing  with  fuels  yielding  a 
readily  fusible  ash  or  the  working  of  which  is  attended  with 
the  generation  of  more  than  orcliuarv  lieat. 
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Ihe  apparatus  used  for  the  purpose  of  deternnning  the 
facts  with  reference  to  the  circulation  of  water  in  the  J acobs- 
Shupert  and  the  radial-stay  boilers  under  test  was  designed 
to  measure  the  velocity  and  direction  of  flow  as  well  as 
the  quality  of  the  mass  of  the  liquid  at  different  points  of  the 
water-leg  of  the  firebox,  and  is  shown  diagrammatically  in 
Fig.  4.  The  principle  of  its  operation  is  that  of  measuring 
the  impact  of  the  flow  of  the  mass  in  the  water-leg  upon  the 
mouth  of  a  Pitot  tube,  by  means  of  the  elevation  of  a  liquid 
heavier  than  water  in  a  U-tube,  and  afterward  determining 
the  quality  of  the  liquid,  that  is,  the  proportions  of  contained 
water  and  steam  by  means  of  samples  led  off  into  a  barrel 
calorimeter.  The  Pilot  tubes  were  inserted  in  the  firebox  at 
the  points  where  it  was  desired  to  make  the  measurements, 
and  could  be  moved  to  and  fro  through  suitable  stuffing-boxes 
so  that  the  opening  could  be  placed  at  any  point  between  tlie 
two  sheets.  At  the  same  time  it  was  revolvable  so  as  to  be 
turned  to  face  in  any  direction.  The  construction  of  the 
apparatus  in  detail  was  as  follows : — 

The  Pitot  tube  G  (Fig.  4)  was  inserted  in  the  water-leg 
and  was  connected  by  means  of  the  flexible  pipe  C  with  the 
top  of  a  water-glass  F.  From  the  bottom  of  tlie  water-glass 
F  another  flexible  tube  B  ran  to  the  bottom  of  tlie  water-glass 
E  ；  while  from  the  top  of  tlie  water-glass  E，  a  iliird 
flexible  tube  A  ran  to  a  point  in  the  firebox  below 
tlie  water-line.  The  flexible  tube  B  and  tlie  two  water- 
glasses  formed  a  XJ-tube  which  was  filled  to  the  centre  of  the 
glasses  with  tetrachloride  of  carbon  that  was  coloured  red 
and  whose  specific  gravity  is  exactly  1*6.    It  was  evident  that, 
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-Diagram  showing  Velocity  of  Mixture  of  Stj-'.am  and  Watku  in 
Feet  per  Skcond  in  Different  Poiitions  of  Water-leg. 


with  connections  to  the  boiler  as  shown,  the  liquid  will  stand 
at  the  same  height  in  each  of  the  two  glasses  so  long  as  the 
pressure  above  the  tetrachloride  of  carbon  in  each  leg  remains 
the  same,  but  if  the  pressure  on  either  leg  exceeds  that  of  the 
other,  the  tetrachloride  in  the  leg  of  the  higher  pressure  will 
be  correspondingly  depressed.  This  increase  of  pressure  was 
secured  by  turning  the  Pitot  tube,  and  when  it  faced  directly 
into  the  stream,  it  would  produce  the  greatest  pressure  at  the 
top  of  the  glass  F,  with  a  corresponding  depression  of  the 
tetrachloride  in  that  leg. 

For  convenience  of  entering  the  boiler  15  holes  were 
drilled  in  the  side  of  the  firebox.  They  were  in  three  rows, 
five  in  a  row  and  numbered,  for  the  sake  of  identification,  as 
shown  in  the  accompanying  diagram,  Fig.  5.  After  a  reading 
had  been  taken  the  valve  H  was  closed  and  the  valve  I  was 
opened.  This  cut  the  pressure  off  from  the  top  of  the  water- 
glass  F,  and  allowed  the  mixture  of  steam  and  water  entering 
the  Pitot  tube  to  flow  into  the  water  partially  filling  the 
barrel  calorimeter  K，  when  from  the  temperature  ranges  be- 
fore and  after  the  admission  of  the  liquid  from  the  boiler, 
together  with  the  pressure  existing  at  the  time  as  read  from 
the  steam  gauge,  it  was  possible  to  determine  the  percentage 
of  steam  and  water  entering  into  the  mixture  as  it  existed  at 
the  mouth  of  tlie  Pitot  tube  in  the  water-leg.  From  this  in- 
formation the  specific  gravity  of  the  mass  could  be  calculated. 
Then  with  the  head  produced  by  the  difference  in  the  level? 
of  the  tetrachloride  of  carbon  and  the  specific  gravity  of  the 
liquid  whose  impact  caused  that  difference  of  level,  the 
velocity  of  the  liquid  can  be  calculated.  This  is  the  method 
followed  in  all  of  the  observations  wliicli  are  recorded  in 
Tables  I.  and  II. 


CIRCULATION  OF  WATER  IN  LOCOMOTIVE  BOILERS. 

An  exhaustive  report  by  Prof.  W.  F.  M.  Goss,  on  the 
comparative  test  of  the  Jacobs- Shupert  and  radial  stay  types 
of  locomotive  boilers,  has  recently  been  issued  by  The  J acobs- 
Shupert  United  States  Firebox  Company,  of  Coatesville, 
Penn.,  U.S.A.  The  report  is  supplemented  by  one  prepared 
by  Mr.  George  L.  Fowler,  giving  the  results  of  his  investiga- 
tions conducted  for  the  purpose  of  determining  the  facts 
relat  ing  to  the  circulation  of  water  in  locomotive  boilers. 

The  motion  of  tlie  water  witliin  a  locomotive  boiler  in 
res|K)iise  to  the  energy  transmitted  to  it  in  the  form  of  heat 
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is  known  to  have  an  important  bearing  on  the  upkeep  and  life 
of  the  boiler,  and  there  has  been  much  speculation  concerning 
the  direction  and  strength  of  the  circulation  currents.  It  has 
been  urged,  for  example,  that  the  presence  of  the  stay-sheets 
which  enter  iuto  the  construction  of  the  Jacobs-Shupert  boiler 
retard  the  fore-and-aft  movement  of  water,  and  that  they  are, 
therefore,  objectionable.  As  the  stay-sheets  are  provided 
with  widely  distributed  openings  of  large  area,  such  criticisms 
necessarily  assume  fore-and-aft  currents  which  are 
tremendously  vigorous.  The  presence  of  such  vigorous 
currents  has  been  questioned.  An  experimental  enquiry  con- 
ducted by  Mr.  George  L.  Fowler  sustains  the  very  national 
contention  that  only  enough  water  passes  back  from  the 
barrel  of  the  boiler  to  the  water-legs  of  the  firebox  to  make 
good  that  which  the  firebox  evaporates.     Since  the  firebox 
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Fig.  2. ― Vertical  Sections  op  Water-legs,  Radial-stay  and 
Jacobs-Shupkrt  Fireboxes. 

evaporates  from  30  to  50  per  cent,  of  the  water  handled  by 
the  boiler,  a  similar  percentage  of  the  total  feed  must,  in  the 
case  of  the  Jacobs-Shupert  boiler,  find  its  way  through  the 
ports  in  the  forward  stay-sheet.  Some  of  this  water  is  evap- 
orated before  the  second  stay -sheet  is  reached.  With  the 
passage  of  each  section,  the  backward  flow  diminishes  until  at 
the  last  stay-sheet  only  enough  passes  to  supply  that  which 
the  last  section  evaporates.  Obviously  an  aggregate  port  area 
of  If  sq.  ft.  is  quit©  sufficient  to  pass  from  30  to  50  per  cent, 
of  Hie  water  which  the  injector  delivers  through  a  2in.  or  a 
2^in.  pipe.  The  text  of  Mr.  Fowler's  report  is  substantially 
as  follows  ： ― 
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The  heat  (B.Tli.U.)  given  is  tor  thai  above  32°  Fah.  Tli(' 
column  headed  "  angle  of  (low,"  indicates  the  observed  angle 
at  which  the  mass  was  moving  at  the  timeof  the  observal  ion .  ll 
is  measured  in  the  direction  of  the  movement  of  the  hands  ol'  a 
watch,  starting  with  0  for  the  vertical  downward  movement. 
Then  90°  would  be  horizontally  from  the  front  lo  the  back  ； 
180°  vertically  upward,  and  270°  horizontally  from  the  rear 
to  the  front.  The  "  specific  gravity  of  tlie  mass  ，，  denotes  the 
specific  gravity  of  the  combined  mass  of  steam  and  water. 
The  "  velocity  of  the  mass  is  the  velocity  wliicli  a  mass  of 
the  corresponding  specific  gravity  would  have  to  have  in 
order,  by  its  impact  on  the  moutli  of  the  Pitot  tube,  to  cause 
the  difference  in  the  level  of  the  tetrachloride  as  observed. 
The  "  velocity  of  the  steam, M  given  in  tlie  last  column,  is  the 
velocity  that  steam  of  the  pressure  existing  in  the  boiler  at 
tlie  time  of  the  observation  would  have  to  have  in  order  to 
cause  the  observed  difl'tM-fiice  in  the  levels  of  the  let  racliloride. 


movement  from  front  to  hack,  broken  throughout  the  wliole 
course  by  violent  agitation,  and  iniiuinerable  cross  currents, 
but  that  in  no  place  are  these  currents  torrential  nor  is  the 
steam  movement  itself  very  rapid,  while  in  some  places  there 
is  a  true  circulation,  that  is,  the  water  follows  a  definite  path, 
returning  to  a  previous  position.  An  example  of  this  is 
found  in  the  tests  at  hole  8  of  the  radial-stay  boiler  on  June  4th. 
At  lin.  from  the  inside  slieet  there  was  an  upward  flow  of 
l'71ft.  per  second  ；  at  2in.  the  flow  was  still  nearly  vertical  ； 
at  3in.  there  was  a  neutral  point  at  which  no  movement  could 
be  detected  ；  while  at  4in.，  or  near  the  outer  sheet,  there  was 
a  vertical  movement  downward.  The  same  thing  is  observ- 
able with  the  Jacobs-Shupert  firebox  at  holes  7  and  8，  but 
without  the  indication  of  a  neutral  zone  devoid  of  flow. 

There  are  some  peculiarities  in  the  observations  that  cannot 
be  accounted  for  because  of  the  limited  data.  For  example, 
in  the  observation  at  hole  12  of  the  radial-stay  boiler,  the 
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Table  II. ~ Tests  on  Jacobs-Shupert  Boiler. 
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These  velocities  are  calculated  on  the  basis  of  the  elevation 
of  a  mass  whose  specific  gravity  is  0'6，  for  this  reason.  The 
specific  gravity  of  the  tetrachloride  is  1*6.  The  1  is  balanced  by 
the  superincumbent  weight  of  water  in  each  leg  of  the  U-tube, 
leaving  only  the  '6  to  be  moved  by  the  impact  on  the  Pitot 
tube. 

In  handling  the  apparatus  and  making  the  observations 
here  recorded ,  the  difference  in  level  of  the  tetrachloride  was 
first  observed.  Then  water  and  steam  were  blown  through 
the  piping,  leading  to  the  calorimeter  sufficient  to  heat  it, 
after  which  it  was  turned  into  the  barrel  for  the  measurement 
of  its  heat  values. 

The  records  of  the  angles  of  flow  must  not  be  taken  as 
positive  and  fixed.  The  figures  given  are  for  the  approximate 
average  inclination  of  the  flow.  As  a  matter  of  fact  it  shows 
every  evidence  of  constant  variation,  sometimes  through 
angles  approximately  45°  for  the  higher  velocities,  and  this 
together  with  other  general  indications  have  led  to  the 
opinion  that  there  is  much  agitation  in  a  boiler,  with  com- 
paratively little  circulation  of  progressive  movement  of  the 
water.  It  is  thought  that  if  the  matter  were  to  be  examined 
to  a  finality  it  would  l>e  found  that  tlie  re  is  a  regular  slow 


three  records  of  the  third  show  a  constantly  increasing  percent- 
age of  steam  in  the  mixture  from  the  inner  sheet  to  the  outer. 
This  is  checked  by  the  observations  on  the  fourth,  except 
that  the  one  at  4in.  from  the  sheet,  which  is  farther  out 
than  that  of  the  third,  shows  a  falling  off  as  *the  outer  slieet  is 
approached.  This  same  condition,  though  not  so  markedly, 
appears  in  the  Jacobs-Shupert  boiler  at  hole  7.  As  for  the 
general  character  of  the  water  movement,  there  is,  in  the 
radial-stay  boiler  an  entire  absence,  so  far  as  observations 
went,  of  eddy  or  reverse  currents.  The  movement  is  either 
vertical  or  back  from  front  to  rear,  whereas  in  the  Jacobs- 
Shupert  firebox,  with  tlie  general  movement  the  same,  there 
was  one  hole  wliere  the  movement  was  from  the  rear  to  the 
front,  evidently  due  to  eddies  set  up  by  the  stay-plates.  In 
calculating  these  velocities  corresponding  to  the  heights,  it 
has  been  assumed  that  these  heights  or  differences  of  level 
vary  as  the  impinging  mass  and  that  the  squares  of  their 
velocities  vary  inversely  as  the  mass. 

It  is  to  be  observed  that  the  percentages  of  steam  are  less 
in  the  Jacobs- Slmpert  than  in  the  radial-stay  boiler.  From 
the  data  of  the  tests  it  is  possible  to  determine  the  probable 
rates  of  evaporation  in  the  radial-stay  boiler,  while  from  corre- 
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sponding  tests  with  the  Jacobs-Sliupert  boiler,*  the  evapora- 
tion is  estimated  to  have  been  about  121bs.  per  square  foot 
of  heating  surface  per  hour.  And  the  boiler  was  being  fed 
with  water  at  a  temperature  of  about  70°  Fah.  The  rate  of 
movement,  too,  was  more  rapid  with  the  radial-stay  than  with 
the  Jacobs-Slmperi,  but  in  both  cases  the  movement  was  so 
slow  that  no  criticism  can  be  offered  as  to  the  checking  of  the 
flow  by  the  stay-plates  of  the  Jacobs-Slnipert  iirebox. 
Evidently,  from  ilie  rate  of  flow  and  the  percentage  of  steam 
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-A PPAUATUS  FOR  DETKf'TINfi  CmC'UTiATlON  OF  WATER  IN  BOILERS. 


contained  in  the  water,  there  was  ample  opportunity  for  the 
water  to  come  back  and  completely  fill  the  leg. 

Incidental  to  this,  it  was  observed  that  a  change  in  the 
rate  of  steam  flow  through  the  exhausting  pipes  would  have 
its  effect  on  the  velocity  of  the  currents  in  the  water-leg  of  the 
firebox.  The  opening  of  the  safety-valve,  for  example,  would 
increase  the  speed  at  once,  while  when-  the  pressure  was 
being  raised,  the  water  seemed  quite  stagnant. 

In  order  to  ascertain  the  likelihood  of  tliere  being  a 
straight  flow  of  cold  water  from  the  front  to  the  rear  over  the 
top  of  the  foundation  ring,  a  thermometer  was  placed  at  the 
back  lower  corner  of  the  Jacobs-Shupert  firebox  on  the  eighth, 
when  being  driven  as  already  indicated  and  using  feed  water 
at  a  temperature  of  about  70°  Fah.  When  the  boiler  was  at 
work  under  2151bs.  pressure  the  observed  temperature  at 
this  point  was  380°  Fab.,  or  only  13°  below  the  boiling  point 
at  that  pressure,  this  indicating  either  a  circulation 
through  hot  portions  of  the  boiler  before  reaching  the  back 


Fig. 


-Location  of  Holes  fok  Circulation  Tksts. 


interval  of  time  between  them.  This  varied  from  15  minutes 
to  45  minutes,  during  which  periods  there  was  ample  time  and 
opportunity  for  sucli  changes  to  occur  in  direction  of  flow  and 
rate  of  evaporation  as  to  fully  account  for  the  actual  changes 
observed. 


CHEMISTRY  APPLIED  TO  COAL  MINING 

At  a  recent  jneeling  of  the  Liverpool  Section  of  tlie  Society 
of  Chen-ical  Industry,  Dr.  JoLn  Harger  delivered  a  lecture 
on  '  Chemistry  applied  to  Coal  Mining."  Referring  to  the 
composition  of  tlie  firedamps  in  mines,  the  method  of  analysis 
adopted  by  the  Home  Office,  he  said ,  assumed  that  the 
inflammable  part  of  firedamp  consisted  of  nothing  but 
methane.  If  any  other  combustible  gas  were  present  the 
analyses  were  incorrect.  He  then  showed  that  not  only  was 
the  firedamp  in  many  mines  not  pure  methane,  but  that  gas 
coming  from  old  wastes  very  often  contained  very  large 
quantities  of  hydrocarbons,  heavier  than  methane.  In  some 
experiments  with  gases  sucked  from  coal  by  a  vacuiun, 
hydrocarbons  four  times  as  heavy  as  methane  had  been 
found.  It  was  remarked  that,  considering  the  lack  of 
experience  of  the  Home  Office  staff  in  such  matters, 】t 
would  have  been  a  prudent  course  to  employ  someone  with  a 
knowledge  of  fundamental  chemistry  instead  of  relying  upon 
amateurs.  The  lecturer  procBeded  to  describe  a  method  *  ( 
determining  the  actual  volume  of  inflammable  gas  in  a  mine 
air  sample,  which  he  had  recently  worked  out.  Aft'-' 
estimating  the  carbon  dioxide  and  oxygen,  the  inflammable 
gas  was  combusted  by  a  small  quantity  of  copper  oxide  on  a 
platinum  wire  spiral,  heated  by  electric  current  in  the  usual 
way,  the  contraction  (if  any)  noted,  and  the  carbon  dioxide 
absorbed . 

Recalling  the  method  for  preventing  explosions  in  mines 
brought  forward  in  a  previous  lecture,  he  stated  that  he  had 
since  been  able  to  work  out  on  a  large  scale  the  manufacture 
of  inert  gas  by  using  tlie  exhaust  from  a  gas  engine.  By 
keeping  the  gas  hot,  and  in  contact  with  broken  firebrick 
for  a  short  time,  every  trace  of  carbon  monoxide  had  been 
burnt  out,  even  when  as  little  as  1  per  cent,  oxygen  was  left. 
A  gas  engine  exhaust  was  very  hot  (1,100°  Fah.),  and  1o 
burn  up  traces  of  carbon  monoxide  in  flue  gases  from  gas 
and  coal  dust  fired  boilers,  it  was  necessary  to  use  a  strong 
calalytic  agent,  and  after  much  experimenting  he  had  dis- 
covered that  dog  iron  ore  (oxide  of  iron)  would  combust  car- 
bon monoxide  at  400°  Fall.,  and  slowly  at  even  】ess，  and  if 
copper  oxide  were  used  as  well,  or  instead,  the  combustion 
went  afc  212°  Fall,  quite  well,  but  a  higher  temperature  was 
desirable  when  obtainable.  Some  criticism  had  been  directed 
to  the  possibly  injurious  effect  of  a  reduced  oxygen  percent- 
age in  mine  air  on  the  health  of  the  miners,  but  all  the 
physiologists  who  had  given  their  judgment  said  it  would 
have  no  harmful  effect.  Concluding,  the  lecturer  referred  to 
- the  action  of  some  incombustible  substances  in  causing  the 
combustion  of  inflammable  gas  and  air  at  comparatively  low 
temperatures,  and  pointed  out  that  this  did  not  fit  in  with 
the  experiments  lately  made  by  Prof.  Dixon. 


end  of  the  water-leg,  or  an  agitation  of  the  water  en  route 
and  its  mingling  with  quantities  of  steam  or  hot  water,  by 
which  its  temperature  was  raised. 

While  the  tests  cannot  be  regarded  as  conclusive,  they 
indicate  that  neither  the  water  nor  steam  velocities  of  a  loco- 
motive firebox  are  high,  and  that  the  opening  in  the  stay- 
plates  of  the  Jacobs-Shupert  firebox  are  quite  sufficient  to 
admit  the  water  in  ample  quantities  to  all  parts  of  the  water- 
leg.  Finally,  it  is  desired  to  suggest  that  many  of  the  seeming 
inconsistencies  of  these  observations  may  be  attributed  to  the 

*  The  circulation  tests  on  the  radial-stay  boiler  were  made  in  the  laboratory 
during  the  evaporation  tests  on  that  boiler,  while  the  circulation  tests  on  the 
.Tacobs-Shupei*t  boiler  did  not  occur  until  aftev  tho  boiler  had  been  transferred  to 
the  low-water  testing  g rounds,  where  the  conditions  of  the  evaporation  tests  were 
duplicated  as  nearly  as  possible  for  the  benefit  of  the  circulation  tests. 


Electrical  Coal  Cutters.  —  At  the  monthly  meeting  of  the 
West  of  Scotland  Branch  of  the  Association  of  Mining 
Electrical  Engineers,  held  on  Saturday  last  at  Glasgow,  Mr. 
James  M  Cann  read  a  paper  on  "  The  Electrical  Coal  Cutter  ； 
its  Installation  and  Manipulation."  At  the  outset  the  author 
said  that  when  contemplating  the  installation  of  a  coal  cutter 
at  a  colliery  the  first  tiling  to  consider  was  what  would  be 
gained.  While  lie  held  strongly  to  the  opiuion  that  safe"' 
should  not  give  place  to  economy,  he  also  lnaintained  that  a 
clear  case  for  the  latter  must  be  made  before  introducing  a 
coal  cutter.  It  was  useless  to  enter  into  this  phase  of  the 
question,  because  the  conditions  as  a  rule  differed  so  mucli  : 
but  there  were  two  points  that  might  be  mentioned  which 
would  reduce  the  saving  to  be  gained  by  the  use  of  coal 
cutters.  These  were  :  (1)  That  a  very  bad  roof  made  cutting 
dangerous  and  expensive,  sometimes  impossible  ；  and  (2)  the 
saving  must  be  small  where  the  coal  was  easily  won  by  hand. 
In  such  a  case,  indeed,  it  would  be  better  practice  to  introduce 
a  conveyer  if  the  other  conditions  were  suitable.  Thereafter 
the  author  proceeded  to  deal  with  the  systems  of  supply,  trans- 
mission, and  distribution,  and  tlie  】nanipulation  necessary  for 
the  bar,  chain,  and  disc  types  of  machines. 
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MODERN  METHODS  OF  ELECTRIC  WIRING 

liY   I-'RANK  UltOADIiKNT. 

Thk  bases  of  all  wiring  and  distribution  systems  are: 
(") Tlie  simple  series  or  constant -current  system  ；  and 
(/；)  the  simple  parallel  or  constant-pressure  system. 

The  series  system,  employed  originally  with  series-wound 
constant-current  dynamos,  in  t'onnection  with  lighting  by 
means  of  arc  lamps,  preceded  tlie  parallel  system,  and,  even 
after  the  introduction  of  the  latter,  it  continued  to  be  used 
for  arc  lighting  for  many  years.  Although  now  practically 
obsolete  in  tins  country  as  a  system,  the  series  method,  of 
connection  is  commonly  and  necessarily  used  for  arc  lighting 
circuits,  these  circuits  being  connected  in  parallel  io  tlie 
mains  of  a  constant-pressure  system. 

Wliile  it  is  both  practicable  and  convenient  to  run  arc 
lamps  in  series,  it  has  hitherto  been  found  impracticable  to 
run  incandescent  lamps  in  this  way  for  ordinary  indoor  liglit- 
ing  purposes.  For  outdoor  lighting,  ingenious  devices  for 
runnintr  incaiulescent  lamps  in  series  have,  from  time  to  time, 
been  tlevised,  but  lliese  have  never  got,  beyond  tlie  experi- 
mental stage. 

Kor  interior  wiring,  the  distribution  system  is  now  practi- 
cal I  y  universal  in  lliis  count rv.  In  the  simplest  form  of  "lis 
svsteni  a  small  installation  would  have  one  distribution  box, 
contuiiiin^  a  pair  of  fuses  for  each  lamp.  The  box  would  be 
supplied  with  current  through  a  pair  of  main  cables,  and 
from  each  pair  of  fuses  conductors  would  be  led  to  the  indi- 
vidual lamps,  switches  being  connected  in,  say,  the  positives 
or  leads.  Such  a  simple  system  is  shown  in  Fig.  1.  This 
method  of  running  a  pair  of  conductors  from  a  distribution 
box  to  each  individual  light  is  very  rarely  used.  On  motor 
installations  in  factories  and  workshops,  this  method  is  un- 
doubtedly the  best,  as  it  facilitates  testing  ；  it  also  causes  the 
least  possible  derangement  in  the  event  of  any  motor  being 
overloaded  or  faulty.  For  large  installations,  several  sxich 
distribution  boxes  would  be  used,  each  box  being  fed  through 
a  pair  of  cables  or  feeders  from  a  main  switchboard  or  distri- 
bution box,  as  shown  in  Fig.  2. 

A  large  lighting  installation,  on  tlie  distribution  system, 
may  be  considered  as  a  number  of  self-contained  smaller  in- 
stallations fed  from  a  common  source.  The  installation  is 
divided  up  into  a  convenient  number  of  sections,  these 
sections,  in  some  cases,  being  determined  by  the  number  of 
lights  which  it  is  considered  desirable  should  be  dependent 
upon  one  pair  of  mains  or  controlled  by  one  pair  of  fuses  ； 
in  other  cases,  the  character  of  the  premises  to  be  lighted 
largely  determines  the  method  of  sub-division.  Thus,  in 
factories  or  business  establishments  which  are  depart- 
menialised,  each  principal  department  might  conveniently 
form  one  unit  or  distributing  group  ；  in  public  buildings  each 
floor,  or  each  wing  of  each  floor,  might  be  the  most  suitable 
unit  in  the  distributing  system,  and  so  on. 

In  very  large  installations,  such  as  in  large  blocks  of 
offices,  public  institutions,  including  asylums,  infirmaries,  &c.， 
a  sub-division  scheme  is  necessary.  This  is  the  distribution 
system  carried  a  stage  further,  and  the  general  features  would 
be  somewhat  on  the  following  lines.  A  main  switchboard 
would  be  located  in  a  power  house,  or,  if  supplied  from 
public  mains,  in  a  position  convenient  for  distribution,  say, 
in  the  administrative  block  of  the  buildings.  From  this 
central  point  feeders  would  be  run  to  main  distribution  boxes 
located  in  the  various  blocks  of  buildings,  or,  if  the  builcli  i^rs 
comprise  only  one  block,  the  various  floors.  From  some,  or 
each,  of  these  main  distribution  boxes,  distributing  mains  (、r 
distributers  would  be  run  to  sub-distribution  boxes,  from 
which  circuit  mains  might  be  run  to  smaller  sub-boxes.  ，？ ！.。 ni 
the  final  sub-distribution  boxes,  branches  are  run  to  tlie 
various  groups  of  lamps.  In  planning  an  installation  it  will 
often  be  found  that  the  best  plan  is  to  work  back  from  the 
lighting  outlets  to  the  main  switchboard,  rather  than  f'ro!" 
the  main  switchboard  to  the  lights.  This  may  at  first  sight 
seem  to  be  an  incorrect  method,  but  in  the  long  run  it  may 
save  time.  In  working  forward  from  the  switchboard  there 
is  a  tendency  to  fix  the  positions  of  distribution  boxes  in  what 
might  be  called  the  geographical  centres  of  the  distributing 
areas  ；  but  these  centres  are  not  always  the  centres  of  gravity 
― if  such  an  expression  may  be  used ― of  the  outlets.  Having 
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decided  uj)on  the  groups  of  lights  to  be  controlled  by  the  Hub- 
(•ircuit  fuses,  and  indicated  tliem  on  tlie  plan,  either  by 
nuinbers  or  by  a  line  drawn  round  the  lighting  |)t*ints,  it  will 
not  be  a  difficult  matter  to  fix  on  nuit;ihk  posit" 川 s  for  tlie 
•sub- (list  rihut  inn  f>oxes. 

Just  as  500  watts  may  form  a  safe  or  convenient  limit  for 
the  sub-circuits,  so  also  tlie  principal  circuits  may  with  advan- 
tage be  limited  to,  say,  5,000  watts,  corresponding  to  50 
amperes  at  100  volts,  or  25  amperes  at  200  volts.  This  [>i  a<  t  i 
cally  fixes  the  number  of  fuse-ways  in  the  sub-distribution 
boxes  at  about  10  or  12.  The  main  distribution  boxes  should 
not,  as  a  rule,  control  so  many  circuits  as  are  controlled  by 
the  smaller  boxes,  and  six  inain  circuits  from  one  box  will 
generally  be  found  to  be  as  many  as  are  convenient  or  desir- 
able. This,  assuming  the  average  watts  per  circuit,  to  be 
5,000,  would  give  us  approximately  50  and  100  amperes 
respectively  as  the  cui rent  in  our  distributors,  aixl  assuming 
that  each  main  dist  l  ihution  l)ox  controlled  .six  circuits. 

11  will  be  understood  that  these  figures  are  only  given  by 
way  of  example  to  show  the  lines  of  procedure  in  working  out 
a  general  scheme  of  practically  any  magnitude.  I  <i  a  smaller 
scheme,  what  we  liave  called  a  distribution  box  would  really 
be  the  main  distribution  box  or  switchboard,  and  in  the 
smallest  installation  one  sub-distribution  box,  as  we  have 
called  it,  would  probably  be  the  only  unit.  From  this  it  will 
be  seen  that  each  distributing  unit  forms  a  self-contained  in- 
stallation, and  tlie  largest  installation  consists  simply  of  a 
number  of  snail  installations  linked  up  to  a  central  (list ri- 
bul  ion  ])oini . 


Fig.  1.— Simple  Use  of  Distribution*  Box. 

Although  the  foregoing  description  is  intended  to  apply  to 
an  electric  lighting  installation,  the  principles  set  forth  are 
equally  applicable  to  an  installation  of  electric  motors  ；  but  in 
a  motor  installation,  the  question  of  the  grouping  of  outlets 
does  not  generally  arise,  because,  except  for  very  small  motors, 
it  is  customary  and  advisable  to  run  a  separate  circuit  from 
the  distributing  box  to  each  motor. 

In  branching  one  conductor  from  another  some  kind  of 
joint  is  necessary.  For  many  years  tlie  usual  method  of  joint- 
ing was  to  twist  together,  or  splice,  the  conductors,  having 
first  thoroughly  cleaned  them,  and,  having  spliced  them,  to 
solder  or  sweat  them  together,  in  order  to  ensure  perfect 
electrical  continuity.  Unless  carried  out  by  a  competent  man 
this  union  is  not  always  sound,  and  trouble  ensues.  Unless 
perfect  continuity  be  maintained,  heating  of  the  joint  occurs, 
and  a  risk  of  fire  is  introduced.  Or  the  joint  may  deteriorate 
to  such  an  extent  as  to  interrupt  the  current.  Owing  to  the 
unreliability  of  untrained  wiremen,  the  difficulty  of  effective 
supervision,  and  the  temptation  to  scamp  jointing  work  in 
places  difficult  of  access,  jointing  of  conductors  is  now  always 
reduced  to  a  miniiiiuni,  and  the  looping  or  "  looping-in  " 
method,  as  it  is  sometimes  called,  is  verv  commonly  used.  In 
the  looping  method  of  wirine.  instead  of  making  a  joint,  the 
wire  or  conductor  from  which  a  tapping  would  otherwise  be 
taken  is  supposed  to  be  bent  into  the  form  of  a  loop  and  looped 
around  a  terminal  in  the  fitting,  switch,  or  ceiling  rosette,  to 
which  the  branch  would  in  the  ordinary  wav  be  taken. 

In  order  to  make  clear  the  difference  between  the  old- 
fashioned  jointing  method  and  the  looping  method,  a  simple 
case  wired  on  the  two  methods  is  shown  in  Figs.  3  and  4.  In 
Fig.  3  it  will  be  seen  that  when  a  branch  is  taken  off  to  a  lamp 
outlet,  a  joint  is  made  to  each  of  the  "  feeds/'  and  the  pair  of 
branch  conductors  are  led  down  to  tlie  lamp  (L)  and  switch 
(S)  respectively.  In  one  case  two  lamps  are  controlled  by  one 
switch,  when,  as  will  be  seen,  joints  are  taken  from  the  branch 
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wires  to  one  of  tlie  lamps.  In  Fig.  4，  which  represents  a  pre- 
cisely similar  circuit,  there  are  no  joints  ；  but  the  feeds  are 
carried  down  to  the  first  lamp  fitting  and  switch,  looped 
around  the  terminals,  and  then  carried  forward  to  the  next 
fitting,  and  so  on  to  the  end  of  the  circuit. 

The  latter  method  obviously  takes  considerably  more  wire 
than  is  required  in  the  old-fashioned  jointing  method.  The 
di (Terence  in  the  quantities  is  not  so  great  in  straight  rows  of 
li^lits  (such  as  might  occur  in  a  factory)  as  in  irregular  wiring, 
such  as  in  domestic  lighting,  where  one  or  two  lighting  outlets 
are  fixal  on  the  ceilings  or  walls  in  each  room,  controlled  hy 
wall  switches,  some  of  which  may  be  of  the  two-way  pattern. 
The  extra  cost  of  wires  is,  no  doubt,  counterbalanced  to  some 
extent  by  the  saving  in  the  cost  of  labour  due  to  the  absence 
of  jointing,  and  the  danger  of  faulty  joints  is  minimised.  But 
the  looping  method,  as  actually  practised,  is  only  looping  in 
name.  The  conductors  are  not  looped  around  the  terminals 
without  a  jpreak,  as  was,  no  doubt,  the  original  intention,  but 
they  are  cut  at  each  point  of  connection,  so  that,  instead  of 
one,  we  have  two  conductors  under  the  screw-heads  or  pinched 
up  in  the  pillar  terminals  of  fittings,  switches,  ceiling  rosettes, 
and  lampholders.  Instead,  therefore,  of  the  uncertain 
soldered  joint,  we  now  depend  upon  the  uncertain  connection 
of  two  conductors  held  together  by  a  pinching  screw  or  under 
a  screw-head. 

Wlien  only  one  or  two  lights  are  wired  on  a  circuit,  there  is, 
perhaps,  no  very  great  objection  to  the  looping  method  ；  but 
looping  is  frequently  carried  to  excess,  causing  unnecessary 
expense,  complication,  and  risk.  To  take  tlie  very  simple 
case  shown  in  Figs.  3  and  4,  it  will  be  seen  that  on  the  old- 
i'nshioned  method  (Fig.  3)  the  current  to  the  last  lamp  does 
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Fig.  2.— Modern  Method  of  DisTmnuTiox. 

not  depend  upon  any  joint,  as  the  wires  are  not  cut  where  the 
In'anches  are  tapped  off,  nor  upon  the  contact  of  two  wires  in 
one  screw  terminal.  On  the  more  up-to-date  looping  method, 
shown  in  Fig.  4,  the  current  to  the  last  lamp  passes  througli 
no  less  than  six  looping  contacts,  and  on  a  larger  circuit  the 
number  of  such  connections  may  be  considerably  more  than 
this. 

From  the  foregoing,  it  is  clear  that,  while  the  looping 
method  eliminates  the  defective  joints  of  the  unskilled  wire- 
man,  it  introduces  a  greater  number  of  joints  in  the  shape  of 
mechanical  connections,  which  are  not  always  of  an  irre- 
proachable character. 

The  means  taken  to  protect  cables  depends  upon  the  use 
to  which  they  are  put,  the  situations  in  which  they  are  run, 
and  the  pressure  of  the  circuit.  According  to  the  regula- 
tions which  apply  to  factories  and  workshops,  conductors  must 
be  so  protected  or  placed  as  to  prevent  danger.  This  means 
that  where  they  are  placed  high  up  in  'a  factory  so  as  to  be 
put  out  of  reach,  they  may  be  supported  on  insulators,  and 
in  places  subject  to  steam  or  other  moisture  this  method  of 
running  has  its  advantages.  Cables,  liowever,  cannot  always 
be  kept  out  of  reach  ；  they  must  be  run  down  walls  or  columns 
to  switches  and  distribution  boxes,  and  in  such  positions  they 
must  be  mechanically  protected.  Apart  from  any  "metallic 
sheathing,  such  as  of  lead,  copper,  or  iron,  two  methods  of 
protecting  the  conductors  are  available,  viz.,  metal  tubing  and 
wooden  moulding. 

The  use  of  wooden  moulding  is  necessarily  limited  to  low 
pressure,  that  is  to  say,  pressures  not  exceeding  240  volts  nor- 
mally, and  to  dry  situations.  Wooden  moulding  may  be 
used  in  dry  places,  where  not  buried  in  plaster  or  cement, 
nor  exposed  to  moisture,  nor  exposed  to  the  drip  from  water 
pipes.    It  is，  of  course 7  inadvisable  to  use  wooden  moulding 


in  any  position  where  water  may  drip  on  it,  such  as  under 
roofs,  water-tanks,  pavement  lights,  and  the  like,  unless  pro- 
tected from  drip  in  some  way.  For  low  pressures,  and  in  dry 
situations,  wooden  moulding  has  done  very  good  service,  and 
even  in  damp  places  it  has  been  extensively  and  successfully 
used  when  treated  inside  and  out  with  a  good  coating  of  water- 
proof paint  or  varnish.  Hundreds  of  sea-going  ships  have 
been  wired  in  wooden  moulding,  which  is  regularly  painted 
and  becomes  practically  water-tight,  and  wires  are  taken  out 
of  such  casings,  after  many  years  of  service,  in  practically  as 
good  condition  as  they  were  when  originally  installed.  The 
chief  objection  of  wooden  moulding,  apart  from  its  hygroscopic 
or  moisture-absorbing  properties,  is  its  combustible  nature. 
It  is  not  fireproof,  and  if  there  is  a  bad  place  in  the  wiring, 
due,  say,  to  mechanical  injury  in  handling  it,  or  to  a  badly 
insulated  or  badly  made  joint,  there  is  always  the  risk  of  the 
insulation  breaking  clown,  or  the  joint  overheating,  or  part- 
ing, and  so  introducing  a  fire  risk,  more  particularly  on  the 
lii^h  voltages  now  prevalent. 

For  moist,  steamy,  and  wet  places,  good  lead-covered 
cables,  properly  installed,  are  hard  to  beat  for  durability  and 
absence  of  leakage  troubles.  But  it  is  no  use  going  to  the 
expense  of  lead  covering  and  assuming  that  that  is  the  end 
of  it,  and  that  it  does  not  matter  how  the  cables  are  erected 
and  protected.  Lead  is  a  soft  metal,  and  is  not  self-support- 
ing, so  that,  unless  adequately  supported  throughout  its 
length,  it  will,  sooner  or  later,  give  trouble.  To  cleat  lead- 
covered  cables  up  to  a  dead  wall,  or  to  suspend  them  from 
insulators  just  as  one  would  support  unsheathed  cables,  is 
simply  a  waste  of  good  material,  and  is  about  as  sensible  as  it 
would  be  to  run  rubber-covered  wires  in  a  baker's  oven.  Lead 
has  the  very  useful  property  of  forming  insoluble  compounds 
with  certain  acids  and  a  thin  coating  of  these  forms  a  protec- 
tive covering  and  renders  the  lead  sheathing  impervious  to 
further  chemical  action.  Tannic  acid  is,  however,  not  one  of 
these  acids,  and  lead  in  its  presence  is  readily  attacked,  and  so 
is  unsuitable  for  use  in  tanneries  or  for  running  underground 
near  tree  roots,  unless  specially  protected.  Acetic  acid  is 
another  acid  which  has  an  affinity  for  lead,  hence  lead-covered 
cables  should  not  be  used  indiscriminately  in  breweries  and 
vinegar  works. 

In  any  position  in  which  there  are  acids  or  vapours  which 
may  have  a  deleterious  effect,  lead-covered  cables  should  not 
be  used  unless  served  with  a  stout  protective  layer  of  com- 
pounded tape.  Lime  in  a  dry  state  appears  to  have  little  or 
no  effect  on  lead,  but  moist  lime,  on  the  contrary,  attacks  it 
slowly.  Hence,  while  lead-covered  cables  may  be  run  along 
dry  brickwork  with  comparative  safety,  if  run  along  a  damp 
brick  wall  it  will  be  found,  before  very  long,  that  the  lead  is 
pitted  or  corroded  wherever  it  touches  a  mortar  joiut，  and,  as 
soon  as  leakage  commences,  the  lead  will  be  rapidly  eaten 
away.  Apart  from  chemical  action,  lead  suffers  from  the  fact 
that,  unlike  most  other  metals,  it  is  inelastic,  and,  instead  of 
expanding  and  contracting  with  changing  temperatures,  it 
11  creeps."  By  this  is  meant  that  in  contracting  lead  does  not 
always  return  to  its  original  shape,  but  stretches  and  leaves 
some  portions  of  the  sheathing  thinner  than  before,  and 
repeated  expansion  and  contraction  may  cause  actual  parti- 
tion. 

Let  us  make  this  clearer  by  assuming  a  concrete  example. 
Take  the  case  of  a  lead-covered  cable  laid  vertically  down  a 
wall,  and  fixed  by  means  of  cleats  at  the  top  and  bottom  of 
the  run.  On  a  rise  of  temperature,  the  cable  expands ― that 
is  to  say,  it  elongates.  Naturally,  it  will  expand  in  the  down- 
ward direction.  On  the  temperature  falling,  the  cable  con- 
tracts; but  as  the  lead  has  not  the  mechanical  strength  to 
pull  itself  up  agaiu  to  its  original  position,  it  contracts  down- 
wards, which  results  iu  the  upper  portion  stretching.  The 
amount  of  stretch  depends,  of  course,  upon  the  difference  of 
temperature  to  which  the  cable  is  subjected  ；  hut,  as  there  is  a 
daily  difference  of  temperature,  there  is  a  continual  creeping 
downward,  and  it  is  only  a  question  of  tiipe  for  the  lead  to 
become  useless. 

If  we  take  the  case  of  lead  conductors  supported  horizon- 
tally by  means  of  insulators  or  cleats,  we  get  the  same  kind  of 
action.  On  expansion,  the  cable  sags  between  the  supports, 
and  on  contracting  it  stretches  at  the  supports  and  creeps 
down  towards  the  middle  of  the  loop.  The  only  means  of  pre- 
venting this  action  is  to  support  the  cable  continuously 
throughout  its  length,  either  by  enclosing  it  in  a  wooden 
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moulding  or  by  laying  it  on  a  wood  batten,  or  by  drawing  it 
into  an  iron  pipe,  a  method  I  am  not  favourably  disposed  lo 
for  inside  work.  Vertical  lead-covered  cables  are  not  so 
easily  dealt  with,  as,  even  if  enclosed  in  a  wood  casing,  t  lie 
action  goes  on  unless  the  lead  is  attached  to  the  casing  at 
frequent  intervals,  by  means  of  ears  or  lugs  soldered  to  the 
sheath  iu  the  same  manner  as  is  adopted  for  fixing  lead  water- 
pipes  to  walls.  It  will  be  understood  t  lial  the  action  referred 
to  is  dependent  upon  tlie  variations  in  temperature  to  which 
the  cable  is  subjected  and  to  tlie  distance  between  the  sup- 
ports, the  worst  conditions  being  probably  those  wliich  obtain 
in  a  pit  shaft.' 

Tlie  foregoing  remarks  on  the  behaviour  of  lead  apply  both 
to  rubber  and  to  paper  insulated  cables,  and  in  both  cases  the 
action  is  materially  lessened  by  an  iron  or  steel  armouring 
over  the  lead.  When  lead-covered,  steel-armoured  cable  is 
used,  there  should  be  a  waterproof  separator  between  the  lead 
and  the  iron  for  the  purpose  of  preventing  electrolytic  adi(m 
between  the  two  metals.  For  the  same  reason,  plain  lead- 
co\ t'lecl  cables  must  not  be  laid  on  or  in  contact  with  iron. 

For  ordinary  factory  wiring  and  for  public  buildings  and 
institutes,  screwed  barrel,  or  conduit,  as  it  is  now  generally 
called,  is  very  largely  used,  and,  when  well  done,  is  a  sound 
engineering  job  which  is  hard  to  beat.  Conduit  is  not  always 
of  the  screwed  type,  a  large  amount  of  wiring  being  done, 
where  cost  is  a  prime  consideration,  in  what  is  commonly 
knowu  as  slip-socket  conduit.  This  is  practically  identical  in 
construction  with  bedstead  tubing,  and  is  made  from  steel 
strip  bent  into  the  form  of  a  tube,  the  edges  being  brought 
close  together,  but  not  metallically  joined.  As  this  type  of 
tubing  cannot  be  screwed  for  sockets  and  fittings,  it  is  not  pos- 
sible to  make  a  sound  metallic  and  mechanical  connection 
between  the  various  lengths,  and  it  is  n«t  uncommon  to  find 
that,  after  a  time,  the  joints  part  company,  and  the  pipe  is  in 
place  supported  by  the  conductors  instead  of  supporting 
them.  Even  when  the  work  is  put  up  in  the  best  way,  there 
is  not  that  metallic  continuity  necessary  for  efficient  eartlunu 
which  screwed  tubing  gives.  Owing  to  the  open  character  of 
tlie  seams  and  connections,  this  kind  of  tubing  is  quite  unsuit- 
able for  damp  situations  and  burying  in  plaster  walls  or  in 
any  placs  where  moisture  is  present. 

The  question  of  using  a  screwed  barrel,  or  conduit,  system 
in  moisture-laden  atmospheres  is  one  that  has  often  been  dis- 
cussed, and  opinions  vary  with  individual  experience.  While 
some  people  have  found  the  system  quite  successful,  the 
experience  of  others  has  been  most  unsatisfactory.  Few 
places  are  more  difficult  to  wire  satisfactorily  than  certain 
portions  of  paper  mills,  and  an  early  experience  of  tlie 
author's  with  screwed  gas  piping  (screwed  conduit  was  then  not 
a  marketable  commodity)  was  such  as  to  make  him  very  reluc- 
tant to  repeat  it.  The  pipes  very  soon  became  water-logged, 
<*nul  electrical  leakage  and  short  circuits  soon  followed  as  a 
matter  of  course.  For  work  of  this  character,  open  work  on 
insulators  is  preferable,  at  anyrate  for  the  overhead  hori 
zontal  runs.  The  vertical  runs  down  to  switch  positions  might 
be  run  in  conduit,  sealed  at  the  top  with  compound  and  left 
open  at  the  bottom  to  permit  of  condensed  vapour  draining 
away  should  any  form  in  tlie  pipes.  A  disadvantage  of  a 
mixed  system  of  this  kind  is  that  we  have  a  number  of  isolated 
pieces  of  metal  pipe,  any  of  which  may  become  alive,  as  it  is 
practically  impossible  to  earth  them  short  of  running  an 
earthing  conductor  all  round  the  installation. 

A  water-tight  piping  system  is  sometimes  advocated  for 
the  kind  of  works  we  are  now  considering  ；  but,  electrically 
speaking,  there  is  no  such  thing.  Think  for  a  moment  what 
it  means.  It  means  that  not  only  all  joints  must  be  water- 
tight, but  that  the  end  of  every  pipe,  inlet  to  a  switch,  to  a 
ceiliug  rosette  box,  and  all  pipes  leading  into  or  from  a  distri- 
buting box  must  be  hermetically  sealed  at  the  ends.  And, 
supposing  this  to  be  even  within  the  bounds  of  practicability, 
it  has  to  be  made  sure  that  no  moisture  is  imprisoned  in  tlie 
system,  and  means  must  be  taken  to  prevent  the  ingress  of 
moisture  if  at  any  time  a  pipe  joint  has  to  be  broken  for  auv 
purpose. 

In  a  fairly  extensive  experience  with  screwed  piping  instal- 
lations in  factories  of  the  so-called  fireproof  type ~ tliat  is  to 
say,  in  buildings  constructed  wliullv  of  brickwork  and 
masonry,  or  of  ferro-concrete,  in  which  there  is  a  considerable 
amount  of  sweating  and  surface  condeusatiou ― the  writer  has 
never  had  any  trouble  due  to  condensation  in  the  pipes.  This 


he  attributes  largely,  if  not  entirely,  to  tiie  iact  LiiaL  lie 
always  insists  on  a  clear  space  of,  say,  half  an  inclt  being  left 
between  the  pipes  and  the  walls  or  ceilings  to  which  they  are 
attached. 

A  piping  installatioii  should  be  metallically  coutiuuous 
from  main  switchboard  or  supply  terminals  to  the  last  lamp 
or  motor  on  the  system,  so  that  if  the  switcliboard  or  】uaiii 
service  fuses  are  earthed  the  whole  system  is  earthed.  Men 
who  are  accustomed  to  make  joints  in  water  and  steam  pipes 
consider  that  no  joint  is  perfect  whicli  is  not  well  packed  with 
a  red  or  white  lead  mixture.  But  this  is  a  poor  sort  of  joint, 
from  the  point  of  view  of  electrical  continuity,  and  it  is  pre- 
ferable to  paint  the  screw  threads  with  an  aluininiuni  paint 
which  is  free  from  oil,  and  to  make  the  couplings  while  the 
paint  is  wet.  The  paiut  should  be  applied  to  all  that  portion 
of  the  end  of  tlie  j)ipe  from  which  the  enamel  has  been 
removed  iu  order  to  prevent  subsequent  rusting. 

The  method  of  grounding  as  fre(|uently  carried  out  is  quit** 
inadequate.  So  long  as  a  metal  earthing  clip  is  clamped 
around  a  pipe,  and  a  copper  wire  of  any  size  is  run  from  it 
to  a  water  pipe,  around  whicli  it  is  twisted,  it  is  loo  often 
assumed  that  all  requireinenis  have  been  met.  Oft^n  oin* 
sees  an  enamelled  iron  clip  cla 川 peel  on  to  an  enamelled  con- 
duit, or  a  brass  clip  many  sizes  too  large  touching  the  pi|><*  at 
the  two  diametrically  opposite  points  ；  or  it  may  be  a  few 
turns  of  bare  copper  wire  lapped  round  the  pipe  to  wliich 
there  has  been  a  very  ineffectual  attempt  to  solder  it,  the  uet 
result  being  to  practically  insulate  it  therefrom  with  resin. 
For  earthing,  as  for  pipe  connection,  aluininiuni  paint  forms 
an  excellent  medium.  After  filing  a  clean  place  on  the  conduit, 
the  place  may  be  painted  with  the  aluminium  mixture  and  a 
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substantial  earthing  grip  attached  to  the  prepared  place.  The 
same  method  may  be  applied  to  the  waterpipe  whicli  forms 
the  "earth."  Earthing  grips  are  now  made  whicli  are 
serrated  on  the  inside,  and,  when  gripped  up  tight,  the  teeth 
bite  into  the  iron,  and  make  a  very  good  contact.  Even  with 
these,  a  touch  of  aluminium  paint  before  and  after  fixing  will 
not  be  a  disadvantage. 

Not  only  must  the  pipe  work  be  electrically  continuous, 
but  all  metal  work ― whether  switch-boxes,  distribution  boxes, 
motors,  starters,  and  every  piece  of  metal  in  which  con- 
ductors are  enclosed ― must  be  considered  as  a  part  of  the 
piping  system,  so  that  when  the  main  switch  or  fuseboard  is 
earthed,  all  these  parts  are  earthed  also.  Manufacturers  of 
such  apparatus  have,  with  a  few  exceptions,  never  fully 
appreciated  these  requirements  ；  or,  if  they  have,  they  have 
not  turned  out  apparatus  which  permits  of  proper  compliance 
therewith.  Thus  we  have  small  ironclad  switches  aud  fuses 
with  two  smooth  inlets  and  outlets  for  the  cables,  instead  of 
one  tapped  boss  top  and  bottom  to  receive  a  screwed  pipe. 
When  only  one  hole  is  provided,  it  is  iu  rare  cases  that  suffi- 
cient room  is  provided  to  permit  of  leading  the  cables  into  the 
terminals  without  dangerous  cramping.  In  some  designs, 
even  by  the  most  reputable  firms,  the  iron  cases  are  split 
across  the  cable  inlets,  wliich  are  provided  with  porcelain 
insulators  to  pass  the  cables  through.  This  involves  stopping 
off  the  pipes  on  each  side  of  such  boxes,  bushing  the  ends, 
attaching  earthing  clips  to  them,  and  connecting  these  to  the 
boxes  by  wires  in  any  couvenient  way,  wliich  is  generally  by 
twisting  them  under  the  heads  of  the  fixing  screws.  It  is  a 
tinker's  job  wlien  all  is  clone.  Again,  motor  makers  turn  out 
motors  intended  for  400-volt  circuits  without  terminal  boxes. 
In  some  cases  they  adopt  the  hateful  American  practice  of 
leaving  tailpieces  sticking  out  witli  brass  sweating  sockets  on 
the  euds.  How  iu  this  world  they  expect  a  wireuiau  to  con- 
nect his  cables  up  to  these,  and  at  the  same  time  maintain 
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metallic  continuity  between  the  pipework  and  the  motor  case, 
is  known  only  to  themselves. 

Lighting  distribution  boxes  are  made  both  in  hard  wood 
and  cast  iron,  both  tyj>es  being  used  on  piping  installations. 
When  wood  boxes  are  used,  means  must  be  taken  to  preserve 
continuity  of  the  piping  system .  This  can  be  done  by  fixing 
iron  plates  top  and  bottom,  drilled  to  receive  the  inlet  and 
outlet  pipes,  and  bonded  together  by  means  of  a  copper  t;i pc 
For  domestic  purposes  the  wood  box  has  its  advantages,  as 
there  is  less  risk  of  the  uninitiated  receiving  a  shock  in  re- 
placing a  fuse  than  is  the  case  with  an  iron  box.  It  is 
comnion  manufacturing  ]»rad  ice  to  ('("uiect  the  fuses  directly 
to  the  bus- bars  in  the  distribution  box,  a  practice  whicli  in- 
volves connecting  the  circuit  switches  on  Hie  lamjj  side  of  tlie 
fuses,  which,  therefore,  cannot  be  made  dead  without  making 
the  box  dead.  It  is  very  desirable,  therefore,  to  iiave  fuses 
which  can  be  safely  handled  when  replacing  a  live  bar. 


Fig.  1. 


Wolf's  Feed-water  Heater. 


Double-pole  switches  are  now  generally  of  the  knife 
pattern,  and  there  is  a  difference  of  opinion  as  to  the  desir- 
ability of  passing  the  current  through  the  hinges.  When  this 
is  done  it  is  important  to  connect  the  live  ends  of  the  cable 
to  the  clip  contacts  and  not  to  the  hinges,  so  that  the  knife 
blades  are  dead  when  the  switch  is  in  the  "off"  position  ； 
otherwise,  besides  the  risk  of  touching  the  live  blades  when 
in  the  "off"  position,  there  is  the  risk  of  their  "shorting" 
on  to  the  lid  of  the  box. 

Touching  on  main  switchboards,  one  might  point  out  that 
in  those  open  designs  which  have  back  connections  there  must 
be  a  clear  space  of  three  feet  between  any  live  connections 
and  the  wall  at  the  back,  and  this  may  involve  taking  up 
useful  space.  For  low  pressures  a  skeleton  type  of  board  may 
be  used,  in  wliich  all  connections  are  accessible  from  the  front, 
and  these,  if  well  made，  make  a  very  nice  looking  piece  of 
apparatus.  For  factory  work,  however,  a  complete  ironclad 
type  of  board,  while  perhaps  not  quite  so  ornamental  as  a 
white  marble  board  with  highly  polished  and  lacquered  fit- 
tings, makes  a  more  engineering  looking  job. 


Overwinding  Accident  at  a  Colliery. ―  An  alarming  accident 
occurred  on  Monday  last  at  Bersham  Colliery,  near  Wrexluim. 
The  winding  gear,  it  appears,  went  wrong,  and  the  cage 
crashed  into  the  pithead,  two  men  having  narrow  escapes. 
The  engine  house  was  wrecked,  and  a  large  number  of  men 
will  as  a  consequence  be  thrown  out  of  work . 

South  Staffordshire  Iron  and  Steel  Institute. —一  At  a  meeting  of 
the  South  Staffordshire  Iron  and  Steel  Institute,  at  Dudley, 
on  Saturday  last,  Mr.  R.  A.  Brown  read  a  paper  on  "  The 
Re- Solution  of  Carbon  in  Solid  Cast  Iron."  In  introducing  his 
subject,  he  said  that  in  gray  pig-iron  the  greater  part  of  the 
carbon  existed  in  the  form  of  graphite,  which  was  an 
extremely  infusible  substance.  When  the  iron  was  re-melted 
this  carbon  was  dissolved  at  some  temperature  below  the  melt- 
ing point  of  the  cast  iron  as  a  whole,  and  evidently,  therefore, 
graphite  must  be  soluble  in  solid  cast  iron.  It  might  possibly 
exist  in  solution  as  elemental  carbon  at  this  high  temperature, 
though  it  was  generally  believed  to  be  present  in  the  form  of 
carbide  of  iron,  dissolved  in  the  iron.  The  object  of  his  re- 
searches had  been  to  determine  the  extent  to  which  graphite 
was  soluble  with  solid  cast  irons  and  the  influences  wliich 
governed  this  solubility.  It  was  hoped,  if  possible,  to  co- 
relate  density  changes  with  the  expansions  recorded  by  Keep, 
Turner,  and  other  observers. 


WOLF'S  FEED-WATER  HEATER. 

Tiik  accompanying  illustrations  show  a  design  of  waste- 
gas  feed -water  heater  with  straight  water  pipes  opening 
on  both  sides  into  annular  chambers,  in  which  the 
gas  is  supplied  through  openings  in  the  inner  casing  of 
the  heater  and  discharged  through  openings  in  the 
outer  casing,  the  invention  of  R.  Wolf,  Magdebu rg- 
Buckau,  Germany.  The  working  of  such  a  waste-gas 
feed-water  heater  depends  chiefly  on  the  permanent  cleanli- 
ness of  the  heating  surfaces  in  contact  with  the  water  as  well 
as  of  those  in  contact  with  the  heating  gas,  and  on  the  exist- 
ence of  a  sufficient  velocity  of  the  heating  gas.  These  require- 
ments are  complied  with  in  the  construction  under  notice 
partly  by  arranging  two  partitions  diametrically  opposite 
each  other  in  the  casings,  at  least  one  of  the  partitions  bein^ 
adjustable,  and  by  providing  separately  adjustable 
passages,  next  to  the  partitions,  in  the  two  casings 
of  the  feed-water  heater,  so  that  there  are  pro- 
duced two  feed-water  halves  independent  of  each 
other,  one  of  which  can  be  cleaned,  without  inter- 
rupting the  working,  either  on  the  side  in  contact 
with  the  water  or  on  that  in  contact  with  the  heat- 
ing gases,  and  the  two  halves  can  be  connected 
either  in  parallel  or  in  series  for  the  purpose  of 
ensuring  the  most  favourable  velocity  of  the  heat- 
ing gas  at  the  time.  When  connecting  in  series  in 
the  case  of  a  small  load ,  the  transmission  of  lieat 
is  considerably  increased,  whilst  in  the  case  of  a 
high  load  the  two  halves  are  connected  in  parallel 
for  the  purpose  of  obtaining  a  greater  quantity  of 
heating  gas.  The  different  connection  of  the  two 
heater  halves  is  effected  by  means  of  flaps  or 
slides. 

Fig.  1  shows  tlie  apparatus  in  cross- 
section,  the  two  feed-water  heater  halves 
being  connected  in  parallel.  Fig.  2  is  a 
partial  longitudinal  section.  Fig.  3  shows  diagrammatically 
the  connection  in  series  of  the  two  heater  halves,  whilst  Fig.  4 
shows  one  heating  surface  of  the  heater  inoperative,  for  the 
purpose  of  cleaning.  The  heater  is  connected  direct  to 
the  boiler  or  its  super-heating  casing  A,  and  the  straight 
tubes  receiving  water  and  in  contact  with  the  heating  gases, 
are  arranged  on  the  same  side  as  the  heating  gas  inlet 
branches  B  and  inserted  at  both  ends  into  annular  water 
chambers  K  which,  for  the  purpose  of  facilitating  tlie  clean- 
ing of  the  heater  tubes  from  dirt  and  scale,  are  provided  with 
annular  covers  D  after  the  removal  of  which  all  the  tubes  can 
be  cleaned  by  cleaning  tools  throughout  the  whole  of  their 
length.  The  annular  space  filled  by  the  tubes  R  between  the 
outer  casing  E  and  the  inner  casing  F  of  the  heater,  is  divided 
into  two  halves  by  two  removable  plates  M  and  T  arranged 
diametrically  opposite  each  other.    The  inner  casing  F  is  pro- 
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vided  with  passage  openings  0，  one  in  each  quarter  of  a 
circle,  these  openings  being  closed  by  Haps  S  pivoted.  Hv 
means  of  these  flaps  the  two  heater  halves  can  be  connected 
in  parallel  as  shown  in  Figs.  1  and  2，  or  in  series  as  shown  in 
Fig.  3.  In  the  latter  case  one  separating  plate  M  is  with- 
drawn. "With  this  arrangement,  each  heater  half  can  be  com- 
pletely switched  out,  as  shown  in  Fig.  4  for  the  purpose  of 
thorough  cleaning.  In  order  to  enable  one  heater  half  to  be 
cleaned  without  interrupting  the  working  of  the  outer  lialf, 
the  annular  covers  D  (Fig.  2),  whicli  enable  the  heating  sur- 
face in  contact  with  water  to  be  uncovered,  are  divided.  More- 
over, the  outei'  casing  £  is  divided  aud  removable. 
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THE  WORLD'S  OUTPUT  OF  ELECTRIC  STEEL. 

Thk  world's  production  of  steel  ingots  aud  castings  by  the 
electric  process  is  reported  by  the  Comifce  des  Forges  de 
France  as  having  amounted  to  126,476  tons  in  1911,  as  com- 
pared with  120,116  tons  in  HJK)  and  47,039  tons  in  1909. 
Kershaw  estimates  the  output  in  1908  ab  about  30,000  tons. 
Tl"、  French  Association  prints  a  table  jpving  tlie  annual 
uuli>ut-  by  Germany  ainl  I .uxcnihui  t  lie  U  nitecl  States, 
Austria  and  Hungary,  and  France  from  1909  to  1911  inclu- 
sive. This  table,  however,  is  not  complete,  as  the  prcxlud  ioii 
of  electric  steel  by  Sweden  in  the  three  years  is  not  included. 
Nor  does  the  association  include  the  output  of  electric  steel 
by  Italy,  Great  Britain,  Norway,  and  Switzerland,  all  lour 
oi'  wliich  mad©  steel  by  this  process  in  recent  years.  In 
addition,  Sj)ain,  Belgium,  Russia,  Mexico,  and  Japan  are 
reported  to  have  been  looking  into  the  merits  of  the  electric 
process  for  making  steel,  and  some  of  these  countries  may  have 
also  produced  small  quantities  of  olcctric  steel  in  1911  and 
j)(M-lia])s  iu  some  earlier  years. 

Italy  has  made  steel  by  the  electric  process  regularly  since 
1903.  In  1911  there  were  four  electric  furnaces  in  operation 
in  that  country,  as  compared  with  two  furnaces  in  1910  and 
five  furnaces  in  1909.  At  least  small  quantities  of  steel  by 
the  electric  process  were,  therefore,  made  in  all  three  years. 
No  figures  for  any  year  seem  to  l)e  available,  howevci  . 

Great  Britain  also  niade  considerable  quajii  itics  of  vlvri  l  ie 
steel  in  J91 1,  and,  perhaps,  in  some  earlier  years.  A  2-ton 
UtM'oult  furnace  lias  been  in  operation  for  some  i i 1 1 n ■  at 
Braintree  making  steel  castings  for  automobiles.  Electric 
furnaces  an'  also  being  operated  at  Sheffield  by  Verdon  Cutts 
ami  lloult,  the  Edgar  Allen  Compauy,  John  Brown  and 
Co.,  William  Jessop  &  Sons,  Vickers,  Sons,  &  Maxim,  and 
Thomas  Firth  &  Sons.  While  the  furnaces  operated  by  these 
companies  are  all  of  small  capacity,  their  product  being 
chiefly  steel  of  a  special  character  for  tools,  &c.，  their  united 
output,  would  probably  amount  to  several  thousand  tons 
annually.  At  Carlin  How  in  Yorkshire  a  15-ton  Heroult  fur- 
nace is  being  built,  which  will,  it  is  said,  manufacture  steel 
for  rails  aiul  will  considerably  increase  the  annual  output  of 
electric  steel.  The  Stobi©  Steel  Company,  Sheffield,  is  now 
erecting  a  plant  there,  which  is  being  equipped  with  five 
electric  steel  furnaces ― two  15 -ton,  two  5-ton,  and  one 
::'-('\vt.,  tlio  latter  to  be  used  as  an  alloy  mcliing  furnace.  Smn。 
of  the  electric  furnaces  in  Great  Britain  use  molten  metal 
from  oj)en  licartli  furnaces,  while  others  make  steel  from  cold 
scrap.  Statistics  of  the  production  of  Bessemer  and  open- 
liearth  steel  ingots  and  castings  only  are  annually  collected  in 
the  United  Kingdom,  the  manufacturers  declining  to  report) 
to  the  British  Iron  Trade  Association  their  annual  output  of 
crucible  and  electric  steel  ingots  and  castings. 

In  Sweden  in  1911  there  were  13  electric  furnaces  in 
operation,  as  compared  witli  12  in  1910，  and  11  in  1909.  The 
production  of  these  furnaces  in  1909，  1910,  and  1911  will  be 
found  in  the  table  given  below. 

Norway  has  made  steel  by  the  electric  process  since  early 
i"  1910,  a  5-ton  furnace  having  been  put  in  operation  at 
Jossingf  jord  in  the  spring  of  that  year.  It  is  reported  that 
a  30-ton  furnace  is  now  being  added. 

Germany  first  reported  the  manufacture  of  electric  steel 
in  1908,  in  which  year  the  output  was  19,536  metric  tons. 
As  shown  by  the  table,  the  production  of  steel  by  the  electric 
process  in  Germany  in  1911  amounted  to  almost  one-half  of 
the  total  output  reported  for  the  world.  The  number  of 
furnaces  that  made  electric  steel  in  Germany  in  1911  was  15， 
as  compared  with  13  in  1910  and  eight,  in  both  1909  and 
1908. 

France  has  also  reported  the  manufacture  of  electric 
sUu、l  since  1908,  in  which  year  the  quantity  was  2,686  metric 
tons.  For  1911  the  number  of  active  electric  furnaces  is  not 
available,  but  in  1910  there  were  21  furnaces  in  operation, 
a— ust  12  in  1909  and  seven  in  1908.  In  the  first  six 
months  of  1912  France  made  7,920  tons. 

Austria  first  reported  the  manufacture  of  electric  steel 
in  1908，  when  4,333  metric  tons  were  made.  In  1909  the 
output  was  9,048  tons  ；  in  1910  it  was  19,672  tons,  and  in 
1911，  21,606  tons.  Hungary  appeared  as  a  maker  of  elect  rir 
steel  for  the  first  time  in  1910，  when  356  metric  tons  were 
reported.    In  1911  the  output  was  1,261  tons.    The  number 


of  electric  furnaces  active  in  Austria  and  Hungary  in  。"•、'• 
years  is  not  available.  A  2,000-kg.  electric  furnace  is  now 
being  installed  at  the  Konigliche  Ungarische  Staatseisen- 
werke,  at  Diosgyor,  Hungary. 

Switzerland  has  also  been  manufacturing  steel  by  the 
electric  process  for  some  time.  It  has  one  furnace  of  about 
two  tons  capacity. 

In  the  \)  nited  States  steel  by  the  electric  prw'  ss  was  f i  rst 
produced  in  】908，  the  output  amounting  to  t on.-,  inarlc 
by  one  plant.  There  is  likely  to  be  a  considerable  increase  in 
product  ion  in  the  near  future,  althou^li  in  t  li rst  If  oi 
1912  the  output  is  reported  by  the  Aincriran  I  ron  a 1 1 H  、卜 • 
J nstitute  at  only  6,882  tons,  a  surprisingly  small  total.  At 
the  present  time  14  plants  in  the  United  States  ar«,  <'(imj 屮'" I 
with  electric  furnaces.  In  addition  five  plants  are  now 
installing  electric  furnaces  or  have  placed  contracts  for  their 
installation.  The  number  of  works  that  made  electric  steel 
in  1911  was  nine,  against  seven  in  1910,  four  in  1909,  ami 
one  in  1908. 

Tlie  table  which  the  Comite  des  Forges  de  France  lias 
compiled  is  given  below.  The  output  of  electric  steel  in 
Sweden  for  the  three  years  has  been  added.  Gross  tons  are 
used  for  the  United  States  and  metric  tons  for  all  foreign 
countries. 

190 
Ton 

Germany  and  Luxemburg    17,77 

Austria-Hungary    9,04 

United  States    13,76 

France    6,51 

Sweden    59 

Total    47,689      122,233  128,510 

With  the  exception  of  the  United  States,  all  the  countries 
named  in  the  table  show  an  encouraging  growth  in  the  three 
years.  In  this  country  the  output  in  1911  fell  off  from  that 
of  1910  by  over  44  per  cent.  Germany,  on  the  other  hand, 
shows  an  increase  of  24,466  tons,  or  over  67  per  cent. 

Of  the  total  production  of  electric  steel  in  the  United 
States  in  191 1  about  27,227  tons  were  ingots  and  about 
1,878  tons  castings.  Almost  all  such  steel  made  in  this 
country  is  taken  to  the  electric  furnaces  in  a  molten  condi- 
tion from  Bessemer  converters,  open-hearth  furnaces  or 
crucible  furnaces.  On  the  Continent,  however,  and  to  sonic 
extent  in  Great  Britain,  cold  metal  is  usually  cliarged  in  the 
furnaces  and  melted  by  electricity.  Of  the  29,105  tons  of 
electric  steel  made  in  the  United  States  in  1911  over  6,700 
tons  were  alloy  steel.  In  the  same  year  462  tons  of  rails  were 
rolled  from  electric  steel. ― "  The  Iron  Age." 


CALORIFIC  VALUE  OF  LIQUID  FUELS. 

In  the  course  of  a  paper  on  the  chemical  examination  of  f uel-s 
recently  delivered  at  the  University  of  Liverpool,  Mr.  Patter- 
son furnished  the  following  interesting  table  giving  t  lit' 
calorific  values  of  various  liquid  fuels,  as  determined  bv  the 
Mahler  bomb  calorimeter  : — 


Description. 

Specific 
Gravity 

Carb. 

Hyd. 

Suli>h. 

B.T  U. 

1 

Oil    usod  at    trial  of  torju-do- 

destroyer   

0  921 

8528 

1 1  m 

0  55 

2 

Pet roleum  product  (a  little  ttwr 

£2  per  ton)   

0  888 

86*20 

12  57 

0  31 

1S.I7.-. 

：\ 

Ordiiuirv    t-nulc    }H'troleu  m  as 

used  for  Diesel  engines  

0  !)23 

0  45 

17,!»2! 

" Light  fuel  oil"  

8558 

10  81 

0  43 

18,205 

**  Admiralty  fut'l  oil  "  

o  <»2S 

s,'  \n 

115") 

0  34 

" RDsiduum  ，，   

Sli  44 

1  1  :、:： 

18,117 

•'  Black  oil"  

0  02S 

S(i  44 

11  S3 

0  51 

I7.1».V.» 

S 

RcHiuhI  oil    (sjH'tially  adaptril 

for  Diesel  cinriucs)  

0  !M»4 

sr>  nr» 

12  1.*) 

0  37 

IT,"!»" 

Crude  Koumaniaii   

«»  C 

0  20 

IT.sti:; 

10 

Ditto   

o  s;t(» 

8377 

\-2  MS 

o  2«.t 

Solar  oil  (Texas)  

(»  S(i2 

o!T 

Is.ilU 

Sfotch  shale  oil   

0  s.v> 

Sli  Ki 

12  ：57 

l、.lM、 

1:{ 

Ditto  

sr»-:r) 

12  44 

02?) 

is.:": 

14 

Ditto  (works  will   with  Ditsrl 

engines)   

0S(i7 

033 

I7.!»:iu 

1:> 

A  cowl  tar  oil   

0<».-)S 

80*  I C 

",'.-> 

0*30 

1 

1<; 

A    uas  oil  (givrs   t  rou  blr  wit  h 

Diosoi  oiigiiu's)  

iMMiT 

S7I»2 

17 

A  gas  oil   

729 

,>、:） 

15,077 

S  o 


4  7  5  o  4 

6  8  1  8  o 


S  §  1，  o，  1，  4，  4 


9  s  3  8  2 


236 


THE   MECHANICAL  ENGINEER. 


February  28, 


DEVELOPMENTS  IN  THE  PREPARATION  OF  IRON  ORES. 

BY  .).  \V.  H,  HAMILTON. 

[Concluded  from  page  214. j 
A  lthough  ferro-titaniura  and  titanium  steel  are  used  釅 
large  quantities,  the  titaniferous  iron  ores  are  not  yet  con- 
sidered a  commercial  product.  Various  attempts  have  been 
jnade  to  improve  the  titaniferous  ores  by  magnetic  separation, 
but  it  has  been  found  impossible  to  make  a  high  grade  con- 
centrate without  losing  too  much  iron  in  the  tailing.  If  the 
titanic  acid  does  not  exceed  3  per  cent.,  the  ore  can  be 
smelted  in  the  blastfurnace  without  any  trouble,  but  if  the 
titanic  acid  is  higher,  the  slag  gets  sticky  and  difficult  to 
handle,  unless  special  precaution  is  taken  in  preparnig  the 
hurdon.  Experiments  have  been  made  by  Rossi,  who  has 
(itMnoiistrated  that  under  certain  conditions  ores  of  liigher 
titanic  content  can  be  successfully  smelted  ；  but  no  such  ores 
are  at  present  worked  on  a  large  scale.  As  there  are  large 
titaniferous  ore  deposits  containing  over  50  per  cent,  of 
ii:etallic  imi'，  tliere  is  uo  reason  why  these  ores  should  not 
be  utilised  by  Jnixing  them  with  other  ores  and  iliereby 
bringing  tlie  titanic  acid  in  the  mixture  witliiu  such 
limits  as  are  not  objectionable  for  the  blastfurnace. 
A  great  many  of  these  ores  can  be  mined  cheaply  and 
can  be  cobbed  at  a  small  cost  by  magnetic  machines. 
The  iron  content  in  the  cobbed  product  would  be  sufficiently 
high  to  make  the  ore  desirable  for  mixing  with 
other  ores  free  from  titanium.  If  a  company  oper- 
ating on  a  large  scale  systematically  mixed  a  certain 
portion  of  titaniferous  ores  with  all  ores  shipped,  it  would; 
in  many  cases,  be  in  a  position  to  utilise  without  any  detri- 
1'it'nt  to  the  furnace  operation  as  large  a  proportion  as  25  per 
cent,  of  the  titaniferous  ores  now  considered  undesirable. 

Some  hard  hematites  are  mixed  with  magnetites.  Such 
ores  generally  are  crushed  and  sized  and  first  treated  on 
magnetic  separators.  The  tailing  from  these  machines  is 
concentrated  on  jigs.  If  the  ore  contains  only  hematite  it 
ia  hydraulically- concentrated.  The  recovery  on  jigs  is  not  so 
high  as  on  the  magnetic  separators.  In  the  former  it  is 
considered  good  work  if  the  iron  content  in  the  tailing  does 
not  exceed  12  per  cent.  ；  in  the  latter  it  is  often  brought 
below  5  per  cent.  Jigging  plants  for  hematite  have  been 
<M"fM'te{l  recently  at  Batliurst,  New  Brunswick,  and  Annapolis, 
Nova  Scotia,  and  several  plants  are  in  operation  at  the 
Swedish  mines. 

The  sandy  and  clayey  ores  are  treated  principally  by 
washing  or  a  combination  of  washing  and  jigging.  Log 
washing  is  an  ancient  art,  and  there  has  been  little  develop- 
ment in  the  process,  apart  from  the  introduction  of  shaking 
tables  for  treating  the  fines.  The  improvements  that  have  been 
made  lately  pertain  principally  to  mechanical  features  in 
the  construction  of  the  machinery  and  the  mills.  The  wash- 
uii;  jilant  of  the  Oliver  Iron  Mining  Company  at  Coleraine, 
on  the  western  Mesabi  range,  is  a  notable  example  of  modern 
mill  construction.  An  interesting  feature  of  this  plant  is 
that,  although  it  has  been  built  on  level  ground,  the  ore  is 
never  raised  by  either  elevator  or  inclined  belt  conveyer. 
The  ore  trains  are  run  over  a  high  trestle  into  the  top  storey 
of  the  plant  and  the  ore  is  discharged  from  bottom-dump 
c:\rs  into  receiving  bins  that  are  sufficiently  high  to  allow  the 
material  to  drop  by  gravity  from  one  machine  to  the 
other  all  through  the  plant,  until  it  is  finally  dis- 
charged into  the  shipping  bins.  The  concentrate  from  the 
tables,  which  is  delivered  to  the  bins  by  means  of  Frenier 
spiral  pumps,  is  the  only  ore  that  has  to  be  raised  to  the 
bins  by  mechanical  means.  The  plant  is  built  in  five  units, 
and  provision  has  been  made  for  extension.  Its  capacity  has 
never  been  definitely  ascertained.  Over  20,000  tons  have 
been  washed  in  a  day  without  loading  the  machinery  up  to 
capacity.  Aside  from  the  men  employed  at  the  picking  belts, 
very  little  labour  is  required .  As  the  ore  is  not  crushed  and, 
therefore,  contains  pieces  too  large  for  jigging,  the  over-size, 
after  thorough  washing  in  the  revolving  screens,  is  fed  to 
w  ido,  slow-moving  belts,  where  the  rock  is  picked  out  by 

I'a ]xji*  presented  at  the  Pittsburg  meeting  of  the  American  Ivou  and  Steel 
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hand.  What  goes  through  the  screens  is  washed  in  log 
washers  built  entirely  of  iron  and  steel.  The  fines  are  treated 
on  Overstrom  tables. 

In  connection  with  these  plants  it  might  be  well  to 
mention  that  in  mill  construction  in  general  the  improve- 
ments that  have  been  made  during  the  last  few  years  are 
extensive.  The  crushing  machinery  has  been  much  improved 
and  the  cost  of  crushing  has  been  reduced  by  about  one-half. 
Elevators,  which  used  to  give  daily  troubles  to  mill  men,  are 
built  now  so  that  they  can  run  for  years  with  little  attention. 
Transmissions  and  milling  machinery  in  general  are  built 
stronger  and  provision  is  made  for  heavy  overloads. 

Although  wet  processes  have  been  almost  universally 
employed  for  the  concentration  of  hematites,  dry  methods 
have  also  been  used.  A  treatment  of  that  kind  has  been 
developed  by  E.  F.  Goltra,  and  a  plant  utilising  it  has  been 
built  at  Waucon,  Wis.  The  principal  features  are  the  heating 
t rfjinmeling  of  tlie  ore  in  a  cylinder  similar  to  a  rotary 
drier,  and  the  removal  of  the  gangue  aud  clayey  dust  by  a 
si  i  ong  air  blast,  created  by  a  ])owerful  suction  fan  counected 
t-o  the  charging  end  of  the  kiln.  The  air  current  and  coni- 
buytion  gases  and  the  material  travel  in  opposite  directious. 
It  is  loo  early  to  give  any  results  from  this  ]>rocess,  but  it 
has  merits  and  will  probably  give  satisfaction  on  certain 
kinds  of  ores. 

Many  magnetite  ores  carry  apatite  iu  the  gaugue.  Such  is 
the  case  with  the  Old  Bed  ores  at  Mineville,  also  with  many 
of  the  Swedish  ores.  At  Mineville  most  of  the  phosphorus 
is  eliminated  by  magnetic  separation,  and  the  tailing,  which 
contains,  besides  the  apatite,  several  more  or  less  weakly 
magnetic  minerals,  is  cleaned  on  strongly  magnetic  Wetherill 
separators.  Part  of  the  apatite  concentrate,  coutaiuiug  over 
40  per  cent,  bone  phosphate,  is  sold  to  fertiliser  works,  but 
as  only  the  high  grade  apatites  are  suitable  for  treatment 
by'  the  acid  method,  the  market  for  low  grade  product  is 
limited.  To  utilise,  also,  the  low  grade  material,  Dr.  W. 
Palmer  has  developed  an  electrolytic  process  by  which  it  can 
be  converted  into  a  high  grade  fertiliser.  A  plant  on  a  com- 
mercial scale  is  now  in  operation  at  Troll hattau,  Sweden, 
and  in  this  plant  some  of  the  phosphorus  magnetites  from  the 
mines  in  Lapland  have  been  successfully  treated.  It  is 
possible  to  treat  either  the  tailings  from  separating  plants  or 
the  crude  ore.  At  the  Kiruua  mines  in  northern  Sweden, 
there  are  enormous  deposits  of  magnetites  contaiuing  about 
5G  per  cent,  iron  with  a  gangue  composed  almost  exclusively 
of  apatite.  When  this  ore  is  treated  by  the  Palmer  process, 
the  iron  content  is  raised  to  71  per  cent,  and  the  phosphorus 
is  lowered  to  0*03  per  cent. 

In  the  United  States  hard  ores  are  roasted  only  wheu  they 
are  high  in  sulphur,  but  the  practice  in  Sweden  is  to  roast 
nearly  all  lump  ores.  As  charcoal  is  used  there  almost 
exclusively  for  making,  pig  iron,  it  is  necessary  to  economise 
this  expensive  fuel,  and  for  that  reason  the  ores  are  roasted 
not  only  to  eliminate  sulphur,  but  also  to  oxidise  them  and 
make  them  more  porous.  When  some  of  the  hard  ores  are 
crushed  they  produce  so  much  fines  that  the  roasting  becomes 
difficult  in  ordinary  furnaces.  At  the  Oxford  furnace  iu 
New  Jersey,  to  avoid  this  trouble,  the  ores  used  are  screened 
and  the  fines  are  roasted  separately  in  Wedge  rabble  furnaces. 

Few  of  the  fine-grained  soft  ores  are  suitable  for  smelting 
i.i  their  crude  form.  Still,  they  are  used  in  large  quantities, 
and  a  comparatively  small  proportion  is  transformed  into  a 
suitable  lump  form.  Increasing  interest  has  recently  been 
shown  in  the  processes  for  treating  these  ores  preliminary  to 
smelting.  The  good  results  obtained  at  the  furnaces  that  are 
now  operating  with  the  improved  ore  are  so  obvious  that  it 
will  be  an  inducement  for  those  who  are  troubled  with  fines 
to  transform  at  least  part  of  them  into  suitable  lump  form. 
The  most  common  methods  of  treating  the  fines  are  nodulis- 
ing,  briquetting,  and  siuleriug. 

The  nodulising  process  was  first  used  on  a  large  scale  for 
desulphurising  and  agglomeratiug  pyrites  residues  at  the 
plant  of  the  Eastern  Nodulising  Company,  Hackensack 
Meadows,  N.J.  It  is  now  used  ou  nearly  every  kind  of  ore. 
Tlie  product  of  nodulsing  kilns  is  a  good  blastfurnace 
material,  but  the  nodules  are  more  glazed  and  not  so  porous 
as  the  products  from  some  of  the  other  processes.     The  Peuu- 
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sylvania  Steel  Company,  at  its  Lebanon,  Pa.,  plant,  is 
nodulising  magnetic  concentraies  from  the  Cornwall  ore. 
Several  plants  have  been  built  for  the  nodulising  of  flue  dust, 
for  instance  that  at  Hubbard,  ().，  and  the  plant  of  the 
Illinois  Steel  Company,  South  Chicago.  A  plant  for  treating 
siderites  high  in  sulphur  lias  been  built  at  the  Magpie  mine, 
Michipicoleii,  Ont.  Here  the  carbon  dioxide  as  well  as  the 
sulphur  is  driven  off.  The  largest  nodulising  plants  are 
those  treating  Cuban  brown  ores  in  the  province  of  Oriente, 
Cuba.  The  Mayari  and  Moa  ores  contain  as  much  as  14  p。r 
cent,  chemically-combined'  and  25  per  cent,  hy^r(jscoj)i('  water. 
By  the  nodulising  of  the  ores  they  are  reduced  nearly  40  per 
cent,  in  weight.  Some  of  these  ores  are  now  being  treated  in 
Greenawalt  sintering  plants,  built  by  the  Pennsylvania  Steel 
Company,  at  Sparrows  Point,  Md.，  and  Steelton,  Pa. 

To  reduce  .freight  charges  some  ores  are  dried  in  rotary 
kilns.  Plants  for  this  purpose  have  been  built  at  the 
Ilollister  mine,  Crystal  Falls,  Mich.,  and  at  the  Brunt  mine 
and  Mountain  Iron  on  the  Mesabi  range.  The  moisture 
content  of  the  hard  ores  is  negligible,  but  the  soft  ores  can 
absorb  as  much  as  25  per  cent,  of  water.  After  the  ore  has 
been  dried  some  moisture  may  be  reabsorbed  (luring  trans- 
portation, but  the  amount  is  small,  considering  that  from 
the  time  the  ore  is  shipped  until  it  reaches  its  destination 
the  rainfall  seldom  exceeds  a  fraction  of  an  inch. 

The  first  successful  briquetting  system  for  iron  ores  was 
developed  by  Dr.  Grondal,  who  worked  principally  with  fine- 
grained magnetic  concentrate.  This  material  is  particularly 
well  adapted  for  briquetting.  The  principal  features  of  pro- 
perly made  Grondal  briquettes  are  that  they  have  no  arti- 
ficial binder  and  can  be  subjected  to  heat  without  disintegra- 
tion : they  are  not  vitrified,  but  are  very  porous  and  easily 
penetrable  by  the  reducing  gases  ；  they  are  strong  and  can  be 
handled  without  going  into  fines  ；  they  are  nearly  free  from 
sulphur  even  if  the  sulphur  content  in  the  crude  ore  is  as  high 
as  2  to  3  per  cent.  ；  they  are  highly  oxidised  and  the  magne- 
tite is  transformed  into  hematite;  they  are  easily  reducible  in 
the  furnace  and  require  comparatively  little  fuel. 

Fine  ores  of  nearly  all  kinds  are  now  briquetted.  Over 
500,000  tons  of  briquettes  are  yearly  produced  from  mag- 
netic concentrate  in  Sweden  and  Norway.  Large  quantities 
of  limonites  are  briquetted  in  Spain,  and  pyrites  residues  in 
England  and  the  United  States.  During  the  past  year  a 
four-kiln  plant  has  been  in  operation  in  Mayville,  Wis., 
briquetting  Mayville  ore.  The  briquettes  are  used  at  the 
furnaces  of  the  North-western  Iron  Company,  where  the  ad- 
vantages gained  by  briquetting  fine  ores  have  been  well 
demonstrated.  Only  part  of  the  ore  is  briquetted,  and  about 
30  per  cent,  of  the  burden  is  made  up  of  briquettes.  The 
advantages  gained  are  many.  The  amount  of  flue  dust  has 
been  greatly  reduced,  resulting  in  a  higher  efficiency  and  a 
longer  life  of  the  stoves  ；  the  hanging  and  slipping  have  been 
eliminated,  whereby  good  control  of  the  furnace  has  been 
obtained,  and  a  uniform  product  is  produced  ；  the  life  of  the 
lining  is  much  prolonged  ；  the  output  of  the  furnaces  has 
been  increased  without  corresponding  increase  in  labour  and 
the  grade  of  pig  iron  has  been  improved. 

The  application  of  blast  roasting  to  the  sintering  of  fines 
and  flue  dust  is  the  latest  development  in  the  preparation 
of  iron  ores.  The  Huntington-Heberlein  process,  which  is 
successfully  used  for  roasting  sulphides,  has  not  been  found 
so  effective  for  sintering  fines  as  the  two  down-draught  pro- 
cesses, both  of  which  are  now  employed  on  iron  ores.  The 
continuous  system  developed  by  Dwight-Lloyd  for  the  treat- 
ment of  copper  sulphides  and  flue  dust  is  now  successfully 
working  on  iron  ore  flue  dust.  Afc  the  plant  owned  by 
the  American  Ore  Reclamation  Company,  Birdsboro,  Pa., 
experiments  have  been  made  with  various  kinds  of  ores,  all 
of  which  have  been  sintered  successfully.  In  the  flue  dust 
there  is  often  enough  coke  to  sinter  it  without  the  addition 
of  any  other  fuel,  except  that  required  for  iguitioij.  If 
there  is  an  excess  of  coke  it  is  best,  in  order  to  get  the  full 
benefit  of  it,  to  mix  in  some  fine  ore  free  from  fuel.  The 
sinter  produced  makes  a  good  blastfurnace  material.  It  is 
porous  and  offers  a  large  surface  to  the  reducing  gases. 

The  Greenawalt  sintering  process  has  been  referred  to  in 
connection  、vith  the  Cuban  ores  that  are  sintered  by  the 
Pennsylvania  Steel  Company  at  its  Steelton  and  Sparrows 


Point  plants.  The  Greenawalt  system  is  intermittent.  The 
ore  is  mixed  with  fuel,  generally  in  the  form  of  crushed  coal 
or  coal  screenings,  and  is  char^orl  iit  large  shallow  pans  in 
which  tho  grate  bars  are  placed  from  1  Oi n .  to  1 2in.  from  ，  1"' 
top.  Tlie  charge  is  made  level  witli  the  top  of  the  pan  and 
an  igniter  carried  on  a  track  is  placed  over  it.  The  pan  is 
suspended  on  hollow  trunnions  coTinefted  to  an  exhaust  Ian, 
which  is  started  as  soon  as  the  oil  burner  in  the  igniter  is 
turned  on.  In  less  than  a  minute  the  reaction  has  spread 
all  over  the  surface.  The  igniter  can  then  be  reinoverl.  It 
takes  from  15  niiuutes  to  one  hour,  depeiuling  on  i  lu-  nat  hi  *• 
of  the  material,  to  complete  the  sintering  of  a  h;it<  li.  WIkmi 
the  reaction  has  reached  the  porous  bed,  which  is  a  layer 
of  inert  sintered  material  spread  on  top  of  the  grate  bars  for 
their  protection,  the  suction  fan  is  shut  down  and  the  \>ati 
is  tilted  to  allow  the  sintered  material  to  drop  out  on  a  grizzly 
or  directly  into  the  railway  cars.  The  pan  is  then  returned 
to  a  horizontal  position  and  is  ready  for  the  next  batch.  The 
capacity  of  the  pan  depends  much  on  the  nature  of  the 
material.  From  some  ores  as  much  as  100  tons  can  be  pro- 
duced in  24  hours  in  a  7ft.  by  12ft.  pan.  From  other  ores 
only  50  to  60  tons  can  be  produced. 

Some  interesting  features  have  been  noted  during  experi- 
ments with  this  process.  It  has  been  found  to  be  of  import- 
ance to  have  the  moisture  content  in  the  ore  within  certain 
limits  in  order  to  obtain  good  results.  Some  ores,  for  instance 
magnetic  concentrate,  require  about  7  per  cent,  of  moisture, 
whereas  others,  as  for  instance  pyrites  cinder,  sometimes 
require  over  20  per  cent.  Some  ores  can  be  sintered  in  about 
15  minutes  and  others  require  as  much  as  an  hour. 

The  desulj)liurisation  by  this  process  is  %very  good,  pro- 
vided that  the  fuel  is  not  U9ed  in  excess.  If  an  ore  is  high  in 
sulphur,  little  or  no  coal  should  be  added,  and  the  less  coal  is 
added  the  more  complete  is  the  desulpliurisation ,  provided 
that  the  ore  contains  enough  fuel  for  the  necessary  combus- 
tion. Experiments  have  been  made  with  a  magnetite  ore  con- 
taining H  per  cent,  of  sulphur  in  the  form  of  pyrrliotite. 
With  the  addition  of  only  2  per  cent,  of  coal,  a  good  sinter 
containing  005  per  cent,  sulphur  was  produced.  Other  ores 
in  which  the  sulphur  has  been  combined  with  calcium  and 
barium,  forming  gypsum  and  barium  sulphate,  combinations 
which  in  ordinary  roasting  furnaces  are  very  difficult  to 
break  up,  were  successfully  desulphurised.  To  obtain  good 
results  it  was  found  necessary  to  use  barely  enough  fuel  to 
agglomerate  the  charge  without  fusing  it  into  vitrified  masses 
that  would  be  impenetrable  to  the  gases.  If  an  insufficient 
amount  of  fuel  is  used,  the  sinter  becomes  soft  and,  to  a 
large  extent,  goes  into  fines.  If  an  excess  of  fuel  is  used,  the 
sinter  becomes  glazed  and,  in  spite  of  its  honeycombed 
nature,  loses  in  porosity.  It  is  not  possible  to  avoid  all 
vitrifying  and  still  make  the  sinter  strong  enough  for  trans- 
portation and  handling,  but  it  can  be  reduced  to  a  minimum 
if  the  fuel  is  correctly  proportioned.  A  noteworthy  feat ur*1 
found  during  these  experiments  is  the  remarkably  low  fuel 
consumption. 


Fatal   Steam   Pipe   Explosion   on   a   Steamer. ― <  h\  M'm'lav 

night  last  as  the  steamer  "  City  of  Liverpool  "  was  proceeding 
down  the  Manchester  Ship  Canal  between  Moore  and  Run- 
corn a  steam  pipe  burst  in  the  eugine-room,  one  man  being  so 
severely  scalded  that  he  subsequently  died. 

The  Fatal  Biplane  Accident  on  the  Thames. ― An  enquirv 
was  held  at  Gravesend  on  the  21st  inst .  into  the 
circumstances  of  the  death  of  L.  F.  MacDonaki，  the 
aeroplane  pilot,  who  fell  with  his  mechanic  and  a  Vit  kers 
biplane  iuto  the  Thames  at  Joyce  Green,  near  Gravesend  on 
January  13.  Explaining  the  probable  cause  of  the  accident, 
Mr.  Archibald  Law,  chief  designer  in  the  aviation  department 
of  Messrs.  Vickers,  said  that  from  an  examination  of  t  he- 
wrecked  machine  on  its  recovery  from  the  river  three  weeks 
after  the  mishap,  lie  considered  that  owing  to  the  cold  weatlier 
the  oil  in  the  engine  had  become  frozen,  and  the  lack  of 
lubrication  acted  as  a  brake,  interfering  with  and  finallv 
stopping  the  engine.  It  was  only  run  for  two  minutes  prior  to 
the  flight,  whereas  it  was  necessary  to  nm  ten  minutes  to 
warm  the  oil  when  it  had  become  frozen.  The  same  fact  pro- 
bably accounted  for  the  aeroplane  flying  so  low  that  it  was 
unable  to  plane  as  far  as  the  shore  when  tlie  engine  stopped 
running.   A  verdict  of  accidentally  drowned  was  returned. 
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PACKING  DEVICES  FOR  ROTARY  ENGINES. 

Several  improvements  in  rotary  engines  and  pumps  have 
been  introduced  and  patented  by  Mr.  F.  A.  Parsons  and  Mr. 
J.  H.  Myers,  439,  Court  Street,  Binghamton,  New  York. 
Tlicsc  i-clate  mainly  to  tlie  parking  employed  for  the  purpose 
of  preventing  the  leakage  of  motive  fluid,  and  are  shown  in 
the  accompanying  cuts,  of  which  Fig.  1  is  a  central  vertical 
section  of  the  engine  with  the  packing  in  place;  Fig.  2  is  a 
section  on  the  line  X ― X  of  Fig.  1  ；  Fig.  3  is  an  inside  eleva- 
tion and  partial  section  of  one  of  the  end  plates  of  the  casing, 
and  Fig.  4  is  a  perspective  view  of  a  detail  showing  a  portion 
of  the  packing  ring,  the  wedge  block  behind  it,  and  the  screw 
and  spring  for  projecting  the  block. 

The  rotary  engine  comprises  a  casing  A  through  which 
passes  the  main  shaft  B  carrying  the  eccentric  piston  C，  the 
latter  having  oppositely  disposed  radial  pockets  or  recesses 
I)  in  each  of  which  is  mounted  a  series  of  sliding  blades  E 
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Fig.  3.  '    Fig.  4. 

Packing  Devices  for  Kotary  Engines. 

which  are  thrown  radially  outward  by  centrifugal  force  into 
steam-tight  engagement  with  the  inner  wall  of  the  piston 
chamber  F.  Cored  through  the  casing  and  opening  into  the 
top  of  the  piston  chamber  F  near  its  highest  point  where  the 
piston  C  contacts  with  it,  are  i>he  inlet  and  outlet  ports  G  H, 
whose  upper  ends  communicate  with  the  valve  chamber  J, 
within  which  is  located  a  double  valve  K  whose  position  is 
controlled  by  a  hand  lever  L  by  means  of  which  it  can  be  set 
to  run  the  engine  in  either  direction.  The  admission  of  steam 
to  this  chamber  is  controlled  by  a  valve  M  between  it  and 
the  steam  chest,  and  this  valve  in  turn  is  operated  by 
mechanism  connecting  it  with  the  main  shaft  B  and  with  a 
governor  thereon.  In  brief,  when  the  valve  K  is  set  as 
herein  shown,  steam  admitted  from  the  steam  chest  follows 
the  arrows  and  rotates  the  piston  in  the*  direction  shown,  and 
during  its  revolution  the  blades  E  are  thrown  outward  from 
the  axis  by  centrifugal  force. 

The  casing  has  a  recess  N  between  the  two  ports  G  and  H, 


and  within  this  recess  is  disposed  a  wear  block  O  whose  curved 
inner  face  is  forced  normally  inward  with  gentle  pressure  by 
means  of  a  wedge  P,  located  within  the  recess  behind  the 
block  and  somewhat  shorter  than  the  latter,  as  seen  in  Fig  2, 
the  inclined  or  bevelled  faces  of  these  members  being  in  con- 
tact. A  spring  bears  against  the  larger  end  of  the  wedge 
at  one  extremity,  and  a  set  screw  R  bears  against  the  other 
extremity  of  the  spring,  whereby  the  tension  of  the  latter 
may  be  increased  as  desired  ；  and  the  constant  expansion  of 
this  spring  pushes  the  wedge  slowly  inward  so  that  the  "'ear 
block  is  forced  gently  toward  the  axis  of  the  chamber  F  to 
take  up  for  wear  which  occurs  on  the  periphery  of  the  piston 
C  and  the  outer  edges  of  the  plates  E.  Some  provision  must 
necessarily  be  made  for  preventing  the  inflowing  steam  from 
leaking  past  the  piston  and  its  packing  into  the  outlet,  with- 
out pressing  into  and  around  within  the  piston  chamber  and 
performing  its  work,  and  the  packing  above  described  per- 
forms the  desired  I'mx-tion  for  the  peripheral  edge  of  the 
piston  itself .  Both  ends  of  the  piston  are  also  in  need  of 
packing  to  prevent  the  passage  of  steam  by  them  without 
doing  its  work,  and  as  the  arrangement  for  overcoming  leak- 
age at  these  points  is  the  same  at  one  end  of  the  piston  as  at 
the  other,  only  one  will  be  described.  Cut  into  the  inner  face 
of  each  end  wall  of  the  casing  A  at  about  four  points  equi- 
distant from  each  other  around  the  axis  of  the  piston 
chamber  F  are  radial  recesses  S，  all  four  of  the  set  or  series 
communicating  with  an  annular  channel  T  cut  into  tlie  face 
concentric  with  its  axis.  In  the  channel  is  disposed  a  pack- 
ing ring  U  and  in  each  recess  is  disposed  a  wedge  V,  the 
bevelled  or  inclined  faces  of  these  members  being  a (！ jaoent 
each  other,  as  seen  in  Fig.  2.  The  various  wedges,  like  tliat 
behind  the  wear  block  above  described,  are  borne  norinallv 
in  a  direction  to  increase  the  pressure  of  the  ring  U  upon  the 
end  of  the  piston,  by  means  of  springs,  while  set  screws  、V 
pass  radially  inward  through  the  casing  for  adjusting  these 
springs.  Thus,  it  will  be  seen  that  both  ends  of  the  piston 
(near  its  periphery  and  for  some  distance  inward  therefrom) 
are  protected  against  leakage  by  the  constant  inward  pres- 
sure of  the  rings  U.  The  spring-pressed  wedges  behind  these 
rings  are  constantly  setting  the  latter  further  inward  and  as 
the  ends  of  the  pistons  wear  away,  and  in  spite  of  all  this  if 
leakage  should  occur,  the  operator  may  set  up  the  screws  W 
from  time  to  time,  as  necessary.  The  inclination  of  the  bevel 
faces  on  those  parts  which  contact  with  each  other  is  made 
rather  slight,  first  because  the  less  the  inclination  the  great 。- 
the  ease  of  adjustment,  and  second  because  the  packing  mem- 
bers should  not  be  forced  outward  by  their  own  expansion 
nor  by  the  expansion  of  steam. 


THE  DESIGN  OF  AIR  COMPRESSORS. 

In  a  paper  on  this  subject  read  before  the  Northampton  Poly- 
technic Institute  Engineering  Societv.  on  February  21st,  Mr. 
D.  Gilbert  said  that  compressed  air  was  used  by  Smeaton  for 
tunnelling  work  late  in  the  eighteenth  century.  Since  then  it 
had  found  a  prominent  place  in  all  submarine  and  sub- 
terranean work,  and  comparatively  recently  for  the  transmis- 
sion of  power  and  iu  tlie  operation  of  pneumatic  tools.  The 
thermo  dynamics  of  air  compression  was  governed  bv  tlie  well- 
known  gas  equations,  and  tlie  ideal  cycle  of  operations  for  any 
compressor  was  the  reversed  Caruot  cycle.  The  object  before 
tlie  designer  of  an  air  compressor  was  to  obtain  the  maxinuun 
output  of  air  at  the  required  pressure  with  a  minimum  input 
of  energy.  Theoretically,  this  was  obtained  by  isothermal 
compression.  In  practice  this  was  impossible.  Theoretically, 
the  maximum  amount  of  work  expended  in  the  compression  of 
a  given  volume  of  air  took  place  when  tlie  compression  was 
adiabatic.  In  practice  this  was  also  impossible,  nor,  of  course, 
was  it  desirable.  The  actual  compression  was  neither  iso- 
thermal nor  adiabatic,  for  the  following  reasons :  It  was 
impossible  to  compress  air  without  raising  its  temperature, 
and  the  cooling  systems  in  vogue,  not  being  efficient,  all  tlie 
heat  generated  could  not  be  extracted.  But  the  cooling 
systems,  not  being  entirely  inefficient,  extracted  some  of  the 
heat.  The  compression  curve  would  therefore  be  represented 
hy  the  equation  p  v"  =  k，  wlicre  tlie  value  of  n  varied  between 
1  aud  1'408. 

The  effect  of  clearance  on  the  power  absorbed  bv  a  com- 
pressor was  of  very  little  consequence  if  there  was  uo  leakage, 
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for  the  energy  taken  up  in  compressing  the  air  into  the  clear 
ance  volume  was  given  up  to  the  piston  on  re-expansion.  But 
its  effect  on  the  volumetric  efficiency  of  the  compressor 
cylinder  was  very  important.  The  air  compressed  into  the 
clearance  volume  on  the  power  stroke  re-expanded  on  the  re- 
tirement of  the  piston,  and  until  ilie  pressure  inside  i\w 
cylinder  had  reached  that  of  tlie  external  supply  no  air  could 
be  drawn  into  the  cylinder,  and  thus  a  part  of  the  suction 
stroke  was  wasted.  The  wasted  part  of  the  stroke  obviously 
(IcixMulecl  u[)on  the  ina.^nitude  of  the  clearance  volume,  wind) 
must,  therefore  be  kept  as  low  as  was  consistent  with  safety 
in  prevention  of  knocking.  By  equalisation  valves  the  effect 
of  clearance  volume  on  volumetric  efficiency  was  reduced.  By 
this  means  the  high-pressure  air  in  the  clearance  volume  at 
the  end  of  delivery  was  allowed  to  flow  to  the  opposite  end  of 
the  cylinder  until  the  pressures  were  equal  on  both  sides  of 
the  pistons.  Re-expansion  consequently  started  nearer  tlie 
atmospheric  pressure  and  did  not  occupy  so  large  a  fraction  of 
the  suction  stroke.  But,  although  the  volumetric  efficiency 
was  thus  increased,  it  was  brought  about  at  the  expense  of 
power  used  in  compression,  and  for  tliis  reason  this  type  was 
not  often  adopted. 

The  compression  curve  nearest  to  the  isothermal  was 
obtained  in  the  early  compressors  when  compression  was 
effected  by  the  water  piston.  This  was  simply  a  column  of 
water  forced  to  rise  in  a  cylinder  containing  air,  thus  compres- 
sing 國 The  air  being  in  immediate  contact  with  the  water, 
gave  up  a  great  deal  of  its  heat  to  the  water.  But  with  the 
introduction  of  the  mechanical  piston  and  higher  speeds  i  lio 
water  pistons  went  out  of  use,  and  the  water  spray  was  sub- 
stituted. This  system  was  fairly  efficient,  but  its  accompany- 
ing disadvantages  caused  it  to  be  generally  dropped.  The 
almost  universal  system  of  cooling  was  now  by  water  jackets 
around  the  walls  and  covers  of  the  cylinders,  and  also  around 
the  valve  pockets.  But  this  system  was  extremely  inefficient, 
and  in  some  cases  only  produced  a  very  small  reduction  in 
temperature  of  the  air  delivered.  The  main  causes  of  this 
were:  (1)  Air  was  a  bad  conductor  of  heat.  (2)  The  cylinder 
walls,  &c.，  were  also  imperfect  heat  conductors.  (3)  The 
ratio  of  cooling  surface  to  heat  generated  was  not  constant 
throughout  the  stroke,  diminishing  as  the  stroke  increased. 

The  chief  reasons  for  multi-stage  compression  were : 
(1)  Prevention  of  liigh  temperature  delivery.  (2)  Better  volu- 
metric efficiency  obtained.  (3)  Economy  of  power.  The 
operation  of  a  2 -stage  compressor  was  as  follows  :  Air  at  atmo- 
spheric temperature  and  pressure  was  drawn  into  a  low-prrs- 
sure  cylinder  and  compressed  to  a  higher  pressure,  with  result- 
ing increase  in  temperature.  The  compression  tended  to 
approximate  to  an  adiabatic  one.  The  air  was  then  passed 
through  an  inter-cooler,  its  temperature  and  volume  being 
thereby  reduced.  This  new  volume  was  then  drawn  into  the 
high-pressure  cylinder,  where  it  was  further  compressed 
approximately  adiabatically.  Tlie  economy  was  effected  in  a 
negative  way.  It  was  brought  about  by  reducing  the  power 
wasted.  If  the  compression  had  taken  place  in  one  stage  the 
resulting  curve  would  have  been  a  continuous  one.  The  area 
between  this  curve  and  an  isothermal  plotted  to  the  same 
base  gave  the  amount  of  mechanical  work  wasted  by  conver- 
sion into  heat.  Breaking  the  compression  curve,  cooling  tlie 
air,  and  commencing  compression  again  with  a  reduced  volume 
caused  the  actual  compression  curve  to  have  two  distinct 
parts,  the  curve  showing  the  secoud  stage  compression  falling 
much  more  nearly  to  the  isothermal.  The  economy  was  given 
by  (area  contained  by  the  compression  line  if  completed  in 
one  stage)  一  (area  contained  by  actual  compression  line).  The 
economy  due  to  multi-stage  compression  increased  as  the  pres- 
sure ratio  increased. 


Visit  of  Automobile  Engineers  to  the  United  States. —- Arrange- 
ments have  been  made  for  a  joint  visit  of  the  Institution  of 
Automobile  Engineers  and  the  Society  of  Motor  Manu- 
facturers to  visit  the  United  States  this  spring.  The  party 
W|H  leave  London  on  May  17th,  and  proceed  to  New  York, 
Pittsburg,  Indianapolis,  Detroit,  Cleveland,  Buffalo,  Provi- 
dence, Bridgeport,  Newhaven,  and  Hartford.  Particulars  of 
the  trip  may  be  obtained  from  the  secretary  of  the  Institution 
of  Automobile  Engineers,  13，  Queen  Anne's  Gate,  S.W. 


WORM  GEAR  FOR  MOTORCARS. 

An  interesting  paper  on  "Worm  Gear"  was  recently  read 
by  Mr.  F.  W.  Lanchester  before  the  Institution  of  Automo- 
bile Engineers.  Power-transmitting  worm  gear  for  moior 
cars  required,  he  said,  to  comply  wit  li  t.w"  main  coiwlit  ion- 
(1)  it  must  give  an  efficiency  (roinparahl**,  if  not  ocjual  "r 
superior,  to  the  efficiency  of  the  alternative  tyjH*s  of  ^ear 
i.e.,  bevel  or  chain ；  and  (2)  it  must  be  of  approximately 
similar  weight  and  size  to  a  bevel  gear  of  equal  horst'-pmv'  r 
capacity.  It  was  unnecessary  to  mention  silence  as  a  third 
condition,  since  this  was  the  dim-tion  in  which  worm  gear 
was  notoriously  beyond  reproach,  while  on  the  score  of 
ciency  modern  worm  gear  was  well  able  to  hold  its  own . 
Lanchester  worm  gear,  tested  at  the  National  Physical 
Laboratory,  showed  efficiencies  varying  from  95  per  cent,  to 
97  per  cent.  On  the  score  of  weight  and  compactness  the 
Lanchester  worm  gear  did  not  compare  unfavourably  with 
bevel  gear,  and  the  size  and  weight  of  a  rear  axle  for  a  givf'u 
duty  was  approximately  the  same  for  both  types  of  gear. 
Apart  from  considerations  of  the  load  carried,  the  efficien*  y 
of  worm  gear  or  screw  gear  was  a  function  of  the  angle  made 
by  the  teeth.  Neglecting  journal  and  thrust  friction,  or  in 
eluding  such  bearing  friction  in  the  total  reckoning  of  toot  h 
friction,  the  best  efficiency  was  obtained  when  the  worm 
tooth  angle  was  45°  min us  half  the  effective  angle  of  friction. 
The  maximum  】oad  that  coulfl  be  transmitted  l>y  any  门- 
pair  depended  mainly  on  the  type  of  worm  or  screw  gear 
employed,  and  on  what  tooth  pressure  the  gear  would  stand 
withoul  expelling  the  lubricant  from  hct wf^n  tlx*  f n^;me(] 
surfaces.  In  some  cases  tlie  limit  was  not  the  oil  film,  hut 
rather  the  hardness  of  the  materials  of  which  worm  and 
wheel  were  constructed. 

The  main  factor  in  determining  the  size  of  the  worm 
gear  for  motor  vehicles  was,  he  said,  the  torque  on  the 
driving  axle.  Now  if  it  were  proposed  to  propel  any  ^iven 
vehicle  with  an  engine  of  specified  horse-power  that  pow'  r 
might  be  obtained  by  large  cylinders  and  slow  revolution 
speed,  or  smaller  cylinders  with  a  higher  revolution  spec' I  ； 
it  was  evident,  therefore,  that  a  ready  means  was  required 
to  compare  the  power  transmission  capacity  of  worm  gears 
of  given  centres,  under  conditions  of  constant  driven  torque 
and  variable-speed  reduction  ratio.  It  might  be  pointed  out 
that  in  certain  cases,  especially  where  noise  was  unimport 
ant,  a  gear  might  be  used  between  the  motor  and  worm 
shafts  in  place  of  the  direct  drive  in  order  to  accommodate 
a  worm  standard  that  might  otherwise  be  unsuitable.  The 
selection  of  a  suitable  gear  depended  on  four  factors ~ the 
weight  of  the  vehicle  and  the  diameter  of  the  driving  wheels 
on  the  one  hand,  and  the  centres  of  the  gears  and  the  torque 
curve  on  the  other.  It  was  thus  quite  a  simple  matter  to 
specify  the  proportions  of  the  worm  gear  required  for  any 
given  duty. 

In  the  design  of  different  types  of  gearing,  whether  worm 
or  spur  gear,  the  important  factors  differed  considerably 
according  to  the  type  of  gear  employed,  and  even  according 
to  the  ratios  required.  Thus,  in  spur  gearing  the  strength 
of  the  teeth  was  a  very  important  factor  ；  in  power-trans- 
mitting worm  gears  the  strength  of  the  teeth  need  rarely, 
if  ever,  be  considered,  for  designs  which  fulfilled  the  other 
necessary  conditions  were  usually  found  to  possess  ample 
strength.  Again,  in  spur  gearing  the  pitch  diameters,  or,  in 
the  case  of  involute  gears,  the  rolling  circles,  required  to  be 
selected  exactly  in  tlie  ratio  of  the  transmission,  and  no 
departure  was  permissible  ；  in  worm  or  screw  gear,  on  * 
other  hand,  no  such  rigid  condition  existed,  and  the  angle  of 
the  gear  teeth  might  be  selected  to  accommodate  any  diame- 
ters required.  For  given  gear  centres  the  gear  ratio  was  a 
function  of  two  variables ― namely,  the  size  ratio  of  the 
blanks  and  the  tooth  angle ― whereas  in  the  ordinary  spur 
gear  the  one  variable  alone  determined  the  gear  ratio. 

The  author  had  for  many  years  expressed  the  force  tran*- 
riiitted  by  the  teeth  as  a  pressure  per  square  inch  on  the  pro- 
jected area  of  the  worm  wlieel  teelh.  On  this  basis  worm 
gear  cut  according  to  his  system  would  carry  easily  one  ton 
per  square  inch,  and  was  good  for  an  overload  of  two  or 
three  times  that  amount ― in  fact,  a  load  of  two  tons  per 
square  inch  might  be  regarded  as  a  safe  】oad，  inasmuch  as 
the  gears  would  run  satisfactorily  with  such  a  load  for  au 
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indefinite  period.  Taking  a  car  and  passengers  weighing  two 
tons  gross  on  a  one  in  12  gradient,  there  was  roughly  a 
tractive  resistance  with  allowance  for  road  resistance  of  0*2 
of  a  ton,  which  represented  on  the  worm  teeth  0'8  tons  on  a 
projected  area  of  approximately  half  an  inch,  or  ton  t" 
the  inch.  The  gear  would  work  quite  satisfactorily  and  would 
sliow  no  signs  of  distress  under  these  con diiions. 

The  most  important  direction  in  whicli  it  was  desirable 
to  test  worm  gear  was  to  determine  its  efficiency  n  1 1 < I e r  vari- 
ous conditions  of  load  and  speed.  Where  the  effi('i('ii'  v  of 
any  piece  of  incchanism  was  high,  such  tests,  to  be  of  any 
real  service,  must  be  carried  out  with  a  very  high  degree  of 
accuracy.  It  might  be  said  that  unless  the  loss  of  power 
could  be  determined  to  within  about  5  per  cent. ,  the  method 
was  unsatisfactory.  Thus,  taking  96  per  cent,  as  a  good 
average  worm  gear  efficiency,  the  loss  of  power  was  4  per 
cent"  and  th©  determination  should  be  within  an  error  of 
one-fifth  of  1  per  cent.  This  was  the  degree  of  accuracy 
obtained  as  certified  by  the  Director  of  the  National  Physical 
Laboratory  by  the  new  D aimler-Lanchester  testing  machine. 
In  principle  the  new  machine  was  an  instrument  for  the 
direct  comparative  measurement  of  two  torques  acting  about 
axes  at  right  angles,  or  more  generally  about  axes  making 
any  angle  with  each  other,  but  unsuited  to  cases  where  the 
torque  axes  approached  the  parallel.  Many  facts  of  con- 
siderable importance  both  to  the'  designer  and  to  the  user 
had  been  elucidated  by  recent  test®  with  the  new  method. 
It  appeared  that  at  the  best  the  parallel  worm  could  scarcely 
reach  the  efficiencies  shown  to  be  regular  with  the  Lanchester 
gear  ；  at  the  worst  the  efficiency  of  the  parallel  gear  fell  3  or 
4  per  cent,  lower,  particularly  in  the  case  of  heavy  loads.  It 
would  appear  that  the  oil  film  began  to  break  down  in  the 
case  of  the  parallel  worm  at  loads  which  the  Lanchester  gear 
sustained  without  loss  of  efficiency.  The  loss  of  efficiency  at 
reduced  speeds  was  far  less  than  had  been  previously  sup- 
posed ； at  the  lowest  useful  motor-car  speeds  it  rarely  fell 
much  below  94  percent"  and  it  was  quite  exceptional  to 
record  efficiencies  below  93  per  cent.  Great  variations  in 
efficiency  were  due  to  differences  in  the  lubricant  employed . 
In  general,  mineral  oils  were  much  inferior  to  animal  or 
vegetable  oils.  The  viscosity  of  the  oil  was  little  or  no  guide 
in  the  selection  of  an  oil  for  the  purpose  in  question  ；  and  the 
efficiency  might  be  lowered  by  the  presence  of  too  much 
lubricant  in  the  gear  box.  The  best  efficiencies  were  obtained 
with  a  certain  perceptible  tooth  clearance,  and  the  best 
clearance  in  an  ordinary  motor-car  gear  appeared  to  be  about 


THE  FUTURE  OF  GAS  AND  OIL  ENGINES. 

Speaking  at  the  recent  annual  meeting  of  the  shareholders 
of  the  National  Gas  Engine  Company  at  Ash  ton, 
Mr.  Dugald  Clerk,  one  of  the  directors,  said  gas-producing 
plant  had  not  kept  pace  with  the  gas  engine,  and  as  soon  as 
a  satisfactory  gas-producer  plant  was  made  gas  would  make 
its  way  in  the  marine  world.  The  Government,  he  added, 
were  quite  alive  to  the  possibilities  of  the  internal-combustion 
engine,  and  it  was  passible  that  they  would  soon  be  building 
at  Ashton  engines  for.  battle-ships.  Many  people  predicted  a 
great  future  for  oil,  but  it  had  not  the  enormous  future  which 
people  believed.  Every  year  1,100,000,000  tons  of  coal 
were  brought  to  the  surface,  and  only  45,000,000  tons  of  oil. 
If  all  the  oil  raised  were  applied  for  power  purposes  they 
would  only  have  about  a  quarter  of  the  fuel  that  was  necesr 
sary.  On  the  sea  at  present  they  had  26,000,000  horse-power, 
and  they  could  never  supply  those  engines  with  oil  because 
supplies  had  first  to  be  used  for  petrol,  lighting,  and  lubrica- 
ting. Oil  would  have  its  field,  but'  the  greatest  field  for  the 
internal-combustion  engine  was  for  the  engine  which  used 
coal  in  its  different  forms. 


The  Iron  and  Steel  Institute. ―  The  annual  meeting  will 
be  held  at  the  Institution  of  Mechanical  Engineers,  Storey's 
Gate,  Westminster,  on  Thursday  and  Friday,  May  1st  and 
2nd.  The  Bessemer  Gold  Medal  will  be  awarded  to  Mr. 
Adolphe  Greiner,  general  director  of  the  Societe  Cockerill, 
St-nung.    The  autumn  meeting  will  be  held  at  Brussels. 


SPONTANEOUS  COMBUSTION  OF  COAL 

In  the  course  of  a  paper  recently  read  before  the  Manchester 
District  Institution  of  Gas  Engineers,  Mr.  Kendrick  men- 
tioned that  three  serious  fires  had  taken  place  in  four  years 
in  stacks  of  coal  at  his  works  at  Stretford,  in  addition  to  manv 
cases  of  overheating,  and  endeavoured  to  explain  their  cause. 
The  coal  was  stored  in  three  buildings.  No.  1  store  held  1,800 
tons,  and  was  an  old  retort  house  partly  roofed,  with  and 
partly  without  louvres.  No.  2  store  held  1,400  tons  and  had 
no  louvre.  No.  3  held  800  tons,  and  had  a  roof  of  corrugated 
iron.  In  the  first  two  coal  was  delivered  by  conveyers.  In 
No.  3  it  was  hand-stacked,  14ft.  high.  In  the  other  stores  it 
was  piled  in  pyramids  24ft.  and  20ft.  high,  the  top  of  the 
cones  being  8ft.  across.  No  1  shed  had  given  most  trouble. 
The  finest  slack  was  usually  sent  direct  to  the  retorts,  but 
much  fine  stuff  still  got  into  the  store  and  filled  the  middle 
part  of  the  piles,  and  to  this  dust  and  small  coal  the  fire 
trouble  was  due. 

As  a  result  of  what  was  observed,  after  each  boat  had 
been  discharged,  the  fine  dust  was  dug  out  and  spread  over 
the  heap,  and  pipes  were  put  in  at  intervals  to  enable  the 
interior  of  the  pile  to  be  watched.  Three  years  of  immunity 
led  to  laxity,  and  the  small  stuff  had  not  been  fully  dug  out, 
and  a  fourth  fire  occurred.  It  was  again  the  small  coal  which 
heated,  but  was  not  the  immediate  cause.  Some  old  screened 
coal  was  buried  under  the  new  coal,  and  the  store  was  filled 
in  about  six  weeks  to  its  utmost  capacity.  On  emptying  the 
shed,  the  rough  coal  under  the  slack  was  quite  carbonised 
and  fire  was  creeping  under  the  slack .  Apparently  air  had 
reached  the  new  coal  through  the  old  tongue  of  open  rough 
coal.  The  temperature  in  the  tubes  rose  slowly  to  90。，  then 
quickly  to  110°,  with  a  quick  jump  to  300°,  and  it  required  a 
week  to  reach  the  fire,  which  had  then  spread  considerably. 
As  this  coal  was  stored  in  the  hot  month  of  May,  1912,  and 
was  stacked  quickly  and  was  dustier  than  usual,  these  causes 
appear  to  have  been  active  in  producing  fires.  The  numerous 
fires  of  that  year  were  attributed  by  colliery  agents  to  the  fact 
that  after  the  strike,  coal  was  much  crushed  at  the  face,  and 
was  very  small,  and  it  was  not  clean,  being  hurried  away 
quickly  for  use,  and  more  probably  fresher  coal  than  usual 
was  stacked.  Freshly-wrought  coal  was  more  prone  to  heat, 
especially  if  fine.  Coal  as  received  was  warmer  than  the 
atmosphere,  as  much  as  2°  to  12°  in  summer,  and  4°  to  20°  in 
winter.  Since  a  pit  might  have  a  temperature  of  90。，  coal 
must  start  from  the  pit  fairly  warm,  and  if  stacked  too  soon, 
too  high,  or  in  too  large  mass,  it  was  prone  to  heat.  Also, 
coal  mined  first  after  the  strike  would  be  damper  than  usual, 
and  dampness  seemed  to  engender  fire. 

Coals  absorbed  from  one  to  three  times  their  volume  of 
oxygen,  and  this  produced  heat,  and  if  it  could  occur  in  v 
thick  mass  the  heat  accumulated.  Stacking  in  cone  shape 
from  a  conveyer  caused  the  fines  to  accumulate  at  the  apex, 
and  these  were  apt  to  fire.  This  sy&t€m  of  storage  was  thus 
to  b©  regarded  with  suspicion.  Coal  owners  suggested  lift, 
to  15ft.  as  the  height  of  coal  stacks,  or  a  mean  of  13ft  .  Gas- 
works practice  was  to  stack  10ft.  to  30ft.  Since  coal  under 
cover  cooled  less  slowly,  it  should  be  stored  in  less  deptlis 
than  wheu  out  of  doors,  whereas  the  reverse  was  the  usual 
practice.  The  question  of  ventilation  was  a  disputed  one. 
Ventilate  freely  and  carry  off  ihe  heat  was  advocated  by 
some,  while  others  said  keep  out  all  air  and  110  heat  could  be 
generated.  If  this  was  so  it  would  be  quite  safe  to  store  in 
closed  bunkers,  exhausting  the  air  at  the  top  and  admitting 
C02  at  the  base  to  fill  the  voids  between  the  coal.  In 
practice  it  appeared  that  coal  would  be  reached  by  air 
enough  to  make  it  become  hot.  Therefore  ample  air  should 
be  supplied  to  carry  off  the  heat,  for  the  oxidation  would  be 
less  if  the  coal  was  cold.  Yet  in  mines  ample  ventilation  to 
remove  gas  had  caused  heating  in  the  gob,  and  the  checking 
of  the  air  current  had  stopped  the  heating. 

If  a  heap  fired,  very  much  water  was  needed  to  quench  it, 
for  water  set  up  air  currents  to  fan  the  fires.  At  Stretford 
they  treated  affected  coal  with  strong  ammoniacal  liquor  and 
only  put  water  on  unaffected  coal.  The  summing  up  was  thai 
coal  from  different  seams  should  not  be  mixed,  nor  should 
coal  of  different  classes.  Fine  slacks  should  not  be  stacked 
at'  all,  nor  damp  coal  under  cover.  Large  heaps  were  the 
more  dangerous.      Lumps,  uuts  aud  fines  should  b§  well 
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mixed  in  stacking.  IToi^lils  should  be  limited  to  20ft.  in 
the  open,  and  16ft.  under  cover.  External  sources  of  heat, 
leaking  roofs,  &c.，  should  be  avoided.  Temperature  records 
should  be  kept  of  coal  as  received  and  in  stock,  and  if  tho 
heat  rose  to.  90°  or  100°  the  top  layers  should  be  removed 
and  carefully  watched.  A  fired  heap  should  not  be  dis- 
turbed by  pushing  in  bars  while  water  should  not  be  applied 
to  a  fire,  but  ammoniacal  liquor.  Heated  coal  should  ho 
n'uioved  and  used  promptly. 


THE  COOLING  OF  HIGH-SPEED  ELECTRIC  GENERATORS. 

It  is  well  known  that  with  large  and  high- speed  elect  i\c 
generators,  air  cooling  is  often  resorted  to  in  order  to  prevent 
injury  from  over-heating,  and  to  keep  down  ratios  of  weight 
to  output.  Since  the  air  in  the  vicinity  of  a  power  plant  is 
not  particularly  clean,  much  coal  and  metal  dust  is  ot'lon 
blown  into  the  machine  windings,  causing  danger  of  short- 
circuits  and  making  the  cleaning-  of  the  machine  a  frequent 
necessity.  In  power  plants  it  is  now  usual  to  equip  them 
with  air  filters  for  the  cooling  air  of  the  generators.  These 
filters  generally  consist  of  strong  cloth  (specially  woven  for 
the  purpose)  which  is  stretched  over  frames  of  wood  or  iron. 
These  frames  are  set  in  a  zig-zag  fashion  after  tlie  manner 
usually  adopted  in  air-filter  arrangements  to  allow  sufficient 
surface  for  the  passage  of  the  air,  but,  at  best,  are  hard  to 
keep  clean  and  necessitate  duplicate  units  or  use  of  unfiltered 
air  during  cleaning. 

In  a  recent  issue  of  "  The  Engineering  News  ，，  Mr.  O.  E. 
Trautmann  gives  a  description  of  a  new  type  of  filter  de 卜 
sigued  by  Mr.  Bollinger,  the  former  power  superintendent  of 
the  City  of  Charlottenbuig,  Germany,  whose  advantages  lie 


requires  but  a  few  minutes  and  throws  extra  load  on  the 
remaining1  frames  for  hucIi  a  short  time  as  to  be  pracLirally 
negligible.  The  air  inlet  is  covered  with  a  wire-niesh  Bcreen 
for  protection,  while  the  air  outlet  or  outlets  are  generally 
coniie(ried  together  into  some  sort  of  chamber  from  which 
ducts  are  run  to  desired  points. 


ELECTRIC  CONDUITS. 

In  the  course  of  a  paper  on  "  Electrical  Installations  in  M«-tal 
Conduit,  with  Special  Reference  to  Earthing,"  read  before 
the  Junior  Institution  of  Engineers,  Mr.  Frederic  1 1 .  'J'av 
lor  said  that,  in  spite  of  fire  insurance  rules,  fire  surveyors, 
institute  wiring  rules,  and  other  precautions  whicli  ' 
devised  for  the  safety  of  the  consumer,  a  l*rge  amount  oi 
wiring  work  was  still  carried  out  by  means  of  a  slip  so<-k«  t 
tube,  consisting  of  light  steel  enamelled  conduit  having  an 
open  seam.  The  use  of  this  tube  was  often  actually  danger- 
ous, and  it  ought  nob  to  be  permitted.  The  rules  of  the 
Institution  of  Electrical  Engineers  wisely  permitted  the  use 
of  this  conduit  only  in  dry  positions,  and  then  it  must  be 
earthed  unless  consisting  of  isolated  single  lengths.  Trouble 
was  generally  caused  by  the  difficulty  of  satisfactorily  earth- 
ing the  tube;  a  good  deal  could  be  done  to  improve  matters 
in  this  respect  if  contractors  would  use  galvanised  slip  socket 
instead  of  enamelled  conduit.  Among  the  misuses  to  which 
slip  socket  conduit  was  frequently  put  was  burying  it  under 
plaster  work,  a  practice  that  was  rightly  condemned  by 
insurance  offices.  In  this  case  moisture  entered  the  conduit 
as  the  plaster  work  was  laid,  and  it  had  no  opportunity  to 
get  out.  The  tube  possessed  one  possible  advantage  in  that, 
as  the  wireman  had  no  need  to  twist  the  tube  into  various 
fittings  such  as  sockets,   bends,  &c.，  he  had  at  least  an 
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iu  compactness  and  ease  of  cleaning.  This  filter  consists  of 
single  sections  whicli  are  now  inanufactured  in  three  stan- 
dard sizes,  each  for  100,000,  140,000  and  175,000  cub.  ft.  of 
air  per  hour.  These  sections  are  built  up  to  meet  the 
onpacity  required  and  to  suit  the  space  available.  Fig. 】 
shows  the  dimensions  for  two  sections  each  of  140,000  cub.  ft., 
and  is  fairly,  typical  of  other  capacities,  except  as  to  size. 
The  liltering  elements  are  set  in  a  housing  of  angles  and  sheet 
u'oii,  comprising  three  coni])artinents :  (1)  the  air  inlet,  "A"; 
(-) the  frame  box,  "  B  ，，  ；  and  (3)  the  air  outlet,  "  C."  In 
the  frame  box  are  placed  20  to  25  frames,  of  small  iron 
T-bars  ；  each  frame  is  equipped  with  cotton  ropes  strung  verv 
dose  to  each  other,  giving  but  a  small  air  passage  between. 
Details  of  the  method  of  attaching  these  ropes  to  the  T-irons 
are  shown  in  Fig.  2.  These  frames  are  put  into  position  so 
that  the  spaces  of  the  upper  frame  between  the  ropes  are 
always  vertically  over  the  roj>es  of  the  next  lower  one,  that  is, 
staggered  as  shown  in  Fig.  3,  forcing  the  air  to  change  its 
direction  of  flow  repeatedly  while  passing  tlirough.  A  slot 
for  a  sliding  damper  is  provided  so  that  it  is  possible  to  shut 
one  section  off  at  a  time  for  cleaning.  After  shutting  a 
section  off  by  this  damper  the  cover  of  the  frame  box  is 
removed,  when  each  rope  frame  can  be  withdrawn  and 
cleaned.  It  is  generally  the  practice  to  use  two  sections  as 
shown  in  Fig.  1，  and  a  spare  set  of  rope  frames.  Then  one 
section  has  to  do  all  the  filtering  (hiring  a  niiniimnn  timt、 
only 一 the  interval  required  iu  whicli  to  remove  the  clogged 
frames  and  to  insert  the  clean  ones  in  their  place.  This 


opportunity  given  him  to  avoid  twisting  the  wires  in  the 
tube . 

In  screwed  pipe  work  three  patterns  of  tube  were  geii»*i  - 
ally  used,  these  being  the  brazed,  the  welded,  and  the  solid 
drawn  or  seamless  tube.  In  the  author's  opiuioii  the  solid 
drawn  was  the  most  satisfactory  to  use,  and  it  \v;is  also  t  he 
most  expensive.  Solid  drawn  conduit  lent  itself  to  bending 
well,  and  it  was  free  from  possible  defects  in  the  wa v  at 
internal  burrs  or  other  roiighnesses.  It  was  sometimes  urged 
that  in  a  screwed  pipe  system  there  was  every  chance  of 
trouble  from  coudensation.  He  had  found  that-  roiuiensat  i< »m 
was  more  fanciful  than  real,  particularly  if  proper  care  and 
skill  were  used  in  choosing  the  right  position  in  w  Inch  to 
run  the  conduit.  Often  conduit  was  put  in  most  absurd 
positions,  where  condensation  was  sure  to  result.  Points 
which  tended  to  efficiency  were  straight  runs,  avoidamo  ot 
elbows  and  tees,  liberal  use  of  boxes  for  drawing*  through, 
ample  size  of  tube,  metal  bushing  pieces  to  all  nuh  ot  tulK\ 
and  an  insistei-ce  tliat  every  piece  of  pipe  on  the  job  should 
b©  fitted  and  permanently  fixed  in  position  before  any  wire 
was  drawn  in . 

The  earthing  of  all  pipe  and  other  metal  work  was  now 
universally  recommended  by  various  authorities.  Properly  a 
pipe  should  be  earthed  by  means  of  a  solid  clip  which  made 
contact  with  as  much  as  possible  of  t lie  «  iivunifereuce  of  the 
pipe.  This  should  be  provided  with  a  removable  socket  into 
wliicli  was  sweated  the  eart hini;  w i ie ,  wliirh  sliould  never  be 
less  than  1/14  s.w.g.  The  other  end  of  this  wire  was  sup- 
posed to  be  taken  to  a  live  water  main  and  there  attached  to 
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it  in  a  similar  manner  to  that  already  prescribed  for  its  other 
end .  In  practice  wiring  contractors  and  their  wiremen,  electric 
supply  companies,  and  also  municipal  supply  authorities 
seemed  to  be  forgetful  of  the  propsr  means  and  need  of 
efficient,  earthitig,  in  spite  of  the  elaborate  rules  and  regula- 
tions thoughtfully  provided  by  them  for  the  public  benefit. 


THE  APPLICATION  OF  TURBINES  TO  MINES, 

This  subject  was  dealt  with  in  a  paper  read  at 
a  recent  meeting  of  th<3  Association  of  Birming- 
ham Students  of  the  Institute  of  Civil  Engineers,  by 
Messrs.  C.  H.  Bailey  and  R.  H.  N.  Vaudrey.  In  mining 
engineering  the  usefulness  of  turbines  was,  they  said,  being 
recognised  in  no  small  degree.  Every  day  more  mines  were 
being  equipped  with  turbines,  mostly  of  the  mixed  pressure 
type.  But  even  now  their  usefulness  might  be  increased  to  a 
very  large  extent.  When  steam  was  used  for  the  winding 
(Mi^i  lies,  tlie  turbine  would  almost  certainly  be  an  economical 
l  aelur  foi*  a  large  colliery  plant,  as  there  would  be  a  very  large 
((iiaiitity  of  steam  which  in  all  probability  would  be  exhausted 
tl i rertly  「r (川 i  the  winding  engines  at  a  pressure  of  several 
pounds  above  atmospheric  pressure.  The  econuuiy  resulting 
I'nitu  the  use  of  turbines  was  suinmarised  as  follows  ：  Above 
'」（H)  kw.  tlie  steam  turbine  was  more  efficient  than  the 
reciprocating  engine.  The  first  cost  of  small  turbines  was 
about  the  same  as  for  reciprocating  engines.  But  for  larger 
units  the  prime  cost  was  only  about  half  the  cost  of  the 
reciprocating  engine  set,  including  condensing  plant.  The 
steam  consumption  of  a  turbine  of  2,000  kw.  output  may  be 
about  15  per  cent,  better  than  a  quadruple  expansion  engine, 
and  the  maintenance  was  considerably  less.  The  buildings 
and  foundations  necessary  for  a  turbine  were  also  very  much 
less  costly  than  for  the  corresponding  reciprocating  plant. 
Depreciation  and  repairs  for  a  turbinei  were  also  comparatively 
less. 


BRITTLE  CASTINGS. 

At  a  meeting  of  the  Scottish  Branch  of  the  British 
Foiinclrymen's  Association,  held  at  Glasgow  on  Satur- 
day last,  a  paper  was  read  by  Dr.  C.  H.  Desch,  ou 
" Sulphur  and  Oxygen  in  Iron  and  Steel.  Th©  subject  was 
considered  from  the  chemical  point  of  view,  and  the  presence 
of  sulphur  in  iron  was  traced  to  the  conditions  favouring  its 
reduction  from  the  raw  materials  in  the  blastfurnace.  This 
impurity  was  shown  to  be  most  deleterious  to  the  metal  when 
it  existed  m  the  form  of  iron  sulphide,  which,  having  a  lower 
melting  point  than  the  iron,  was  able  to  encase  the  crystals 
in  a  most  brittle  mesh  work,  thus  making  the  iron  useless 
when  sufficient  sulphur  was  present.  With  the  addition  of 
manganese,  however,  a  new  compound  occurred ― namely,  a 
double  sulphide  of  iron  and  manganese,  and  this  was  much 
less  harmful  owing  to  its  higher  melting  point.  This  property 
entailed  its  separation  from  the  mpta】  before  the  iron  solidi- 
fied, and  with  careful  melting  the  sulphur  could  he  largely 
eliminated,  thus  producing  stronger  iron .  Too  high  a  tem- 
perature was  stated  to  be  capable  of  melting  this  sulphide, 
and  so  entangling  the  harmful  constituent  which  otherwise 
escaped  from  a  colder,  thick-running  metal.  In  the  case  of 
steel  too  much  of  this  sulphide  produced  brittleness,  even 
although  it  was  proved  to  be  plastic  and  capable  of  extension 
along*  with  the  metal  during  rolling.  The  effect  of  oxygen 
was  to  produce  oxides  in  st-eel  r  \b  being  very  infrequently  met 
with  in  iron.  These  inclusions  found  in  burnt  metal  were 
said  to  be  capable  of  largely  increasing'  the'  tendency  of  the 
metal  to  corrode  rapidly,  and  similar  defects  were  apt  to  be 
set  up  by  welding.  Silicates  were  also  formed,  and  either 
alone  or  in  conjunction  with  the  sulphides  produced  sources  of 
weakness  in  the  metals  containing  them . 


A  Sawdust  Explosion. ― Particulars  are  given  in"  Engineer- 
ing News  "  of  a  sawdust  explosion  which  occurred  in  the  box 
factory  of  the  H.  H.  Sheip  Manufacturing  Company,  of 
Philadelphia,  Penn.,  on  February  5th,  injuring  six  of  the 
employes,  one  fatally.  A  bolt  falling  among  the  cutters  on 
a  sawdust  grinding  machine  is  reported  to  have  caused  a 
shower  of  sparks  that  served  to  ignite  tlie  particles  of  sawdust 
in  the  air.  Explosions  of  a  similar  nature  are  of  common  occur- 
rence iu  coal  mining,  and  have  occurred  also  iu  flour  mills  and 
other  industries  producing  inflammable  dust . 


INDUSTRIAL  AND  TRADE  NOTES. 

Wireless  Stations  in  Wales.— Tlie  Marconi  Company  Lave  made 
anangements  to  erect  a  station  for  receiving  wireless  messages 
at  Towyn,  Merionethshire.  This  station,  which  will  be  connected 
with  another  at  Carnarvon,  will  be  erected  on  Escuan  Hill, 
situated  behind  the  town,  1,300ft.  above  sea  level.  It  will  be 
in  direct  communication  with  New  York. 

American  Iron  Ore  Production.— According  to  preliminary  fi-ures 
published  by  the  United  States  Geological  Survey  the  total 
(iiiantity  of  iron  ore  mined  in  the  United  States  during  1912  was 
between  54,500,000  and  57,500,000  gross  tons,  an  increase  of  25 
to  32  per  cent,  in  comparison  with  the  figures  for  1911.  It  is 
thought  possible  that  later  statistics  may  show  that  the  output 
of  1910,  56;889;734  tons,  the  highest  attained,  has  been  sliglitly 
exceeded. 

Postal  Railway  Tubes  for  London. ― The  proposed  scheme  of  "tube 
i  aihvays  Jf  in  London  for  the  conveyance  of  nuiil.s  and  parcels  is, 
wo  uticlerstand,  receiving  favourable  consideration.  According  to 
the  original  rt'<;ominoudatioiis  the  proposeil  route  would  be  jn^t 
over  six  miles  in  length,  beginning  at  tho  Whitec-hapel  Di.strict 
Post  O 迅 e'e  and  ending  at  Paddington.  Liverpool  Street,  tho 
General  Post  Office,  the  West  Central,  and  the  Western  District 
offices  will  be  connected  by  means  of  tho  tube.  The  estimated 
cost  of  the  scheme  is  a  little  over  half  a  million  pounds. 

The  Utilisation  of  Exhaust  Steam. ― There  has  recently  been  installe«l 
at  the  iron  and  steel  works  of  Messrs.  Monks,  Hall  &  Co"  Ltd., 
at  Warringtou,  two  750  kw.  direct-current  mixed-pressure  turbo- 
generators of  the  Rateau  type,  with  surface  condensers  • 
All  the  exhaust  steam  from  the  works  engines  is  col- 
lected into  one  main  and  is  then  supplied  to  the  turbines  at  a 
pressure  of  161bs.  absolute.  The  power  generated,  lepreseutiiig 
from  1,000  h. p.  to  1,300  h.p.  will  be  utilised  in  driving  the 
auxiliary  plant  and  in  illuminatiug  and  operating  one  of  the 
mills. 

Iron  Trade  Combination  Breaks  Down. ― The  proposed  a^reenn-jit 
between  iron  founders  and  distributors  of  their  products  for  the 
regulation  of  profits  and  prices  by  means  of  rebates  has,  、、- e 
understand,  fallen  through.  Certain  provisional  arrangements 
will  be  given  effect  to  until  June  30th  next,  when  the  、vhole 
arrangement  comes  to  an  end.  This  was  the  most  comprehensive 
effort  at  combination  ever  attempted  between  mauufacturers  and 
distributors  in  the  iron  trade,  and  the  protracted  negotiations, 
originating  in  Glasgow  and  continued  in  London,  have  through- 
out been  attended  by  much  difficulty. 

Subsidised  Motor  Lorries. —— The  War  Oliice  announces  that  tlie 
result  of  the  trials  of  subsidy  type  vehicles  held  in  Janua ry. 
the  War  Department  certificate  enabling  vehicles  built  entirely 
to  the  same  design,  to  be  subsidised  under  provisions  of  the  sub- 
sidy scheme  for  petrol  driven  motor  lorries,  has  been  awaided 
to  J.  '&  E.  Hall,  Ltd.,  London  aud  Dartfor(l，  and  J.  I.  Thorny- 
croft  &  Co.,  Ltd.3  London  and  Basingstoke.  Both  of  the  certi- 
ficated vehicles  were  entered  in  Class  A  to  carry  a  load  of  three 
tons.  Certificates  for  both  Class  A  and  Class  B  vehicles  have 
already  been  granted  to  Leyland  ！ Motors,  Ltd.,  Leyland. 

The  Coal  Production  of  Canada. ―  According  to  a  bulletin  jusl 
published  by  the  Department  of  Mines,  it  appears  that  11,323.338 
short  tons  were  mined  iu  1911，  compared  with  12.909,155  tons  in 
1910,  a  falling  off  of  about  12  per  cent.,  due  to  labour  troubles. 
The  approximate  selling  value  of  the  coal  at  the  mines  in  1911 
was  $2.34  per  tony  compared  with  an  average  of  $2.39  per  ton  in 
1910.  Of  the  total  production,  75  6  per  cent,  was  sold  for  con- 
.sninptiou  in  Canada,  9*4  per  cent,  for  export  to  the  United 
States,  aud  2  5  per  cent,  for  export  to  other  countries,  with  3*4 
per  cent,  used  by  colliery  operators  making  coke,  and  9'19  per 
cent,  used  for  colliery  purposes  and  by  workmen. 

Industrial  Alcohol  for  Fuel.— Industrial  alcohol  can,  it  is   >tatc«l.  l'e 

produced  from  the  refuse  of  the  sugar  factories  at  Demerara  at 
4d.  per  gall.  In  addition  to  sugar,  maize  is  said  to  be  ricli  in 
carbohydrates,  which  yield  the  highest  percentage  of  crude 
alcohol.  Maize  contains  70  per  cent,  of  carbohydrates.  Engines 
constructed  for  kerosene  can  usually  work  with  alcohol  without 
any  adaptation,  and  the  storage  of  alcohol  is  much  less  (laiiw 
ous  than  that  of  petrol.  Alcohol ,  however,  has  not  the  same 
value  per  liorse-po、ver  as  petrol,  1*8  times  as  liiuoh  being  re- 
quired, but  in  places  whei'e  maize  or  sugar  is  plentiful  it  could 
be  produced  at  so  mucli  lower  cost  as  to  permit  of  its  employ- 
ment. 

The  Largest  Oil-carrying  Steamer. ― There  was  lainu-heJ  from  the 
Wnllsoiul  sliipyard  of  Messrs.  Swan .  Hunter,  \*  Wigham  Rich- 
ardson, Ltd.,  on  the  22ud  inst,  the  largest  oil  carrying  steamer 
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in  tl"、  world.  Th(、  vessel  nanwd  the  "  San  Fratorno "  li;is  1"m'ii 
constructed  to  tho  order  of  the  Eagle  Transport  Company.  She 
is  540ft.  in  length,  66ft.  Cin.  in  hreadth,  and  lior  depth  is  3111. 
3in.  She  will  h;m>  ;i  (loadwci^lit  capacity  of  15,500  tons,  whicli 
means  that  the  vessel  will  be  able  to  carry  several  million  gallons 
of  oil.  Sho  will  hiirn  oil  i'm-l.  Tlio  "  S;ui  Kratrrno  "  is  tin-  lirst 
of  nine  or  ten  similar  vessels  building,  at  different  shipyards, 
thcro  a  sister  sliip  ;\i  pr'wit  im(l(、r  consLi-uction   m  lh<- 

sninc  yard  ;i t  、V:»llst、n(l. 

The  New  Shipyard  Agreement.— The  new  national  "orkiii:;  ； i-nM-ineiii 
1m、1、、,'(>ii  Ui(、  SliiphuildiiiK  Knip'oyors'  l'、、(l"ratioii  ;md  tli(、  Ship 
vard  Trado  Unions  was  signed  at  a  cont'oroiict'  held  on  tin1  IHth 
inst.  at  Fxlinburgh,  l"、w"  the  K\(H*utive  Board  (".  the  Ktxlcra 
tion  and  the  StaudiiiK  Committee  of  the  Unions.  The  Standing 
('垂 ，iiitt(、c  reported  tliat  tho  unions  had  decided  in  favour  of  tlu« 
now  aRrooment  by  7,383  votes  to  1,919— a  majority  of  5，4(U  in 
favour-  mihI  that  therefore  thoy  were  authorised  to  iu'eept  ； md 
sig"  it  o，i  1" 小 all'  of  the  diil'erent  societies.  The  iumv  a^nHMncnt 
will  liold  good  lor  th '•(><、  ，、('ars，  ； md  will  。'rm"i;il'l"  th^n  on 
six  mm'ths'  i""i"、  liy  ('itlu'r  s'ulr,  That  is,  it  u  ill  rill,'  in  Uii'  iirst 
)i];i<-<*  lor  :VJ  .、. （、： irs,  ； is  notice  of  its  ttMinination  can  1"'  ^iv*Mi  <ml> 
on  the  coiH-lusion  of  the  tin""  vrars.  In  this  rt'.spi'ct  it  ivst'ii 山 1"、 
cxiu-tly  tlir  a^ivtMiiont  of  I\l arcli,  1909. 

Shipyard  Wages.— It  is  uiulorstood  tliat  an  application  is  b'  iii; 
iicxlo  hy  tlu、  Standing  ('onimittee  of  the  shipyard  trad^  unions 
lor  a  general  advance  of  wages.  The  claim  is  for  ati  im  iv:is(、  of 
" p，、r  cont.  on  piecework  and  ^d.  per  hour,  or  Is.  per  、veek，  on 
tiino  rates.  This  is  the  "  fluctuation  "  stipulated  in  the  now 
national  agreement  signed  a  iow  days  ago  by  the  employers  imd 
tho  men,  and  as  it  is  not  being  asked  locally  but  nationally  tlic 
application  will  bo  dealt  with  in  a  grand  conference  direct  as 
soon  as  arrangements  for  this  can  be  made.  In  accordance  、vith 
tho  ii^ieoment,  a  prolimiiiary  ('(""Vrt'i"v  will  first  be  held— within 
12  days  of  the  application ― to  be  followed  later  by  a  contrronce  at 
which  the  application  will  be  fully  considered.  The  last  chango 
of  wages  was  made  six  months  ago  when  a  general  advance  of 
r>  ]>or  cent,  was  granted.  The  period  covered  by  that  advance  has 
now  expired,  so  that  another  application  is  in  order. 

Trials  of  an  Oil-engined  Coaster.  — Trials  were  run  on  the  Firth  of 
Clyde  on  Friday  last  by  the  oil-engined  coasting  vessel  "  Isleford," 
which  has  l>een  built  by  the  Ardrossan  Shipbuilding  Company  for 
Mt'ssrs.  Mann,  Macneal,  &  Co.，  Glasgow.  The  "  Isleford,"  whicli 
is  fitted  witli  a  Bolinder's  four  cyliiulci-  oil  t'ligiiu',  developing 
350  l).h.p.  at  a  bout  32o  revs.  };er  minute,  is  149ft.  in 
length,  25 ft.  6i'i.  in  breadth,  lift,  in  depth,  and  of  780 
tons  loaded  dis])lac(Miient.  Tho  engines  can  be  got  under  w.\\ 
from  cold  in  from  20  to  25  minutes,,  and  the  operation  of  tli<、 
reversing  gear  is  on  the  same  principle  as  in  smaller  engines  of 
the  typo.  The  installation  of  Boliiuler's  macliinery,  which  is  the 
most  powerhil  yot  fitted  on  any  vessel,  has  been  supplied  l»y 
Mcssfs.  Douglas,  Primrose,  &  Co.，  engineers,  Glasgow.  On  the 
trials  the  vessel  ran  continuously  i'or  aliout  five  hours  under  normal 
conditions,  and  fully  loaded.  On  the  measured  mile  she  attained 
a  maximum  speed  of  9'C7  knots  and  a  mean  speed  of  8*9  knots, 
the  engine  running  at  ； i  \uiiform  speed  of  218  revs,  per  minute. 
The  speed  stipulated  in  the  contract  was  8^  knots.  The  fuel  used 
was  Scotch  shale  oil,  and  the  consiunptioii  was  at  the  rate  of 
1  ^  gallons  per  hour. 

Panama  Canal  and  its  Effect  on  Trade. ― Addressing  the  l【<jyal 
Statistical  Society  on  the-  18th  inst. ,  on  "The  Panama  C^uial  i\m\ 
Competition  for  Trade  in  Latin  America,  the  Orient,  and  Aus- 
tralasia/' Prof.  Lincoln  Hutchinson,  of  the  University  of  Cali- 
fornia, said  the  changes  in  trade  routes,  while  of  immense  signi- 
ficance in  certain  countries,  would  by  "o  means  be  as  funda- 
montal  as  those  wrought  by  the  opening  of  the  Suez  Canal.  To 
"uiny  of  the  most  important  pa  its  of  the  globe  the  new  canal 
would  】iu、r(、ly  o]>en  an  alterniitive  route;  to  several  others  it 
would  offer  no  advantages  whatever  and  thcii*  tiade  would  c-linjj; 
to  its  present  routes.  The  three  chief  competitors  were  the 
United  Kingdom,  the  United  States,  and  Germany,  and  each  pos- 
sessed certain  distinct  advantages  and  disadvantages  in  the 
trade.  liritain's  position  was  particularly  strong  in  that  she  w  as 
in  a  certain  sense  alroady  in  possession  oi"  tho  greater  portion  oi 
tlu、  field.  Germany  and  the  United  States  were  the  attacking 
parties.  Britain's  long  pre-eminence  in  the  markets,  the  wide- 
spr"i(l  knowledge  of  the  excellence  of  liritisli  goods— those  and 
otl"、r  things  all  operated  .strongly  in  her  iavour.  On  the  (>tl"  r 
liaml,  that  very  strength  had  led  to  certain  、、v;ik"esses  ;  conser- 
vatisni  of  method,  both  in  manufacturo  and  marketing,  a  lack  of 
;ulai)tubilitv  to  peculiarities  of  demand,  and  a  certain  over  con 
Hdem'c  in  tho  inevitability  of  continued  success.  On  tho  whole, 
111  the  trado  with  tho  "  Canal  countries,"  the  German  and  Ameri- 
t;ui  attack  on  the  market  had  met  witli  some  success.  Great 
liritaiu,  although  still  holding  nearly  00  per  cent,  of  the  trade, 


li;t<l  doolinod,  while  tlic  l'iiit'"l  States  ； mrl  (； t*)i:iaii>  \\:n\  l»otli  in- 
creased their  share.  The  fact  that  tho  United  States,  in  spite  of 
serious  handioa]).s,  had  mm'，，  than  ln-ld  its  own  in  tho  comjicti- 
tion  j)ointod  to  an  important  advaiu**  tli''  I'aiiaina  Canal 

was  in  full  operation  ；  for  that  country  would  unquet»tional*lv 
roup  greater  benofi ts  in  increased  ii(('('ssil,ility  of  the  markets  in 
quostiou  than  Great  Britain,  G"i  iii:i，iv，  or  any  olh'.r  Km  op'  ;i，i 
country. 

The  Ghent  International  Exhibition.  -To  l>uil«I  ;in  li',t,:l  i"  hol.l  1.0  >0 
guests  on  purpose  to  prepare  for  the  rnsli  <»i  、  i、itor、  t"  tli*- 
GluMit  International  Kxliil)ition,  and  tl"'，i  to  i 川 II  liiili  ot  it  Mow  n 
again  when  the  Exhibition  doses,  is  m"'  of  the  striking 
of  enterprise  which  tho  "uiiiidpal  aiitlioi  iti<'s  ("  tin-  tow  n  h;i\  «■ 
undertaken.  The  hotel  is  in  no  way  a  tompoi  ary  strii'.Um''  1,'it 
hrick  built  throughout,  and  tho  romainin^  halt  will  <,',iaimi" 
under  tho  management  of  the  town  as  a  station  liotcl  at  tlio  '"，、、 
railway  station  on  tho  main  line  from  ()sl<'inl  to  B'  i 卜、 》1.、.  This 
station,  the  Gare  St.  Pierre,  may  almost  'be  described  as  an  Ex 
liihition  enterprise,  too,  for  it  is  just  (m  tli<-  ',t  i  In-  grounds 

iind  tho  work  lias  heon  specially  ]>nt  foru ard  so  tli;it  it  in;i>  I"- 
ivad.V  for  the  exliibition  traffic.  Th"iv  is  a  w"'r;il  tlnit 
dir<»ctly  an  intct'iiutioiui I  cxliihiiion  is  in  a  tow  n.  li'»t''l 

ju  ices  jtitti))  to  fainiiH*  r;it(»s，  aiul  that  visitors  li:i、,"  to  jiay  nu»sl 
exorbitant  sums  for  the  bare  ikhoss;u  irs  (".  lilc.  This  m;i.v  v* 
been  true  at  one  ti"i(、，  li.it  it  is  not  so  to-day,  for  it  is  u,vv;ti\\ 
to  the  interest  of  tho  exhi'oition  authorities  to  s<、"  tli:it  j'ri'  '■、  ；ir" 
kept  as  low  as  possible,  and  the  l<*n^tlis  to  u liich  thr  (； licut 
】'〕xliibition  authorities  have  gone  in  lmildiim  tlii、  liotrl, 
to  provide  rooms  at  a  fixed  and  reasonable  pv'ur  tor  visitors,  aiv 
typical  of  this  modern  spirit.  But  apart  from  the  erection  ot 
this  hotel  a  "  bureau  de  logement "  has  been  formed  to  in""  ' t 
and  classify  all  the  private  apartments  availahlo.  Tli''  i'ri"'  of 
these,  3  frs.，  5  frs.，  6  frs.,  10  frs -，  or  lo  i'vs.  tor  tlie  ni^lit  and 
breakfast  is  also  fixed  by  the  bureau,  so  it  is  obvious  that  tho 
keepers  of  hotels  and  boarding  houses  will  not  be  able  to  】■;"、'' 
their  charges  to  famine  rates  in  the  face  of  this  competition. 
This  l>u reau,  which  is  not  a  business  coucern  and  lias  no  finan 
cial  interest  in  the  work,  will  have  offices  at  both  the  railw ； iv 
stations  and  at  the  exhibition,  and  on  applying  there  visit'" 、 
will  be  given  the  addresses  of  vacant  rooms  at  the  price  selet-tod. 
As  these  will  all  have  been  inspected  and  priced  by  tho  com 
mittce  there  will  be  little  trouble  in  finding  suitable  actoninioda- 
tion.  In  order  to  provide  for  the  visit  to  the  exhibition  of  large 
pa rties  from  、voikni('n，s  <-lub.s  and  institutes  the  bureau  has  also 
hired  a  number  of  large  halls,  and  is  fitting  them  up  with  the 
assistance  of  the  military  authorities  as  dormitories  where  :i  、 
many  as  100  or  150  men  can  be  lodged  at  a  time.  The  charge  for 
these  dormitories  will  only  be  sufficient  to  cover  the  expenses, 
l)u  t  arrangements  will  have  to  be  made  beforehand  with  the 
Bureau  de  Logement.  Yet  another  fact  which  will  prevent  any 
great  rise  in  prices  in  Gho  it  is  the  nearness  of  Brussels,  lir'i' 二'、 
and  Ostend.  Bruges  can  roac-lietl  tVom  Ghent  by  train  in  3o 
minutes  ；  Brussels  in  50  miiiMtcs,  and  Ostend  in  GO  minubvs. 
journeys  which  are  of  no  greater  inconvenience  than  those  taken 
by  many  suburban  dwellers  every  morning. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  2:>tu. 

Aluminium  ingot   93/-  per  cwt. 

,，         wire,  according  to  sizes,  &c  from  1 12/-  ，， 

,,        sheets        ,，  ，，   ，  120/-  ,， 

Antimony  £36/-/-  to  £37/-/-  per  ton. 

Brass,  rolled   H^d.  per  lb. 

,， tubes  (brazed)    10Jd. ，， 

，，       ,,     (solid  drawn)   0}d.  ，， 

，,      „     wire   8|d.  ，， 

Copper,  Standard   £64/-/-  per  ton- 
Iron,  Cleveland   (50/ 7  J  ,, 

„    Scotch  :   60/7i  ，， 

Lead,  English    £l'i/l7/(j  ,, 

，， Foreign  (soft)    £1(3/10/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ，，  ，,       medium   3/6  to  6/ -  ，， 

'，  ,，  ,,       large   7/6  to  11/-  ,, 

Quicksilver   £7/ 1 "»/-  per  bottl' 

Silver   27  [^d.  per  oz. 

Spelter    £2o/-/-  per  ton. 

Tin,  block   £214/-/-  ,, 

Tin  plates   1 4/3  ,, 

Zinc  sheets  (Sileaian)   £28/17/(i  ,, 

,,  (Stettin  ；  Vieille  Montagne)   £2S/17/r>  ,, 
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NEW  PATENTS, 

Specifications  of  the  following  are  now  published,  and  xve  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^9  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1912. 

Apparatus  for  preventing  over-speeding  and  over-、vi"(】iiig  of  mine 

cages.    "Wilson  <fe  Reah.  132. 
Internal  combustion  engines.    Pitts.  2335. 

llotary  valvos  for  intcrnnl  combustion  engiiu's.    ^I;iyct,  Giliainl, 

and  Joubier.  2487. 
A|i|Kir;tlus   For  preventing  over  winding  at  collici'it's.  Asliton. 

2657. 

Starting  gear  for  internal-combustion  engines.    Leitner.  2746. 
Uoriiin;  bars  ； unl  boring  heads.    Lumsden  &  Blake.  2748. 
Transmission  of  (power  from  a  prime  mover  to  a  load.  Artcr 

and  Arter.  2818. 
Rolling  mills.    Dixon  &  Taylor.  2860. 

Silencing  and  A\atlidr;iwing  the  exhaust  gases  from  cylinders  of 

internal- combustion  engines.    Mansfield.  2921. 
Centrifugal  pumps.    Barbezat.  2926. 

Carburetters  for  internal-combustion  engines.  Ball  &  Ball. 
2931. 

Dirigible  airship.    Schlegelmilch.  2954. 

Valves  of  internal-combustion  engines.  Ricardo  &  Hetherhigtoii. 
3024. 

Vertically-ascending  flying  machines.    Schultze.  3110. 

Furnaces.    Smalhvood.  3152. 

Fluid  meters.    Murray  &  Gibb.  3165. 

Liquid  fuel  burners  and  liquid  fuel  vaporising  apparat  us. 
Maardt.  3401. 

丄 utei'nal-combustioii  engines  working  with  coke-oven  and  other 
^ases.    Clerk,  and  National  Gas  Engine  Company.  3420. 

Carburetters  for  internal-combustion  engines.    Fritz.  3.301. 

Tube-welding  machines.  Ges.  fur  Elektrotechnische  Industrie. 
3634. 

Torsional  gripping  means.    Shield.  3760. 

Governing  mechanism  for  engines  and  machinery.  Warwick 
Machinery  Company  (1908).  3941. 

JIailway  signalling  apparatus.    Farmer.  3982. 

Sniokc-coiisuming  and  preventing,  and  fuel-economising  apparatus 
for  furnaces.    Clarke.  4312. 

Means  of  standardising  or  proving  the  centre  of  gravity  of  con- 
necting rods  of  reciprocating  engines.  Executors  of  the  late 
W.  E.  Hipkins,  and  Brown.  4650. 

Method  of  purifying  copper.    Sunberg.  4692. 

Transporting  and  discliarging  apparatus.  Stothert  &  l)itt,  Lt(l.， 
and  Barry.  4905. 

1 1  a  nlage  clips  or  grips  lor  ropes  or  cables.  Wass  &  Wass. 
4942. 

Lubrication  of  vertical  bearings   in   machine  tools.  Asqiiith, 

Asquith,  &  Feather.  5295. 
Liqukl  meter,  primarily  intended  for  use  with  petrol  and  other 

like  liquid  fuels.    Gregory.  5758. 
Carbon-removing  devices  for  use  in  internal-combustion  engines. 

Bromley.  6233. 
J'opo  and  cable  haulage  clips.    Sunders.  G328. 
Hack -saw  machines.    Herbert  &  Fletcher.    G(H  i. 
Bearings  for  shafts  and  sliding  parts.    Richard's  i、'  ].Villinghani. 

G615. 

】"imaces  for  heating  copper  ingots.    ("I 山 "u.、  A:  M ;isUtn.  7」（" 

I utoi'Jial  combustion  en^iiirs.    Davidson.    7.*i  1  1 . 

I  vol  ;iry  engines,  puinps，  and  com  pressors.    、Vt" 、（卜    7.'ii)l . 

.Mocliaiiical  ore-roasting  furnaces.    Harris.  7727. 

Transmission  gear  for  motor-vehicles.    Brown.  79-30. 

Fluid  meters.    Earl  &  Wood.  8492. 

iMeans  for  supplying  petrol  to  carburetters.    Carruthers.     1  ( )_  1  I. 
l'atUings  for  steam  and  gas  engines.      Plunimer,  Kerniock*,  ;uhI 

1)1 画鼠  10270. 
I'  t'"'ling  <Ui\  icc  for  motal  punching  macbiiios.    Nemniinn  A:  Wip 

permann.  10G45. 
Rotary    distributor    valves    for    four-cycle    internal  conilm.st ion 

moto  rs.    Tartra  is.    1 1 268. 
Apparatus  for  stamping,  punching,  or  notching   inoial  platos, 

discs,  or  laminae.    Sinnons   Hrothors   J)yuamo   Works,  Ltd. 

Il6ld. 

V;i(  umn  air  pumps.    Schou.  11357. 

Method  of  coupling  1 1 1 1 >es  and  rods.    WrssliocluM*.  l'」'_).*il. 
(； ;i  uges.    Turner.  12503. 

Means  for  promoting  the  water  circulation  in  boilers.  Tait. 
12666. 

Controlling  apparatus  for  lioistiny;  engines.    Welch.  13024. 


Power  hammers.    Dcrihon.  13369. 
Helicopter  flying  machines.    Bigourdan.  13882. 
Four-stroke  cycle  internal-combustion  engines.  Chevance.  14G24. 
.Methods  of  drawing  fine  wires  of  refractory  metals.  Farkas. 
14654. 

Safety  mechanism  for  the  winding  gear  of  coal  pits.    Staley  and 

Jackson.  15443. 
Drill  sockets  of  drilling  machines.    Appleby.  15717. 
Boiler  furnaces.    Pamart.  16159. 

Combined  change«peed  and  reversing  gear.    Fornaca.  16540. 
Hydraulic  packing.    'James  Walker  &  Co.,  and  Walkor.  10^77. 
Air-gas  apparatus.    W.  M.  Still  &  Sons,  Ltd.,  and  Abbott.  18127. 
Double-acting  two-stroke-cycle  interiial-combustion  engine.  Hen- 
nig.  18504. 

Double-acting  hydraulic  pumps.    Whatley,  Whatley,  &  Whatley. 

18872. 

Two-stroke-cycle  internal-combustion  engines.    Herschell.  19340. 

Pipe  joints.    Thau.  19366. 

Blow-off  valve.    Eynon  &  Schmid.  19603. 

rullrvs.    Reger.  20414. 

Stay-boit  construction  for  steam  boilers.  McCloy  &  Brown. 
21239. 

Couplings  for  railway  rolling-stock.    Heppell.  21734. 

Internal- combustion  engines.    Kieling.  21951. 

Gas  turbines.    Holzwarth  &  Junghans.  22796. 

Hydraulic  air  compressors.    Suida.  23283. 

Combined  check  and  stpp  valves.    Makowsky.  23565. 

Carburetters  of  internal- combustion  engines.  Soc.  des  Automo- 
biles Unic.  23858. 

Cranes  mounted  on  traction  engines.    Affleck.  25303. 

Means  for  cooling  the  pistons  of  rotary  and  other  motors.  W  ind- 
lioff.  25873. 

Controlling  railway  points  and  signals.  Monard.  26778. 
Brakes  ior  lilting  gears.    Fried.  Krupp  Akt.-Ges.  28054. 

1913. 

Pilger  rolling  mills.  Weiser,  and  British  Maiinesniaim  Tube  Com- 
pany.   473  and  474. 

ELECTRICAL,  1912. 

Electrostatic  machines  for  the  production  of  alternating  current. 
Petersen.  2442. 

Electric  incandescent  lamps.  British  Thomson-Houston  Conipaii}'. 
2468. 

Electric  alarm  device  for  measuring  iiistruuients.  AVorliczku  and 
Sluzar.  2517. 

Means  for  and  methods  of  charging  and  discharging  electric 

accumulators.    Taylor.  2630. 
Automatic  and  serai-automatic  telephone  circuits.    Siemens  Bros. 

and  Co.    2671，  2672,  and  2743. 
Self-excited  direct^current  dynamos.    Akt.-Ges.  Brown,  Boveri,  et 

Cie.  2734. 

Incandescence  electric  lamps.    Beuttell  &  Maimers- Smith.  3099. 
Trolley   head  for   overhead   conductor  electric-traction  systems. 
Wood.  3146. 

Electric  arc  lamps.    C  romp  ton  <fe  Co.，  and  Crompton.  3397. 
Electricity  meters.    De  I'erranti.  3412. 

Apparatus  for  providing  electric  light  on  motor  road  vehicles. 

Clarkson  &  Moi'isoii.    47 1 G. 
Electric  incandescent  lamps.    Stilluian.  4783. 

Coupling  up  of  co ud ii its  and  fittings  for  electrical  wiring  pur- 
poses.   Yates.  6146. 

Saicty  apparatus  for  electrically  propelled  trains.  Siemens  Hros. 
Dynanio  、Vorks,  Ltd.,  and  Ji\dall.  6922. 

Klcctro  niechaiiical  tran.sinission  sv^U'ins  for  vehicles.  i'it'iR'r. 
7133. 

Spurkling  plugs  for  internal-combustion  engines.    Riesz.  8206. 
Manufacture  by  eIoctrolysi.s  of  sheet  iron.    TLschenko.  866S. 
Fusible  cut-outs.    Dorman.  Sniithj  it  Baggs.  10409. 
Processes  of  repairing  electric  incandescent  lamps.    Du  Moulin. 
12784. 

Mlcctro  nuH'hanical  propulsion  systems  for  trains.  Pieper.  13233. 
Sclt  ('(tntained  koy  panel  ior  ^enii-autoinatic  toloplionc  excban^os 

SioiiHMis  Hros.  A:  Co.  】341'5. 
Kloctrodes  for  arc  lamps.    British  Thomson-Houston  Company. 

13988. 

Conibinod  electric  switches  and  plugs.  Bailing  &  Garrard. 
14785. 

Process  for  the  nuumfacture  of  iron  alloys  for  dvnaiuo  purposes. 

Rubel.  15532. 
Switches  for  olecti  ic  wiring  systems.    Milne.  16065. 
Kloctric  furiKU'es  for  producing  gas  reactions.    Pauliug.  21478. 
Portable  electrically  driven  centrifugal  fa  us.    Davidson.    2 2041). 
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The  METALLURGY  of  IRON  &  STEEL 
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—Other  Methods  of  Preparing  Malleable  Iron— The  Forge  and  the  Mill— Steel— 
Production  of  Steel  direct  from  the  Ore  and  from  Malleable  Iron— Preparing  Steel 
by  Partial  Decarburisation  of  Pig  tron— The  Bessemer  Process ~ Chemistry  of  the 
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Plant— The  Basic  Open  Hearth  Process— Modifications  of  the  Siemens  Process- 
Appliances  Applicable  to  all  Processes— Working  Mild  Steel— Casting  Steel— After 
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The  Corrosion  of  Pipes  in  Circulating  Hot-water  Systems. 

The  apparently  whimsical  effects  of  corrosion  in  circulating 
hot-water  pipes  used  for  the  heating  of  buildings  has  given 
rise  to  a  good  deal  of  discussion  at  one  time  or  another  and 
led  to  considerable  difference  of  opinion  as  to  the  relative 
merits  of  iron  and  steel  pipes  used  in  such  service.  The  cor- 
rosion usually  takes  the  form  of  local  and  somewhat  severe 
pittings,  which  rapidly  eat  their  way  through  h  ])ipe,  and 
by  disorganising  the  service  cause  a  good  deal  of  trouble  and 
annoyance.  The  fact  tliat  such  corrosion  develops  in  some 
cases  and  not  in  others  when  working  、vith  the  same 
water  and  under  apparently  identical  conditions  of 
pressure  and  temperature  has  made  the  matter  more 
puzzling.  The  leading  authorities  now  seem  agreed  that  the 
corrosion  is  initiated  by  mill  scale  and  rust,  and  that  its  con- 
tinuous action  depends  not  so  much  on  whether  the  pipe  is 
of  iron  or  steel,  provided  its  composition  is  reasonably  miiforin 
(as  steel  used  for  welded  pipes  necessarily  must  be),  as  upon 
the  presence  of  carbonic  acid  and  oxygen  of  the  air  in  solu- 
tion, and  that  the  removal  of  these  gases  greatly  lessens  the 
tendency  to  corrosion.  The  question  is  one  of  importance, 
and  assumes  serious  magnitude  when  large  buildings,  such  as 
are  now  so  common,  are  heated  by  circulating  hot-wattr  sys- 
tems. A  recent  investigation  undertaken  hy  Mr.  F.  N. 
Speller,  of  the  National  Tube  Company,  Pittsburg,  and  re- 
corded in  "The  Engineering  News,"  shows  pretty  louclu- 
sively  that  the  question  is  largely  under  control,  and  that  th? 
corrosive  effects  observed  depend  to  a  great  extent  on  the 
circulating  system  itself,""  which  is  usually  arranged  either 
on  the  under-feed  or  over-feed  systems.  In  the  under- 
feed system  the  hot  water  supply  from  (lie  boiler  is  delivered 
into  a  horizontal  main  in  the  basement,  from  whioh,  without 
going  into  details,  a  series  of  vertical  upcasts  rise  in  the 
various  sections  of  the  building  heated,  whirh  at  their  upper 

*  For  further  details  see  ••  The  Mot  hanicftl  Kn«ineer.*'  pa«t4  423  anto 
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extremities  are  coupled  to  downcomers  un'ted  to  a  collecting 
return  main  in  the  basement.  Tn  the  over-feed  system  the 
hot  water  supply  is  conducted  through  an  upcast  pipe  to  a 
horizontal  main  above  tlie  level  of  ilie  lii^liesl  poinl  of  t  lie 
system.  From  this  main  the  hot  water  flows  through  a  series 
of  downcomers  through  the  various  sections  ("  the  building  to 
a  collecting  return  main  in  the  basement  as  in  the  other  case. 
The  under-feed  system,  it  will  be  seen,  is  characterised  hy  a 
iiuihIkm-  o(  pairs  of  independent  risers  an  1  fl(nvii(,mii',i>;  which 
are  rarely  vented  at  the  top,  and  consequently  water  is  always 
saturated  with  air  when  the  system  is  in  continuous  use,  and 
its  design  is  such  that  it  would  be  difficult,  if  not  iinprac- 
t,ical)】e,  to  vent  it  so  as  to  remove  any  dissolved  air  before 
the  water  is  used.  On  the  other  hand,  the  over-feed  system 
readily  lends  itself  to  the  separation  of  air  l)y  connecting  the 
vertical  suj>[)ly  main  to  an  open  tank  at  the  top,  from  which 
t he  horizontal  distributing  main  is  fed.  The  difFero ore 
iiu'clianically  between  the  two  arrangements  is  not  great,  but 
From  the  investigations  conducted  by  Mr.  Speller  into  a  num- 
ber of  heating  systeiMS,  it  seems  to  account  almost  entirely  for 
the  differences  in  corrosive  effects  observed  in  practice,  and 
t  ot-  I  liis  rensf)M  is  to  be  reconnnf  tided  1o  ilie  not  ice  of  engineers 
and  ai-cliitects  responsible  l'(>r  I  lie  lieat  in^  ;ii-ranoenu*n(s  of 
lar^e  ImildinL's. 

Sawdust  as  a  Fire  Extinguisher. 

Sawdust  scarcely  suggests  itself  as  a  suitable  material  for 
extinguishing  fire's,  but  from  the  account  of  some  experiments 
by  Mr.  E.  A.  Barrier,  a  Boston  engineer,  embodied  in  a 
report  made  under  the  direction  of  the  Associated  Factory 
Mutual  Fire  Insurance  Companies,  it  would  appear  that  it 
possesses  some  special  merits  whten  dealing  with  small  out- 
breaks of  liquid  combustibles,  such  as  lacqusr  and  petrol,  which 
are  usually  difficult  to  extinguish  by  ordinary  means.  Sand  is 
generally  looked  upon  as  the  best  substance  to  use  in  such 
cases  wlien  it  can  be  applied  promptly,  but  the  tests  showed 
sawdust  to  be  greatly  superior.  The  tests  were  made  with  flat, 
rectangular  tanks  in  which  a  quantity  of  combustible  was 
poured  and  ignited,  and  allowed  to  burn  for  about  a  minute 
before  effort  s  were  made  to  extinguish  the  flames  by  spreading 
a  few  shovelfuls  of  sawdust  on  the  surface  of  the  liquid.  It  made 
little  difl'erence  to  the  effectiveness  of  the  sawdust  as  an  extin- 
guisher whether  it  was  damp  or  dry,  and  whether  it  was  the 
product  of  hard  or  soft  woods.  A  number  of  commercial  lac- 
quers, as  well  as  samples  of  patrol,  were  tested  in  this  way,  and 
in  all  cases  the  flames  were  extinguished  in  from  25  sees,  to  50 
sees.,  and  with  a  very  thin  sprinkling  of  sawdust.  When  ^(I'orls 
were  made  to  effect  the  results  with  sand  a  rnucli  larger 
quantity  was  required,  and  the  process  of  extinction  was 
much  slower.  The  efficiency  of  the  sawdust  seems  to  be  clue  to 
its  blanketing  action  in  floating  for  a  time  on  the  surface  of 
the  liquid  and  excluding  air,  and  naturally  its  efficiency  is 
greater  on  viscous  liquids  than  on  thin  ones,  since  it  floats 
more  readilv  on  the  former  than  the  latter.  The  amount  of 
moisture  contained  in  the  sawdust  was  apparently  not  a  factor, 
since  sawdust  which  was  dried  was  just  as  efficient.  Sand 
appears  to  be  less  satisfactory,  because  it  sinks  through  tlie 
liquid  and  has  not  the  same  blanketing  at-t ion .  It  was  found, 
further  that  the  efficiency  of  sawdust  as  an  extinguisher  was 
greatly  increased  by  mixiiia  it  wit li  sodium  bioarl>oiiatf  1  'H iis. 
to  a  bushel  of  sawdust ~ since  this  niatevial  when  heated 
liberates  carbonic  acid.  Sawdust  itself,  however,  contrary  to 
the  general  impression,  is  not  easily  ignited,  and  burns  with- 
out flame,  while  it  would  be  difficult,  if  not  impossible,  to 
ignite  sawdust  mixed  with  bicarbonate  with  a  carelessly 
thrown  match.  Of  course,  it  is  not  suggested  that  sawdust  is 


a  material  to  use  when  once  a  conflagration  has  got  hold,  but 
tlie  tests  clearly  show  tliat  in  many  works  wliere  lacquer  and 
similar  iiiflannnable  substances  are  liable  from  some  acci- 
dental circumstance  to  ignition,  either  in  tanks  or  from  leak- 
age on  to  a  floor,  a  supply  of  sawdust,  especially  if  it  is  bi- 
rarbonated,  is  a  most  convenient  precaution  for  stamping  out 
the  initial  fires  from  which  big  ones  spring. 


Sir  William  White. 

The  death  of  Sir  William  White,  the  great  naval  arcliiterl , 
has  come  with  startling  suddenness.  He  was  taken  with  a  sml 
den  seizure  in  his  office  and  conveyed  to  Westminster  Hos- 
pital, where  he  died  on  Thursday  last  at  the  age  of  sixty-eiglit. 
Like  many  other  leading  Admiralty  men,  Sir  William  sprang 
from  the  ranks  entirely  by  his  own  exertions  and  abilities. 
Born  at  Devonport  on  February  2nd,  1845，  he  entered  the 
Royal  Dockyard  at  that  town  as  a  sliipwright  apprentice  at 
the  age  of  sixteen,  aiul  at  tlie  Dockyard  School  which  he 
attended  gave  early  proof  of  the  scientific  and  mathematical 
knowledge  on  which  his  fame  subsequently  was  built.  Win- 
ning an  Admiralty  scholarship  at  the  dockyard  lie  entered, 
at  the  age  of  nineteen,  tlie  School  of  Naval  Arcliite<-ture  at 
Sout.li  Kensington,  vvliere  lie  studied  for  three  years,  and 
gave  evidence  of  】】is  l)rilliance  by  taking  first  place  at  ('； u  lj 
amuiiil  examination,  and  graduating  with  a  first-class 
diploma.  In  1867  he  entered  tlie  designing  and  construclive 
de])artmeut  of  the  Admiralty,  then  under  the  head  of  Sir 
Edward  Reed,  who  promptly  recognised  his  abilities  by 
assigning  him  responsible  work.  At  that  time  the  leading 
designs  of  battle-ship  were  represented  by  vessels  of  "Devas- 
tation " and  Inflexible  "  citadel  class  of  ships,  and  difficulty 
was  experienced  in  carrying  the  armour  of  adequate  thickness 
to  withstand  even  the  attacks  of  the  low -velocity  projectiles 
from  the  20-ton  muzzle-loaders  of  the  period.  The  disaster 
to  the  "  Captain/'  which  foundered  on  her  trial  trip,  led  to 
a  Parliamentary  enquiry,  and  the  appointment  of  White  and 
the  late  William  John  to  make  a  mathematical  study  of  ship 
stability.  Following  this  his  rise  in  the  Service  was  rapid, 
and  in  1883，  at  the  age  of  thirty-eight,  he  became  chief  con- 
structor. Coincident  with  this  post  he  retained  his  position 
as  Lecturer  on  Naval  Architecture  at  South  Kensington,  and 
subsequently  at  the  Naval  College,  Greenwich,  when  the 
school  was  transferred  to  that  place.  In  1883  he  left  the 
Acirniraltv  at  the  request  of  Lord  Armstrong  to  orgauisa  the 
warship  works  at  Els  wick,  but  two  and  a  half  years  later,  on 
the  retirement  of  Sir  Nathaniel  Baraaby,  returned  to  the 
Admiralty  as  chief  of  the  constructive  staff,  which  position  he 
held  until  ill-health  compelled  him  to  retire  iu  1902. 

The  introduction  of  the  Naval  Defence  Act  by  Lord  George 
Hamilton  during  White's  regime,  gave  him  a  free  baud  in 
the  question  of  battle-ship  design,  and  he  initiated  a  type 
from  which  those  to-day  have  been  steadily  evolved.  The 
turret  with  its  low  freeboard  was  replaced  with  a  central 
armour  belt  and  central  fire  batteries  composed  of  twin  bar- 
bettes, and  there  is  still  an  influential  section  of  naval  opinion 
who  consider  this  a  better  fighting  type  than  the  Dread- 
nought," for  which  liis  successor.  Sir  Philip  Watts,  is  respon- 
sible, and  wlnoh  is  the  latest  official  word  on  the  question. 
Sir  William  White's  design  is  the  only  modern  one  which 
has  been  put  to  the  ordeal  of  combat,  for  Admiral  Togo's 
victorious  vessels  were  all  built  on  his  principles. 

Although  Sir  William  ceased  to  be  Director  of  Naval  Con- 
struction some  ten  years  ago?  lie  maintained  nu  ai-live 
interest  in  marine  work,  and  served  *as  adviser  to  nuinv 
im])ortant  companies,  iin-luding  tlie  builders  of  tlie  '、  Maui e- 
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tania,"  The  Parsons  Turbine  Company,  The  Grand  Trunk 
Railway,  and  others.  In  1 885  was  made  a  K.C.H.,  and  in 
\{)[)'2  his  (lisUiiguishcd  services  were  nuHJgnised  by  a  vot<-  of 
l>ar]iaiiuMit,  while  nearly  every  leading  engineering  society  or 
inslitutioii  has  ai  one  time  or  aiujtlier  honoured  him  with 
its  presidency. 


METHOD  OF  SECURING  VANES  AND  BLADES  IN  STEAM 
TURBINES. 

( 'onsi  dkuahlk  ingenuity  has  been  expended  by  lurbiiu' 
huildors  on  the  meihods  of  securing  the  vanes  and  blades  in 
I  lie  rolors  and  stators  of  this  type  of  prime  mover,  and  tiuiiic 
r()iis  |>;ilents  have  been  granted  at  various  limes  until  im"' 
ucai-ly  all  makers  have  their  own  special  constriu-Lion . 
An()t  her  met  hod  lias  jusl  been  patented  by  Messrs.  Belliss  and 
Al  oicom,  Ltd.,  Ledsam  Street  Works,  Birinin^lnun,  ；'  in  I  is 
sliown  in  the  accoiiipauying  illustrations. 

Referring  to  Fig.  1，  A  is  a  groove  formed  in  the  rotor  or 
stafcor  and  having  longitudinal  lateral  ridges  D.  B  is  the  vane 
or  blade  which,  by  punching,  is  formed  with  a  forwardly  pro- 
ject  ini^  tongue  R.  C  is  a  distanoe-piece  whicli  by  milling,  is 
formed  witli  a  recess  S  in  its  back,  the  upper  surface  of  wliicli 
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n'rrss  engages  over  the  tongue  and  thereby  holds  the  vane  or 
I,Iacle-  The  distance-piece  C  is  of  such  width  as  to  extend 
a('n,s^  the  full  width  of  the  groove  both  above  and  beneath 
the  ridges  D，  and  is  formed  with  a  reduced  portion  or  waist 
T  i。  lit  between  the  ridges  D.  The  vane  or  blade  is  first  placed 
111  l"，sitioii  in  the  groove,  it  being  reduced  in  width  at  U  to 
fit  between  the  ridges  D.  The  distance-piece  C  is  then  iu- 
sfrted  in  the  groove  with  its  width  iu  the  longitudinal  direc- 
tiou  of  the  groove,  in  which  position  the  lower  portion  of  the 
distance-piece  can  pass  between  the  ridges  D.  The  distance- 
is  thereupon  turned  so  that  its  width  extends  across  the 
K.nmve,  in  which  position  its  base  portion  engages  beneath  the 
ri.dg.es 】）. If  not  tight  back  against  the  vane  or  blade,  tlie 
distauce-piece  is  then  displaced  longitudinally  into  close  con- 
tact with  the  vane  or  blade,  which  latter  is  securely  held  by 
the  engagement  of  its  tongue  R  with  the  recess  S  in  the  back 
of  the  distance-piece. 

For  fixing  the  final  vane  or  blade  of  a  set,  a  bifurcated  dis- 
liince- piece  E  may  be  employed,  as  shown  in  Fig.  2，  from 
wlucli  it  will  be  seen  that  on  crushing  tlie  distance-piece  E 
m")  tlie  groove,  the  fangs  thereof  become  spread,  by  a  sli'u.t 
l('n"'Ui  of  flat-sided  rod  F  inserted  in  the  groove,  and  engage 
beneath  bevelled  portions  of  the  ridges  D.  The  bifurcated 
dislance-piece  E  has  a  recess  V  to  engage  the  tongue  R  of  the 
vane  or  blade.  Anotlier  method  of  securing  the  final  blade 
°y  va"e,  which  does  not  involve  destruction  of  the  dislam  ;- 
piece  i'or  its  removal,  is  sliown  in  Fi>r.  3.  The  distam-e-picc.' 
G  lias  ； i  recess  W  for  eii^jigenient  with  (he  (ongue  R  of  a  vane 
01'  blade  B，  and  is  of  a  total  width  to  fit  between  the  ridges  D 
of  .the  groove  A.  On  each  of  its  two  sides  the  distance-piece 
G  is  grooved  to  receive  what  may  be  called  a  pot-hook  1 1 .  The 


)utwardly  directed  hook  at  tlie  lower  end  of  em.h  pot-hook 
； uga^cs  beneath  the  respo-t  i vc  1  i<l<j<-  I),  whilst  the  inwardly 
lin'rt"(|  Ii(")l<  at  the  up]>ei-  (； nd  of  <-;n  h  pot  lio<>k  engages  over 
； he  top  of  Uw  distance-piece  G,  wlierc  t  he  t  wo  p«l  -IkjoI<8  may 
JO  tied  togetlier  by  a  rivet  Q.    The  sliunks  of  tlio  pot -hooks 
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； ire  sufficiently  sj)ringy  to  periuil  tlie  1  looks  at  their  upper  ends 
to  be  forced  apart  when  the  distance-piece  G  is  forced  clown 
into  the  groove. 

Another  method  of  locking  the  distance-pieces  in  tlie 
groove  which  does  not  require  the  distance-pieces  to  be  turned, 
aud  which  dispenses  with  a  special  final  distauce-])iece,  is 
illustrated  in  Fi^.  4 .  In  this  construction  instead  of  ridges 
t  here  is  a  notcli  J  t'onned  in  one  side  of  the  groove.  A  lateral 
notch  K  correspoudin^  thereto  is  provided  iu  the  distant' 
l»iece  C，  and  a  segmental  key- piece  M  is  inserted  iu  botli 
notches  by  longitudinal  displacement  and  locks  the  distan-  r 
piece  in  the  groove.  These  key-pieces  M  are  of  a  leu^ih  to 
extend  approximately  twice  the  pitch  of  the  vanes  or  blades 
B,  so  that  each  key-piece  secures  two  distance-pieces.  The 
vanes  or  blades  situated  midway  of  the  length  of  each  dis- 
tance-piece are  cut  away,  as  shown  at  N，  the  alternate  vanes 
(jr  blades  at  tlie  ends  of  the  key-pieces  being  of  the  full  width 
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Fig.  4.— Method  of  Skcuuing  Vaj»e^  and  Hlvde.s  in  Sti:.、m:T"uunl、 
of  the  groove.  To  enable  the  final  pair  of  vanes  or  blades  ami 
<list.anoe-]>ieces  to  he  secured,  a  "vess  O  is  provided  in  tht* 
notcli  J，  \vherel>v  t he  last  kev-|>i，''  ，'  M  。"i  I**1  |his1hh1  into  posi- 
tion laterally,  where  it  is  retaine<l  by  a  screw  P.  Obviouslv 
botli  sides  of  tlie  groove  and  distauce-pieces  may  be  notched , 
and  a  set  of  key-pieces  employed  on  both  sides. 
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So  inucli  has  of  late  been  said  and  written  on  the  use  of  liquid 
fuel  as  a  source  of  power  and  of  its  advantages  over  coal  that 
it  appears  to  be  difficult  to  express  any  original  view  on 
the  subject.  The  ground  has  been  already  well  traversed, 
hut  daily  the  importance  of  liquid  fuel  grows,  both  for  ship- 
owners and  for  the  users  of  power  on  sliore  who  ai*e  on  the 
(jui-vive  for  improved  and  more  eoononiica  ]  met  hods.  1  h'nw 
the  justification  for  the  contents  of  this  paper.  It  may  be 
explained  beforehand  that  the  writer  does  not  propose  to  put 
forward  auy  views  of  a  speculative  nature,  and  that  on 
this  occasion  he  wishes  only  to  deal  with  facts  gathered  from 
； tctual  experience.  Thus,  it  is  hoped,  they  will  be  of  practical 
value  to  enterprising  shipowners  and  other  users  of  power 
meditating  the  adoption  of  oil  fuel  for  either  steam  raising 
purposes  or  direct  power  production  on  pistons  of  internal 
combustion  engines  of  Diesel  or  other  type. 

The  writer  proposes  to  deal  in  rotation  with  the  following 
bubjects  bearing  on  actual  results  obtained  from  the  use  of 
oil  fuel  on  board  ship :  (1)  C'omparison  of  fuel  consumption  in 
oil  and  coal  on  steamers,  and  the  bearing  on  cargo-carrying 
capacity ,  (2)  the  institution  of  a  very  similar  comparison 
between  steamers  and  vessels  fitted  with  Diesel  engines  ；  (3) 
risk  of  burning  and  carrying  oil  fuel  as  compared  with  coal  ； 
(4)  reliability  in  actual  service  of  coal  and  oil-fired  ships  and 
speed  results  obtained  ；  (5)  various  systems  for  burning  liquid 
fuel. 

In  comparing  the  fuel  consumption  of  oil  and  coal-fired 
boilers  and  all  steam  engine  plants  on  board  skip,  the  oon- 
sitmption  is,  in  most  cases,  given  in  indicated  horse-power  per 
hour,  and  the  following  figures  have  appeared  in  certain  pub- 
lications for  natural  or  foroed-draught  fired  boilers  and 
ordinary  triple-expansion  engines :  Cousumption  of  oil  per 
hour  per  indicated  horse-power,  l'021bs.,  0'951bs.，  &c.  These 
figures  are  to  be  considered  very  economical  if  compared  with 
the  usual  consumption  of  coal,  being  from  l'51bs.  to  l'61bs.  per 
indicated  horse-power  per  hour  ；  but,  in  the  writer's  opinion, 
they  do  not  quite  give  a  true  idea  of  actual  results  obtained, 
/.'.，  fuel  co)isuiiiption  in  relation  to  work  done. 

Fuel  consumption  per  indicated  horse-power  per  hour 
being  a  recognised  standard  for  comparison  and  exclusively 
； id  opted,  some  explanatory  observation  in  support  of  this  view 
may  not  be  out  of  place.  The  writer  has  found  that  the 
indicated  horse-power  as  calculated  from  the  cards  may  vary 
greatly!  for  the  same  revolutions,  in  consequence  of  internal 
losses  in  the  engine  itself  as  influenced  by  different  settings 
of  slide  valves,  various  arrangements  of  driving  auxiliaries, 
&c.，  and  it  would  therefore  appear  that  with  these  varying 
conditions  on  board  steamers,  indicated  horse-power  per  hour 
('； ninot  quite  be  accepted  as  a  true  basis  for  comparison.  It 
may  also  be  observed  that  it  is  largely  a  theoretical  basis,  as 
the  working  out  of  a  small  indicator  card  easily  allows  of 
mistakes  being  made  on  either  side.  And  a  slight  mistake 
either  in  taking  a  card  with  gear  which  is  not  of  modern 
design ― in  very  few  ships  it  is ― or  in  the  subsequent  calcula- 
tions from  the  card,  easily  makes  it  possible  to  arrive  at  vary- 
ing results.  It  has,  for  instance,  been  found  that  where  in 
the  one  case  the  fuel  consumptiou  per  indicated  horse-power 
amounted  to  l'251bs"  the  actual  result  in  speed  and  fuel  con- 
siunption  per  day  for  the  same  displacement  was  considerably 
better  than  when  the  consumption  worked  out  at  lib.  per 
indicated  horse-power  per  hour,  aud  that  the  indicated  horse- 
power on  paper ― i.e"  on  the  cards ― is  by  no  means  to  be 
looked  upon  as  giving  a  fair  idea  of  the  true  }>ower  transmittt'd 
to  t lie  propeller. 

The  average  shipowner  does  not  care  very  much  for 
theoretical  figures  ；  naturally,  he  is,  as  a  rule,  more  interested 
to  know  the  consumption  of  coal  or  oil  fuel  per  diem  in  con- 
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nection  with  deadweight  and  speed  maintained.  These 
figures  define  the  fuel  bill,  which  he  is  anxious  to  keep  as  low 
as  possible,  so  that  his  ship  may  make  a  favourable  showing 
in  comparison  with  competitors.  These  few  remarks  will  be 
sufficient  excuse  for  deviating  in  the  following  pages  from  the 
general  rule  of  giving  fuel  consumption  in  indicated  horse- 
power per  liour. 

From  a  number  of  voyages  of  the  same  ship  with  the 
boilers  burning  either  coal  or  oil,  and  the  engines  kept 
running  as  nearly  as  possible  in  the  same  condition  as  regards 
vacuum,  revolutions,  <fec.，  it  has  been  found  that  in  a  shij) 
with  deadweight  carrying  capacity  of  7,700  tons,  the  consuinj>- 
tion  of  oil  works  out  over  a  series  of  years  at  about  22 i  tons 
a  day,  against  32-33  tons  of  Welsh  (:oal，  or  a  mean  saving,  by 
、veight，  in  fuel  consumption  of  33  per  cent-  As  a  direct 
consequence  of  this  it  was  found  that  the  ship  carried  about 
150-200  tons  more  cargo  when  burning  oil.  The  actual  results 
obtained  in  the  steamer  "  Conch  "  under  these  conditions,  as 
copied  from  the  vessel's  log,  are  given  in  Table  I. :— 

TAiii.K  I. ― Extract  from  Log  of  S.S.  "  Conch.'* 
Liquid  Fuel. 


Day. 

Voyage. 

lloui、 
Steam- 
ing. 

Miles. 

lievs. 
per 
Min. 

I.H.P. 

Speed. 

Cons. 

1910 

Fel>.  10th  to  Mar.  lilt h. 

Feb. 

12 

Siiinboe  to  Rottenl.un . 

24.18 

275 

03-0 

11.3 

22- o 

13 

Draught,  fore,  25ft.; 

24.19 

284 

03.0 

22-. j 

I  ^ 

aft,  20ft.  3in. 

24- 17 

2.-.2 

(53.0 

Kl-4 

].-. 

Cargo,  0,833  tons  ben. 

24-17 

252 

<!3.0 

10.4 

to 

I" 

Deadweight,  7,902  tons 

24-16 

242 

li.'i-O 

IO.ll 

17 

24-15 

241 

03.0 

9.9 

Mar. 

It) 

238 

O.j.  3 

1763 

10-0 

17 

2.'{.4(i 

225 

03-0 

9.5 

,'， 

18 

23-27 

240 

(J3-3 

10.2 

1(5 

Coal. ― Welsh  and  North  Country. 


1910 
Mar. 


Apr. 


New  York  to  B.  India. 
Draught,  fun-,  2:ift.  7in. 

aft,  27ft.  5in. 
Caruu,  0,827  tons  ker. 


23. 

4.', 

230 

03- 

1070  9< 

3:{ 

23. 

4.-> 

233 

2 

9. 

8 

32 

^ 

4.') 

226 

9- 

32 

4：. 

235 

63. 

9. 

9 

32 

23 

47 

217 

02. 

9 

9- 

1 

32 

23 

50 

237 

G3- 

2 

10. 

0 

31 

23 

50 

230 

63. 

！) 

:{1 

23 

51 

222 

03- 

0 

9. 

3 

31 

23 

50 

243 

63. 

1 

10. 

2 

31 

With  regard  to  the  speed  attained  by  a  ship  consuming 
liquid  fuel  in  comparison  with  a  coal-burning  boat,  it  has 
been  found  that  an  appreciably  better  speed  is  maintained 
by  the  oil-fired  steamer.  This  is  mainly  attributable  to  the 
cleaning  of  fires  being  dispensed  witli  and  also  to  the  fact 
that  in  the  tropics,  and  when  coming  through  the  Red  Sea, 
the  full  steam  pressure  is  constantly  maintained  with  the  oil 
fuel,  the  boilers  being  fired  mechanically,  while  in  coal-fired 
ships  considerable  difficulty  is  often  experienced  in  keeping" 
up  steam  with  a  temperature  in  the  stokehold  of  from  115° 
to  125°  Fah.  In  summer  in  the  Red  Sea  an  even  higher 
temperature  is  quite  common.  These  conditions,  coupled 
with  the  fact  that  in  some  ships  an  inferior  quality  of  Indian 
or  other  description  of  coal  is  carried,  make  it  clear  that  the 
advantages  of  liquid  fuel  are  considerable  and  usually  under- 
estimated by  those  without  actual  experience  of  its  use.  Even 
in  temperate  climes,  it  has  been  found  that  the  ships  burning 
liquid  fuel  show  inucli  better  results  as  regards  speed  in 
relation  to  consumption  and  upkeep  of  boilers,  stokehold  and 
bunkers.  A  further  important  factor  is  that  no  skilled  fire- 
men are  required  in  ships  burning  liquid  fuel.  The  installa- 
tion, when  placed  in  the  engine-room,  can  be  controlled  bv  t lie 
euyineer  on  watch,  and  requires  no  more  attention  than 
ordinary  inde})endent  feed  pumps,  while  one  fireman  can 
easily  attend  to 】8  furnaces. 

In  comparing  the  enormous  advantages  derivable  from  oil 
fuel  in  conj miction  with  the  Diesel  ship  with  tlie  use  of  coal  in 
ordinary  steamers,  the  following  figures,  obtained  in  actual 
working,  tlie  mean  result  of  two  years'  running,  may  be  found 
of  interest.  We  propose  to  give  a  few  comparative  results 
obtained  with  the   motor  vessel   "  Vulcanus,"   which  com- 
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nieuced  service  in  February,  11)1 
loss  "u'rying  capacity,  thus  ： ― 

Length,  Ji.L*  


and  a  steamer  of  sli*;lil  ly 


M.D  

Drauglit,  S.M.  ... 
Hhtrk  cocHicicnt  . . . 

'lit  ciirr\  iim 


.Moan  .speed  

Kngim's  (li  rvl.  rcver-siblc  Wt 

Du'.scl,  diii.  15Jin.  x  2：^ in.  stroke) 


*'  \  itlrauus 

MHift.  Oin. 
:J7t1 .  !»"、• 
Kilt.  2in. 
12ft.  r.m. 
•78 

1,235  tons 
2,0S0  tons 
8  knots 
]Us|)(»ii|- 


Revs,  of  engines  

Consumption  \)vv  diem.  ... 
T"l;d  iiunibcr  of  st  a  IT  and  en 
"Viikaiius"  has  Kun)i"'an(" 
" Sa Ifinc  Jlit  kincis "  has  (  liin 


" Sal'inr  lti'-,kui": 
2(>oft.  Oin. 
:50ft .  "i". 
1 8ft.  Dm. 
Hift.  9in. 

1,200  tons 
2,200  tons 
8  knots 
Dias. 
X  44iin., 
stroke 
SO  per  min. 
I  I  t  oils  (tf  coa  1 

£6  «  5 
£9    0  7 


<  28in. 


...     I'iU  \)vv  min.. 
...    2  tons  of  oil.. 
... 16 
cost  porday  .. 
rew,  cost  per  day  .. 

Extracts  from  the  logs  of  both  vessels  are  given  in  Tables 
I  I.  and  III.,  showing  liow  fully  lwive  Ikhmi  l'^alised  1  lie  rl;"ms 
made  for  Dienel  engines  as  regards  economy  in  fuel  consumj)- 
(  ion,  <fec. : — 

TahijK  II. ― Extract  from  Lay  of  M.  V.  "Vulcauus." 


Day. 


J!)1 1.       August  3rd  to  26th. 
Aug.      5  Kustondjo  to  H;mil>m'u 
.，       I)  Draught,  foiv,  1 1ft.  2in. 
，，       7    aft,  12ft.  8in. 

"      8  Cargo,  976  tons   

，，       9Drn<luvi^ht,  !,112  tons 
" 10 
,、 II 
" 24 
" 25 


Honrs 
Stciiii]- 
ing. 

Miles. 

Kevs. 
per 
Min. 

1-11  1'. 

Speed. 

Cons. 

22  34 

177 

172 

80 

1-95 

21-2 

165 

172 

8-0 

1-87 

2133 

174 

172 

8-1 

】'82 

23  45 

189 

172 

8-0 

1-98 

24]  5 

183 

172 

7-5 

202 

184 

l"2 

7-(i 

2  02 

24-14 

171 

Ki2 

72 

2()2 

2:V4(i 

188 

17(1 

7-!) 

125 

!>(； 

17(» 

8-0 

1W) 

Table  III,- -Extract  from  Log  of  S.S.  "  Sabine  Eichnera." 

-la pan  and  i).  Laut  Cual. 


Day. 

Voyayu. 

Hours 
Steaui- 
ing. 

||| 

I.  H.l'. 

Speed. 

Cous. 

J012. 

April  22nd  t  o  30th. 

Apr.  22 

丄 Madjot'  to  Saigon,  via 

8-40 

80 

85-5 

520 

100 

oO 

" 2：5 

19- 59 

174 

85 

"Jl 

!  I  ll 

，， 27 

Draught,    fun/,  lolt. 

23o5 

208 

80-1 

8-7 

135 

„  28 

7in.  ；  aft,  10ft.  r,in. 

23-58 

212 

8(5 

8-8 

135 

Cargo,  1,033  tons. 

Di';id\\ci<;li(,  1,200  tons. 

.June  20th  to  27tli. 

•  lime  2 J 

15.  Pa  pan  to  Hukuin, 

1!)50 

Mil 

84-5 

81 

III 

., 23 

via  P.  J^aut. 

2111 

細 

«5-3 

8-G 

13 -5 

，， 24 

Diaught,    foio,  141.1. 

24-10 

201. 

83- r, 

83 

!：{-.-) 

" 25 

3in.  ；  aft,  10ft.  3in. 

24.12 

222 

84-1 

'.)-> 

1 

Cargo,  1,013  tons. 

Deadweight,       1, 225 

tons. 

Willi  regard  to  the  fuel  consumption  of  the  "  Vul- 
"iiius,"  this,  as  will  be  seen  above,  luis  not  been 
touiul  to  exceed  two  tons  of  solar  oil  per  diem, 
m'  about  one  -  fifth  of  the  ooal  consumption  of  a 
sleainer  of  like  capacity.  A  striking  example  of  tlie 
advantages  associated  with  low  fuel  consumption  is  to  be 
touud  in  the  fact  that  the  vessel  recently  completed  a  voyage 
of  88  days  without  bunkering  at  any  intermediate  port.  On 
this  particular  run  she  left  Amsterdam  on  August  30th  witli 
140  tons  of  fuel  oil  bunkers,  loaded  a  cargo  at  Constanza, 
Black  Sea,  for  Cette,  proceeded  thence  to  Batoum,  and  arrived 
hack  at  Amsterdam  on  November  27th,  a  distance  of  some 
K)，750  miles.  In  the  Bay  of  Biscay  and  North  Sea,  more- 
over, the  "Vulcanus"  was  confronted  by  very  bad  weather. 
Nevertheless  6  tons  of  liquid  fuel  reiiiained  ou  board  at 
Auist^rdani  after  the  voyage.  Thus  Ihe  total  consunipi  ；«,：) 
was  134  tons  in  65" 7  steaniing  days,  or  2*03  tons  per  (licin. 
Having  discharged  cargo  at  Amsterdam  the  "Vulcanus"  was 
dry -docked,  and  the  engines  opened  up  and  cleaned.  Beyond  a 
few  piston  rings  no  renewals  were  found  necessarv,  and  after 
cleaning  up  the  vessel  left  Amsterdam  on  December  19th 
on  a  similar  voyage. 

It  is  】>articularly  satisfactory  to  be  able  to  record  that  so 
there  has  beeu  no  appreciable  wear  and  tear  of  the 


engines,  u  fact  doubtless  ； itt  ril>utabh:  lo  t  hf  '― '>:'丄'11'"»1  mat^ri.il 
the   engine   builders    put    i)ito   the    const ni'li""    oi"  ill': 
lc.achinerv.    The  wear  and  tear  of  cylinder  limsrw,  as  ； 
iiiinerl   on   the  last  occasion,  is  sliown   by  the  figures  in 
T; 山 l('  IV.:  — 

Table  IV. ― Gaw/ing  of  Mam  Motor  L:!,liu"n  、,  Uercntber, 


To,'. 

Middle. 

Bottom. 

mm. 

mm. 

Original  si'/"'  … 

400   

No.  1  

...  400.4   

too'  1 

400- 0  ... 

...  400'4   

">"■  1 

400*8  ... 

…    400'6      〜  ... 

(000 

No.  4  

400*7  ... 

...  400*4   

400  (C, 

No.  5  

4006  ... 

...  400*4   

No.  6  

400-4  ... 

•••  400*3   

These  results  are  considered  extremely  good,  and  thei  <■  i 
every  reason  to  conclude  that  the  cost  of  upkeep  of  a  I)"— 's<，l 
engine  will  be  less  tlian  that  of  a  steam  en^iiu;  and  boiler 
plant,  expense  of  maintenance  of  boilers  particularly  increas- 
ing as  age  advances. 

The  "  Vulcanus  "  has  now  covered  45,600  miles,  more  or 
less,  and  her  engines  are  estimated  to  have  made  over  12 
millions  of  revolutions.  Her  cargo-carrying  capacity  actually 
shows  itself  to  be  some  12-15  per  cent,  more  than  on  a  steamer 
of  equal  dimensions,  which  circumstance  is  due  to  the  greatly 
reduced  weight  of  the  bunkers  carried  and  the  lower  weight 
of  the  machinery,  so  that,  with  the  high  freights  now  ruling, 
the  earning  capacity  of  the  vessel  is  much  iu  excess  of  a 
steamer  of  like  size.  As  a  matter  of  fact,  reckoning  on 
present  advanced  rates  of  freight,  this  advantage  lias  been 
found  k)  represent  about  £2,500  a  year,  which  in  ； '  ship  of 
tliese  dimensions  is  a  considerable  sum,  and  it  must  be  born** 
in  in  in  cl  1  hat  these  statements  are  iu  no  way  hypothetical, 
but  rest  on  a  prolonged  and  even  exhaustive  experience.  Nor 
have  we  touched  upon  the  whole  of  tlie  iinj>ort?ui(  advantatres 
whirli  (.lie  Diesel  ship  enjoys  over  the  steamer. 

Table  V. ― Extract  from  Loy  of  "M.F.  'Jtmo: 


Date 

Voyage. 

Hours. 

Miles. 

SA95I 

IH.P. 

Including 

.1010(11 

1912 

Brazil    to  Ham- 

Dec. 23 

burg. 

I.U 

.S 

1  1  二'.  ii 

8*0 

0.72 

II  IT 

，， 24 

I>tau-hl,  ITt'l  . 

100 

I0S-M 

8.27 

4-S5 

.1.  Ml 

" 25 

fore  ；  19ft.  aft. 

•_>：!•  ".J 

二' 111 

|OK.() 

S..")4 

4-S.5 

4-111 

" 26 

(*ar-o.  22IS  (>0. 

23- -,l 

22!) 

1  !.">•：> 

！ l.lil 

4.!H) 

4. 15 

" 27 

Dciidwciiiht.  2, .->!：$ 

2：!-：57 

L'llS 

114.3 

8.81 

4-8."» 

4-  Ml 

" 28 

tons. 

24.11) 

105 

1  I3.!t 

«.()：{ 

4.!tU 

，， 2i) 

•IS-  Hi 

213 

4.UIJ 

1. 1  ". 

:w 

201; 

110..-) 

4-."> 

:{.,so 

，， 31 

21.  I!t 

228 

118.0 

132：$ 

!t.:(S 

4.'J5 

•  lui.  1 

24-19 

322 

117-7 

!t.  1：{ 

4-20 

，，  '2 

24- is 

222 

llil.'i 

!>.1:5 

4.!».-, 

二  ：« 

23.. ".I 

21(i 

llti-7 

!>.(!."> 

4-8.-» 

»•  in 

，，  1 

•-'：{•  21 

HIT 

113-11 

«.4:5 

4- 75 

4-IM) 

:、 

23 -.-,4 

197 

UI-7 

S.lM 

4>  "."> 

； 4-(M» 

" o 

L>H.-, 

S.'.U 

•""!, 

2：{.14 

222 

11". s 

!":(:, 

l-sr, 

l.ll' 

s 

2:5.41 

2112 

ll.v  4 

s.'.n 

4-8.-> 

4-10 

,,  !» 

22-49 

204 

11.-..：! 

S.i»4 

4.1..-. 

，， 10 

8.30 

51 

().(K) 

To  set  down  those  not  easily  reducible  to  figures,  it  may  be 
stated  that  with  the  Diesel  ship  stand-by  losses  in  j>ort  show 
at  a  mininiuni,  while  with  the  coal-burning  steamer  tlu* 
amount  of  fuel  consumed  lying  with  the  banked  fires  is  ton 
siderable.  The  maintenance  of  boilers,  a^rain,  ；"  all  ，"igiiietM*s 
know,  is  a  costly  matter.  The  expense,  too,  has  a  "'i"l，'"'  v 
to  grow  with  tlieir  age.  In  the  not  iu  Frequent  m'，  t'-、、il  v  of 
repairing  boilers  du ring  a  voyage  ，m"'li  timo  is  lost  in  waiting 
until  the  boilers  have  cooled  down  suflioiently  fur  work  to  Ij,' 
started  aud  again  lost  in  getting  up  steam.  The  grtMt^st 
advantage  of  the  Diesel  vessel,  next  to  a  very  low  fuel  con- 
sumption, is  ]>erhaps  t lie  abseiu^e  of  boilers  with  its  corollary 
of  saving  in  weight  and  space,  ami,  as  already  meat ioiied, 
greater  cargo-carrvini:  capacity  and  fewer  firemen.  Briefly, 
to  recapitulate  the  position  ：   (1)    The  deadweight  rarryin^ 
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capacity  is  from  12  to  17  per  cent,  more;  (2)  smaller  size  of 
ship  for  a  particular  deadweight,  hence  lighter  expense ；  (3) 
size  for  size  the  liquid  fuel  bunker  will  take  the  vessel  five 
times  as  far  as  the  coal  bunker ― a  great  desideratum  in  both 
the  man-of-war  and  the  merchant  ship ― and  otherwise  useless 
spaces,  such  as  fore-peak  double  bottom,  &c.，  can  be  used  for 
its  storage. 

While  this  article  was  in  course  of  preparation  anotlier 
motor  vessel— the  "  Juno  "—  started  her  career  in  the  trans- 
port of  petroleum.  After  satisfactory  trial  runs  the  craft  left 
Rotterdam  mi  >0'、  ,'ml'i'i'  '」'」ii'l,  hound  i'm'Braila,  in  the  I*hu-k 
Sea,  where,  after  a  prosperous  passage,  she  arrived  on 
December  15th.  Having  loaded  a  full  cargo  of  oil  the  return 
voyage  was  commenced  on  December  22nd,  after  having  been 
seven  days  in  port  to  examine  piston  rings,  &c.，  and  beyond 
a  few  piston  rings  being  found  stuck  fast  everything  was  in 


ill 


]mr])oses, 


good  condition.  The  total  fuel  coiistuiij)!  ion 
excluding  port  use,  worked  out  at  86.21  tons, 
or  4*75  tons  per  diem,  which,  for  a  displacemenl 
of  4,200  tons  and  mean  speed  of  9  knots,  may 
be  considered  eminently  satisfactory.  An  ex- 
tract from  the  log  of  the  m.v.  "  Juno  "  is  given 
in  Table  V. 

The  "  Juno  ，'  left  Rotterdam  for  Braila  on 
November  22nd,  1912,  with  217*66  tons  bunkers. 
She  took  26*56  tons  bunkers  in  Braila  and 
arrived  back  in  Amsterdam  on  January  13th, 
1913，  with  48  85  tons  oil  remaining.  The  con- 
sumption for  all  purposes  amounted  to  195.37 
tons  ；  deduct  from  this  port  and  Danube  River 
consumption,  amounting  to  19.37  tons,  we  find 
tli at  she  consumed  176  tons  in  full  sea,  including 
all  auxiliaries,  or  4*92  tons  per  day  of  24  hours. 
Her  main  motor  alone  consumed  148  tons  or 
4*14  tons  per  day  of  24  hours.  It  may  be  men- 
tioned that  the  auxiliaries  in  the  "  Juno  "  are 
driven  by  steam.  The  donkey  boiler  is  fired 
partly  by  the  exhaust  gases  of  the  main  motor 
and  partly  by  liquid  fuel  directly  injected  into 
the  furnaces.  It  was  found  that  the  heat  con- 
tained in  the  exhaust  gases  was  not  quite 
enough  to  keep  up  full  steam  at  sea,  and  oc- 
casionally the  burners  had  to  be  used. 

The  fuel  consumption  of  main  engines 
worked  out  at  0*31b.  per  indicated  horse-power 
per  hour.  This  figure  is  exceptionally  low,  but 
the  author  believes  that  it  would  hardly  be  fair 
to  the  steam  engine  to  use  it  for  the  purpose  of 
comparison  ；  for,  particularly  in  the  case  of  the 
Diesel  engine,  a  good  portion  of  the  horse-power 
is  lost  in  the  engine  itself  through  the  driving 
of  air  compressors,  & x、.  The  author's  experience 
and  investigation  show  that  at  least  30  per  cent, 
should  be  deducted,  and  in  small  engines  up  to 
35  per  cent.,  to  arrive  at  the  brake  horse-power. 
Allowing  for  a  difference  of  30  per  cent.,  the 
consumption  for  the  main  engines  of  the  "Juno" 
works  out  at  0'431b.  per  brake  horse-power  per  hour,  and  the 
total  consumption,  including  all  auxiliaries,  at  0'401b.，  whicli 
is  about  17  per  cent,  less  than  for  tlie  2-cy.cle  engine.  It  is 
now  desired  to  place  before  you  a  set  of  cards  taken  by  the 
chief  engineer  on  the  run  from  the  Black  Sea  to  Hamburg ― 
see  Fig.  1, 

Before  turning  to  the  subject  of  the  use  of  liquid  fuel 
under  steam  boilers,  where  in  existing  and  projected  tonnage 
ii  lias  also  a  promise  of  ever-extending  ackiption,  soinetliiug 
should  be  said  conceriiing'  tlie  川 （'diaiiical  difficulties  ex- 
perienced in  ru nning  Diesel  engines  at  sea.  From  over  i  wo 
years'  practical  association  with  the  subject,  the  writer  is  of 
opinion  that,  as  regards  the  4-cycle  Diesel  engine,  no  devia- 
tion from  satisfactory  and  continuous  running  need  be  appre- 
hended in  the  different  phases  of  the  weather.  The  4-cycle 
Diesel  engine  has  functioned  admirably  in  long  non-stop 
runs,  and  a  small  Diesel  ship,  the  "  Senil>ilan，，，  performed  a 
non-stop  voyage  from  Aden  to  Sabang ― some  3,600  miles ― 
in  the  beginning  of  1911.  The  Vulc'ums"  has  made  lengthy 
continuous  trips  under  severe  meteorclogical  conditions,  ami 


it  may  be  recalled  that  she  was  in  the  Bay  of  Biscay  during 
the  destructive  gales  that  were  a  feature  of  the  Christmas 
season.  In  both  this  and  last  winter,  as  a  matter  of  fact, 
the  "  Vuleanus  "  has  successfully  combated  such  storms  as 
( stablish  beyond  argument  the  reliable  qualities  of  】ier  pro- 
pelling etjuipment. 

The  plain  unvarnished  truth  is  that  the  engines  gave 
very  little  trouble  indeed,  wear  and  tear  of  moving  parts 
being  very  slight  and  less  than  is  usually  found  in  marine 
engines.  In  the  commencenient  a  difficulty  was  experienced 
with  the  cooling  pumps,  through  tlie  capacity  having  been 
based  on  land  practice,  and  proving  insufficient.  This  was 
remedied  by  the  addition  of  a  small  centrifugal  drive  by 
noiseless  diain  from  crank  shaft.  The  air  pumps  were  the 
real  trouble,  and  they  broke  down  several  times  before  a  sat- 
isfactory design  was  hit  upon .  Nevertheless,  the  vessel  was 
always  able  to  reach  port  safely  and  to  proceed  at  full  "1 


C>liiHler  No.  l.-IM'.M. 


nr. 


Meau  Pi'essm'e,  91. "lbs,  】'er  squuvo  incli. 


Cyliudei-  No.  4.— R.P.M  .  120.  I.H.P.,  -2 卜 .3. 
Mean  l>i'essure„9775lbs.  per  square  inch- 


Cylinder  No.  2— K.P.M.,  \2S\  J.H.V.,  "!r.V 
Mean  Pressure,  107  ailbs.  ]>cr  squnrc  inch. 


〖 二 


Cyliuder  No.  5.-K.P-M.,  1>0.  I.H  I'  .  -J'/-'. 
Moan  Pressure,  90  4'^lbs.  per  square  iuch 


Cylinaer  No.  3. 


li.P.M 

Mean  Pressure,  HU *37U)s. 


, 120.  I-H.P.,  2.V3. 
per  square  iuch. 

Kevs.  per  min.  :  1-20 Diaui.  of  cylinders,  560] 
Stroke .  1000  m  m. 


I.H.P.— Cyl.  No.  1,  -Ju:i .,. 
Cyl.  No.  3,  233. 
Cyl.  No.  5,  20?. 
Total  I.H.P.-l^J. 


Cyl.  No.  -2,  '239' 
Cyl  Xu.  ！.  '2ls- 
Cyl.  No.  6,  -m-: 


L  yHuder  No.  6  — R.P.M.,  120.    I.H.P.,  -J-J6 
^lean  Px*essure.  101431bs.  per  square  inch. 

Injection  Air:  S.32  (ilbs.  per  square  inch. 
Cooling  Water  Temp. :  110°  Fah. 
Temp,  of  Exhaust  Gases :  69i°  Fah  or  37u°  <*. 
Fnel  u^ccl  per  I. H  P.  poi*  hour  =  0 1327  k^.  or  29ll>s. 
Kuel  consumption  per  B.H.P.  per  hour  (RH.1，. 

=70  per  cent,  of  I.H.P.)=  "381bs. 
Overall  c  >nsuiuptiou,  iaclncling  auxiliaries- '41 
lbs. 

Fig.  1.— Indicator  Cauijs  i  noii  the  Motou  Ship  "  Juno. ' 

by  means  of  the  auxiliary  Diesel  engine  driving  the  air  com- 
pressor. It  may  here  be  stated  that  the  "  Vuleanus  "  has 
no  donkey  boilers  and  is  entirely  dej)endent  ou  motor  power. 

The  exhaust  valves,  Avliich  are  usually  looked  upon  as  a 
weak  point  m  the  4-cycle  Diesel  engines,  have  given  no 
trouble  on  the  "  Vuleanus/'  although  the  precaution  was 
taken  to  ^rind  them  in.  or  put  the  spare  valves  in  after 
about  a  fortnight's  or  three  weeks'  running,  the  old  valves 
with  their  seats  then  being  ground  in  again  at  sea.  No  in- 
(convenience  or  delay  lias  ever  been  caused  in  this  respect ,  it 
bein^  quite  an  easy  matter  to  fit  a  set  of  spare  valves  anri 
seats. 

To  record  the  furtlu»r  mishaps  that  have  befallen  the 
Vulcan  us, M  it  should  be  slated  that  on  her  third  voyage 
to  Hamburg  the  brick  lining  of  the  exhaust  pipe  col  lapsed, 
thus  p:i rtially  clioking  the  exhaust  passage.  This  reduced  the 
revolutions  of  tlie  engines,  and  tlui  on^ineer,  not  knowing 
the  cause,  and  being  too  murh  under  the  influence  of  his 
training  in  steam,  further  opened  the  throttle,  tlierehv  con- 
siderably overloading  and  choking  the  motor,  which  resulted 
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in  the  gases  escaping  into  the  engine  room,  and  the  exliaust 
pipe  becoming  red  hot,  and  soft.  This  was  the  only  occasion 
on  which  tlie  "  Vulcanus"  had  to  be  assisted.  She  was 
towed  from  the  Elbe  J J^litsliip  to  H;iml)iir^,  but  i«'"u'n,',l 
under  her  own  power  after  four  days'  delay  afc  Hamburg. 
Secondly,  there  was  a  bending  of  the  crank  shaft  on  a  trip 
from  Kottcrdam  to  Barrow,  due  to  one  of  the  bottom  end 
bolts  breaking  and  fouling  the  crank,  so  bringing  the  engine 
to  a  sudden  stop.  Still,  this  bent  crank  shaft,  and  conse- 
quently disturbed  timing  of  the  "  Vulcanus,"  did  not  pn' 
vent  the  boat  from  running"  another  tliree  months,  wlien  a 
new  shaft  was  put  in.  A  third  incident  was  the  exploding 
ol"  aii  inblast  air  vessel,  which  cost  the  second  engineer  his 
left  arm.  -  This  was  a  most  distressing  and  unfortunate 
accident,  and  happened  while  the  engines  were  being  tried 
after  overhauling  in  the  yard  of  the  builders.  Bad  welding 
had  left  a  fracture,  and  the  top  part  of  the  air  vessel  blew 
right  off  ；  but  the  indirect  cause  of  the  accident  was  prob- 
abl)'  the  accumulation  of  water  in  the  air  vessel  which  had 
not  drained  because  of  an  internal  pipe  being  cracked.  This 
mishap  taught  us  not  to  use  any  more  welded  air  vessels,  and 
to  suspend  the  vessel  with  cover  and  valves  downward,  which 
effectually  prevented  any  unknown  accumulation  of  water. 
(To  be  continued.) 


BLOWHOLES  IN  VALVE  CASTINGS, 

In  a  recent  issue  of  "  The  Brass  World  "  attention  is  directed 
to  the  difficulty  experienced  by  a  valve  manufacturer  in 
making  sound  valve  castings.  The  difficulty  was  caused  by 
the  presence  of  blowholes.  The  existence  of  blowholes  in 
valve  or  other  castings  is  a  very  common  occurrence,  but  this 
manufacturer  believed  that  they  were  caused  by  a  certain 
ingot  metal  he  had  been  using  Troubled  by  the  blowholes, 
the  ingot  from  which  the  castings  were  made  was  considered 
as  the  cause  of  the  trouble  and  one  of  them  cut  in  half,  with 
the  result  that  a  blowhole  was  discovered.  This  blowhole 
was  probably  caused  by  air.  When  the  metal  was  poured 
into  the  ingot  mould,  the  air  became  entangled  and  remained 
there.  This  blowhole  was  large  and  of  a  kind  often  found 
when  an  ingot  has  been  poured  at  a  rather  low  heat.  Even 
though  it  might  have  been  gas  of  a  different  nature  from  air, 
it  would  have  no  bearing  upon  the  blowholes  in  the  casting 
for  the  reason  that  it  would  escape  when  the  ingot  metal  was 
melted.  Blowholes  in  sand  castings  almost  entirely  come  from 
the  gases  generated  by  the  combustion  of  the  fuel  during  the 
melting  and  become  absorbed  during  the  melting.  As  the 
metal  cools  in  the  mould,  these  gases  are  expelled  forming 
blowholes.  Blowholes  and  pinholes  are  the  same  and  are 
produced  by  gas  absorption.  One  is  simply  larger  than  the 
other. 

The  reason  why,  with  the  same  manner  of  melting  and 
the  same  metal,  blowholes  will  be  present  in  one  casting  and 
not  in  another  is  in  the  method  of  melting.  All  fuels  used  in 
the  brass  foundry  at  the  present  time  contain  sulphur  and, 
of  course,  various  gases  such  as  carbon  monoxide,  hydrogen, 
carbon  dioxide  are  generated  by  the  combustion  of  the  fuel. 
It  is  the  sulphur  that  is  a  very  common  cause  of  the  trouble, 
although  the  other  gases  play  an  important  part.  When 
the  metal  melts,  it  absorbs  these  gases  and  then,  after  it  has 
beeu  cast  in  the  sand  mould,  they  are  expelled  and  blow- 
holes form.  In  melting,  therefore,  the  metal  should  be  pro- 
tected against  these  gases.  A  common  and  excellent  method 
is  to  keep  the  surface  of  the  metal  covered  with  charcoal. 
Charcoal  contains  no  sulphur  at  all  and,  for  this  reason,  it 
introduces  none  into  the  metal .  At  the  same  time,  it  forms 
a  covering  which  burns  arid  has  a  reducing  action  and  thus 
prevents  the  formation  of  oxide.  It  has  been  found  that 
many  cases  in  which  foundrymen  have  had  trouble  with 
blowholes  in  their  castings,  have  been  caused  by  failure  to 
use  any  charcoal  at  all  for  covering  the  metal  during  the 
melting.  Iu  the  best  regulated  establishments  and  those 
which  turn  out  the  best  metal,  charcoal  is  extensively  em- 
ployed and  is  introduced  into  the  crucible  as  soon  as  the 
metal  melts.  A  better  plan,  and  one  carried  out  in  many 
brass-casting  plants,  is  to  put  some  into  the  crucible  when 
the  metal  is  introduced.  In  this  manner,  the  metal  is  pro- 
tected as  soon  as  it  begins  to  melt.  Coal  or  coke  will  not 
answer  iu  place  of  the  charcoal  as  they  contain  sulphur. 

There  is  another  feature  in  melting  that  causes  blowholes 
in  the  metal  and  that  is  overheating.    The  hotter  the  metal 


the  more  readily  will  the  gases  be  absorbed.  It  will  not 
suffice  to  overheat  the  metal  and  then  cool  it  down  witli 
scrap.  The  gases  have  been  absorbed  during  the  melting 
and  are  there  to  do  the  harm.  The  right  procedure  iB  to 
bring  the  metal  up  to  the  right  melting  point  whi<-li 卜 
necessary  for  pouring  the  castings,  but  not  allow  it  to  l>< 
yond  it.  In  addition  the  feature  of  allowing  the  metal  to 
"soak"  in  the  fire  is  detrimental  to  it.  It  ia  a  very  com 
mon  thing  to  have  metal  ready  long  before  the  mould  is 
finished.  Then,  as  it  cannot  be  poured,  the  nif-tal  must 
remain  in  the  fire  until  the  mould  in  ready  and  it  iias 
a  longer  opportunity  to  absorb  sulphur  and  gases.  Shoiilrl 
Uie  metal  happen  to  become  overheated  (luring  this  "soak- 
ing," as  it  frequently  does,  then  there  is  all  the  more  d"im  •' 
for  gas  and  sulphur  absorption  and  the  castings  will  contain 
more  blowholes. 

In  melting  the  following  rules  should  he  strictly  ob<-ye<l. 
It  makes  no  difference  whether  the  metal  is  yellow  brass, 
composition,  or  steam  metal,  the  procedure  is  the  same  as 
the  same  principle  applies.  (1)  Add  a  little  charcoal  to  the 
crucible  before  melting  so  that  as  soon  as  the  metal  begins  to 
melt  and  run  down  to  the  bottom  it  will  be  protected  by  it. 
(2)  As  soon  as  the  melting1  begins  add  a  little  more  charcoal 
so  that  there  is  always  a  depth  of  half  or  three-quarters  of  an 
inch  on  the  surface  of  the  molten  metal.  (3)  Never  allow 
the  charcoal  to  burn  off  from  the  top  of  the  metal,  but  add 
more  if  required.  (4)  Do  not  overheat  the  metal  beyond  the 
actual  pouring  temperature.  (5)  Do  not  allow  the  metal 
to  remain  in  the  fire  after  it  has  melted,  but  have  the  moulds 
ready  for  pouring  before  it  is  melted.  If  these  directions  are 
followed,  blowholes  will  not  bother  a  brassfounder  as  he  will 
then  rarely  have  them . 
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MESSRS.  MATHER  &  PLATT'S  PARK  WORKS,  MANCHESTER. 

There  are  few  engineering  firms  whose  manufactures  range 
over  a  wider  field,  and  fewer  still  who  have  been  more  uni- 
formly successful  than  that  of  Messrs.  Mather  &  Piatt,  of 
Sal  ford  Ironworks,  Manchester.  This  consuinniation  has 
only  been  attained  by  the  exercise  of  an  nlertness  and  a  fore- 


witli  the  Grinnell  automatic  sprinkler,  which  has  since  won 
for  itself  so  world-wide  a  reputation.  With  such  a  wide- 
spread variety  of  manufactures  many  firms  would  have  been 
inclined  to  "mark  Ume."  This,  however,  has  never  been 
their  motto.  The  steam  turbine  and  the  large  gas  engine  both 
held  out  promises  of  great  things,  and  tlieir  manufacture  was 
foriliwith  taken  nj>. 

In  the  meantime  space  on  the  old  site  in  Salford  was  be- 
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sight  that  anticipated  the  lines  of  advance  along  which  pro- 
gress was  being  made.  Lancashire  has  supplied  as  many 
illustrations  of  this  business  versatility,  perhaps,  as  any  other 
county,  and  though  there  have  been  some  old  establishments 
that  have  shown  an  inability  to  keep  abreast  with  the  rapid 
changes  that  have  characterised  engineering  during  the  last 
half  century,  this  firm  have  in  many  ways  demonstrated  that 
it  has  been  possible  not  only  to  do  so,  but  to  thrive  upon  it. 

Established  early  in  the  last  century,  the  firm  was  at  first 
chiefly  conoorned  with  the  manufacture  of  textile  machinery 
for  bleaching,  dyeing,  printing,  and  finishing  cotton  goods, 
and  it  was  not  until  many  years  afterwards  that  electrical 
engineering,  in  which  they  may  be  said  to  have  been  pioneers, 
was  taken  up  and  subsequently  developed  into  a  very  impor- 
tant branch.    They  also  specialised  in  livdraulic  plant,  water 


Fig.  2.— rLAN  op  Park  Works  of  Messtis.  Mather  &  Platt.  I/id. 


filtration,  sewage  purification,  well  boring,  and  pumping  in- 
stallations, and  were  the  original  makers  of  the  turbine  pump. 
Some  30  years  ago  the  question  of  how  to  provide  】m)re 
efficient  means  of  protection  against  fire  began  to  loom  large 
in  this  country,  as  it  had  previously  in  the  Stales,  and 
led  to  a  demand  for  improvement  in  fire  extinguishing 
apparatus.  Messrs.  Mather  &  Piatt  were  the  first  in  the  field 


coming  quite  exhausted,  aiul  as  there  was  no  room  for  exten- 
sion, except  in  an  upward  direction,  it  was  decided  to  secure 
a  site  on  which  to  build  new  and  more  suitable  works.  A 
very  suitable  plot  of  50  acres  was  secured  at  Newton  Heath, 
adjoining  the  Lancashire  and  Yorkshire,  Midland,  and  North- 
western Railway  systems,  and  in  1901  building  operations 
were  here  commenced.  The  portion  in  the  centre  of  the  maiu 
block  in  the  general  view  and  plan,  was  erected  in  that  year, 
and  comprised  an  administrative  building  of  two  storeys  and  a 
machine  shop,  the  latter  being  376ft.  long,  with  a  width  of 
130ft.  in  four  bays.  It  was  built  of  iron  and  steel  stanchions 
with  T-iron  stays  and  supports  for  the  roof,  and,  in  fact,  was 
the  original  machinery  hall  of  the  Paris  Exhibition  of  1900. 
This  building  is  used  for  the  fire  engineering  section  of  the 
firm's  business,  and  includes  the  manufacture  of  the  Grinnell 
automatic  sprinkler,  cast-iron  fittings,  pumps,  valves,  tauks, 

and  other  fire  appliances, 
whilst  the  pipe  shop  occu- 
pies two  of  the  bays. 

The  administrative  block 
is  a  building  erected  some- 
what on  Ajnerican  lines. 
The  outer  walls  are  of 
brickwork,  and  although 
non-fireproof,  it  is  of  slow- 
burning  construction,  with 
flooring  consisting  of 
wooden  joists  placed  close 
together  on  edge,  and  with 
a  covering  of  maple  to  give 
a  smooth  surface.  The  ar- 
rangement and  equipment 
of  the  administrative 
departments  have  been 
designed  with  a  view  to 
systematic  management  and 
efficiency  with('iit  un- 
necessary expenditure  on 
ornate  fittings.  The  mnin 
offices  are  open  from  end  to 
end,  and  only  the  directors  and  managers  are  provided  with 
separate  rooms.  A  few  years  later  tlie  pressure  on  the  elec- 
trical department  at  the  old  works  at  Saltord  made  further 
extensions  at  the  new  site  desirable,  and  for  the  acconunotla- 
tion  of  this  section  two  more  bays,  each  376ft.  long  and  40fi. 
wide,  were  erected.  Again  in  1910  it  was  decided  to  make  fur- 
ther extensions,  and  a  commencement  was  made  with  a  struo- 
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ture  comprising  seven  bays  of  the  same  length  as  the  last,  but 
52ft.  and   42ft.  8in.   wide.      The  construction   of  this 

building  is  generally  nimilar  to  that  erected  in  1901.  The 
floors  are  of  oonorete,  prepared  and  covered  with  wooden 
blocks,  and  laid  in  with  pitch. 

In  191 1  the  building  on  the  extreme  left  of  the  plan  and 
general   view  was  erected.     It   is   a   two -storey  fireproof 


Fig. 


-Heavy  Machine  Shop  at  Park  Wo iiks  of  Messrs.  Mathek  &  Platt.  Ltd 


structure,  218ft.  6in.  long  by  48ffc.  6in.  wide.  The  upper 
floor  is  used  for  administrative  purposes  and  the  lower  floor 
has  been  equipped  as  a  dining-room  and  kitchen  with  accom- 
modation for  over  1,000  men.  The  dining-room  is  divided 
into  compartments  for  the  different  grades  of  workpeople.  A 
hot  dinner  is  provided  every  day  at  a  moderate  price,  and 
those  men  who  bring  their  own  food  can  have  it  warmed  or 
obtain  hot  water  with- 
out any  charge.  The 
offices  above  communi- 
cate with  the  older 
offices  by  means  of  a 
reinforced  concrete 
bridge  shown  in  the 
general  view.  Adjoin- 
ing the  ground  floor  of 
this  building  is  the 
work  men's  lavatory , 
This  is  fitted  up  with 
long  cast-iron  troughs 
which  are  filled  with 
warm  water  at  meal 
times  and  each  man  is 
provided  with  soap  and 
towel.  In  this  build- 
ing lockers  constructed 
of  metal,  and  well  ven- 
tilated, are  provided  so 
that  each  man  has  a 
place  in  which  to  hang 
his  coat,  it  being  for- 
bidden to  take  these 
into  the  shops.  Another 
new  building  is  a  three- 
storey  structure  at  the 
rear  of  the  power-house 
(see  plan)  of  fireproof 

construction  throughout  with  steel  framework,  with  rein- 
forced concrete  floors  and  roof.  In  designing  the  building 
special  attention  was  paid  to  the  question  of  light,  and  the 
window  areas  are  exceptionally  large.    It  is  occupied  on  the 


top  floor  as  a  pattern  shop,  the  first  floor  pattern  stores 
and  paint  sliop,  and  the  ground  floor  as  a  tinsmith's  shop  and 
for  cotton  bowl  making. 

The  latest  addition  to  tlie  establishment  if*  a  building  with 
seven  bays  used  as  a  brass  and  iron  foundry  and  smithy.  It 
measures  275ft.  by  218ft.  6in.，  and  is  supplied  with  materialn 
by  a  line  of  rails  running  from  the  firm's  siding  on  the  Lanca 

shire  and  Yorkshire 
Kailway,  from  which 
siding  lines  also  run 
into  bays  in  each  de- 
partment of  the  works, 
so  that  the  raw  mate- 
rial and  finished  pro- 
ducts can  be  unloaded 
and  loaded  direct  with- 
out unnecessary  band- 
ling.  In  addition  to 
these  lines  of  standard 
gauge  a  complete 
system  of  narrow 
gauge  tramway  lines, 
21-^in.  gauge,  is  laid  in 
each  bay,  fitted  with 
trucks  capable  of  car- 
rying two  tons,  for  the 
purpose  of  rapidly  con- 
veying goods  from  one 
department  to  another. 

The  trucks  run  on 
roller  bearings  to  re- 
duce friction  and  can 
easily  be  pushed  about 
the  shops  by  one  man. 

All  the  bays  of 
the  main  building  are 
of  the  same  length. 
The  average  height  under  the  cranes  is  24ft.,  and  each  shop 
is  served  by  an  overhead  electric  travelling  crane  running  the 
whole  length  of  the  building.  In  addition,  pneumatic  hoists 
and  jib  cranes  operated  by  hand  are  placed  over  the  benches 
for  handling  small  work.  The  shops  are  illuminated  at  night 
by  means  of  metal  filament  lamps,  each  of  1,000  candle-power, 
distributed  equidistantly  from  one  another  and  so  arranged 


Fig.  4.— Pump  Department  at  Pabk  Works  of  Messrs.  M  ather  A  I'latt.  Ltd. 

to  avoid  the  throwing  of  shadows.  The  ventilation  and  heat- 
ing have  also  been  well  considered.  The  latter  is  effected  by 
hot  water  at  low  pressure,  each  bay  having  its  own  battery  of 
heating  pipes  running  the  full  length.  The  water  is  heated  in 
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boilers  and  is  caused  to  circulate  throughout-  the  whole  instal- 
lation by  means  of  a  centrifugal  pump,  which  maintains  an 
even  flow  of  5,000  galls,  of  water  per  hour. 

The  energy  to  drive  the  whole  of  the  works  is  taken  from 
the  Manchester  Corporation  electric  supply  mains.  Alter- 


Fig.  5. ― Automatic  Tools  and  Turret  Loathes  at  Park  Wokk^  ( 

natiug  current  is  brought  into  the  works  at  a  pressure  of 
6,500  volts  and  is  transformed  in  the  power  house  (see  Fig.  8) 
down  to  direct  current  at  440  volts.  It  is  distributed  on  the 
three  wire  system,  so  that  two  pressures  are  provided.  The 
large  machine  tools  are  driven  independently  by  their  own 
electric  motors  and  the  lighter  tools  are  operated  from  sections 
of  overhead  line  shafting,  each  section  being  driven  by  its 
own  motor.  An  underground  brick  culvert  is  laid  from  the 
power  house  right  across  all  the  bays  to  accommodate  and 
afford  easy  access  to 
the  electric  cables  for 
power  and  lighting,  as 
well  as  to  the  steam, 
gas,  and  pressure  water 
pipes  for  testing  .pur- 
poses. 

Water  for  manu- 
facturing, fire,  and 
other  purposes  is  ob-. 
tained  from  a  large 
reservoir  into  which 
all  the  rain  water  from 
the  roofs,  &c  ，  is 
drained.  From  this 
reservoir  the  water  is 
forced  by  means  of  a 
turbine  pump  through 
one  of  the  firm's 
mechanical  pressure 
filters,  which  has  a 
capacity  of  6,000  galls, 
per  hour,  and  thence 
into  an  elevated  tank 
placed  in  the  tower 
shown  in  the  general 
view,  whence  a  con- 
stant pressure  is  main- 
tained in  the  circulating 
mains.    For  drinking 

and  other  purposes  the  supply  is  taken  from  the  Corporation 

mains. 

The  whole  of  the  offioes  and  shops  are  equipped  with  a 
model  fire  extinguishing  plant.  This  includes  some  4,000 
Grinnell  sprinklers  divided  into  eight  distinct  installations, 
each  controlled  by  a  separate  set  of  6in.  alternate  wet  and 


dry  pipe  valves.  These  eight  installations  are  maintained 
under  water  pressure  during  the  summer  months,  but  to  guard 
against  the  effects  of  frost  in  the  winter  the  water  is  drained 
out  of  all  the  pipes  above  the  main  valves  and  air  is  pumped 
in  under  pressure.    Water  is  supplied  by  an  8in.  pipe  from 

the  Corporation  main, 
augmented  by  a  gravity 
tank  of  】0,i300  galls, 
capacity  and  an  elec- 
trically driven  turbine 
pump  capable  of  de- 
livering 1,000  galls,  per 
minute.  In  connection 
with  this  pump  there 
is  provided  automatic 
starting  gear.  Briefly, 
this  consists  of  a  verti- 
cal hydraulic  cylinder 
in  which  is  a  weighted 
ram  ；  the  latter  is  held 
in  position  at  the  top 
of  the  cylinder  by 
means  of  a  catch  con- 
trolled by  the  pres- 
sure of  water  in  the 
sprinkler  installation. 
When  this  pressure  is 
reduced  to  a  pre- 
determined extent  by 
the  opening  of  one  or 
more  sprinklers  in  case 
of  tire,  the  catch 
releases  the  ram,  which 
falls  by  gravity  and  starts  the  electrically  driven  turbine 
pump,  which  continues  to  work  until  stopped  by  hand.  As 
soon  as  the  pump  has  been  started  the  ram  is  automaticallv 
raised  again  to  its  former  position  and  is  ready  to  start  the 
pump  afresh  should  occasion  arise.  From  the  above  it  will  be 
gathered  that  the  pump  has  not  to  be  kept  running  con- 
tinually, yet  is  always  ready  when  required.  In  connection 
with  the  sprinkler  installation  is  a  simple  and  efficient  fire 
alarm,  which  immediately  gives  warning  in  case  of  even  a 


Messrs.  Mathek  &  Platt,  Ltd. 


Fig.  6. —Textile  Department  at  Park  W  ouks  of  Messrs.  Mather  &  Platt.  Ltd. 


small  escape  of  water  inside  the  building,  whether  the  escape 
be  due  to  a  leaky  joint,  a  faulty  pipe,  or  the  operation  of  a 
sprinkler.  The  alarm,  which  is  operated  by  a  valve  connected 
with  a  small  water  wheel  having  revolving  hammers  which 
beat  against  a  gong,  continues  to  sound  as  long  as  the  escape 
takes  place. 
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BUILDINGS  FOR  ENGINEERING  WORKS. 

An  interesting  paper  entitled  "  The  Construction  and 
Arrangement  of  Buildings  for  Engineering  Works  ，，  was  read 
by  Mr.  H.  N.  Allott,  M.Inst.C.E.,  at  a  meeting  of  the  Man- 


-Electhicat,  Depautment  at  Pabk  Wouks  of  Mksshs.  Math i:k  A;  Platt,  Ltd. 


chester  Association  of  -  Engineers,  held  on  Saturday  last. 
The  lay-out  and  dimensions  of  the  shops  must,  he  said,  in  all 
cases  be  determined  by  the  purpose  for  which  they  were  in- 
tended to  be  used,  and  also  by  the  shape  and  levels  of  the 
site.  This  was  especially  the  case  in  buildings  to  be  erected  in 
town  neiglibourhoods,  more  freedom  being  possible  in  country 
districts  where  land  was  more  easily  obtained.  In  all  cases 
it  was  advisable  to  arrange  works  so  that  continuity  might  be 
obtained  as  far  as  possible.  It  was  not  possible  to  arrange 
in  every  case  that  the 
raw  material  should  be 
put  in  at  one  end  and 
the  finished  article 
turned  out  at  the  other, 
but  it  was  always  pos- 
sible by  a  proper  ar- 
rangement of  shops  to 
minimise  the  handling 
and  the  distance  tra- 
velled by  the  work  in 
its  progress  through 
the  shops.  Another 
point  to  be  borne  in 
mind  was  the  possi- 
bility of  extension,  and 
it  was  in  most  cases 
feasible  by  a  proper 
consideration  of  this 
point  to  minimise 
trouble  and  expense  in 
carrying  out  fu  ture 
alterations  to  meet  an 
expansion  of  business. 

The  type  of  building 
to  be  adopted  would 
b  e  determined  b  y 
the  description  of 
work  to  be  carried  out. 
Generally  speaking, 

for  small  work  where  heavy  cranes  were  not  required,  and 
where  the  type  of  machinery  employed  was  small,  the  saw- 
tooth type  of  roof  would  be  found  most  convenient  ；  whilst 
for  shops  where  the  machines  and  the  work  were  of  a  heavier 
description,  and  the  spans  consequently  greater,  a  ridge  roof 
was  the  best  arrangement.      The  author  next  described  the 


lay-out  of  an  ordinary  engineering  shop  of  moderate  size, 
arranged  all  on  one  floor  vvitli  small  bays  on  one  side  for  light 
tools  and  fitting,  and  wider  and  higher  bay 8  for  heavier 
machine  tools  and  erection  purposes.  There  was,  he  observed, 
no  doubt  that  tor  ordinnrv  engineering  purposes  the  arranger 

ment  of  shops  on  one 
level  wa9  most  con- 
venient, as  this  al- 
lowed of  better  super- 
vision , better  access 
between  the  various 
shops,  and  better  light 
than  was  pos&iT,le 
where  the  works  were 
arranged  in  buildings 
of  more  than  one 
storey.  Buildings  of 
more  than  one  storey 
were  as  a  rule  used 
only  in  cases  where 
the  work  and  the  ma- 
chinery used  were  of  a 
light  description. 
There  did  not  seem  to 
be  anything  to  recom- 
mend the  building  of 
works  of  more  than  one 
storey  than  the  ques- 
tion of  the  area  covered, 
where  economy  of  land 
was  of  more  import- 
ance than  the  extra  cost 
of  building  involved. 

The  first  matter  to 
be  decided  in  design- 
ing    the  workshop 
the    plan    was,     he  re- 
underside    of    the  roof, 


buildings  after  laying  down 
marked,    the    height    to  the 

which  depended  on  the  height  of  lift,  and  the  head  room 
required  for  the  cranes,  and  where  these  were  not 
necessary  on  the  height  required  for  driving  the 
machines.  In  the  example  dealt  with  by  the  author,  a 
height  of  30ft.  was  allowed  for  the  erecting  and  heavy  machine 
shops,  aud  15ft.  for  the  light  machine  and  fitting  shops.  The 
roofs  of  all  the  bays  were  of  the  ridge  type.  The  smaller  bays 


Fig.  8.— Power  Kouse  at  Pakk  Works,  Eqitipped  by  Messrs.  Math  Em  &•  Pl.vtt,  Ltd. 

of  roofing  were  also  of  this  description,  since  sawtooth  roofing 
should  not,  generally  speaking,  be  of  a  greater  spau  than  25ft. 
The  widths  of  bays  depended  on  the  machines  employed  and 
the  character  of  the  work  to  be  carried  out,  and  where  these 
matters  could  be  arranged  to  suit  a  bay  of  not  more  than  25ft. 
in  width  a  roof  of  the  sawtooth  type  was  undoubtedly  the 
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best.  Sawtooth  roofing  where  possible  was  usually  arranged 
with  tlie  glazing  facing  north  so  as  to  prevent  the 
direct  glare  of  the  sun  through  the  glass.  The  principal  advan- 
tage of  the  sawbool h  roof  was  Hint  l)y  its  use  a  more  evenly 
lighted  and  cooler  shop  was  obtained. 

The  amount  of  glazing  to  be  allowed  for  in  a  roof  of  the 
ridge  type  should  not  be  less  than  about  50  per  cent,  of  the 
area  of  covering,  and  in  districts  with  an  atmosphere  like 
that  of  Manchester  this  might  be  increased  with  advantage 
to  60  per  cent,  or  70  per  cent.  The  glass  should  be  equally 
distributed  on  both  sides  of  the  roof,  as  by  that  means  a  more 
even  illumination  was  obtained  than  when  all  the  glass  was 
placed  on  one  side  of  the  roof.  Another  advantage  of  dis- 
tributing the  glazing  was  that  the  direct  glare  of  the  sun  and 
consequent  heating  of  the  shops  in  summer  was  minimised. 

The  roof  covering  in  this  country  usually  consisted  either  of 
slates,  asphalte  felt,  or  corrugated  iron.  For  slates  or  corru- 
gated iron  the  roof  generally  was  given  a  rise  of  not  less  than 
quarter  of  the  span,  for  if  made  of  a  flatter  slope  rain  and 
snow  were  liable  to  blow  iu  at  the  joints.  For  felted  roofs  the 
roof  might  be  practically  flat  if  the  joints  were  properly  maWe 
with  mastic,  and  it  was  only  necessary  to  give  a  fall  of  one  or 
two  inches  to  the  foot  to  allow  for  drainage.  Galvanised 
corrugated  iron  was  usually  only  used  in  this  country  for 
buildings  required  for  temporary  purposes,  and  when  used 
should  be  carefully  painted  before  and  after  fixing,  and  after- 
wards properly  maintained,  as  otherwise  its  life  was  only 
short.  The  roof  glazing  was  best  carried  out  witli  patent 
glazing,  of  which  there  were  several  satisfactory  makes  on  the 
market,  the  alternatives  to  patent  glazing  being  wood  or  tee 
steel  glazing  bars,  the  glass  being  puttied  in.  The  patent 
glazing  was  preferable.  The  roof  glazing  was  best  carried 
out  with  wire  wove  glass. 

In  a  machine  shop  the  number  of  cubic  feet  of  air  space 
was  generally  sufficiently  large,  in  comparison  with  the 
number  of  men  employed,  to  render  extensive  roof  ventila- 
tion unnecessary,  and  sufficient  ventilation  might  be  provided 
by  opening  sashes  in  the  glazing  to  a  sawtooth  roof,  or  by 
ventilators  at  intervals  along  the  ridge  in  the  case  of  a  roof  of 
the  ridge,  type.  The  ventilators  for  a  ridge  roof  to  a  machine 
shop  were  best  provided  with  opening  shutters  so  that  tlie 
ventilation  might  be  stopped  in  the  winter  or  in  driving  rain 
or  snow  if  required,  or  if  preferred,  exhaust  ventilators  could 
be  used.  In  the  cas©  of  a  foundry  it  was  usual  to  provide 
ventilators  with  continuous  louvres  for  the  whole  length  of 
the  shop.  These  were  best  made  of  wood  with  a  rebated  fillet 
screwed  on  the  back  to  stop  rain  or  snow  from  driving  in  as 
far  as  possible. 

The  roof  principals  were  best  formed  in  steel  of  angle's, 
tees，  and  other  rolled  sections.  A  steel  principal  offered  less 
obstruction  to  the  light  and  harboured  less  dust  than  a  timber 
principal,  and  could  generally  be  designed  at  very  little 
greater  cost,  if  any.  On©  advantage  claimed  for  timber  roofing 
was  that  arrangements  were  more  easily  made  for  carrying 
shafting,  &c.，  but  this  could  be  quite  easily  arranged  for  with 
sfeel  principals,  by  forming  the  bottom  tie  of  double  angles  or 
channels  with  sufficient  space  between  to  allow  for  the  passage 
of  a  bolt.  The  line  shafting  could  if  required  be  carried 
directly  from  the  principals  and  the  counter-shafting  carried 
from  joists,  channels,  or  planks  as  required  by  the  cir(、u in- 
stances of  the  case.  For  roofs  of  moderate  span  up  to,  say, 
50ft. ，  economical  spacing  might  be  taken  as  from  10ft.  to 
12ft. ，  which  allowed  purlins  of  angle  section  to  be  emplovrd . 
For  roofs  of  larger  spans  it  was  frequently  more  economical  to 
space  the  roof  principals  farther  apart,  and  to  use  purlins 
of  channel,  zed,  or  rolled  joist  sections. 

Dealing  next  with  the  stanchions  and  girders  carrying  the 
roof  and  gantries,  these  were,  the  author  said,  now  commonly 
made  of  steel  of  various  sections  in  place  of  cast  iron  as  in  the 
older  shops.  A  steel  stanchion  could  usually  be  designed  more 
economically  than  one  of  cast  iron,  was  not  so  liable  to  damage 
from  blows,  and  attaclnnents  could  more  easily  be  arranged 
for  girders  to  carry  shafting,  jib  cranes,  &c.  Round  cast-iron 
columns  were  sometimes  used  to  carry  the  roofing  of  small 
spans  for  light  machine  shops,  and  \\^]\{  foundries  wliere 
•  •fanes  were  not  required. 

The  gantry  girders  to  carry  the  travelling  cranes  varied  in 
type  according  to  the  span  and  load  to  be  supported.  The 
practice  of  the  author  was  to  take  the  whole  of  the  load  and 
crab,  lialf  the  weight  of  the  crane  girders,  and  one  wheel  box, 
as  coming  on  one  gantry  girder,  and  to  use  a  working  stress 


of  six  tons  per  square  inch  under  ordinary  circumstances. 
The  depth  of  the  girder  should  preferably  be  not  less  than  ?5， 
and  the  lateral  width  not  less  than  C)  of  the  stanchion  centres. 
Where  the  spans  were  large,  or  where  the  loads  to  be  carried 
were  great,  it  would  probably  be  necessary  to  use  a  double- 
webbed  girder,  either  of  the  plate  or  lattice  type,  to  obtain 
greater  lateral  stiffness.  In  the  case  of  light  cranes  it  was 
often  not  possible  to  adhere  to  the  proportions  given  above, 
owing  to  the  comparatively  light  loads  to  be  carried,  and  the 
proportions  mentioned  might  to  some  extent  be  varied,  say 
to  - and  respectively 3  as  the  working  stresses  were  usually 
considerably  lower  than  the  working  stress  of  six  tons  per 
square  inch  given  above.  The  crane  rails  should  be  of  the 
bridge  type,  the  weight  being  proportioned  to  the  crane  loads. 
Care  must  be  taken  that  the  girders  were  stiffly  connected  at 
the  joints,  and  that  they  were  stayed  to  the  stanchions  so  as 
to  prevent  oscillation. 

Where  the  shafting  was  carried  from  the  crane  girders,  as 
was  sometimes  the  case,  the  deflection  and  stiffness  of  the 
girders  under  load  must  be  enquired  into  to  ensure  that  tlie 
proper  running  of  the  shafting  was  not  interfered  with.  The 
girders  to  carry  the  roofing  varied  in  type  according  to  the 
span  and  the  load  to  be  carried,  as  in  the  case  of  the  gantry 
girders.  Where  the  stanchions  did  not  exceed  25ft.  centres, 
a  rolled  steel  joist  would  usually  be  of  sufficient  strength.  The 
depth  for  a  working  stress  of  seven  tons  should  not  be  less 
than  j\  of  the  span.  For  spans  over  25ft.  a  lattice  girder  or 
plate  girder  would  usually  be  required.  One  advantage  of  the 
use  of  lattice  girders  was  that  their  increased  depth  fitted 
them  to  act  efficiently  as  longitudinal  stays  or  bracings  to  the 
lines  of  stanchions.  The  economical  spacing  of  the  stanchions 
was,  of  course,  determined  by  the  total  cost  of  the  stanchions 
and  foundations  and  the  girders  carried  by  them,  but  this 
must  also  in  many  cases  be  affected  by  the  spacing  of  the 
machinery. 

Complete  buildings  of  the  single  storey  type  for  engineer- 
ing purposes  had  been  constructed  iu  America  of  reinforced 
concrete.  Whilst,  however,  reinforced  concrete  might  in  some 
cases  be  a  very  suitable  material  for  walls,  it  could  not  be 
considered  as  good  as  steel  framing  for  tlie  construction  of 
stanchions,  girders,  and  roof  principals,  owing  to  the  greater 
bulk  required  and  the  consequent  obstruction,  and  also  owing 
to  the  difficulty  of  making  suitable  connections  for  shafting, 
supports,  &c.  For  the  internal  construction  of  pattern  stores 
and  similar  buildings,  where  fire  resisting  qualities  were  of 
the  utmost  importance,  this  material  was  eminently  suitable. 

The  floors  of  many  of  the  older  engineering  shops  were  of 
flags,  but  the  objections  to  this  method  of  construction  were 
apparent,  and  they  were  now  generally  made  of  concrete, 
either  with  or  without  a  covering  of  timber.  AVlieu  the  wear- 
ing surface  was  of  concrete  it  should  be  finished  with  granite 
sand  and  cement,  in  equal  proportions  for  the  thickness  of 
lin.  Concrete  was  not  so  suitable  as  wood  for  the  wearing 
surf  ace  of  a  floor.  It  was  almost  impossible  to  ensure  freedom 
from  cracks  in  concrete  over  large  areas,  it  was  tiring  to  walk 
on,  was  dusty  and  liable  to  damage  tools  and  fragile  articles 
dropped  upon  it.  If  a  wood  floor  was  used  it  was  usually  laid 
on  a  foundation  of  cement  couci'ete,  from  4 in.  to  6in.  in  thick- 
ness, this  being  a  variable  dimension  depending  on  the  loads 
to  be  put  upon  the  floor,  and  on  the  nature  of  the  subsoil. 

For  floors  where  the  work  was  of  a  heavy  description  the 
best  floor  surface  was  one  of  wood  blocks  4iu.  deep,  which 
might  be  formed  by  sawing  off  3in.  deals  to  lengths.  To  pre- 
vent damp  from  rising  through  the  concrete  the  upper  surface 
of  the  foundation  should  receive  a  coat  of  coal  tar  pitch 
about  thick  applied  hotr,  and  the  blocks  should  be  dipped 
in  the  hot  coal  tar  and  bedded  whilst  the  pitch  was  hot,  anv 
open  joints  being  afterwards  run  in  with  pitch.  Where  the 
work  was  of  a  lighter  character,  tlie  most  satisfactory  wearing 
surface  was  grooved  and  tongued  maple  planking,  nailed 
either  to  4in.  by  3in.  battens  laid  in  the  concrete  or  to  planks 
laid  transversely.  The  batteus  should  be  creosote 丄 or  dipped 
in  "  jodelite or  '*  sideroleum,"  or  some  similar  wood  pre- 
servative, and  the  planking  laid  in  liot  tar.  It  was  very 
important  that  the  whole  surface  of  the  floor  should  be 
thoroughly  tarred  before  the  wood  blocks  or  planking  was 
laid,  and  that  any  wood  blocks  or  pegs  used  for  levelling  pur- 
poses should  be  removed.  Wliere  the  loads  were  very"  light 
and  the  foundaiiou  good,  tar  concrete  might  be  substituted 
for  tlie  cement  concrete,  the  upper  surface  being  tarred  as 
before. 
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INTERNAL-COMBUSTION  ENGINES  WORKING  WITH  COKE- 
OVEN  GAS. 
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Intkunai.-comuuhtion  engines  using  coke-oven  gas  arc  li; 
to  frequent  pre-igiiitions,  due  to  the  high  hydrogen  '•("", 
of  the  yas.  To  avoid  pre-ignitions  in  such  engines 
using  coke-oven  or  other  gas 
or  vapour  containing"  a  liigh 
percentage  of  hydrogen,  Dr. 
Dugald  Clerk,  and  th(> 
National  Gas  Engine  Com- 
pany, Ltd.,  Wellington  Works, 
Ashton-under-Lyne,  propose 
in  a  recent  patent  to  introduce 
cooled  exhaust  gases  to  the 
cliarge  inlet  pipe,  so  that  the 
oxygen  contents  of  the  enter- 
ing air  charge  are  reduced, 
and  the  nitrogen  and  carbonic 
acid  coutents  increased .  It 
has  been  found  by  experiment 
tliat  by  this  means  pre-igni- 
tions can  be  entirely  avoided 
without  in  any  way  reducing 
the  power  developed  Iby  the 
engine.  Fig.  1  shows  one 
arrangement  applied  to  a  six- 
cylinder  vertical  tandem  en- 
gine, in  which  cooling  of  the 
exhaust  gases  is  effected  by  an 
exposed  pipe  of  considerable 
length.  Fig.  2  illustrates  a 
modification  in  which  a  water- 
cooled  chamber  is  employed  to 
cool  the  exhaust  gases :  in  this 
figure  the  complete  engine  is 
not  shown.  Fig.  3  illustrates 
the  application  of  a  cooled 
fhamber  to  the  case  of  a  hori「 
zontal  gas  engine. 

In  the  arrangement  Fig.  1  the  exhaust  gases  are  led  from 
the  engine  A  by  way  of  pipes  B  and  C  to  the  exliaust  silen- 
cers D  and  E，  which  are  connected  in  series  by  the  pipe  F  , 


and  air  are  led  to  the  niixing*  box  II  ujk>ii  the  engine  by  way 
of  pipes  J  and  K  respectively,  the  air  pipe  K  being  provided 
with  a  protecting  rose  L.  The  r-nuluits  .1  and  K  are  'on 
l.roiled  by  a  regulating  valve  M  aiul  a  governor  valve  N. 
From  the  bottom  of  the  second  silencing  chamber  E,  a 
O  leads  to  a  suitable  point  in  t h**  inh't  ))ij>i'  K.  This  pi|K* 
O  is  of  considerable  len^t  li,  in  order  to  present  a  large  ro(jl- 
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Fig. 
oke-oven  Gas. 


Fig.  2. 

Intkknal-comdustion  Engines  wobkinc;  with  Coke-oven  Gas. 

tlie  gases  finally  escaping  by  the  upcast  pipe  G.  The  exhaust 
silencers  are  situated  without  the  building  in  which  the 
engine  is  housed  ；  X  represents  the  wall  of  the  building.  Gas 


ing  surface  to  the  surroimding  atmosphere,  and  in  order  to 
render  the  arrangement  compact  the  pipe  may  be  bent  into 
suitable  outline,  as  shown  in  the  drawings.  A  controlling 
cock  P  and  suitable  drain  cock  Q  are  provided  in  rhe  pi]>e 
O.  The  dimensions  of  the  pipe  0  and  the  adjustment  or'  tli 
cock  P  are  such  relatively  to  the  dimensions  of  the  air  inlet 
pipe  K  that  the  proportion  of  exhaust  gas  in  the  air  charge 
is  about  10  per  cent.,  although  in  some  cases,  in  dealing  with 
certain  classes  of  gas,  it  is  necessary  to  increase  the  propor- 
tion to  15  or  20  per  cent.  In  the  arrangement  shown  in  Fig. 
2，  a  chamber  R，  preferably  water  cooled,  is  included  in  the 
circuit  of  the  exhaust  gases  passing  from  the  silencer  E  to 
the  air  pipe  K.  Suitable  water  inlets  and  outlets  S  and  T 
are  provided  upon  the  chamber  R，  and  a  drain  cock  Q  is  pro- 
vided for  the  draining  away  of  water  condensed  from  the 
exhaust  gases.  In  the  arrangement  Fig.  3，  the  exhaust  gases 
are  led  by  the  pipe  B  to  a  silencer  D.  From  the  silencer  D 
a  pipe  U  leads  to  a  chamber  R，  which  may  be  water  cooled  - 
From  the  chamber  R  a  pipe  V  leads  to  the  air  inlet  pipe  K. 
A  suitable  air  suction  silencer  W  may  be  applied  to  the  end 
of  the  pipe  K.  The  other  end  of  the  pipe  K  leads  to  the  air- 
controlling  cock  Y.  The  action  of  this  modification  is  similar 
to  the  action  of  the  first  described  form. 

It  is  to  be  noted  that  the  cooled  exhaust  products  ir，' 
introduced  at  such  a  point  in  the  air  inlet  pipe  as  will  en- 
sure that  in  passing  through  the  inlet  valve  of  the  "iiuin* 
the  exhaust  products  shall  be  thoroughly  mixed  with  the  air 
and  gas  constituting  the  remainder  of  the  charge.  This  is 
essential  in  order  that  the  oxygen  content  shall  be  uniformly 
reduced  throughout  the  body  of  the  charge  in  the  engine 
cylinder. 

The  Junior  Institution  of  Engineers. —  A  meeting: 
tution  will  be  held  on  the  12th  inst,,  at  8  p.m.,  at  the  Institu- 
tion of  Electrical  Engineers,  Victoria  Embankment,  when  a 
paper  will  be  read  on  the  subject  of  £ 'Water-Heat  Steam  : 
The  Effects  of  Heat  upon  Water,  and  a  consideration  of 
Water  Movements  in  Steam  Boilers,"  bv  Mi'.  Arthur  Ross. 
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MODERN  HIGH  SPEED  GEARING.* 

BY  H.  HUBERT  THORNE. 

Everyone  who  is  connected  with  the  engineering  profession, 
either  as  a  designer  or  as  a  user  of  machinery  or  power 
plant,  must  Lave  been  struck  with  the  development-  which 
has  taken  place  within  a  com] >;u-;i lively  short  1  itnc  m  ynriii'— ' 
of  various  forms.  Years  ago,  when  really  high  speeds  were 
unknown  in  practice,  and  accuracy  was  not  an  essential 
feature  in  most  plants,  it  was  deemed  suitable  to  install  cast 
gears  with  straight  teeth,  but,  as  requirements  became  more 
exacting,  steps  were  taken  to  improve  on  these,  and  Dr. 
Hooke,  noticing  that  with  this  type  of  gear  smoother  action 
always  resulted  when  finer  pitches  were  used,  and  realising 
that,  on  the  other  hand,  the  strength  of  the  gear  was  reduced 
by  decreasing  the  pitch,  effected  a  compromise  by  using  wlial 
he  called  "  stepped  teeth,"  in  which  the  teeth  were  not 
straight  across  the  face  width,  but  arranged  in  sections  so 
that  each  section  was  displaced  by  a  fraction  of  the  pitch  in 
relation  to  the  next  section .  This  gear  he  claimed  combined 
the  smoothness  of  motion  due  to  fine  pitched  teeth  with  tlic 
strength  due  to  coarse  pitched. 

From  the  stepped  gear  to  the  single  helical  was  an  easy 
step  ；  this  type,  however,  offered  the  grave  drawback  that 
end  thrust  was  set  up  in  the  gear,  and  to  get  over  this,  two 
single  helicals  of  opposite  hands  were  arranged  side  by  side, 
thus  forming  the  double  helical.  This  type,  whilst  theoreti- 
cally possessing  advantages  over  the  straight  tooth,  did  not 
at  first  find  favour  with  the  majority  of  engineers  on  account 
of  the  indifferent)  manner  in  which  it  was  manufactured,  and 
even  in  a  book  published  by  an  authority  on  design  as  late 
as  1895，  the  following  appears :  "Recently  double  helical 
gears  have  been  adopted  to  avoid  end-long  pressure  on  the 
bearings  caused  by  single  helical  teeth.  They  are  machine 
moulded  by  two  half  patterns  and  work  smoothly  if  well 
formed,  being  said  to  be  stronger  than  ordinary  teeth,  which 
is  doubtful."  For  some  time  after  this，  double  helicals  failed 
to  make  much  headway,  the  reason  being  that  considerable 
attention  was  paid  to  the  accurate  cutting  of  straight-cut 
gears,  and  these  proved  in  many  instances  to  b©  more  reli- 
able than  badly  moulded  double  helical  gears.  As,  however, 
the  demand  for  really  high-speed  gears  became  greater  and 
greater,  gear  experts  onoe  more  turned  their  attention  to 
other  forms  of  cuti  gearing  which,  could  be  run  at  higher 
velocities  without  undue  noise.  One  way  out  of  the  difficulty 
was  found  in  the  introduction  of  pinions  built  up  of  layers 
of  raw  hide,  fibre,  compressed  paper  or  other  similar 
materials,  held  together  by  metal  end-plates,  with  rivets  or 
bolts  right  through.  For  light  powers,  small  ratios  and 
particular  drives,  these  undoubtedly  offered  advantages,  and 
iu  some  instances  do  still,  but  for  general  use  they  did  not 
meet  the  demand  for  the  following,  amongst  other,  reasons : 

(1)  Owing  to  the  fact  that  rivets  or  bolts  were  necessary 
between  the  bore  and  the  bottom  of  the  teeth,  only  pinions  of 
comparatively  large  diameter  for  the  duties  could  be  used. 

(2)  Owing  to  the  large  diameter  pinions,  the  wheels,  with 
even  moderate  ratios,  often  became  unduly  large  and  expen- 
sive. (3)  For  large  powers  the  blanks  were  difficult  to  obtain 
and  very  costly.  (4)  The  strength  of  the  gears  being  deter- 
mined by  that  of  the  weakest  member,  viz.,  the  pinion,  the 
sizes  of  the  wheels  were  very  much  in  excess'  of  strength  re- 
quirements, and  consequently  they  were  unnecessarily  costly 
and  heavy.  (5)  The  materials  used  for  the  pinions  were 
usually  adversely  affected  by  atmospheric  conditions. 

Another  system  adopted  by  some  was  that  of  worm  gear- 
ing, which  certainly  offered  the  advantages  of  quiet  running 
and  possibly  high  ratios,  but  against  these  had  to  be  set  the 
grave  drawbacks  that  they  could  only  be'  used  for  what  we 
now  hold  to  be  moderate  velocities,  and,  on  account  of  the 
difficulties  and  expense  of  manufacture,  small  powers,  and, 
further,  that  only  when  the  ratio  was  very  small  could  an 
efficiency  greater  than  about  85  per  cent,  be  maintained.  The 
facts  of  the  case  being  thus,  certain  firms  determined  that 
they  would  once  more  turn  their  attention  to  double  helical 
gears,  which,  provided  they  could  be  accurately  cut,  would 
certainly  overcome  most  of  the  objections  to  the  other  types. 
The  result  of  their  investigations  was  that  two  distinct  types 
were   evolved.   These   are  now   generally  known    as  the 

*  Paper  read  before  the  Kugby  Engineering  Society,  March  4th,  1913. 


11  Staggered  tooth"  double  helical  and  the  u  Continuous 
tooth  "  double  helical.  As  a  result  of  their  introduction  other 
types  of  gearing  are  being  rapidly  superseded  for  high 
speeds.  Before  considering  the  merits  and  demerits  of  the 
two  types  of  double  helical  gears  mentioned  above,  it  will, 
perhaps,  be  as  well  to  first  consider  what  advantages  they 
offer  over  straight  teeth . 
Advantages  of  Douhle  Helical  ovkk  Sthaight  Teeth. 
(1)  Strength.  With  straight  cut  gears  the  maximum  bending 
stress  on  the  driven  tooth  occurs  when  the  driving  tooth  just 
engages  witli  it  at  the  extreme  tip.  As  the  tooth  is  straight, 

Fig,  1. 
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this  stress  is  equal  along  its  whole  length.  With  double 
helicals  the  conditions  are  much  better,  as  the  maximum 
stress  caunot  occur  along  the  whole  length  of  the  tooth  at 
one  time,  engagement  taking  place  at  the  extreme  tip  of  a 
tooth  at  one  point  only,  all  other  points  in  contact  being 
between  the  extreme  tip  and  a  point  below  the  pitch  liue& 
This  is  clearly  seen  in  Fig.  1  to  Fig.  5，  which  show  the 
development  of  part  of  the  rim  of  a  staggered  tooth  double 
helical  gear  with  three  teeth  in  engagement  at  the  same 
time.  The  elevation  shows  the  lines  of  contact  when  the 
centre  of  the  tooth  b  is  in  engagement  at  its  pitch  line.  Fig. 
3  shows  the  average  engagement  along  each  of  the  teeth, 
and  Fig.  4  the  total  variation  of  average  engagement.  Fig. 
5，  on  the  other  hand,  shows  the  variation  of  actual  engage- 
ment along  the  whole  length  of  a  straight  tooth.  By  a  com- 
parison of  Figs.  4  and  5,  it  will  be  seen  that  the  variation  of 
stress  on  the  teeth  is  very  much  less  with  the  double  helical 
than  with  the  straight  cut  teeth,  aud  consequently  the  former 
is  the  stronger. 

(2)  Smoothness  of  Iiunt}iitg. ― It  has  beeu  demonstrated 
by  the  exponents  of  the  Stubb  tooth,  that  rolling  contact 
only  takes  place  when  teeth  are  in  engagement  at  the  pitch 
line,  and  that  the  further  from  this  line  the  point  of  en- 
gagement is  the  more  rubbing  action  results.  Endeavours 
have  been  made  with  straight-cut  gears  to  eliminate  as  far 
as  possible  this  rubbing  actiou  by  decreasing  the  depth  of 
the  teeth  and  increasing  the  pressure  angle,  but  experience 
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has  proved  that  very  often,  owing  to  the  resultant  decrease 
in  the  arc  of  contact,  such  gears  have  been  not  less,  hut  more 
noisy  ilian  standard  gears.  With  double  helical  gears,  hs  the 
average  engagement  is  spread  over  an  area,  the  limits  of 
which  are  comparatively  near  the  pitch  line,  as  seen  in  Fig.  4, 
the  action  becomes  more  nearly  a  purely  rolling  one,  aiul  tlie 
rubbing  action,  which  must  produce  wear,  is  reduced  to  a 
iiiinimum. 

(3)  A  bsenvt  of  I'/7>/v///o//.— Owing  to  the  engageinent 
being  gradual  in  double  helical  gears,  and  not  siuldenly 
occurring  along  the  whole  length  of  the  ti[)  of  the  teeth,  as 
in  straight-cut  gears,  there  is  an  entire  absence  of  that  dis- 
tressing hammer  action  so  often  not iceal)le  with  the  latter 
type,  and,  consequently  much  finer  pitches  can  be  adoplf^l 
as  they  are  not  subjected  to  the  same  shocks  and  are  more- 
over stronger. 

(4)  Higher  Efficinn-i/,  due  to  elimination  of  losses  caused 
by  sliding  friction.  Where  a  single  reduction  double  helical 
set  is  substituted  for  a  double  reduction  straight-cut  set,  a 
saving  of  at  least  5  per  cent,  in  efficiency  is  effected . 

(5)  Greater  Ratios. —- As  the  root  diameter  of  pinion 
necessary  for  strength,  the  capacity  of  the  niachine  on  which 
the  wheel  is  to  be  cut,  and  the  space  available,  are  the  only 
limiting  factors,  it  is  possible  to  supply  gears  with  very  large 
ratio's,  and  many  are  running  successfully  with  a  ratio  of 
25:1. 

Relative  Merits  of  Staggered  and  Continuous  Tekth. 
In  our  previous  consideration  of  double  helical  compared 
with  straight-cut  gears,  we  have,  of  course,  assumed  that  all 
the  types  mentioned  were  cut  correctly,  and  have  ignored  the 
defects  due  to  inaccuracies  in  manufacture  which  must  exist 
to  a  greater  or  a  lesser  extent  in  all  types,  but  when  we  con- 
sider the  different  forms  of  double  helicals,  we  must  take  into 
account-,  to  some  extent  at  all  events,  the  processes  of  manu- 
facture, as  these  play  an  important  part  in  the  accuracy  of 
the  production. 

Staggered  teeth  are  produced  by  means  of  gashed  worms 
or  hobs,  the  threads  or  teeth  of  which  are  so  shaped  that 
their  section,  in  a  plane  at  right  angles  to  the  axis  of  the 
wheel  to  be  cut,  is  that  of  a  straight-sided  rack  having  the 
required  pressure  angle.  These  hobs,  being  machine  relieved, 
can  be  ground  without  altering  their  cutting  shape.  Both 
wheel  and  pinion,  being  cut  by  the  same  hob  to  gear  accu- 
rately with  the  same  theoretical  rack,  are  bound  to  gear  to- 
gether correctly,  and  as  the  hob  itself  has  straight  sides  in 
one  plane  to  correspond  with  the  hypothetical  rack,  it  can  be 
produced  with  a  degree  of  accuracy  impossible  with  a  shaped 
cutter. 

Continuous  teeth,  on  the  other  hand3  are  manufactured  by 
means  of  end  mills  shaped  to  conform  to  the  contour  of  tooth 
required.  As  the  shapes  of  pinion  and  wheel  teeth  usually 
vary  widely,  it  is  necessary  to  use  different  end-mills  for  the 
two  members  of  one  pair  of  gears,  and  as  these  end-mills 
must  be  curved  to  suit  the  teeth  to  be  cut,  their  accurate 
manufacture  is  a  matter  of  some  considerable  difficulty. 
Moreover,  these  end-mills  are  necessarily  small  in  diameter, 
being  at  the  pitch  line  only  approximately  one  half  of  tlie 
normal  pitch  to  be  cut,  and,  owing  to  their  shape,  they  can- 
not be  ground  without  altering  the  contour.  Further,  on 
account  of  size,  and  being  subject  to  rapid  wear,  it  is  often 
necessary  to  use  a  number  of  tools  in  cutting  one  wheej,  and 
as  a  consequence  variations  in  thickness  or  shapes  of  teeth 
may  result. 

Before  the  end-mills  can  be  manufactured,  considerable 
difficulties  have  to  be  overcome  in  the  determination  of  tlieir 
correct  shapes,  which  should  be  such  that  the  contour  of  the 
cut'  teeth,  above  the  base  circle,  in  a  plane  at  right  angles  to 
the  axis  of  the  gear  to  be  cut,  is  a  true  involute.  That  the 
end-mill  itself  should  not  be  of  involute  shape  is  obvious,  but 
the  actual  shape  required  is  complicated  by  the  fact  tliat  ； i 
shaped  cutter  will  not  cut  its  own  shape  in  a  spiral  groove. 

When  considering  the  actual  cutting  processes,  ot  lior 
advantages  of  staggered  over  the  continuous  teeth  are  at 
once  apparent,  for  whilst  the  latter  call  for  step  by  st^p 
division  with  its  inherent  defects,  the  former  are  produVcd  In- 
one  continuous  process,  tlie  hob  being  fed  across  the  face  of 
the  wheel  as  both  hob  and  wheel  revolve  at  constant  speeds. 

Where  comparatively  small  gears  are  required,  the  stag- 


gered tooth  again  shows  its  superiority,  as  it  is  imponsible 
to  produce  on  a  commercial  basis  a  continuous  tooth  gear 
having  a  pitch  inuch  finer  than  li".,  on  accuunt  of  t  lie  very 
small  diameter  cutters  which  would  be  necessary,  whilst  witli 
hobbe<l  double  helicals  the  cutters  or  hobs  can  be  made  to 
cut  any  pitch  down  to  14  d.p.,  or  even  less. 

One  advantage  claimed  for  the  continuous  tooth  is  Lli;ii 
it  is  stronger,  but  as  modern  gears  are  diinertsioiuMl  with  a 
view  to  wear,  and  are  always  overstrong,  this  is  not  of  pra'' 
tical  importance,  and  is,  moreover,  discounted  by  the  fart 
that  whilst  the  staggered  tootli  offers  even  resistance  to  bend- 
ing along  its  whole  length,  the  continuous  tooth,  being  stiflFer 
in  the  middle,  offers  uneven  resistance,  and  consequently  is 
liable  to  wear  uneven] v. 


Fk;.  ti. 

Practical  Considekations  in  the  Design  of  Double 
Hklical  Gears. 

There  is  one  point  in  connection  with  the  determination 
of  the  sizes  of  double  helical  gears  which  cannot  be  too 
strongly  emphasized,  and  tliat  is:  the  proportions  should  be 
controlled  entirely  by  consideration  of  wear.  If  this  is  done 
the  actual  strength  of  the  gears  will  be  well  on  the  right  side. 

J/ fffrriafs. ― For  general  purposes  a  forged  steel  pinion 
containing  about  4  per  cent,  carbon,  and  a  cast-iron  wheel, 
are  to  be  recommended,  but  where  the  tooth  pressure  will  be 
heavy  or  the  gear  subject  to  shock,  cast  steel  wheels  should 
be  used,  and  it  may  be  necessary,  particularly  where  the 
velocities  are  】iigli,  to  resort  to  alloyed  steel  pinions,  but 
these  cases  can  only  be  dealt  with  on  their  merits  by  the 
specialist. 

Diametfrs  and  Fate  Widths. 一 The  following  facts  must 
be  borne  in  mind: ― (1)  Small  diameter  gears  will,  if  pro- 
perly designed,  run  more  silently  than  larger  ones,  then'- 
fore  low  velocities  should  be  aimed  at.  (2)  The  number  of 
teeth  in  engagement  can  always  be  increased  by  widening 
the  face  width  of  the  gear.  (3)  Pinions  can  be  made  of 
smaller  diameter  and  greater  face  width  when  supported  on 
both  sides  than  when  overhung  on  a  shaft  end.  The  limit- 
ing factor  in  the  diameter  of  the  pinion  is  usually  the  mini- 
mum  diameter  permissible  at  the  root  of  teeth,  to  ensure 
sufficient  strength  and  rigidity  in  the  driving  shaft. 

Where  the  teeth  are  cut  solid  on  the  shaft,  this  diameter 
need  be  only  slightly  greater  than  the  necessary  diameter  of 
the  shaft  itself,  but  where  a  sleeve  pinion  is  to  be  employed 
sufficient  metal  must  be  allowed  between  the  bore  and  "tlie 
root  of  the  teeth  to  properly  support,  the  teeth  after  the 
necessary  keyways  have  been  cut.  Willi  fine  pitches  sm'h 
as  are  adopted  with  staggered  tooth  gears,  the  permissible 
minimum  diameter  is  much  less  than  with  continuous  tootli 
gears,  and  by  increasing  the  face  width  the  increased  pres- 
sure thus  involved  can  be  provided  for. 

The  inaxinnun  ratio  obtainable  depends  theu,  uot  ou  the 
niinimuni  number  of  t^eth  advisable  in  the  pinion,  which  can 
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be  anything  within  reason  owing  to  the  fact  that  continuity 
of  engagement  is  ensured  by  face  width,  but  by  the  minimum 
diameter  of  pinion  from  considerations  mentioned  above, 
and  the  maximum  diameter  of  wheel  which  can  be  accommo- 
dated, or  where  this  is  not  limited,  by  the  largest  wheel 
which  the  manufacturers  can  cut.  This  means,  of  course, 
that  very  much  larger  ratios  can  be  accommodated  with 
double  helical  than  with  straight>cut  gears,  and  consequently 
it  frequently  happens  that  for  a  double  reduction  straight 
cut  set,  can  be  substituted  a  single  reduction  double  helical 
set,  which  means  an  economy  in  space,  increased  efficiency, 
； mil  sometimes  even  a  saving  in  cost.  Ratios  up  to  25:1  in 
a  single  reduction  have  been  frequently  made,  and  have  been 
running  for  lengthy  periods  to  the  entire  satisfaction  of  the 
users. 

Wear. —— Empliasis  has  been  laid  on  the  necessity  to  (limtMi- 
sion  gears  for  wear,  and  in  this  connection  it  is  interesting 
and  necessary  to  note  that  for  a  given  diameter  of  gear  the 
involute  curve  is  always  the  same  whatever  the  pitch,  the 
radius  of  the  curve  at  the  pitch  line  being  for  a  given  angle 
of  pressure  a  definite  proportion  of  that  diameter,  and,  fur- 
ther, that  the  flatter  the  curve  -of  a  tooth  the  more  able  it  is 
to  resist  wear.  From  these  facts  it  follows  that  the  pitch,  of 
a  tooth  can  be  reduced  without  decreasing  its  wearing  pro- 
perties, providing  the  tooth  itself  is  strong  enough  to  resist 
bending,  and,  further,  that  the  larger  the  diameters  the  bet- 
ter the  wearing  properties.  Acting  on  these  facts  the  manu- 
facturers of  the  staggered  tooth  gears  introduced  consider- 
ably finer  pitches  than  had  liitherto  been  used  (these  gears 
have  met  with  marked  success),  and  in  addition  in  determin- 
ing the  permissible  pressure  on  any  tooth  per  inch  of  its 
width,  due  allowance  is  always  made  by  them  for  the  diame- 
ters of  the  mating  gears. 

Mounting  Gears, ― It  is  essential  to  the  proper  running 
of  double  helical  gears  that  they  should  be  well  and  truly 
mounted  on  shafts  of  sufficient  stiffness  running  in  bearings 
of  ample  dimensions,  rigidly  supported.  Wherever  possible 
both  pinion  and  wheel  should  be  supported  by  a  bearing  on 
each  side  close  up  to  the  boss.  Where>  the  velocities  are  above 
l,200ffc.  per  minute  it  is  always  advisable  to  totally  enclose 
the  gears,  and  run  them  in  oil,  and  where  the  velocities  are 
very  high,  the  oil  should  be  squirted  under  pressure  along 
the  face  of  the  gear  near  the  line  of  engagement.  In  these 
cases  it  is  also  necessary  to  provide  forced  lubrication  for  the 
bearings.  Having  now  briefly  discussed  the  general  ques- 
tion of  double  helical  gears,  it  will  perhaps  be  as  well  to 
consider  some  general  applications. 

Mf/fhhie  Tools. — For  machine  tool  drives  the  introduction 
of  high-speed  steel  has  created  a  demand  for  high-velocity 
gears  which  will  work  quietly  and  without  vibration,  and 
which  will  transmit  power  at  a  uniform  velocity.  These  con- 
ditions can  only  be  met  by  providing  continuous  engagement, 
for  which  double  helical  gears  are  essential.  To  allow  rea- 
sonable overlapping  of  the  teeth,  staggered  tooth  gears  with 
an  angle  of  23。  should  preferably  have  a  face  width  of  six 
times  the  pitch,  but  on  account  of  the  comparatively  fine 
pitches  which  can  be  adopted,  this  does  not  necessarily  in- 
volve excessive  face  widths  - 

Air  Pumps  for  Condensing  Plants. —— Owing  to  the  un- 
equal torque  always  existing  with  this  type  of  drive,  straight- 
cut  gearing  has  proved  unsatisfactory,  as  it  is  necessary  to 
ensure  continuous  engagement.  Double  helical  gears  should 
be  used  of  ample  size,  the  wheels  having  heavy  rims,  and 
both  pinion  and  wheel  should  mounted  as  rigidly,  and  set 
as  truly,  as  possible.  These  latter  points  are  very  essential 
ms  with  tlie  slightest  play  between  the  pinion  and  the  wheel 
teeth,  the  uneven  torque  will  cause  vibration  to  be  set  up, 
and  a  ringing  noise  will  result.  The  best  arrangement  wIhto 
the  wheel  is  mounted  on  the  pump  shaft  supported  by  the 
pump  frame,  is  to  mount  the  pinion  on  a  short  length  of  shaft 
carried  by  two  bearings  on  the  casing,  this  shaft  being'  (  m 卜 
iiected  to  the  motor  by  means  of  a  flexible  coupling. 

High-speed  Centrifugal  Pumps. ― These  pumps  fre- 
quently run  at  speeds  for  which  electric  motors  cannot  be 
readily  obtained,  and  so  some  speed-increasing  device  must  be 
introduced.  As  the  speed  of  the  driven  shaft  is  already 
high,  it  is  essential  to  keep  the  pitch  diameter  of  the  pinion 
as  small  as  possible,  as  otherwise  the  pitch  line  velocity  of 
the  gear  may  become  excessive.   Double  helical  gears  of  small 


pitch  and  comparatively  wide  face  width  offer  the  best  solu- 
tion of  the  problem,  and  these  should  be  totally  enclosed  and 
run  in  an  oil  bath,  the  shafts  being  supported  by  self-oiling 
bearings  of  ample  dimensions  to  ensure  steady  running  with 
little  attention. 

Large  Power  Puvips. 一 Double  helical  gears  are  most 
suitable  for  this  class  of  drive,  as  they  allow  for  large  ratios 
in  a  single  reduction,  and  also  provide  that  continuity  of 
engagement  which,  owing  to  the  variations  in  torque  which 
must  occur  on  the  wheel  shafts,  is  absolutely  essential  if  the 
gears  are  to  run  smoothly  and  without  vibration.  It  is  a 
well-known  fact  that  a  continued  hammer  action  will  very 
quickly  cause  distress  aud  failure  in  material  which  would  be 
quite  capable  of  withstanding  much  heavier  loads  when  ap- 
plied without  shock.  With  straight-cut  gears  a  shock  is  often 
noticed  as  the  teeth  come  into  engagement,  eveu  when  the 
load  is  fairly  steady,  but  with  a  fluctuating  load  such  as  that 
under  consideration,  the  advantage  to  be  derived  from  the 
continuity  of  engagement  of  double  helical  gears  is  at  once 
apparent,  as  it  not  only  lessens  noise,  but  also  considerably 
lengthens  the  life  of  the  gear. 

<  'oilier u  s  (in d  J/ /"/；  cs. — The  requirements  of  the  above  are 
most  exacting.  The  gears  used  often  have  to  run  for  long 
periods,  the  loads  are  usually  heavy  and  shocks  and  over- 
loads are  necessarily  frequent.  Added  to  these  facts  are  the 
ones  that  very  often  the  shafts  to  be  driven  are  required  to 
run  at  comparatively  low  speeds,  and  that  the  motors,  which 
are  now  so  often  the  prime  movers,  must  run  at  relatively 
high  speeds  (if  they  are  to  work  economically),  which  means, 
of  course,  that  large  reductions  must  be  employed  -  Still 
again,  the  space  available  is  often  limited.  To  meet  these 
conditions,  no  other  type  of  gear  at  present  known  can  suc- 
cessfully compete  against  the  double  laelical.  Reductions  up 
to  25  : 1  can  often  be  arranged  in  a  single  set  without  in  any 
way  affecting  the  running  of  the  gears,  if  properly  designed . 
That  these  ratios  cannot  be  arranged  with  straight-out  gears 
is  due  to  the  fact  that  the  smaller  the  number  of  teeth  in  the 
pinion  of  a  straight-cut  set  the  more  pronounced  becomes  the 
shock  resulting  from  the  sudden  entering  and  leaving  contact 
of  the  teeth  along  their  full  face  width.  Then,  where  shocks 
and  overloads  are  to  be  withstood,  the  load  can  be  distribu- 
ted over  as  many  teeth  as  is  thought  desirable  by  merely 
increasing  the  face  width,  and  where  space  is  limited,  the 
centres  can  be  reduced  to  the  smallest  practicable  in  view  of 
the  requisite  high  speed  shaft  diameter  and  ratio  of  reduc- 
tion required,  and  the  necessary  bearing  surface  obtained  on 
the  teeth  by  proper  choice  of  face  width. 

For  coal  screening  plant,  elevators  and  conveyers,  which 
generally  run  in  dust-laden  atmospheres,  the  gears  must  be 
enclosed,  and  here  again  the  advantages  of  the  double  helical 
type  are  pronounced,  as，  owing  to  the  fact  that  a  very  small 
number  of  teeth  can  be  chosen  for  the  pinions,  and  the  teeth 
themselves  cut  solid  on  their  shafts,  the  size  and  weiglit  of 
the  casings  can  be  reduced  to  a  minimum,  and  at  the  same 
time  a  double  reduction  gear  can  be  arranged,  giving  a  total 
ratio  up  to  60  : 1  with  the  driving  and  the  driven  shafts  in 
line.  Such  gears  are  now  standardised,  and  can  be  seen  at 
work  on  a  large  variety  of  drives.  Fig.  6  shows  a  section  of 
such  a  gear. 

Rolling  Mill  Gear's. — The  conditions  under  -、 vhicli  these 
drives  are  required  to  work  are,  perhaps,  more  ouerous  than 
for  any  other  class  of  drive  usually  met  with.  The  overloads 
are  exceedingly  heavy,  frequent,  and  often  difficult  to  accur- 
ately determine,  the  surroundings  are  dirt}',  and  the  atten- 
tion likely  to  be  paid  to  them  very  meagre,  and  such  as  there 
is,  often  unskilled.  One  of  the  first  essentials  to  a  successful 
rolling  mill  is  continuous  engagement,  which  can  alone  be 
procured  by  the  adoption  of  double-helical  teeth,  aud  with- 
out which  it  is  impossible  to  reasonably  withstand  the  great 
shocks  incidental  to  these  drives.  Having  determined  the 
sizes  of  the  gears,  it  is  very  necessary  to  see  that  all  shafts 
and  bearings  are  of  very  ample  dimensions,  and  that  the 
whole  arrangement  is  truly  and  rigidly  mounted.  Too  much 
attention  cannot  be  paid  to  the  niouuting  of  such  gears,  as  so 
much  depends  on  the  freedom  from  vibration  of  such  a  plant  - 
The  gears  should,  where  practicable,  be  encased  and  run  in 
oil.  It  was  for  long  the  custom  to  provide  heavy  flywheels  on 
the  railing  mill  shafts  to  supply  the  sudden  demands  for 
energy  when  rolling,  but  it  has  been  found  that  an  arrange- 
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ment  can  be  adopted  which  takes  up  very  much  less  space 
and  which  proves  very  often  to  effect  a  saving  in  first  cost. 
This  is  by  providing  a  high  velocity  cast-steel  flywheel  on  the 
high-speed  side.  This  means,  of  course,  that  the  gears  must 
be  designed  to  transmit  the  full  power  given  out  by  the  fly- 
wheel, and  consequently  that  they  must  be  considerably 
larger  than  they  otherwise  need  be,  but  when  it  is  remem- 
bered that  the  energy  of  a  flywheel  varies  as  the  square  of  its 
velocity  at  the  diameter  of  gyration,  and  that  consequently 
with  a  ratio  of  only  9  to  1,  if  the  diameter  of  the  high-speed 
pulley  is  one-third  the  diameter  of  the  low-speed,  the  velocity 
will  be  three  times  as  great,  and  the  weight  need  only  be  one- 
ninth  for  the  same  energy.  Owing  to  this  fact,  it  sometimes 
happens  that  the  saving  in  the  reduced  cost  of  the  flywheel 
alone  more  than  pays  for  the  gears. 

Whilst  dealing  with  the  rolling  mill  drives,  it  will  be  in- 
teresting to  notice  an  arrangement  which  has  recently  been 
patented  (Wiesengrund  and  Power  Plant  Company,  Ltd., 
Patent)  for  combining  driving,  starting,  and  roll  turning 
gear  electrically  operated  cold  rolls.  It  forms  a  self-contained 
unit  which  has  only  to  be 
coupled  to  the  motor  and  mill 
respectively.  The  total  reduction 
from  motor  to  working  speed  of 
rolls  is  obtained  in  a  single 
reduction  of  double  helical  gears, 
which  may  be  anything  up  to 
15:1,  thus  providing  highest 
efficiency  with  greatest  simplicity. 
The  main  motor  is  used  for 
starting  the  rolls  through  a  back 
gear,  which  reduces  the  roll 
speed  so  far  that  the  normal 
torque  is  amply  sufficient  for 
starting.  When  the  through 
drive  is  put  into  operation,  the 
back  gear  automatically  disen- 
gages. The  back  gear  also  gives 
the  necessary  speed  reduction  for 
roll  turning.  Fig.  7  clearly  shows 
the  arrangement. 

When  the  plant  is  to  be  started,  the  motor  drives  through 
flexible  coupling  F  and  jaw  clutch  J  the  single  helical  pinion 
Pw  which  is  loose  on  its  shaft,  and  engages  with  wheel 
W1?  which  latter  is  mounted  on  countershaft  S  on  which 
also  fastened  single  helical  pinion  P2  engaging  with  wheel 
W2.  Wheel  W2  is  bolted  to  the  driven  half  of  friction  clutch 
C  mounted  on  the  shaft  end  of  the  main  driving  pinion, 
which  latter  engages  with  the  main  wheel .  The  driving  half 
of  the  friction  clutch  C  is  mounted  on  the  same  shaft  as  jaw 
clutch  J  and  pinion  but  when  starting  the  friction  clutch 
is  in  the  "  off"  position,  so  that  the  drive  goes  through  the 
back  gear.  When  the  motor  has  reached  full  spe^d  clutcli  C 
is  slowly  engaged  by  means  of  operating  mechanism  0，  so 
taking  the  drive  direct  from  the  motor  to  main  pinion  Pv 
Wheel  W2  is  thereby  accelerated,  and  the  thrust  in  the  two 
trains  of  single  helical  gears  reversed,  whirh  causes  the  shaft 
S  to  slide  in  the  direction  of  the  arrow,  iu  which  it  is  free 
to  move,  until  the  two  trains  of  the  back  gear  are  out  of 
engagement:  If  the  disengagement  does  not  take  place  fast 
enough,  pinion  Pt  is  accelerated  and  nms  away  from  the 
driving  jaws  of  the  jaw  clutch,  pressing  this  back  against  the 
spring,  clearly  shown  in  the  drawing.  This  arrangement 
excludes  the  possibility  of  failure  of  the  automatic  action  of 
the  backshaft  causing  any  damage.  When  the  plant  is  at 
a  standstill  the  clutch  C  is  disconnected,  and  shaft  S 
returned  into  its  starting  position  by  means  of  lever  L.  For 
roll  turning  the  drive  goes  continuously  through  the  back 
gear,  clutch  C  remaining  disen^aued . 

Turbine  Gears. —— If  any  further  proof  were  needed  of  the 
superiority  of  double  helical  over  st raight-cut  gears  for  really 
high  velocities,  it  is  to  be  found  in  the  fart  that  when  the  De 
Laval  turbine  was  introduced  and  straight -cut  gears  were 
fitted,  they  proved  to  be  absolutely  useless,  and  the  author 
understands,  on  very  reliable  authority,  that  design  and  cut 
these  how  they  would,  the  pinion  teeth  stripped  iu  from  two 
or  three  days.  Only  wlien  double  helicals  were  substituted 
could  the  inventor  obtain  gears  which  would  stand  up  to 


the  work.  It  is  surely  a  striking  testimony  to  the  genius  of 
M.  de  Laval  that  so  many  years  ago  when  cut  double  helical 
gears  were  practically  unknown,  he  should  have  introduced 
some  of  such  fine  pitches  that  even  to-day  their  manufacture 
with  a  sufficient  degree  of  accuracy  iB  a  matter  of  consider- 
able difficulty,  and  not  only  introduced  but  suc^ssfiilly 
employed  them.  Although  he  was  not  of  the  same  nation- 
ality as  most  of  us,  we  are  ever  ready  to  acknowledge  our 
indebtedness  to  men  of  such  outstanding  ability,  arul  fleplore 
the  loss  which  his  country,  and  the  world  at  large  sustained 
by  his  recent  death. 

Since  helical  gears  were  first  introduced  for  turbine  drives, 
the  demands  have  considerably  altered  ；  then,  comparatively 
small  powers  and  extremely  high  turbine  speeds  were  the 
order  of  the  day  ；  now,  the  powers  to  be  transmitted  have 
increased  and  generally  speaking  the  speeds  have  decreased, 
but  certain  conditions  must  be  fulfilled,  amongst  which  are 
the  following  : — 

Distribution  of  Load. — With  straight-cut  gears,  once  the 
number  of  teeth,  diameter  and  pressure  angle  are  determined, 


the  engagement  conditions  cannot  be  altered  however  much 
the  face  width  is  increased.  If,  for  example,  two  teeth  are  in 
engagement  with  a  particular  combination  having  a  face 
width  of  four  inches,  there  will  still  be  only  two  teeth  in  en- 
gagement if  the  face  width  is  increased  to  40in.  With 
double  helicals,  on  the  other  hand,  the  engagement  conditions 
depend  not  only  on  the  factors  mentioned  above,  but  also  on 
the  face  width.  By  suitably  increasing  the  face  width  the 
load  can  be  distributed  over  any  number  of  teeth  required. 

Constant  Angular  Velocity. — As  already  explained,  when 
dealing  with  double  helical  gears  in  general,  the  average  en- 
gagement takes  place  within  a  comparatively  small  area  above 
and  below  the  pitch  line,  and,  as  a  result,  a  more  truly  roll- 
ing action  is  obtained,  and  the  sliding  friction  inseparable 
from  straight-cut  gears  is  minimised. 

Low  Velocity. ― It  is  an  established  fact  that  the  lower 
the  velocity  of  a  gear  the  easier  it  is  to  produce  so  that  it 
will  run  quietly  and  without  vibration.  With  double  helical 
gears  the  minimum  diameter  of  the  pinion,  and  consequently 
the  velocity  of  the  gear,  is  only  limited  by  the  diameter  of 
shaft  requisite  for  the  duty.  By  increasing  the  face  width, 
the  load  can  be  reduced  per  unit  of  length  of  face  to  any 
desired  figure. 

Permissible  Torsion. — Another  very  important  point  in 
connection  with  turbine  gear  pinions  is  that  of  torsion .  Whero 
the  diameter  of  a  pinion  is  small,  and  the  face  width  great, 
the  amount  of  torsion  may  be  considerable,  especially  so 
where  a  central  bearing  is  used.  To  get  over  this  difficulty 
there  was  introduced  some  little  time  ago  a  new  arrangement 
(Wiesengrund  and  Roberts'  Patent),  in  which  the  power  is 
transmitted  to  each  end  of  the  pinion  from  the  centre.  To 
allow  for  this  the  pinion  shafts  are  made  hollow,  and  the 
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power  transmitted  to  a  central  coupling  by  means  of  an  inner 
shaft,  the  torsion  on  which  does  not  in  any  way  affect  the 
teeth  themselves. 

Lubrication  and  Mounting. ~ Space  does  not  permit  us  to 
go  into  these  questions  in  the  way  they  deserve,  but  it  can  be 
taken  that  the  general  practice  is  to  squirt  oil  under  pres- 
sure at  or  near  the  line  of  engagement,  and  to  provide 
forced  lubrication  for  the  bearings  also.  The  gears  them- 
selves should  be  rigidly  mounted  and  set  with  extreme 
accuracy,  or  otherwise  vibration  will  be  set  up. 


THE  SOCIETY  OF  ENGINEERS  ：  PRESIDENTIAL  ADDRESS. 

Me.  Arthur  Valon,  A.MJnst.C.E.,  delivered  his  inaugural 
address  as  President  of  the  Society  of  Engineers  (Incorporated) 
on  March  3rd,  and  made  reference  to  a  number  of  questions 
affecting  the  engineering  profession.  He  pointed  out  that  the 
inventive  ingenuity  and  scientific  knowledge  brought  to  bear 
upon  the  smallest  details  of  engineering  work  increased  the 
number  of  practicable  solutions  to  any  given  problem,  and 
engineers  were  therefore  obliged  to  specialise.  So  far  as 
specialisation  led  to  economy,  due  to  division  of  labour,  it 
was  advantageous,  but  rigid  specialisation  was  detrimental 
both  to  the  engineer  and  the  community  Whatever  posi- 
tion an  engineer  occupied,  he  must  know  his  work  thoroughly, 
and  the  range  of  his  studies  must  be  restricted  on  that 
account,  but  should  not  be  limited  by  want  of  organisation 
and  co-ordination  of  existing  knowledge.  Standardisation 
was  one  method  of  effecting  co-ordination,  but  there  was  a 
danger  that  a  standard  might  be  regarded  as  a  petrified  con- 
vention instead  of  merely  the  best  summary  of  existing  know- 
ledge. The  advantages  of  standardisation,  however,  far  out- 
weighed its  risks,  by  effecting  economies  and  setting  energy 
free  to  deal  with  newer  problems.  The  work  of  the  Engineer- 
ing Standards  Committee  was  referred  to  in  this  connection. 

The  development  of  engineering  during  the  past  20  years 
had  wrought  a  great  change  in  the  personnel  of  the  profession. 
When  engineering  was  almost  entirely  a  matter  of  practical 
experience,  professional  qualification  was  independent  of 
general  education,  but  now  that  rational  methods  of  calcula- 
tion and  design  had  superseded  those  of  empiricism,  a  com- 
plete knowledge  of  these  principles  was  necessary  to  every 
engineer,  so  that  the  system  of  apprenticeship  no  longer  com- 
pletely met  educational  requirements.  The  requirements  for 
modern  engineering  training  were  contrasted  with  those  of  20 
years  ago,  and  it  was  shown  that  a  great  increase  had  taken 
place  in  the  number  of  engineers  occupying  more  or  less 
subordinate  positions,  for  which  technical  competence  was  a 
greater  recommendation  than  personal  initiative. 

Speaking  of  the  organisation  of  the  profession,  Mr.  Valon 
said  that  the  numerous  engineering  societies  had  confined  their 
work  almost  exclusively  to  educational  matters,  and  but  little 
attempt  had  been  made  to  use  the  corporate  strength  of  the 
profession  to  improve  the  status  of  engineers.  The  material 
interests  of  a  professional  man  might  be  classified  under 
employment,  its  remuneration  and  its  conditions.  The  diffi- 
culties of  readily  obtaining  suitable  employirient  (and  con- 
versely of  easily  securing  competent  assistants)  was  mentioned, 
and  it  was  urged  that  a  central  organisation  for  dealing  with 
appointments  would  be  not  only  a  great  convenience  but  a 
source  of  strength  to  the  profession,  as  it  would  then  be  pos- 
sible to  issue  warnings  against  appointments  carrying  unsatis- 
factory conditions. 

With  regard  to  statutory  registration,  it  was  only  right 
that  those  who  had  spent  time,  energy,  and  money  in  qualify- 
ing as  engineers  should  be  in  a  better  position  than  those  who 
had  not  done  so,  but  before  registration  could  be  enforced 
there  were  many  obstacles  to  be  surmounted,  which  could  be 
overcome  only  if  the  profession  were  united  in  desiring 
statutory  recognition,  and  took  steps  to  present  their  views  in 
the  proper  quarter,  through  a  suitable  organisation.  The 
British  Medical  Association  supplied  an  example  of  an  organi- 
sation effectively  presenting  the  views  of  the  rank  and  file  of 
their  profession,  who  would  otherwise  have  been  obliged  to 
submit  to  legislation  that  they  believed  to  be  inimical  to  their 
best  interests.  It  was  essential,  however,  that  such  an  organi- 
sation should  be  merely  protective  and  not  aggressive. 

Engineering  had  an  aesthetic  side  of  hardly  less  importance 
than  its  utilitarian  aspect.  Many  of  the  structures  for  which 
they   were   responsible   were   prominent    and  conspicuous 


objects,  in  which  beauty  was  a  desideratum,  but  differences 
arose  when  they  came  to  define  what  was  or  was  not  beautiful. 
They  must  adapt  available  means  to  the  practical  end  in  view, 
and  in  so  doing  they  should  endeavour  to  obtain  beauty  of 
line,  of  form,  and  of  colour,  but  the  ultimate  verdict  on  their 
efforts  would  be  given  by  posterity.  The  destruction  of  a 
countryside  and  the  development  of  unbeautiful  urban 
centres,  as  the  effect  of  industrial  operations,  would  meet  with 
an  unfavourable  verdict,  but  if  this  was  a  crime  it  was  one 
in  which  all  had  shared,  and  the  responsibility  did  not  lie 
entirely,  or  evenly  chiefly,  with  engineers.  Hitherto  engineer- 
ing science  had  been  directed  almost  exclusively  to  economic 
ends,  but  it  was  not  unlikely  that  in  the  future  it  would  be 
applied  more  directly  for  ameliorating  social  conditions  and 
ensuring  a  proper  standard  of  civilised  life  to  every  member  of 
the  community. 


CITY  PASSENGER  TRANSPORTATION  IN  THE  UNITED  STATES.* 

ItY  GEORGE  DUNCAN  BNYDER,  M.INST.C.E. 

This  paper  treats  of  city  passenger-transportation  lines 
other  than  tramways  and  the  city  portion  of  through  railways. 
The  cities  in  the  United  States  having  such  lines,  and  their 
metropolitan  populations  in  1910，  are  ：  New  York  6,474,568, 
Chicago  2,446,921,  Philadelphia  1,972,392,  Boston  1,520,420. 

N ew  York. —— The  first  tramway  was  worked  iu  1832  and 
the  first  omnibus-line  in  1835.  The  first  elevated  railway  was 
worked  in  1871，  and  was  followed  by  lines  in  Brooklyn  and 
Jersey  City.  The  first  underground  railway  was  opened 
October  27th,  1904.  The  city  is  constructing  new  lines  and  has 
about  concluded  agreements  for  the  operation  of  a  dual  trans- 
portation system  by  the  Iuterborough  Rapid  Transit  Com- 
pany, who  operate  the  present  subway,  and  the  Brooklyn 
Rapid  Transit  Company.  The  Hudson  River  tunnels  were 
first  worked  February  26th,  1908.  A  tramway  tunnel  has 
been  built  across  the  East  River  at  42nd  Street,  but  has  not 
yet  been  worked.  New  York  has  13317  miles  of  transit-lines, 
and  95  miles  under  construction. 

Chicago. — The  first  elevated  railway,  the  Southside  line, 
was  opened  on  June  6th,  1892,  using  steam  locomotives.  This 
was  followed  by  lines  to  the  west  and  north-west,  which  were 
later  connected  together  by  the  Union  loop  in  the  centre  of 
the  city.  The  motive  power  was  changed  to  electricity  between 
1896  and  1898.  The  length  of  these  lines  aggregate  74"56 
miles.  The  municipality  now  proposes  to  coustruct  a  system 
of  underground  railways,  56  miles  long,  at  an  estimated  cost 
of  $96,257,000,  the  equipment  of  which  will  cost  ^34,844,000 
more. 

Boston. ― The  Tremont  Street  subway  for  tram-lines  was 
opened  on  September  1st,  1897，  and  was  followed  by  the 
elevated  railway  on  Atlantic  Avenue  in  1901.  A  tunuel  cross- 
ing the  harbour  to  East  Boston,  for  tram-lines,  was  opened 
in  1904.  The  Washington  Street  subway  for  trains  of  the 
elevated  system  was  opened  on  November  30th,  1908.  The 
elevated  railway  was  extended  to  Forest  Hills  in  1909.  The 
Cambridge  subway  was  completed  in  1912,  and  the  East  Cam- 
bridge elevated  tram-line  in  the  same  year.  Surface,  elevated, 
and  underground  lines  are  under  one  management,  and  pas- 
sengers are  permitted  to  transfer  from  one  to  the  other  with- 
out payment  of  extra  fare.  The  existing  lines  are  24'48  miles 
long,  and  6"88  miles  are  under  construction. 

Philadelphia. ― Philadelphia  has  a  combined  underground 
and  elevated  system  7'41  miles  long,  and  a  line  on  private 
right  of  way  17  miles  long. 

Gonstructioyi  and  Working. — There  are  250  miles  of  high- 
speed city  transit-lines  in  the  United  States,  and  174  miles 
proposed  or  under  construction.  Such  Hues  are  either  built 
for  multiple-unit  trains,  for  tram-lines,  or  to  cross  obstacles 
to  continuous  transit,  such  as  rivers,  mountain.  A'c.  Physically 
they  are  built  under  streets,  over  streets,  or  elevated  or  de- 
pressed on  purchased  land.  Elevated  lines  are  preferred  from 
the  standpoint  of  passengers,  while  underground  lines  are  less 
of  an  obstruction  to  streets  and  less  damaging  to  the  adjoin- 
ing property.  New  York  and  Chicago  have  3  and  4-track  lines 
for  the  operation  of  low  and  high-speed  trains,  while  Phila- 
delphia has  a  4-track  】iue  with  trains  and  tramways,  and 
Boston's  4-track  line  is  used  entirely  by  tramways. 

*  Abstract  of  paper  read  bofore  Uie  Institution  of  Civil  Engineers.  March  4th. 
1913. 
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Stations.— X  single  plat  form  between  tracks  is  the  cheaper 
to  operate.    Four-track  lines  have  express  station  plf"">rm.、 
between  l("'al  and  express  t  racks,  and  side        tonus"  at  local 
stations.    At    t lie  lerniiims  ； it    Brook h'n  Bridge  :;f> '()()。  pn、 
s(Migers  per  hour  are  dealt  with. 

Shfdlo tr  rt  rsiti<  /)(  rp  Lt  n /. —— Pract  ical I y  ；.  II  uikIim  f)Uiul 
railway  are  of  the  shallow  ty T\\v  I  -1  r;n-k  line  aw  I.cxin^toii 
Avenue  (New  York)  is  boin^  const  ructcd  w i  1 1 1  local  t  racks 
near  the  surface  aud  express  tracks  tunnelled  at  a  deep  level. 
Deep-level  lines  cause  less  inconvenience  during  construction, 
but  are  more  expensive  to  work  on  account  of  the  necessity 
for  lifts. 

Typical  Sections. ― The  internal  Iieiglit  varies  from  】31't. 
^in.  to  15ft.  4in.,  and  the  width  for  a  single  track  from 
lift..  6in.  to  13ft.  2in.  The  construction  for  shallow  subways 
is  either  of  steel  beams  in  roof  and  sides,  t'ml)('(l 山' （1  in  con- 
crete, or  of  reinforced  concrete. 

McfJioda  of  (hiiiaf  nirt ton . —— Const  rucl  ion  is  carried  on 
under  a  ieniporarv  wooden  iloorin^  i'oi-  the  st  v^vi.  A  portion 
of  the  Brooklyn  subway  was  excavated  with  a  steam  shovel. 
The  depth  of  the  subways  necessitates  the  underpinning  of 
adjoining  building  foundations  and  the  ""uporarv  support  of 
the  elevated  railway.  Subway  lining  is  of  concrete,  excepting 
the  iron-lined  subaqueous  tunnels.  Rock  1  uiniels  a  re  drixrn 
with  a  top  heading.  Root"  shields  have  been  successfully  used 
in  soft  ground'  in  Boston.  Subaqueous  tunnels  are  usually 
driven  witli  shields  and  compressed  air,  and  lined  with  cast 
iron.  The  East  I^oston  tunnel  was  driven  with  a  roof  shield 
and  lined  with  concrete. 

V entilation. — In  shallow  subways  ventilation  is  effected  Itv 
exhaust  fans  between  stations.  The  Hudson  and  Manhattan 
Railroad  use  exhaust  fans  assisted  by  the  piston  action  of  the 
trains. 

Elevated  Railways. ~ On  narrow  streets  the  elevated 
columns  are  placed  in  the  footwalk  and  on  wide  streets  in  the 
carriage-way.  The  increase  in  loads  since  the  first  lines  were 
built  has  necessitated  their  strengthening  or  rebuilding. 
Present  practice  is  to  use  riveted  plate  girders.  Since  1893 
steel  has  been  used  instead  of  iron.  Double-track  structures 
weigh  9001bs.  to  l，6001bs.  per  lineal  foot.  Solid  concrete 
floors,  with  ballaster  tracks,  have  been  used  on  recent 
structures.  Lines  on  private  right  of  way  are  built  in  suburbs, 
and  are  elevated  or  depressed  to  avoid  level  crossings  with 
streets. 

Bridges. 一 The  greit  bridges  over  the  East  River  now  form 
part  of  through  transit-routes,  which  avoids  the  terminus 
problem  which  existed  wlien  they  were  worked  independently. 

Length  of  Trains. —— The  length  of  trains  has  increased  from 
tliree  cars  on  the  first  elevated  to  ten  cars  in  the  New  York 
subway,  and  still  longer  trains  have  been  suggested . 

Denait ij  of  Traffic. —— The  density  of  traffic  on  the  New  York 
subway  is  4,000,000  passengers  per  mile  of  track  per  annum. 
The  peak  load  on  most  lines  is  between  5  and  6  p.m.,  and 
amounts  to  about  15  per  cent,  of  the  total  for  the  day.  Mon- 
day generally  has  the  maximum  traffic  for  the  week,  amount- 
ing to  about  17  per  cent.,  and  Sunday  the  minimum ― about 
9  per  cent.  About  7  per  cent,  of  the  annual  traffic  is  carried 
in  July  and  9  per  cent,  in  December. 

The  Eidint/  JIdhif. 一 The  number  of  passengers  per  annum 
is  increasing  as  the  square  of  the  population.  New  York  had 
43  passengers  per  head  of  population  in  1860  and  322  in  1910， 
and  if  the  present  rate  of  increase  is  maintained  in  the  future, 
tliis  will  arnovmt  to  913  in  1950. 

Fares. ― The  fare  is  almost  universally  5  cents  regardless  of 
the  distance,  although  much  dissatisfaction  with  this  arbitrary 
rate  exists  among  managers. 

Cars. ― New  cars  are  being  made  of  steel,  and  the  tendency 
is  to  increase  the  size,  the  most  recent  being  70ft.  】ong， 
9ft.  6in.  wide,  and  12ft.  6in.  high,  weighing  from  86,0001bs. 
to  120,0001bs. 

Permanent  Way,  d*c. ― Underground  lines  use  <(T，，  rails 
on  wooden  sleepers,  laid  in  crushed  stone.  In  Philadelphia 
the  rail  is  attached  to  short  wooden  blocks,  fastened  to  a  steel 
box  girder  embedded  in  concrete.  The  maximum  gradients 
are  from  1  in  33  to  1  in  12'5,  and  the  maximum  radii  of  curves 
from  90ft.  to  150ft. 

Si'/ttals  atul  Jnf<  rlachinrf. —— Antomutio  block  signals  are  not 
used  on  the  older  elevated  lines  nor  on  the  local  tracks  of  the 
New  York  subway  except  at  special  points.  Thev  are  used  on 
ex])ress  tracks  in  New  York  and  Chicago,  ami  for  iniiltiple- 


unit  trains  in   Boston    and  A   lieadway  of 

90  seconds  can  be  niainlaiiiecl  wit  li  automatic  block  signals 
with  a  speed  of  40  miles  per  liour.  A  headwnv  of  20  se(  ',n'ls 
l，as  been  inaint ained  without  signals  aii'l  witli  low  speed. 

M rf//of/s  of  Wurhnuj.  -  -Four-t  rack  lines  are  worked  willi 
express  trains  on  one  pair  ol'  Irncks,  ； nid  local  trains  or  t  ram- 
lines  on  the  oIIk  r.  On  :"'  a(  k  hues  express  trains 
are  run  in  one  dim  tioii  in  I  lu>  rnorniiig  and  in  the  other  in 
the  evening. 

Franchise  Conditions, ― The  earlier  lines  were  built  wil  Ii 
private  capital  under  perpetual  franchises,  but  Hie  munici- 
palities  are  now  building  the  lines  and  leasing  t  he  right  to 
work  them  for  a  term  of  years. 

Cost. ― Underground  lines  cost  -S835，000  to  84,000,000  per 
mile  of  track,  and  elevated  lines  ^200,000  to  .^000,000  per 
of  track 一 without  equipment.  In  New  York  City  earth  exca- 
vation cost  .f 2'90  to  —6  25  per  cubic  yard  and  rock  exca- 
vation cost  %i  to  tunnelling  $8  25  to  ^9'50  per  cubic 
yard  ；  concrete  ？ 58  to  ^1 1  per  cubic  yard. 

Cost  of  Working/. —— The  cost  of  working  varies  from  44  per 
cent,  to  70  per  cent,  of  the  gross  receipts.  The  cost  per  car 
mile  is  9.^  cents  to  20  cents. 

Convl t/sif)/i. ― Exclusive  transit-lines  have  only  been  built 
in  cities  of  about  1,000,000  inhabitants,  but  may  prove  profit- 
able in  smaller  cities  where  the  riding  habit  of  the  population 
is  pronounced . 

INSTITUTION  OF  NAVAL  ARCHITECTS. 

The  spring  meeting  of  this  institution  will  be  held  in  the  hall 
of  the  Royal  Society  of  Arts,  John  Street,  Adelphi,  on  ^Iai-<-li 
12th,  13th,  and  14th.  The  following  is  the  programme  of  pro- 
ceedings. Wednesday,  March  12th,  morning  meeting,  at 
1 1-30  o'clock,  (1)  annual  report  of  Council  ；  (2)  Election  of 
the  President,  Officers  and  Council  ；  (3)  Election  of  new 
members,  associate  members,  associates,  and  students  ；  (4) 
Appointment  of  scrutineers  for  the  next  annual  meeting  ； 
(5)  Address  by  the  President  ；  (6)  Presentation  of  the  In- 
stitution Gold  Medal  and  Premiums.  The  following  papers 
will  then  be  read  and  discussed  :  "Recent  Developments  in 
Battle-ship  Type,"  by  Alan  H.  Burgoyne.  "  The  Influence 
of  Air-pumps  on  the  Military  Efficiency  of  Turbine-engined 
Warships,"  by  D.  B.  "Morison.  Thursday,  March  13th, 
morning  meeting,  at  1 1-30  o'clock,  "  Mechanical  Gearing  for 
the  Propulsion  of  Ships,"  by  the  Hon.  Sir  Charles  A.  Par- 
sons, " Compressed  Air  for  Working  Auxiliaries  in  Ships 
Propelled  by  Internal-coiiibustion  Engines, M  by  W.  Reavell, 
" The  Energy  Systems  accompanying  the  Motion  of  Bodies 
through  Air  and  Water,"  by  Professor  J.  B.  Henderson . 
Evening  meeting,  at  7-30  o'clock,  "  TJlie  Calculation  of 
Stability  in  Non-intact  Conditions,"  by  Prof.  W.  S.  Abel  I. 
" Notes  on  Modern  Airship  Construction/'  by  Baron  A. 
Roenne,  "  The  Longitudinal  Stability  of  Skimmers  and 
Hydro-aeroplanes,''  by  J.  E.  Steele.  Friday,  March  14th, 
morning  meeting,  at  11-30  o'clock,  "  On  Large  Deck 
Houses/'  by  J.  Foster  King,  li  Methodical  Experiments  with 
Mercantile  Ship  Forms,"  by  G.  S.  Baker,  "  Launching  Decli- 
vities for  Ships,  and  their  Influence  upon  Poppet  and  Wav 
end  Pressures,"  by  A.  Hiley.  Evening  meeting,  at  7-30 
o'clock,  "  Stresses  in  Stayed  Cylindrical  Shells,"  by  C.  E. 
Stromeyer,  "  The  Distribution  of  Stress  due  to  a  Rivet  in  a 
Plate,"  by  Prof.  E.  G.  Coker,  and  W.  A.  Scoble,  "  Stresses 
in  a  Plate  due  to  the  Presence  of  Cracks  and  Sharp  Cor- 
ners," by  C.  E.  Inglis.  The  annual  dinner  of  the  Institu- 
tion will  be  held  on  Wednesday,  March  12th,  at  7-30  p.m., 
in  the  Grand  Hall  of  the  Connaught  Rooms. 

Personal.  ―  Dr. 圖 R.  Forsyth, A. ,D.Sc.,LL.D.,  F.R.S., 
formerly  Sadleriau  Professor  ^of  Pure  Mathematics  at  Cam- 
bridge, has  been  appointed  Chief  Professor  of  Mathematics  in 
the  Imperial  College  of  Science  and  Technology,  South  Ken- 
sington. His  organising  and  administrative  ability  has  been 
less  clearly  demonstrated  in  the  part  that  he  has  played  upon 
numerous  boards  and  committees  at  Cambridjre.  He  will  have 
full  scope  for  the  exercise  of  this  side  of  hi.、  activities  in  giving 
form  and  effect  to  the  new  policy  framed  by  the  goveiiiiiig 
body  of  the  imperial  college,  by  wliich  it  is*  intended  to  revise 
and  raise  tlie  standard  of  the  wliole  of  the  mathemat 
teaching,  and  to  brin^  it  into  closer  relation  with  the  (itiier 
departments  of  applied  science  in  the  rollege. 
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ELEMENTARY  PRINCIPLES  IN  STEAM  TURBINE  DESIGN.* 

BY   H.   T.  HHRR. 

Like  the  steam  and  gas  engine,  tlie  turbine  is  a  machine  for 
obtaining  mechanical  work  from  heat  energy7.  A  full  concep- 
tion, therefore,  of  its  underlying  principles  requires  a  know- 
ledge of  pure  and  applied  thermodynamics,  as  well  as 
familiarity  with  mechanics  and  experience  in  machine  design 
and  construction.  The  turbine  converts  the  licat  cikm-^v  ("  ,1 
gas  into  useful  mechanical  work  by  transforming  such  heat 
energy  into  velocity  and  then  extracting  the  energy  in  such 


tli rough  an  angle  of  180°.  The  board  is  therefore  acted  on  by 
two  forces  simultaneously,  both  tending  to  move  it  to  the 
riglit.  The  jet  striking  the  board  creates  an  impulse,  and, 
when  leaving  tlie  board,  a  reaction,  both  of  which  are  equal 
and  in  the  same  direction,  frictional  losses  neglected.  If  the 
jets  in  Figs.  1  and  2  have  tlie  same  velocity  and  density,  with 
frirtion  neglected,  tlie  pressure  on  the  block  in  Fig.  2  will  be 
twice  that  on  the  block  in  Fig.  1. 

Pig.  3  illustrates  a  nozzle  and  blade  wheel  in  which  the 
blades  have  a  single  curvature,  /,.，  the  steam  in  its  passage 


1£ 

Fig.  3. 


Fig.  5. 


velocity  by  means  of  the  rotation  of  a  spindle,  caused  by  the 
impulse  and  reaction  of  jets  of  steam  on  suitably-designed 
blades  or  vanes. 

All  commercial  types  of  turbines ― steam,  water,  or  gas ~ 
are  divided  into  two  general  classes,  viz.，  (1)  impulse  and 
(2)  reaction .  Strictly  speaking,  all  steam  turbines  use  both 
impulse  and  reaction  in  their  operation,  as  the  blades  of  the 
rotor  are  moved  by  the  impulse  and  reaction  of  impinging 


through  the  blades  is  not  turned  back  on  itself.  If  this  wheel 
were  held  stationary  the  steam  would  leave  the  blades  in  a 
direction  nearly  parallel  to  the  shaft.  The  only  force,  there- 
fore, effective  for  moving  the  blades  is  the  impulse  of  the  jet. 
Fig.  4  indicates  a  blade  wheel  and  nozzle  in  which  steam  from 
the  nozzle  enters  the  blades  in  a  direction  parallel  to  the 
axis,  the  jet  theu  being  turned  backward  through  an  angle 
less  than  90°.  On  leaving  the  blades  the  jet  exerts  a  reaction 
on  the  "wheel,  which,  if  held  stationary,  would  be  felt  as  a 
force  tending  to  turn  it.  Fig.  5  shows  blades  with  nearly  180° 
curvature,  which  turn  the  steam  back  on  itself  on  leaving  the 
blades.  The  wheel  would  therefore  be  moved  first  by  the 
impulse  of  the  jet,  and  then  by  its  reaction. 

When  steam  expands  through  an  orifice  or  passage  it 
acquires  a  velocity  proportional  to  the  drop  in  pressure  which 
it  undergoes.   In  the  so-called  impulse  turbines  this  expansion 


Fig.  2. 

jets  of  steam  issuing  from  nozzles  or  passages  essentially 
equivalent  to  nozzles. 

Fig.  1  illustrates  the  impulse  of  a  jet  of  water  issuing  from 
a  vessel  and  impinging  upon  a  flat  board  hinged  opposite.  As 
the  result  of  the  force  of  the  jet,  the  board  will  obviously 
move  to  the  right.  As  the  jet  issues  from  the  vessel  ii>  exerts 
a  reaction  on  the  tank,  tending  to  move  ifc  to  the  left.  Fig.  2  is 
intended  to  illustrate  the  significance  of  impulse  and  reaction 
as  they  are  used  in  turbine  practice.  In  this  case  water  from 
a  vessel  impinges  against  the  curved  surface,  as  shown  in  the 
illustration,  and  before  it  leaves  this  surface  is  turned  back 

*  From  a  paper  on  "Becent  Developments  in  Steam  Tm'bines,"  presented 
before  the  Frankliu  Institute. 


KWtTIC  ENERGY  Of  JtT  IN  FOOT  POUdOS 

Pig.  6. 

takes  place  in  a  fixed  nozzle,  and  the  energy  of  the  steam,  due 
to  its  velocity,  is  absorbed  in  the  revolving  blades  of  a  wheel 
without  drop  in  pressure  through  the  blades  themselves.  In 
the  reaction  turbine  the  expansion  of  steam  takes  place  in 
the  blades  themselves,  and  the  velocity  of  the  steam  caused  by 
such  expansion  is  converted  iuto  useful  work  bv  its  reaction 
in  leaving  the  blades. 
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As  a  matter  of  fact,  all  steam  turbines  make  use  of  botli 
the  impulse  and  reaction  of  a  steam  jet  acting  on  i  lie  blades. 
It  is  tlio  wav  in  wliicli  the  blades  are  constructed  ； nnl  applied 
tliat  distiiigui^lu's  the  dilVorenl  typt's  of  turbines,  and  it  m;iy 
1)0  said  t  hat  all  impulse  ！ nacli i  lies  (l('|"'ml  on  t  lie  absorption 
of  tlie  ste;un  velocity,  due  to  a  drop  in  pn'ssurc,  through  suit- 
able no/zles,  there  being  little 
or  no  pressure  (I ri)p  1 1 1 rough 
the  blades  themselves  ；  wliile 
the  reaction  t urhinc,  on  \  \\r 
other  h;m(l，  utilises  the  velocity 
of  steam,  caused  by  a  drop  in 
pressure,  t  hi  oiil^Ii  the  l)la(l('s 
themselves*  to  rotate  th«' 
turbine  spindle. 

Compounding  stages  of  tlie 
simple  impulse  or  reaction 
element  constituted  the 
velopmeiit  of  the  turbine  to 
1903.  Prior  to  this  date  there 
were  four  distinctive  systems  in 
use  :  (1)  The  impulse,  action,  or 
velocity  system  represented  by 
t  he  De  Laval  turbine  and  its 
various  modifications;  (2)  t lie 
multi-stage  impulse  repre- 
sented by  the  Kateau  and 
Zoelly  turbines;  (3)  the  sub- 
divided multi-stage  impulse 
system  represented  by  the 
Curtis  and  Riedler-Stumpf 
turbines  ；  and  (4)  the  reaction 
or  pressure  system  represented 
by  the  various  forms  of  Parsons 
turbine. 

The  distinctive  character- 
istics of  the  impulse  and  re- 
action turbine  elements  lie  al- 
most entirely  in  the  fact  that 
in  the  im pulse  element  expan- 
sion of  steam  is  carried  out 
within  a  system  of  nozzles, 
while  in  the  reaction  element 
expansion  occurs  within  the 
blades  themselves,  both  station- 
ary and  moving,  but  in  succes- 
sive small  steps.  The  function 
of  a  steam  nozzle  is  the  pro- 
duction of  the  desired  velocity, 
while  that  of  its  corresponding 
blade  or  blades  is  to  absorb  this 
velocity  for  the  production  of 
useful  work.  Here  the  pressure 
7.— Ue  iiA\AL  Ti  itiuNK.  drop  is  almost  entirely  confined 

within  t he  nozzle  and  is  non- 
iil>})reciable  througl'  the  blades.  On  the  other  liand,  in  tlie 
reaction  turbine  there  are  no  nozzles,  the  blades  correspond- 
ing thereto,  as  noted  above.  In  the  expansion  within  tlu1 
blades  a  reactive  thrust  is  produced  in  the  opposite  direction 
from  the  issuing  steam  jet,  which  thrust  forms  the  major 
part  of  the  turning  moment  of  the  reaction  turbine,  and 
hence  its  classification  as  such.  The  remainder,  wliicli  is  hut  a 
small  factor,  is  produced  by  impulse  action  of  steam  from  tlie 
various  stationary  rows  of  blades.  A  defiuite  relation 
must  exist  between  steam  velocity  and  blade  velocity  for  tlie 
])ro<luction  of  maxiinuni  efficiency.  Theoretically,  in  the  pure 
impulse  system  the  moving  Wades  】iiust  recede  at  one-half  tlie 
velocity  of  the  impinging  jet  for  maximum  eHiriem'v.  In 
the  pure  reaction  turbine  the  moving  blades  must  recede 
at  the  same  velocity  as  that  of  the  steam  jet  in  order 
to  absorb  all  the  velocity  therein.  This  would  ； i])]>ear  In 
const ilute  a  point  in  favour  o ！'  the  impulst-  system.  1  n  1  he  re- 
action system  the  apparent  objection  is  overcome  by  lit" 
simple  expedient  of  employing  more  fxpansion  st ； m'es.  Ail 
this  presupposes  a  tangential  direction  of  the  steam  jet 
parallel  to  the  plane  of  rotation.  With  side  jets,  such  as  are 
of  necessity  used  in  practice,  it  is  impossihlo  to  obtain  a  i-oin- 
plete  reversal  of  the  jet,  and  hence  a  part  of  the  jet  velocity 
is  unavailable. 

It  is  a  general  impression  that  the  1  to  I  velocity  ratio 
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must  hold  in  reaction  turbines.  This  is  not  lh"  rase,  for  tlio 
reaction  system  not  only  contains  impulse  jninripley  bub  also 
uses  side  jets,  so  that  tlie  relative  blade  and  jet  speed,  lor  the 
be.st  efliriency,  must  fall  somewhere  between   ij  ami  1  0. 

The  multi-stage  (Rateau)  impulse  system  was  developed 
to  overcome  the  cliiof  dillLculty  o i'  the  simple  impulse  *:lpMi，'"t， 
vi/. ,  tlie  eflicient  utilisation  of  the  enornious  steam  r''- 
sulling  f rom  a  single  ex]>?nisi(n»  over  wide  ranges  of  |>re-isure. 

Fig.  G  plots  the  velocity  resulting  froi/i  the  expanniou  of 
steam  from  a  pressure  of  I  G51bs.  to  lib.  absolute  in  a  nozzle 
designed  fo r  unitorni  work.  Tims  a  si  cam  speed  of  over 
4 ,000ft.  per  second  is  obtained  for  the  full  expansiriii  to  4J8in. 
vacuum.  This  would  theoretically  require  a  speed  of  7,640 
revs,  per  minute  for  an  impulse  wheel  5ft .  diarn.  -; i  iner'Iianira] 
iinj)ractical>ility —- but  by  subdividing  t  lie  cxj>anyi(»n  into  i 
number  of  stages  tlie  velocities  per  sta^e  can  be  red uc*mI  to 
practical  limits.  This  involves  the  familiar  multicellular  con 
st  ruction  used  in  the  Rateau  turbiii". 

In  the  subdivided 川 ulti-stage  ((.'m  l  is)  impulse  sv -、 U'm  ； i 
"modification  of  the  foregoing  may  be  secured,  viz. ,  blade 
speeds  two  or  three  times  lower  than  the  jet  speed  may  be 
used.  This  is  accomplished  by  two  or  more  impulse  wheels 
per  stage,  each  absorbing  its  share  of  the  total  velocity 
delivered  by  the  nozzles.    Willi  a  given  jet  velocity  a  2-stage 


Fig.  8.— Katkau  Tcruine. 


impulse  wlieel  would  rotate  at  one-half  the  speed  of  a  siuglo 
impulse  wlieel,  a  three-stage  wheel  at  one-tliird,  &c. 

The  energy  of  a  jet  of  steam  of  veloi-ity  、'  is 々,， and  tlie 

velocity  of  the  steam  witli  a  suitably  designed  nozzle  is  depen- 
tlcnt  on  the  drop  in  j>rt'ssure  tlnough  sucli  nozzle.  It  is 
customary  to  diagram  by  vectors  the  action  of  a  steam  jet 
through  the  various  stages  of  a  turbine,  making  certain  allow- 
ances, established  by  practical  experimentation,  for  losses  due 
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to  the  physical  properties  of  steam  and  the  construction  of  the 
turbine  elements. 

In  Figs.  7  to  13  inclusive  such  velocity  diagrams  are  illus- 
trated for  the  four  types  of  turbines,  viz.,  De  Laval, 
Rateau,  Curtis,  and  Parsons,  together  wiili  diagrams 
of  the  blading-  of  each  type.  The  curves  in  the  diagrams 
illustrate  the  action  of  the  steam  as  regards  pressure 
and  velocity  through  the  different  stages.  Such 
velocity  diagrams  comprehend  the  absolute  and  relative 
velocities  of  the  steam  jets  and  blades,  tlie  absolute  velocities 
being  i'tv()r(l"'l  witli  reference  to  t  he  earth,  and  ilie  relative 
velocities  with  reference  to  the  blades  and  steam  jets.  In  the 
diagrams  Figs.  7  to  13  the  turbine  rotors  of  the  different 


In  the  Curtis  turbine,  by  subdividing  the  impulse 
elements  into  two,  three,  or  four  rows  of  moving  blades  per 
stage  the  same  jet  velocity  may  be  used  witli  a  blade  speed  of 
500ft.  per  second,  with  leaving  losses  as  shown  in  the 
diagrams  Figs.  9  to  11  inclusive.  It  will  be  noted,  however, 
that  in  the  4-division  stage  extreme  velocities  are  encountered, 
as  iii  the  Ue  Laval  wheel. 

These  high  steam  velocities  are,  as  in  the  Rateau  turbine, 
materially  reduced  by  diminishing  the  stage  division  and  in- 
creasing the  number  of  stages  (Fig.  12).  This  system  presents 
probably  the  best  development  of  the  subdivided  multiple- 
stage  impulse  turbine  ；  but  for  a  complete  machine  there  are 
difficulties  to  contend  with  in  the  maintenance  of  proper 
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Fig.  10. 
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types  are  taken  with  blade  speeds  of  500ft.  per  second  and  an 
expansion  of  the  steam  from  1651bs.  absolute  to  lib;  absolute. 

In  the  diagram  of  the  De  Laval  turbine  (Fig.  7)  it  will 
be  seen  that  the  jet  of  steam  has  a  residual  or  leaving  velocity 
after  passing  the  wheel  of  3，200ft.  per  second,  which  results 
in  a  failure  to  abstract  the  full  energy  of  the  jet  proportional 
to  the  square  of  such  residual  velocity.  In  order  that  one  row 
()t  impulse  blades  such  as  obtain  in  this  example  might  extract 
llio  maximum  energy  from  the  expansion  of  the  steinn  from 
lG51bs.  to  lib.  absohite,  it  would  be  necessary  to  have  a  blade 
speed  of  1,730ft.  per  second . 

In  the  Rateau  machine  (Fig.  8)  the  residual  velocity  is 
2,880ft.  per  second,  representing  an  amount  of  energy  uii- 
abstracted  by  the  turbine  proportional  to  the  square  of  iliis 
residual  velocity.  If  additional  stages  were  added,  this 
residual  velocity  could  be  abstracted  without  change  in  the 
blade  speed,  or  the  number  of  stages  could  be  kept  the  same 
by  increasing  the  blade  speed  to  1,000ft.  per  second. 


steam  distribution  thruugli  the  later  stages.  Considering, 
however,  the  first  stage,  of  two  subdivisions  by  itself,  the 
advantage  of  this  type  of  element  is  apparent.  Comparing, 
for  instance,  the  first  stage  expansion  with  that  of  a  similar 
expansion  arrangement  in  a  Rateau  turbine,  it  can  be  shown 
that  four  individual  Kateau  stages  are  required  to  do  the 
same  work  as  this  single  subdivided  two-row  stage  (assuniin*:. 
of  course,  the  same  blade  speed,  viz. ,  500ft.  a  second,  and  thr 
same  pressure  drop,  1651bs.  to  501bs.  absolute). 

In  the  Parsons  turbine  t lie  process  of  subdividing  the 
steam  expansion  (as  illustrated  in  Fig.  13)  resolves  itself  into 
a  relatively  large  number  of  rows  of  blades.  An  important 
result  secured  bv  this  subdivision  is  the  uuiforiulv  low  steam 
velocities  through  the  turbine.  When  velocities  of  1  ?000ft.  to 
2,000ft.  per  second  are  encountered  throughout  the  Rateau 
and  Curtis  turbines  the  corresponding  velocities  in  the 
Parsons  machine  will  vary  from  150ft.  to  1.000ft.  per  second. 
As  friction  losses  are  a  function  of  velocity,  this  relatively 
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low  velocity  is  an  important  point,  and  |>robabIy  to  a  lar^e 
dp(rree  accounts  for  the  high  eflicicncv  of  this  svstrm. 

It  is  evident  from  tlie  foregoing  that  the  application  of  ； i 
t urbint*  design  to  c(mmier('ial  use  must  embody  h  knowledge  of 


Fk;.  1-2.— SniiDn  idici)  Mui/n-sTA(;E  Impulse  Tukhiniv 


Fig.  l.'t.  — l*Aitst»Ns  TtntinNK. 
the  properties  of  steam  and  its  co-relation  to  the  mechanical 
>tnicture  of  the  machine.  While  the  pressure-volume  diagram 
is  important  in  the  design  of  piston  engines,  it  has  little  use, 
except  by  comparison,  iu  the  determination  oi"  the  action  of 


steam  in  tlie  turbine.  The  entroj>v-teinj>erature  diagram  ami 
the  conversion  ot  jjrcssu  r»*  t  o  vt'lwtv  iiiHler  udm  hat  ]«-  ex  |  i;t  n 
sion,  together  with  the  co-relation  of  heat  dro|».  t'orm  i  Ik-  1m 小 
of  turbine  calculations.  The  development  of  the  turbine  has 
therefore  led  to  a  closer  study  ot  t  Im-  |'r',|'*'r'i«、  t>\  ;ukJ 
by  experimental  work  and  mathemal  ical  deduction  I  he 
pliysical  properties  of  both  saturatwl,  wet  a'i'l  siipcrli*'; 山 -'I 
steam  have  now  been  detenninecl  with  (，ertaiiity  and  prn'  i、if,ii  ， 
so  that  computations  based  on  these  show  satisfactory  con- 
cordance. 


INJECTION  OF  WATER  INTO  THE  CYLINDERS  OF  OIL  ENGINES. 

The  accompanying  illuntration  slnnvs  an  arrangeiiKMit 
designed  and  patented  by  Messrs.  Tangyas,  Ltd.,  Cornwall 
Works,  Smethwick,  Birmingham,  in  conjunction  with  M  i 
James  Robson,  to  effect*  automatically  a  more  efficient  regu- 
lation of  the  water  injection  into  the  combustion  chamber  on 
tlie  suction  stroke  of  the  piston  of  an  oil  engine  than  is 
obtainable  by  the  usual  automatic  regulating  mechanism. 
The  quantity  of  water  injected  into  the  cylinder  should  vary 
with  variations  of  the  load  on  the  engine,  that  is  to  say, 
when  the  engine  is  running  without  or  practically  without 
load,  very  little,  if  any,  water  is  required,  and  wlu*n  the 
engine  is  riuuiing  at  full  load  the  maximum  amount  of  water 
is  required  and  the  amount  necessary  at   intermediate  loads 
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varies  with  the  load.  The  water  injection  is  usually  regu- 
lated from  time  to  time  by  hand  which  necessitates  a  close 
attention  to  the  eugine.  In  some  cases,  however,  mechanical 
means  are  employed  to  regulate  automatically  the  water 
supply,  and  it  has  been  proposed  to  vary  the  quantity  >i 
water  drawn  into  t he  admission  pijn*  directly  as  t he 
of  the  engine  by  means  of  a  valve  controlled  by  the  governor. 
In  the  arrangement  under  notice  the  water  supply  may  be 
varied  with  variations  in  the  load  either  directly  in  propor- 
tion with  the  load  or  otherwise,  while  further  it  permits  the 
adjustment  of  the  water  supply  control  valve  so  that  the 
same  maximum  quantity  of  water  can  be  ensured  should  the 
engine  be  arranged  to  run  at  a  higher  or  lower  speed  for  the 
inaxiiuuin  or  any  given  load. 

Referring  to  the  illustration,  which  represents  pa rtlv  in 
end  elevation  and  partly  in  vert  iral  sect  ion  a  portion  of  an 
internal-combustion  engine  in  whuh  liquid  fuel  is  emp，o\'  'l. 
A  is  the  governor  bodv  having  pivoted  on  it  the  Icvit  H 
To  one  end  of  this  lever  is  connected  a  rod  C1  terniinatiiii:  in 
the  wedge  D  which,  according  to  tlie  position  of  the  governor 
and  load  on  the  engine,  allows  of  a  longer  or  shorter  stroke 
to  be  given  to  the  oil  or  liquid  fuel  pump  E.  The  other  end 
of  tlio  lever  B  operates  through  a  depending  rod  F,  the  st^in 
of  the  water  regulating  v;:lve  G  and  on  tlie  downwanl  niotii»n 
of  the  rod  F  the  valve  G  is  opened,  the  rlosin^  or  partial 
closing  of  the  valve  being"  effected  by  the  coi led  spring  H 
acting  against  the  regulating  scre.v  nuts  J  when  the  rod  F 
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is  raised.  By  the  regulating  screw  nuts  J  the  valve  rod  G 
may  be  set  to  give  the  same  water  supply  at  maximum  load 
a the  same  variations  due  to  varying  load  at  whatever 
speed  it  may  be  determined  to  run  the  engine.  When  the 
valve  G  is  open  the  water  which  is  admitted  by  the  pipe  K 
passes  through  the  cylindrical  opening  L  in  the  valve  box  M 
from  which  it  flows  through  the  pipe  N  to  the  water  inlet 
valve  O  in  the  combined  air  and  water  valve  box  P.  Tlie 
admission  of  air  into  the  valve  box  P  is  regulated  by  the  plug 
cock  K  and  the  air  and  water  valves  S  and  O  are  operated 
at  the  proper  times  by  means  of  the  lever  T  and  rod  U 
from  the  side  shaft  V  of  the  engine  in  the  usual  manner. 
The  air  and  water  valves  S  and  O  can  be  automatically 
operated  by  the  suction  produced  by  the  piston  of  the  engine 
cylinder  when  making  its  charging  stroke.  The  water  inlet 
valve  G  is  of  a  slightly  plain  tapering  form,  but  instead  of  a 
single  tapering  part,  two  or  more  tapering  parts  preferald y 
of  different  angles  may  be  made  on  the  valve  G  if  thought 
necessary  or  desirable  to  ensure  the  passing  of  the  correct 
quantity  of  water  for  the  particular  load  on  the  engine.  The 
lower  portion  of  the  valve  G  is  preferably  cylind rical  and  of 
a  diameter  proper  to  fit  or  approximately  fit  the  valve  open- 
ing L,  controlled  by  the  valve  G.  By  this  construction  the 
water  supply  can  be  entirely  cut  off  or  practically  so  for  any 
required  distance  before  the  governor  reaches  its  highest 
position  which  corresponds  with  the  lighter  or  lightest  load 
on  the  engine  which  is  an  important  requirement  on  such 
loads.  The  valve  G  is  pi'uvided  in  addition  with  a  valve  head 
capable  of  seating  itself  tightly  on  a  corresponding  seat  in 
the  opening  L  of  the  body  of  the  valve  box  M,  so  that  when 
the  engine  is  running  with  very  light  loads  the  water  is  pre- 
vented from  leaking  past  the  valve  G. 

From  the  foregoing  description  it  will  be  understood  that 
t  lie  amount  of  water  admitted  to  the  combustion  chamber  of 
the  engine  is  correctly  proportioned  and  properly  regulated 
by  the  lifting  or  lowering  of  the  valve  G  through  the  action 
t  he  governor,  and  henoe  varies  with  the  variations  iu  the 
lo;ul  on  the  engine  which  renders  unnecessary  the  close 
attention  on  the  engine  which  ordinary  hand  regulation 
requires  and  ensures  the  regulation  of  the  water  admission  to 
tlie  combustion  chamber  with  greater  nicety  or  accuracy 
tlian  ran  be  effected  by  hand  or  by  the  automatic  controlling 
uiism  heretofore  proposed  - 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  4th. 

Aliiniiiiiiini  ingot   9,—)/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  1 12/-  " 

，，        sheets        ,，  ，，   ，  120/-  ，， 

Antimony  £34/-/-  to  £30/-/-  per  ton. 

Brass,  rolled   8Jd.  per  lb. 

，，    tubes  (brazed)    10Jd. ，， 

，，       ，，      (solid  drawn)   9d.  ，， 

，，       ，，     wire   8§d,  ，， 

Copper,  Standard   £66/5/-  per  ton. 

Iron,  Cleveland   64/】 i  ，， 

，， Scotch   70/li  ，， 

Lead,  English    £16/15/-  ，， 

，， Foreign  (soft)   •   £16/2/(5  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  ，，       medium   3/6  to  6/—  ,， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/15/ —  per  bottle. 

Silver   27^d.  per  oz. 

Spelter    £24/15/—  per  ton. 

Tin,  block   £217/—/-  ，， 

Tin  plates   14/-  ，, 

Zinc  sheets  (Sileaian)   £28/17/6  " 

，，  (Stettin  ；  Vieille  Montagne)   £28/17/0  ，， 

The  Institution  of  Mechanical  Engineers.  ~  An  "r'lmai  v 
general  meeting  will  be  held  in  the  Meeting  Hall  of  the  In- 
stitution on  Friday  evening,  March  14th,  at  8  o'clock,  when 
a  paper  on  "  Some  Effects  of  feuperlieating  and  Feed -water 
1  letting  on  Locomotive  Working,"  l)y  F.  11.  Ti evil  hick  and 
i*-  J.  Cowan,  will  be  read  and  discussed.  A  meeting  of  the 
graduates  will  be  held  on  Monday,  March  10th,  at  8  p.m. 


THE  DIESEL  ENGINE  AS  MOTIVE  POWER  IN  THE 
MERCHANT  MARINE. 

Wl'lH  Sl'KCIAI.   ItJ:i  J:RKNCK   TO  THE   FlKST  SutCKhhl  I  1. 

Motok  Ship,  "Chkistian  X." 

HV   OLJ-;   K,  OLSEN. 

The  subject  of  the  Diesel  engine  and  its  relation  to  tlie 
merchant  marine  means  liotiiing  less  than  a  revolution  in  sliij) 
propulsion.  It  may  be  in  order  to  give  a  very  short  resume 
of  the  development  of  the  internal-combustion  engine,  as  his- 
tory shows  that  tlie  idea  of  employing  the  expansion  force  of 
air  and  fuel  directly  in  tlie  working  cylinders  dates  back  to 
tlie  days  before  the  advent  of  the  steam  engine. 

In  1670  to  1680  it  was  proposed  by  Huyghens  and  Papin 
to  use  gunpowder  as  fuel ― which  is  the  earliest  suggestion  we 
know  of.  In  1791  English  patents  were  issued  for  a  kind  of 
turbine  in  which  gases  which  were  generated  from  fuels  were 
to  be  used  with  air  and  water,  and  were  to  exert  their  forces 
in  the  turbine  after  having  been  ignited,  and  iu  1794  we  find 
another  English  patent  covering  an  oil  engine  where  the  fuel 
was  to  be  evaporated  in  the  cylinder  itself  and  ignited  bv 
flame  after  half  of  the  stroke  had  been  completed.  Iu  1801 
M.  Lebon  took  out  a  French  patent  for  a  double-acting  engine 
using  two  pumps  for  mixing  and  compressing  air  and  illumi- 
nating gas  iu  a  reservoir,  and  from  there  forcing  it  to  the 
double-acting  working  cylinder  where  it  was  electrically 
ignited.  Several  other  patents  were  issued,  especially  in  Eng- 
land, during  the  following  years,  covering  various  internal- 
combustion  and  explosion  principles. 

^  About  this  time  a  young  German  merchant  built  an  expe- 
rimental engine,  the  principle  of  which  was  based  on  admis- 
sion of  the  mixture  of  gas  aud  air,  compression,  ignition,  and 
exhausting  of  the  spent  gases,  all  in  one  cylinder.  It  was 
anything  but  a  success,  and,  discouraged  over  the  apparent 
failure,  he  constructed  the  Otto  atmospheric  engiue,  a  vertical 
machine,  where  gas  was  admitted  under  the  piston,  the  piston 
was  driven  upwards  by  the  combustion  of  the  charge,  aud 
transmitted  power  to  the  shaft  aud  flywheel  on  the  downward 
stroke  only  when  actuated  by  atmospheric  pressure.  Some 
5,000  of  these  engines  were  built,  and  some  are  still  in  opera- 
tion. A  French  engineer,  Beau  de  Rochas,  proposed  the  idea 
― but  never  put  it  to  a  practical  test ~ of  usiug  four  strokes  to 
a  cycle  and  compressing  the  charge  before  ignition  in  the 
working  cylinder  ；  and  in  applying  this  principle  to  his  first 
experimental  engine,  Otto  developed  the  first  practical  4 -cycle 
engine,  generally  known  as  the  Otto  engine.  Some  inventors 
went  a  step  further  and  constructed  a  6-cycle  engine,  expect- 
ing to  get  higher  economy  by  using  a  third  stroke  to  admit 
pm'e  air  and  expel  it  again  after  the  spent  gases  had  been 
exhausted,  but  their  hopes  were  uot  realised. 

About  1893  Prof.  Rudolph  Diesel ,  of  Germany,  designed 
what  is  now  known  all  over  the  world  as  the  Diesel  oil  engine. 
His  engine  is  not  an  explosion  engine,  but  a  combustion 
engine,  and  the  principle  is,  in  short,  as  follows :  Pure  air  is 
drawn  into  the  cylinder  aud  compressed  to  a  point  at  which 
the  temperature  of  the  air  is  equal  to  or  higher  than  the  ('()" 卜 
bustion  temperature  of  the  fuel  used,  generally  from  3501bs.  to 
5501bs.  per  square  iuch.  Just  as  the  piston  starts  on  its  out- 
ward stroke,  the  fuel  is  forced  in  under  a  slightly  higher  pres- 
sure than  that  in  the  cylinder,  and  in  the  form  of  a  fine 
spray.  The  high  temperature  of  the  compressed  air  forces  the 
fuel  to  iguite  instantaneously  and  burn  as  it  enters  the 
cylinder.  The  temperature  of  the  gases  is  thus  kept  constant 
during  the  combustion,  and  no  explosion  takes  place.  The 
first  practical  engines,  however,  did  not  appear  until  M. 
Lenoir,  in  18G0,  built  a  1  h.p.  double-acting  gas  engine  with 
Sin.  diam.,  5iin.  stroke. 

We  shall  now  go  over  to  the  latest  success  of  the  Diesel 
engine  in  its  application  to  the  merchant  marine.  A  ^rvai 
many  experiments  have  been  made  to  successfully  use  the 
iiiternal-conibustion  engine  for  marine  use,  and  it  is,  of 
course,  well  known  that  this  motive  power  has  been  excinnl- 
inglv  successful  for  smaller  craft,  but  notwithstanding  the 
fact  that  Hie  leading  countries  of  the  world  have  invested 
fortuues  in  experiments,  they  did  not  siu-ooed  in  bringing  out, 

*  rnper  roaA  before  the  L'、"isinrm  Kneineerinfi  Society.  October  Hth,  191-2.  atui 
repiinluced  from  the  Journal  of  i  n'  Ass.n-i;»t.ou  .»f  Socioties. 
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a  type  of  engine  suitable  for  the  great  freight  carriers,  and 
it  was  not  until  January,  1912,  that  the  first  large  motor  ship 
miule  its  appearance.  Tliis  boat,  "  Selandia,"  was  built  by 
the  Danish  slii[)  and  nuicliine  builders,  Burmeister  <t  \、'  im, 
in  Copenhagen,  Denmark,  and  we  have  recently  had  her  sister 
ship  "  Christian  X."  in  the  port  of  New  Orleans  after  her  first 
trip  across  the  ocean. 

Burmeister  &  Wain  have  built  several  sliips  for  t  lie  Danish 
East  Tndian  Steamsliip  Company,  and  as  the  firm  had  been 
very  successful  in  building  stationary  Diesel  engine  plants  of 
l;ii-ir<>  (lirrieiisions,  t-he  steamship  coinpany  and  t  lie  builders 
(l('ri 山' （I  ")  make  the  experiment  which  turned  out  to  be  a 
siirress,  so  mu(,li  so,  tli at  six  months  later,  the  Burmeister  and 
Wain  ( -oinpany  iiad  orders  on  their  l)ooks  for  1 2  more  l)n;"s 
for  various  nations. 

Tim  ship  "  Christian  X:  is  370ft.  long,  53ft.  beam,  and 
30ffc.  deep.  She  carries  7,000  tons  and  will  make  12  knots 
( I  ：)'8  statute  miles)  with  full  load,  and  her  two  main  engines 
of  i  lie  Diesel  type  develop  each  1 ,250  i.li.p.  She  has  two 
secondary  engines  not  used  for  propelling,  developing  each 
'」「)（）  i.h.p.  At  the  trial  run  she  developed  1，700  i.h.p.  in  each 
of  the  main  engines  and  obtained  a  speed  of  12^  knots.  The 
machinery,  except  the  winches  on  deck  and  the  steering  gear, 
is  all  in  one  room,  in  order  to  make  everything  as  accessible 
and  economical  as  possible' as  regards  tlie  attendance.  Under 
normal  conditions  one  engineer  and  two  assistants  are  needed , 
； m(l  while  tlie  assistants  are  looking  after  all  secondary 
niaclihiery,  the  engineer  has  from  his  operating  room  full 
view  t'o  the  main  engines,  switchboard,  fuel  oil  pumps,  oil 
\  auks,  &(，.  Tlie  full  engine  crew  consists  of  three  engineers, 
six  assistants,  one  electrician,  and  two  boys  for  cleaning  up, 
&c.}  and  the  same  size  steamship  would  need  five  engineers, 
two  or  three  oilers,  one  electrician,  and  10  to  12  firemen. 

The  machinery  consists  of  two  main  engines,  two 
secondary  engines,  two  motor  transformers,  two  cooling  water 
jmnips,  two  lubricating  oil  pumps,  one  fuel  oil  pump,  ballast 
pump,  ice  machine,  various  air  oonipressors,  two  generators, 
one  small  donkey  boiler,  one  fresh-water  pump  and  one 
evaporator.  The  main  engines  are  4-cycle  motors  directly 
connected  to  propeller  shaft.  Each  engine  has  eight  cylinders 
of  20^in.  cliam.  and  20:,'in.  stroke  and  makes  140  revs,  per 
minute,  corresponding  to  12  knots  per  hour.  There  are  two 
of  these.  The  secondary  engines  are  ordinary  stationary 
4-cycle  Diesel  engines.  There  are  two  of  these,  and  each  has 
tour  cylinders  of  12 /  in.  diam.  and  17 士 in.  stroke.  The  number 
of  revolutions  is  230,  and  indicates  at  normal  load  250  h.p. 

The  air  compressors  for  the  main  engines  are  single  acting 
pumps  taking  the  air  at  3001bs.  pressure  from  the  receiving 
t;uiks  or  supply  tanks,  and  compressing  it  to  approximately 
90t)]bs.  in  one  cycle.  From  these  compressors  the  air  is 
carried  to  separating  tanks  where  oil  and  water  are  separated 
from  the  air,  and  from  these  tanks  it  goes  to  the  fuel  valves 
of  uie  engines  to  be  used  in  injecting-  and  atomising  the 
fuel  oil.  A  disc  valve  is  used  instead  of  the  ordinary  needle 
valve,  and  it  opens  into  the  cylinder,  which  gives  better 
atomising  and,  therefore,  more  complete  combustion.  The 
compressors  are  driven  by  an  overhanging  crank  placed  on 
the  front  end  of  the  crank  shank,  and  are  const ructed  so  that 
they  can  work  with  either  half  or  full  stroke.  Under  normal 
conditions  lialf  stroke  is  ample  to  funiisli  tlie  engines  with 
sufficient'  air  for  injecting  and  atomising,  but  in  case  one 
compressor  should  get  out  of  order,  the  oilier  can  feed  both 
engines  for  hill  speed. 

(To  be  conixn ued.) 


National  Physicial  Laboratory.  ―  The  CJovenmuMii  lias,  wo 
k'ani,  decided  upon  a  very  large  extension  of  the  work  of  the 
National  Physical  Laboratory  at  Teddington .  A  sum  of 
£35,000  is  being  spent  on  new  buildings  and  equipment,  the 
Treasury  having  made  a  grant  of  £15,000  towards  tliis 
amount .  The  laboratory  is  to  be  entirely  reorganised,  and 
under  ihe  new  scheme  the  work  will  be  classified  as  follows  ： 
General  electrical  measurements,  engineering  research  and 
tests,  aeronautit-al  investigation,  road- making  experiments, 
metallurgy  building,  electrical  research,  standardisation  of  the 
sources  of  light,  metrology  building,  standardisation  of 
weights,  &c.,  and  tlie  William  Froude  national  tank  for 
experiments  on  models  of  ships. 


INDUSTRIAL  AND  TRADE  NOTES. 

Shipbuilding  Orders  for  the  Clyde.     M' 、、卜   IJ.ii'  l."    (  ml''.  A  ( ,, 
hid.,  WllitiMiicli,   lia\c,  wo  li-ani,  liodkcrl  f>j(h'is  loi"  si  \  -  ti:iim  r-. 
oach  of  almuL  1 50 it.  in  Imjit  li.  tor  the  Brit 卜 li  I  nr|i;ii>  St*  :im  Xa\  i 
nation  Cain[iiUi> .    This  fir  in       c  now  oil  liaurl  loi-  tlu-  、：  im"  lii"' 
do  fevvor  than  I  I  、  *'ss*'l、 

Brown  Boveri  Turbine. ―  、\'"  have,  i cceiv(i<l  ti om  l:i'  h:u ' 卜 ,'n、. 
Wostgarth,  &  Co.,  fitd.,  Hartlepool,  an  illii"r:it"l  paniplil«  t 
(loscril)ing  the  oomhinod  impulse  and  r'':i('U'»ii  tml""(，  tlie.v 
now  luiildin^,  and  of  which  tlu»y  l"iv'，  already  .stipplicrl  <i  mim"'r 
ol'  machines.  Tho  turhino  is  of  tho  s.ini"  typo  as  iliat  l»> 
Messrs.  Brown,  Boveri,  &C".，  of  B;i'"，n,  Swilzerlninl. 

A  Reliable  High. lift  Tandem  Pump.  W,'  iindcrstiiiid  llial  M«  i 
Muthci-  A*  Piatt,  Ltd.,  luivo  r<iceiv(?d  an  order  i'rom  .\1«  ssis  B:il'l 
wins,  litd..  Hryn  Colli, 'r\,  S.  Wal^s,  lor  u  fluplicato  puinp  to  tli,' 
t;i ndeni  pump  wliicli  they  supplied  five  or  six  yearn  a^o,  and  u  liicli 
was  at  that  time  the  first  pump  tbey  had  over  made  of  over 
I  .OUOt't.  head.  This  j)unip  hits  never  had  a  penny  piece*  spout  tipftn 
it  since  it  was  put  to  work,  and  luis  li;ui  to  run  daily. 

Proposed  New  Light  Railway  in  Yorkshire.— A  s<  li'  m'  is  im(l'  r 
consideration  Ijy  tho  Yorkshire  Wold  landow  imm\s  for  tl.c  con 
struetion  of  a  light  railway  from  Whari  am  Street,  on  tin* 
Driffield  line,  to  H  unnianby,  on  the  I  full  :uid  Sc;i  \\mvou^h  litir. 
The  line  would  be  about  19  miles  in  length,  and  would  proceed 
more  or  less  at  a  level  through  the  Iieart  of  the  wold  countiy, 
w  hich  at  present  is  very  deficient  iu  railway  faciliti' 、 

The  French  Motor  Car  Industry.— Statistics  n-hitin^  io  tlx-  motoi 
oar  industry  in  l^i'aiice  show  :m  immense  growth.  In  1 0* Y2  l'，r:mr<' 
exported  motor-vehicles  to  the  value  of  £1,200,01  id.  In  l"i'」  tl',. 
total  reached  £6,408,000.  It  is  estinuittnl  iliat  】n()tor  u orks  乂 i、,' 
employment  to  over  65,000  [xm  sods,  with  a  yearly  \\  ;i<^os  l>ill  ol 
over  £6,00(1,000.  Foreign  cars  in  France  do  not  swm  to  I"' 
much  in  request,  as  purchases  amounted  only  to  £464,000 
y<4ar,  but  of  these  British  cars  seem  to  hav<»  i muh!  ； i  v«'r.v  \a\y 
])roportion. 

Welsh  Tinplate  Trade. — A  meeting  of  South  Wales  tiii|>l;it,'  maim 
fiicturers  was  held  at  Swansea  on  the  25th  nit.  to  consider  a 
restriction  of  output  consequent  upon  owv  pioduft ion. 
mills  were  represented,  of  w  horn  393  voted  for  a  stoppa^*'. 
100  against,  、vhih、  3o  wove  neutral.  This  being  considered  an 
insufficient  majority  ior  restriction  to  ('flVct  :tiiv  satisfactory 
<、asiug  of  the  situation,  matters  remain  as  Ijefore,  and  there  will 
be  no  systematic  stoppage.  Many  works,  ho、v(>\  (、r.  w  ill  li;u、'  ； i 
restricted  output  in  sonio  way  or  another. 

Clyde  Shipbuilding  Output, —' ，、h(、  Clyde  shiplmildiny;  yards  pro- 
duced a  satisfactory  amount  of  tonnage  during  the  month  of 
February,  viz.,  47,050  tons,  but  as  the  output  tor  January  was 
unusually  small  the  total  for  the  two  months  is  somewhat  lower 
than  the  average  of  recent  yvn rs.  Tho  t^vo months'  total  this  yenr 
is  sli^litly  under  o7,000  tons,  wliilo  that  of  last  year  was  83,000. 
:uul  that  of  1911  66.000.  Wliiio  tho  yards  ;uv  all  fully  cmployod 
very  few  orders  were  placed  during  Ft 小 nmrv,  and  builders  report 
that  the  mui 山 of  ('liqiiirit's  for  now  vessels  r*>:is*'d  greatly. 

The  World's  Greatest  Waterfall.  ―  Dr.  Percy  〗《《'ii(l;ill  iv(','iitlv 
described  the  visit  he  ，"： "1，、  to  th(、  Ivaicteur  l'，all.  British  Guiana, 
in  July  last.  KaietiMir.  a\ hicli  Dr.  R oiulall  asserts  is  tin*  world's 
greatest  waterfall,  was  discovorod  I'v  Mr.  15;irrinKton  Hrown  when 
lie  was  d(、s('("，fliiig  tlu»  Potaro  Kivt'r  in  1S71 .  Tt  was  tliorou*;lily 
(explored  aiul  incasuromt'iits  takon  two  yo;irs  lator.  The  fall  lias 
a  luMght  of  822ft..  which  is  rati""'  more  than  twice  that  ot  tl"' 
Victoria  Falls  and  fivo  times  that  of  Xiagara,  and  its  avail;il)lc 
average  energy  is  computed  at  over  1/2-50.000  h.p.,  or  noarly 
65,000  h.p.  more  tluui  tliat  of  Niagara. 

Italian  Shipbuilding  Industry.  .\fcor<]m^  t.>  tli,、  •'Jior-.Mi  Z.-it  un^" 
(Berlin),  the  Italian  shipbuilding  yaids  participated  in  the 
general  prosperity  "hich  diara('t，、riwl  sliip ，川 ildiug  during  1912. 
At  the  end  of  last  year  theit、  wore  at  least  half -a  dozen  largo 
vessels  being  built  for  the  Italian  inorca utile  marine,  whilst  at  the 
end  of  1911  scarcely  ;iny  of  tlio  larger  types  of  vessel  wero  beinp 
built  in  Italy.  Xevi*rtheless,  no  orders  of  any  iuiportamo  hixvo 
Ikhmi  coming  in  lately,  and  it  is  to  lu、  oI»s*tvoc1  that  a  number  of 
the  larger  Italian  shipbuilding  firms  have  not  a  single  vessel 
midt'r  construction  in  Italy.  【n  1012  only  six  vessels  of  more 
than  1,000  tons  capacity  (gios、）  wore  l)uilt  in  Italian  var'l、. 
including  only  ono  of  -*5,(>Ot，  w 卜 s  ri''_:i、t，'r  tons. 

A  Geared  Turbine  Steamer.  、|,'、、r、  A  A:  J.  Inulis.  (； la>^ou . 
launched  on  tlio  2Gth  \ilt.  the  tiir，"m'  steamer  "  Elgin."  the  last 
of  throe  sister  ships  whicli  thoy  havo  l)iiilt  for  th,、  South  India n 
Railway  Company.  They  ha  vo  a  length  overall  of  a  lion  t  -<kht  . 
a  breadth  of  38ft.,  and  a  depth  to  di,、  pronicnado  <lotk  of  noa rly 
19ft.  Their  gross  toinia^o  will  l>o  rather  less  than  700.  The  pro 
p(、"ing  niaohinory.  which  has  been  constructed  hy  tho  buil(l，"、 
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of  the  ship,  consists  of  two  sets  of  geared  turbines  of  the  latest 
Parsons  type,  one  high  pressur*'  and  mi"  low  pressure  ，>(、ing 
coupled  to  oach  of  the  two  sliafts  I'.v  im':ms  oi'  macliino  cut  ^cars, 
oac-h  shaft  driving  one  oi'  tl"、  t、vin  screws.  Tho  revolutions  r»f 
the  turliiiu's  will  U>  nhout  3^500  per  minute,  、vhil''  thos.-  oi  \\w 
propellers  will  be 

Dearth  of  Puddters  in  the  Midlands.  At  the  :'im;i:il  iiH'i-tinjj;  «>t 
the  Midland  "Iron  and  Stwl  、、'w.s  B":inl.  1" 小 I  at  Biriiiin-iluun  mi 
M oiiday  last,  Mr.  (">orge  Macplierson,  <  liair  inan,  s;i id  tin*  lioard 
had  granted  a  ])omis  of  6d.  p(*r  ton  to  pu(l(ll('rs,  with  a  view  to 
imp  rove  their  coiulition  and  to  tempt  nioro  youn^  men  to  enter 
that  branch.  The  prospects  of  the  iron  trade  were  bettor  than  for 
him  ny  yoars  past.  Last  year  tho  output  of  the  17  selected  firms  of 
w  hi<-)i  t \\r  sliding  scale  was  1>us<h1  ii"  r'>;is<'(l  liy  5,000  tons,  and  Imt 
for  the  coal  strike  the  increase  would  have  been  20，000  tons.  Kn^i 
imhts  u''r('  rtnoi'ting  to  the  use  oi'  iron.  Mr.  Wm  Anci>tt .  t lit* 
operate cs'  ^ocit'lary.  said  that  yoiuig  men  would  not  l'':mi 
puddling  until  the  a rdnousness  aiul  hitigue  of  the  occupation  woro 
,liniinisl">(i，  as  ； it  pr,'s,"it  it  ^rolce  tho  str("wst  "ian. 

Petroleum  Production  in  the  United  States.—  The  preliminary  »  sti 
mates  place  the  p roduetion  of  petioleum  in  the  IJnitod  Stat<*s 
in  1912  at  220,200,000  barrels  (of  42  TTnitod  States  gallons), 
valued  at  ^150.000,000,  as  compared  with  2k20.449,301  bai  ivls. 
valued  at  $134,044,752  in  1911.  These  figures  show  a  very  slight 
tailing- off  in  production,  but  the  largely-increased  demand  has 
onabled  the  producers  to  get  considerably  enhanced  prices  for  oil, 
viz.,  68  cents  per  barrel  on  the  average,  as  compared  with  61  cents 
in  1911.  The  year  1912  is  remarkable  as  being  the  first  year 
since  the  inception  of  the  industry  in  1859  in  which  tlie  amount 
])rodured  has  not  'shown  an  increase  over  any  previous  year.  On 
affount  of  the  very  great  increase  in  consumption  the  amount 
ni  high— grade  oil  in  stock  at  the  end  of  the  year  was  only  about 
(19,000,000  barrels,  as  compared  with  81,789,400  Imrivls  'at  tho 
lto<i;in ning  of  the  year,  a  reduction  of  al)ont  l->  per  rent. 

Large  High  Speed  Reduction  Gear.— The  Westinghouse  MacliiiK- 
Company  and  the  Westinghoiise  Electric  nud  MaiHii'acturing 
Company  have  recently  constructed  for  the  Cleveland  Electric 
Illuminating  Company,  Cleveland,  Ohio,  a  dirrr  t  (Mtrront  t\irl>o- 
generator,  rated  at  3,750  kw.  The  turbine  has  a  speed  of  1,800 
revs,  per  minute.  By  interposing  a  Westinghouse  reduction  gear 
with  an  hydranlically  supported  floating  pinion  frame  having  a 
ratio  of  10  to  1  between  the  two  members  of  the  set,  the  generator 
is  driron  at  a  speed  of  180  revs,  per  niiuute.  The  efficiency  of  tin- 
generator  has  been  found  to  be  94  per  cent.,  so  that  the  gear 
transmits  ahout  5,350  b.h.p.，  but  on  several  occasions  the  load 
on  the  plant  has  exceeded  6 力 00  h.p.  AVliile  tho  capacity  of  this 
gear  is  not  as  great  as  that  of  the  experimental  set  tested 
at  the  Westinghouse  Machine  Company's  works  in  1909,  tho 
reduction  ratio  is  twice  as  great,  and  the  speed  of  the  turbine  is 
20  per  cent,  lii^hei*. 

Shortage  of  Fuel  in  Russia.— The  gn»、、iiig  ("i'Muiipt">M  i'i  fuel  in 
the  various  industries  in  Russia  is  becoming  m  matter  for  serious 
consideration,  reports  the  Anioriciui  ( Vttsiil  at  Odessa.  It  api""irs 
that  for  the  time  being  the  oilfields  cannot  give  any  increasetl 
amounts  of  petroleum,  but,  on  tho  contrary,  they  are  likely  to 
furnish  less  fuel  unless  rich  Wows  can  l>o  stiuick  in  places  as  、-、 't 
untouchefl.  The  forests  have  heen  called  upon  for  fuel  quite  out 
of  proportion  to  the  possibility  of  reproduoi ion.  Wood  is  there- 
fore ra])idly  'hecomiti^  (l(';"'or  ji nd,  in  this  district,  tluw  *'tiLi;i ^rd 
in  the  business  foretell  a  furtlit'i'  increase  in  price  in  a  •、'(、;"'  （>;• 
two,  amounting  possibly  to  50  per  cent.  Of  peat  tlit'i'e  is  a  w:it 
； ilmntlanco  in  many  placos,  but  so  fa r  this  kind  of  fuel,  v;iluablo  ； is 
it  is,  lias  not  met  with  much  favour  outside  of  certain  iiulustries 
a  nd  certain  localities  "liw  wood  has  given  out.  Therefore,  th<、 
whole  burden  is  falling  on  coal,  of  Avhicli  a  givat  donl  nioic  、、  i!l 
li.i \  1  to  be  mined. 

Ghent  International  Exhibition. ― The  fact  that  no  loss  tlian  130 
('(digresses  are  to  be  held  during  thr  six  montlis  that  it  is  open 
shows  Iioav  widespread  is  the  interest  which  is  being  taken  in  the 
CJliont  International  Exliilution.  Of  these,  about  onohalf  ai'(、 
international.  As  most  of  those  130  Congresses  will  last  srv,'r;il 
(lays,  there  、vill  l>e  occasions  whrn  ;is  many  ns  five  will  be  sitting 
at  the  sjuno  tiuu\  】3"t  tl"、r''  、vill  bo  plenty  of  accommodation, 
for  an  indefinite  iiumbor  mi^lit  find  room  in  tbo  ^ront  porniannit 
Imilding,  the  Palais  de  Fetes  et  d，Hort"'ultui'e,  wliich  is  one  of 
the  most  striking  sights  of  the  whole  Exhibition.  The  size  of 
this  ^ront  buildino;  is  diffioult  of  (lcscri|)iioti ,  but  it  can  he  under- 
stood  to  some  extent  from  tho  fact  that  the  span  of  its  main 
liall  is  far  greater  than  that  of  the  Crystal  Palace,  that  this  hall 
contains  31  acres,  and  the  second  or  sm a  11  hall,  2  acres.  Tlit' 
rooms  whicli  will  l)e  devoted  to  Congivsst、s  ； uid  cuminittees  n ro 
"ii  a  si  mi  la  rly  lai'gt、  scale,  l>oth  as  to  numbor  and  size. 

American  Pig  lron  Production  in  1912.— According  to  a  lmlletin, 
dated  Jnnuary  30th,  issued  l)y  the  American  Iron  and  Steel  Insti- 
liito,  tho  production  of  pig  iron  in  the  United  States  in  1012 


was  as  follows,  the  figures  for  the  two  previous  years  being  arldod 
for  purposes  of  comparison: ― 
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Rail  Motors  on  Australian  Lines. ― Considerable  attention  "  l"'in^ 
devoted  in  Australia  to  the  practical  advantages  of  both  stoani 
and  internal-combustion  rail  motors  for  use  on  branch  linos,  or 
w  1mt(»  traffic  is  light.  The  South  Australian  Railway  Com  in  is 
sioners  recently  ordered  an  internal  combustion  rail  motor  from 
:i  local  firm.  The  same  Commissioners  made  another  new  depa  r 
ture  l)y  ordering  from  th"  United  Kingdom  an  internal  coinl)iis 
tion  locomotive  for  use  on  light  lines.  Two  petro]  rail  motors  of 
foreign  manufacture,  which  have  been  in  regular  service  on  the 
Victorian  State  Railways  since  May  last，  are  stated  to  liavr 
given  satisfaction.  Arrangements  have  also  beon  made  for  the 
trial  of  a  steam  rail  motor  of  the  type  irsed  on  the  Great  Western 
Railway  (England).  The  Commisioncr  of  thtj  rrasmani;ui  State 
Railways  is  of  the  opinion  that  a  considerable  economy  coulfl  1»" 
effected  by  the  use  of  rail  motors  for  passenger  traffic  on  so  mo 
nf  the  branch  】iiies,  and  states  that  tho  Agent  General  in  London 
for  Tasmania  is  making  enquiries  with  a  vie 、、-  to  finding  a  suit 
able  type  of  motor,  «ind  that  a  special  report  will  be  furnishod 
to  tlie  Tasmanian  Government  in  flue  oourso. 

The  Training  of  Apprentices.    In  tlie  ("u】、"  of  ； »   papor  on  tli、》 
t'ducatiou  and  practical  training  of  engineers  and  artisans  engaged 
in  tho  engineering  trades,  read  before  the  ]iirinin<iliam  Association 
\k>(  l"uii(';il  KnuiiKMMs.  on  Saturday  last.  Mr.  T.  H»*i<l  、ai(l  that 
a  system  should  bo  established  whereby  employers  work  two 

s(|uads  of  apprentices,  one  squad  being  at  work  、、liile  the  other 
.squad  was  going  on  with  higher  training  in  the  trade  schools,  or  a 
comltiiiation  of  secondary  and  trade  schools  training,  ai*raiigo<l  to 
meet  their  educational  needs,  having  roga rd  to  their  future.  TIk'iv 
was  a  strong  opposition  on  the  parts  of  youths  and  their  parents 
to  anything  in  the  nature  of  an  agrcoment  binding  the  youths  to 
.starve  an  apprenticeship  wliich  would,  in  tho  end.  make  thorn  all 
round,  good  workmen.  Tho  tuiulaiuental  mistake  of  the  present 
clay  was  that  the  apprentices  were  v:、lur<l  hv  ma n\  employers  as 
a  kind  of  cheap  labour,  out  of  、vhom  the  greatest  return  must  be 
got  regardless  of  their  future  and  tlu、  future  of  the  eni^ineerinfi: 
trade  of  the  country.  During  tho  past  twelve  years  he  had  noticed 
unmistakablo  evidenci's  of  a  growing  lack  of  skill  on  tho  part  of 
tho  youths  who  attended  the  cn^iiuMirin<r  workshops  of  the  tocluii 
cal  schools.  ^lucli  tliat  they  had  lea riietl  or  picked  "p  in  tlie  shops 
had  to  he  unlearned,  and  this  coiistitutcd  the  mvatest  diffirulty 
the  instructors  】i:id  to  contenfl  、vith. 

The  Rotoplunge  Pump. 一 This  piunp.  avhicli  lu、  ivlviuIv  U'eii 
])lacod  on  the  nia rket,  consists  of  a  oyliiul rical  casing,  haviii<j:  inlet 
and  outlet  passages,  and  containing  a  rotor  in  which  are  a  scries 
of  radial  cylinders.  The  cylinders  li;u  c  single  acting  】>istoi，'s 
pivoted  to  n  crosshoad,  u  liifli  runs  on  roller  hearings  inside  tlie 
(、i"l  cheeks  of  the  casing.  Tlu、  rollor  bearings  are  set  eccen- 
trically  in  relation  to  the  roior  shaft,  w  ith  tlie  rosxilt  that  :、、  tlie 
rotor  revolves  tl"'  pi.、ti、n、  ma kc  a  icciprocating  movement.  Th*» 
casing  is  divided  into  two  parts ― a  suction  side  and  a  delivorv 
side ~ !>y  shoos  Avhich  】>«':"'  on  the  outside  of  tho  rotor.  Tho  piston 
tra  vt*ls  a  ro  so  arranged  that  tlu\v  nio\  o  inwards  the  first  half- 
rovolntion  of  the  stroke,  d rawing  tlie  liqi'iil  in  m»  the  inlet  sido, 
;i nd  oiituards  tlio  second  half  rovolutioiu  i'orcing  it  out  on  the 
outlet  side.  It  is  thoroforc  a  positive  action  valvol»»ss  pump,  and 
with  ;\  rvvy  high  n，m 山 i:r  of  revolutions  only  n  slow  piston 
s|>eo<l.  Tl"'  pumj)  is  claimod  to  l»o  osptn  iallv  suitnhlo  for  work  in 
Urcw fries,  croamcrirs.  ； nul  cliomical  factories,  also  for  punipinji 
semi  lic|ui<ls  like  molasses,  viscid  tar.  ;u\<l  sowamv  It  lias  Iuhmi 
surcossj  ully  applied  to  tho  liydraulic  transni"siou  of  power,  air 
<'o"ipiv、、i<、".  I>l;isti urnnces.  and  condonsors  Avorkinjj;  with  s"、a ni 
turbines.  It  requires  no  sjxM-ial  ioundntion,  o(v"pi、、s  very  little 
sp;uM»,  and  is  liglit. 

Increased  Cost  of  Petrol.— Dvu  in^  tho  pi"t  、、、"•】、 twu  oi'  tho  (lin.u 

companit^s  roncernod  in  tlu*  supply  of  motor  spirit  has  raised 
tlie  price  of  l>ost  quality  patrol  to  Is.  9d.  per  irallon.  and  tlu* 
second  qunlitv  to  Is.  7(1.  p,、r  .liallon.  The  highest  price  hithorto 
has  been  Is.  7(1.  per  gallon  ior  best  quality.  This  increase  has. 
according  to  a  correspondont  of  "The  Tin、es."  l>etm  brought  about 
by  the  practical  cessation  of  tho  imports  of  Ainoric;ui  potrol  into 
(Jroat  Britain.    Sinco  Jnnnn ry  1st  to  tho  present  tinio  theso  had 
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amounted  to  only  188,000  gallons,  against  over  1,000,000  gallons 
for  the  same  period  of  1912.  This  was  not  surprising,  sooing  that, 
on  tlio  basis  of  tho  existing  values  of  petrol  in  New  York  tli" 
<«((uivalent  prico  for  salo  in  London  \\ouU\  ho  1s.  per  gallon, 

whorons  until  last  、v(H'k  tho  prico  li;ul  hoon  Is.  7d.  Nor  was  it 
only  in  tho  United  States  that  prices  were  on  n  higher  level  than 
in  tho  TJnite<l  Kingdom.  In  l'，i;m(v,  (;«、rm:m.v,  Italy,  ； nxl  Scan 
dinavia  prices  wero  materially  higher.  TIip  fact  that  the  incrcasr 
ia  oonsuuiptiou  was  world  、、'"h、  was  too  often  lost  .sight  of.  The 
nhief  difficulty  to-day,  he  added,  was  the  provision  of  suHiciont 
ir;ui sport,  not  a  scarcity  in  the  supply  of  potrol.  The  idea  that 
t,li<、  riso  in  tho  prico  of  petrol  or  ihr  curtailrnont  of  tho  supplies 
was  duo  to  tho  existence  of  a  trust  was  a  fallacy.  There  was  no 
r(lniliiii;ition  to  account  for  it.  It  was  simply  the  inexorable  law 
of  supply  and  demand  which  regulated  the  price,  and  if  new  sup- 
plies on  a  largo  scale  were  discovered  the  price  would  go  down. 

Associated   Manufacturers    of  Tramway   and    Railway   Material.—  M  r . 

•I.  SutluMland  Warner,  chairman  of  Council  oi"  the  Asso('i:""(l 
M;niurMcturors  of  Trnnnvny  and  Railway  Material,  in  a  roront 
conununifation  refers  to  the  objects  of  the  association.  fl<、  states 
iliatj  having  ro^ard  to  the  eiiormmis  annual  pm'('h:»s"s  I'.v 
iramw  ay  :m(l  railway  ofiicials,  and  the  well  known  (liHicull  "'.、 
exptM-icnccd  in  tV;innii^  spccificaiioiis  ;utd  suit;" 山' .sUmlai'l 
chtiisos  ^ovcrnin^  conditions  of  tender,  acccptaiico,  iind  (*oin])l<- 
tion  of  contracts,  those  officials  who  act  as  ]>urohasers  have  every 
ritrlit  to  ex  poet  of  tho  niamifacturois  son"'  more  concrete  and 
:iutlioiitativo  expn、s.sioii  upon  sl;m(l:u'(l  forms  of  clauses,  accept- 
"1山' nlikc  to  both  huycr  aiul  solh-r.  It  is  only  by  a  recognised 
;issoci;ii  ion  Hull  suf'h  work  as  the  Si-ttlemont  of  a('(,(")tal>l<' 
stnndnrd  cln uses  and  Itasos  oi'  inlt'i'course  can  bo  effected  and 
inaiiit;! iniMl,  :m(l  occasional  special  ivf,>r*'m't>s  on  extraordinary 
points  i('cci\  (k  (  (nisidtM  ation  and  decision  by  n  roprosont;iti\  c 
council,  ulH'rrl'.v  smootli  working  and  tlu1  a\ oi<lance  of  length, 、 
and  unpro(ital»le  disputt\s  ran  ho  ensured.  Tlie  subject  of  exhiM 
1  ions,  their  support  and  encouragement,  will  also  iv('"\  '、  thorough 
consideration  by  the  association  from  time  to  time.  Tlu'  coun- 
cil have  already  considered  the  question  of  national  ； ukI  interna- 
tional representation,  and  having  beoji  influencod  by  the  fact 
that  manufacturers  other  than  British  do  actually  take  their  part 
in  the  supplies  of  tramway  and  raihvny  】natedal  purchased  in 
(jJrcat  Hi'it;i in.  they  havo  decided  to  admit  to  the  association, 
and  there! > y  (、onti'ol，  foreign  manufacturers.  Applications  for 
membership  should  bo  sent  to  the  hon.  secretary,  Mr.  AVilliani 
Hopkins,  Westminster  Palace  Hotel.  S.W 

Scientific  Training  of  the  Collier.  A  plea  for  tli,'  l"'t"'r  tt'chnical 
education  of  tho  minor  avjis  made  by  Mr.  George  H.  Winstanlfv, 
rhc  President  of  the  National  Association  of  C'ollit'ry  Managers,  in 
a  lecture  delivered  to  tho  members  of  tlie  YorI;sliire  】>niiich,  at 
on  Saturday  last.  rPliere  could  ho  little  douht,  W  said,  that 
tho  colliery  manager  of  to- day  was  a  man  of  hroiulcr  outlook,  、、  i("'r 
I;  now  ledge,  greater  skill,  and  higher  training  than  the  (olli,、rv 
niana^cr  of  former  generations.  1  udeod.  tlu'rc  、、（,iild  Ur  .something 
seriously  wrong  wore  tin's  not  so.  Whilo  raising  tin-  、t;ui(l;u'(l  of 
t lie  itm na^cr,  lm、vt'v'' 广 thoro  was  a  risk  of  overlooking  tho  ((iH'stiou 
of  tho  training  and  qualification  of  the  workm;ui,  on  "  lio 川， alter 
all,  tho  sa  tVty  of  tlu>  mi  no  vory  often  inr^ely  (lep'Midt'd.  1 1  thr\ 
considered  for  a  moment  tho  tilings  which  a  miner  ought  to  km)、、 
for  his  own  and  tho  general  safety  of  tlu*  mill*1,  thr  kind  of  know- 
l(>d &、  neoded  l>,v  tho  sTiltordinato  official  in  order  thnt  ho  ini<;lit  per 
form  his  duties  with  efficiency  and  skill,  it  would  obvious  tliat 
soinetHin^;  more  \\;is  i-o(|iiirod  than  mere  practical  ('>q"、ri«'ii(''  in 
tli(>  mine.  Obviously,  ； unono;  other  tilings,  the  minor  should  know 
sometliiiig  about  the  general  principles  of  ventilation,  a  1  tout  tlir 
atnio.s])h(M'«\  and  liow  i\\u\  w  liy  tlu1  :itm"spht'iv  of  the  miin^  niijiht 
<liftVi'  t'rom  tlio  normal  atmosphorc  If''  slinuld  know  somctliin^;  of 
the  properties  of  the  gases  met  、vith  in  iiiiitrs,  mii<1  should  ； i Mo 
not  only  to  recognise  indications  of  danger  :m(I  conditions  wl"(  li 
might  lead  to  danger,  but  should  also  kwnw  o\;u  tl>  "hat  1"、  ought 
to  do  under  various  (^oiulitions,  and  w  hy.  Know  leflj^c  <»t  tli'  M- 
things  (、o，ikl  not  bo  impariotl  hy  placing  bt'iorc  liim  m"iv  st;i"' 
nionts  of  fact  and  fornnihv  ；  lit*  must  rather  1"'  l«'d  to  a('(|，'ir*'  his 
ktiowledgo  not  so  mucli  hy  ;ippt>;ilin<x  to  his  iiuagin:iti<m  as  to  his 
powers  of  obser\  ation  ； uid  roasonin^;.  Tlio  method  adopted  should 
indood  tend  to  develop  and  stimulate  those  qualities,  ft  m\\>t 
distinctly  practical,  and  tho  ovidonct^  j)iit  U'>r'、  hint  should  lie 
j)i*op;rossivo  and  fairly  obvious  in  character. 

British  Trade  with  Russia. -  A  r<-port  Uy  U.M.  Consul  at  Vhuli\  os 
tok  (Mr.  R.  Hodgson)  on  tho  trad"  of  that  district  in  1 
statos  that  tlie  trade  with  tlio  United  Kingdom  in  1911  rnnanu'd 
pivtty  much  w  liat  it  ahvays  Iims  1>oen,  with  porhnps  :i  slight 
toiulency  towafdvS  improvenuMit.  A 励 (>i<l,"'s  pl:'(t、（l  in  tln> 
t  nitod  Kingdom  recently  may  1"'  imuitionod  lirickniakin^  machi- 
nor.y,  oruciblo  steel,  lathes  nnd  workshop  oqnipmont,  motor-boat 
olivines,  a nd  rofrifrprating  maohinory.    British  jiortahlo  ongiiios 


contiiuio  to  hold  then  own,  :m(l  tli^  importation  of  rorni^at*d 
aiul  flat  iron  sheots,  always  important,  ift  increasing  in  volume 
'l，li。  oxp!oitation  of  tho  natural  n-sourceft  of  tho  count  i  v.  nou- 
(MK-oura<ie<l  l»y  :i  lil,('r:il  ;i imI  4sv nipalliftif  attitndo  on  tl"'  j>:irt  ot 
tho  Administration,  is  ； ittiafiin^  the  capital  uliifli  i、  '  、、*'iui:il 
to  it.  Tho  purc-hasinti  power  of  tho  fomiminity  is,  th<'r'  l''i' 
increasing  ；  it  rpniiiins  to  Ik»  s<>('"  w  Ih-iImt  Hritisli  m;iin":"  t_un"、 
u  ill  in;ikc  some  serious  effort  to  <'.stal)lisli  tluMn^'lv^s  in  a  inai  k<-l 
u  Inch  they  have  ，,e("i  content  hitliorto  to  Iravo  untour  lirwl  1 1 
slioulil  Ik'  at  ("i"，  said  that  t  Iw 山、 p:iU'li  oi  an  Drfasioiuil  trw  ll'  r 
will  not  effect  this  object,  nor  will  the  distribution  of  thf>  most 
alluring  catalogues  be  of  mucli  ； i、:iil  Briti、li  firm-  m' 卜 t  I"' 
actively  and  officiontly  reprc^sentod  on  t .spot,  and  till  tlii-  i、 
clone  no  roal  impimcmt-'it  in  the  positir>n  ran  I"'  liopccl  ior.  Tli'-.v 
must  bear  in  miiul  that  (Jcnnan  tnult*  has  ^ain<-fl  pr"l"m"i:' i,' '. 
at  Vladivostok  l»y  stnrtin^  i roin  small  ljpg"ini"u、  "1"'"  th"  J» us 
sian  occupation  was  in  its  infancy,  and  that  it  has  grown  up 
with  the  country.  Tli"  CoiimiI  liicniioiis  that  fa  refill  packing  " 
essential  in  the  oas<*  oi.  goods  (inacliincr\  *'sp*'，  i:»llv)  intei"l*'<l  i'" 
Vladivostok.  Cargo  for  that  port,  unless  M-nt  via  Slia i^hai  l,.v 
fast  steamers,  is  goncnilly  tlirco  nioiitlis  or  more  on  tlu-  u  ;i\ , 
aiul  has,  moro  partirnilarly  in  tho  wintxT  niontli.s  ； it  、'l:"li、'》、t'"、. 
to  go  through  oxtronu's  tt'niperaturo.  liri^ht  p:u  t、  oi  m:"  l" 
nery  must  ho  protected  and  thoroughly  coatod  with  anti  ru>t 
composition.  Another  point  worthy  of  attention  while  on  tlio 
subject  of  machinery  is  the  importanf'o  of  soixling  in  good  1  iim- 
full  specifications  and  workinji;  plans.  WIkti  supplying  hoilors, 
certificates  of  factory  tests  must  ahvays  be  sent，  and  it  must  I"' 
remembered  that  iho  i('，|""vments  of  Russian  law  must  t,,' 
studiod  and  comp]it'<l  with. 

Shipyard  Agreement.  Tlie  terms  of  tl"'  pr'>|>o、'  'l  "*•、、  n;i i  i<»n.i  I 
working  agreement  between  tho  Shij)lniil<lin*x  Kmployers'  Forlora 
tion  and  the  Boilt>rm;ik(M's，  Society  was  di 、（- ，i、、*"l  at  a  (oi"'w»、f" 
lield  on  the  27tli  ult.  at  Edinburgh  U't、vw"  ivpn  ^-niMt i v**s  r>t 
the  two  organisations.  The  men's  delegates  presented  to  tin- 
employers  their  】>roposals  for  an  agicenient.  These  、、' iv. 
gpi"'rally,  on  the  lines,  suggested  in  the  last  monthly  roport  of 
the  society,  the  principal  stipulations  being  that :  (1)  There  shall 
be  a  neutral  chairman  at  all  local  conferences.  (2)  All  local 
qiu'stions  mu-st  be  dealt  with  locally  and  finally  in  localities.  (3) 
Tliore  must  be  no  dolay  in  settling.  The  ('niplo.v'  rs  considero<l  tli'' 
inen，s  proposals  in  private,  and  arrived  at  the  following  resolu- 
tion : " That  the  cMnployors  are  not  prepared  to  enter  into  any 
distinct  agreement  with  any  single  trade,  covering  all  gent'ial 
<|uostions  vliich  arc  common  to  shipyard  workers,  l>ut  if  the  Hoilcr 
makers'  Society  are  prepared  to  become  a  party  to  the  gener;il 
agreement  covering  such  questions,  then  the  employers  will  In* 
prepared  to  enter  into  a  sul>sidia ry  agreement  with  them  for 
questions  special  to  their  trade,  keeping  in  \ie\v  the  desirability 
of  speeding  up  tlio  final  settlements  of  those  '| ii'.'、t imis  •'  Tli'' 
nuMt's  representatives,  after  considoring  this  resolution,  sent  ;t 
deputation  to  tho  employoivs  to  ask  (1)  what  tho  ,'mploj'ers  pro- 
posed to  do  、vitli  rospoct  to  the  proposals  which  they  had  madi* 
regarding  a  national  agreement,  and  (2)  if  the  employers  would 
define  to  sonic  oxtent  the  terms  of  their  proposed  subsjdiary 
agreement.  It  was  also  pointed  out  by  the  men  that,  in  view  of 
the  votes  of  their  members  nfjainst  enttM'ing  into  a  joint  agree- 
ment with  other  trades,  and  in  ia vour  of  having  an  agreement 
entirely  their  ow  n,  they  could  not  accept  the  suggestion  that  they 
should  adopt  tlio  jicnoral  sliipyard  agroeinont  arrived  at  In'tw^'ii 
the  employers  and  the  otlior  trades  without  first  going  ，>a(k  to 
tlioir  members.  Tli«、v  ha<l  no  power  to  do  so.  The  mat  tor  was 
discussed,  however,  for  somo  time,  and  ultimately  it  was  agreed 
to  adjourn  tin*  conference  to  a  date  to  be  fixed  later,  so  as  to 
allow  both  sides  to  give  the  points  wliich  liad  been  raised  full 
coiisi(Uiration.  After  tho  discussion  of  the  proposed  new  a ^ 
】nont  liad  lmt'ii  closed  the  men's  ropresontatives  put  in  a  claim  for 
a  general  advance  of  o  per  cent,  on  tho  、、  ： ws  of  nieu 山 t'rs  of  their 
society  employed  in  shipyards.  To  this  the  emj)li>yt»rs  replied 
that  thoy  could  not  deal  with  the  question  of  a  yut'ral  advance 
of  wages  with  reference  to  one  trade  union  only,  but  mu>t  dfal 
witli  a  question  of  that  kind  as  it  afftM  ird  the  w  hole  industry 


Effect  of  Sodium  on  Aluminium.  — Acc't'Iiiil;  t«>     丁  1"'  r'i:i、 

World,"  sodium,  when  present  in  uietallir  aluiniiiiinu.  r  a  uses 
it  to  corrode  rapidly,  depeuding  upon  the  amount  pit'"  '" 
When  aluminium  was  】nade  by  reducing  the  chloride  by 
metallic  sodium,  the  aluminium  obtained  contained  consider- 
able, aud  explains  why  some  of  the  early  samples  of  this  metal 
turned  white  so  rapidly  when  exposed  to  the  air.  Alumiiiii"" 
produced  at  the  present  time  contains  very  little  sodium  as 
an  impurity. 
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NEW  PATENTS. 

Specifications  of  the  following  arc  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  ■、.、' 
" Mechanical  Enrjineer,"  53,  New  Bailey  Street,  Manrhrster. 


MECHANICAL.  1911. 


、V:i、liing  out  am 

247G8. 
Speed  i ndicator.' 


w  it  li  lmt  、、： iti'r  "r'i'im 


Low.    2.",  106. 


1912 


Means  for  impa rtin<j;  rotation  to  a  shaft.    Ilallswoith.  210. 
Vn ria)»l(i  sjxmhI  j >(>"  ("'  transmission.     lMclts.  (i7(i. 
Turl,ii"、.     Mrow  11.  IVXW). 

.Mclliitc'    of    <'\tr;ictin^:    tlit'    natur;il    moist  urc    i  roin    Itojj;  ])c;it. 

Kllmnu^  cV'  (； odpal.  3367. 
.M cthod  of  oxtract in«i;  iron  from  iron  sa lids.     RII»ourne  &  CJ'"l、：il. 

3368. 

Apparatiis  for  lieatiu^  boiler  feod- water.    Morison.  3499. 
ITydraulitt  ranis,  fitting  them  to  s(>r\  <>  :is  nir  fompressors.     II  ill. 

Hill,  &  Hill.  :i.V)7. 
Motor  vehicles.    Heidi1.  3-550. 

V:ilv(、  mechanism  of  i n t o r n a  1-c o m b u s t i o n  motors.  Cliii<tn. 
Mr;uis  i'or  fastriMiiLi.  i'<  p:iii'iii,Li;.  and  strcn^tlicninti;  niachinc  liclt- 

iiig.    Moon.  3786. 
Flexible  shaft  couplings.    Smith  &  Sauiulors.  38.">;5. 
Kooulntin^;  do\  ifM-s  lor   jMimps.    AV:ir、、  i(  k   M achinery  Compaiiv 
. (1908).  3866. 

Clutclios  for  tlu*  transmission  ol'  power.    Tonidcs,  (Joddurd,  and 

rJ:ir\is.  39o7. 
KIu id  motor.     N>ighl)mu'.  400^. 

Valvos  for  interna I-conilmstion  ongin^s.    Wilco.  4194. 

At  i;iclim<'iit   l  or  carlmretters  of  internal-combustion  engines,  to 

give  a  ricli  unxturo  for  slow  rumiing.    Ba<lcock.  4343. 
Ht'jj;iilat ion  of  t temperature  of  tlu*  cooling  fiuid  of  intcriKil- 

conihustion  engines.    So  nek.  4494. 
Acropla  nos  and  a  irships.    Hoi  low  ay  &  Howden.  467(3. 
Steam  boiler  f urnaft's.    Gro\os  <fc  Dalrymplo.  5000, 
En^iiu1  starter.    Koth  &  M iirphy.  538S. 

Ijitcrii;i!  coniliiist  ion  ]".i"i(、  movers.    Bowles  &  Durtnnll.    o'iO  I. 
Twist  (1  rills  :m(l  roamcrs.     Briiiulrctt.    oil] . 

Silencers    or    cxliaiisl    Uix(、s    for    int^rnnl  combustion  engines. 
Sharpe.  6178. 

])<i\ic(\s  lor  (l(、tec'tiii^;  iiicoinplote  combustion  or  Idack  smoke  in 

the  furnaces  of  boilers.    Can*.  6-)20. 
Aft 'a  us    ior    indicating    mid    linutiii^;    iho    overlioatin^    of  g:is 

engines.    Hueckel.  8435. 
Watt-r-tulie  toilers.    Aitken.  8967. 

Steam  superheaters  for  marine  boilers.    Robinson.  9098. 
Rociprooating  engines.    Browne  &  Nickols.  9176. 
Automatic  grease  cups.    Tho"ist、n  tV:  Kirklia m.  9201. 
Apparatus  for  use  in  the  analysis  of  gases.    Harger.  9623. 
Automatic  couplings  for  r;iih\ay  vdiii'li's.    Smitli.    1 0.'WO. 
Steam  turltine  glands.    Baumaiin.  10567. 

Utilising  the  rise  and  fall  of  tlio  tide  for  。"t:i iniiig  ； ui(l  distriliut 

iiig  motive  power.    Southard.    11731 . 
\'a  he  operating  gear  of  intern  a  1-comhiist  ion  (Mip;iiios.    Prico  and 

Price.  11892. 

、lilling，  inHng,  drilling,  ； md  Itorin^  i";'('liiiu>s.    Kt^arns.  H\irton, 

； uul  H.  、V.  Kearns  &  Co.  12122. 
Device  for  govt'i'iiinjj;  the 山 uiipt'r  in  r-oniK^otion  、、.ith  iho  fire  door 

in  boiler  furnaces,  flatter.  1  ^7. "5"). 
Journal  packing     Kiupitschka.  13oS4. 

Gas  or  llui'l  ti^lit  rin^s  for  engine  valves.      Tetlow    ^  .Miller. 
13832. 

Packing  for  piston  rods.    Mastin.  14075. 
Com]) r ssed -a i r  motors.    Schrepfer.  14110. 

Means  for  im'\*'"tii，g  the  ejection  of  sparks  and 】"（ cinders 

from  locomotives.    Nottor.  14247. 
Cutting  g (、； u'  tooth.    Maag.     1  I 

Comliiiied  spef^l   "i('t''rs  and  】't'、"l，'timi  counter^.  Schurinann. 
14462. 

Sand  liiixinu;    iiuu-liiiH's    lor    foundrios.      BowdK\,    O'Brien,    ； uul 

Schmidhipp.     1  J  7 1  1 . 
Device  for  tensioning  cliaius.    Jor^onscn  &  Juul.  1482-5. 
Hand    or  power   niacliinc   for  shearing    and    pinuliin^;  m,、t:，l. 

Trice.  Io320. 
Gas  turbines.    Hlako.  15379. 

Tool  for  breaking  down  ('o;iI  and  the  like  after  undci 
Field.  15490. 

•Mt 、； ms  for  removing  moisture  from  air  and  gases.  Sohou.  Kioin. 
Notary  coinbustioii  engines.    Tips.  16799. 


Compression    relief    fh'\'i"'s    for    internal  romhustion  enginos. 
Prontis.  17816. 

Siminllin^  system  for  indif-atin^  tho  position  of  vehicles  on  rail- 

uays.    Koni^.    1 7909. 
Motor-vehicles,    Heide.  18656. 

I'、 卜 il'lt'  |)lu^,s  for  air  ('(j"ii>r''s.si'i'-s.  Ho<l<ios  &  McCaffrey  1  ^0^0. 
Apparatus  for  introducing  fuel  into  tho  cylinders  of  internal- 

com])ustion  cn^inos.    Schonker.  18808. 
Apparatus  for  iiuIicatinK  tho  draught  of  ships.    ^IcXub.  201 
Motor  dri\  en  vehicles.    Strasser.  20420. 
Cooling  of  •  inter nal-<'onil>ustion  engines.    Justice.    200 ll1. 
Stoam  generators.    Stoininuller.  21. 534. 

Hvdraulio  l)r:ik"s  loi-  motor  v<  l"(  l<  、.       Y.\  :il'liw'iii(>iits  Lvoim;iis 

RoHiet  SchiuMdc^r.  22369. 
Prop(01er  1 丄 ul,'.     Da  Costa.  22441. 

I'，m'l  injecting  apparatus  for  intor»i;il  ronilnistion  engines.  Pas«*I 

22618. 

Apparatus  for  Iul>ri(:iting  motors.    Soc.  Anon,  le  Zehro.  229-13. 
Systems  of  hot  wator  circulation.    Forrest.  Rawson.  &  】'，oi-iv.、t 
23141. 

Pump  pistons  or  plungers.    Alh*]).    2434  7. 

Process  for  the  production  of  tool  steel   aixl  (>U"'r  high  grade 

steels.    Dolhvilc-Flcischei-  Was.wgas  Ges.  2444f). 
Jiiii>i'icntion  of  interna  1-conibustion  onginos.    ^lathis.  24538. 
Apparatus   for  evaporating    aii<l    concentrating    liquids.  Soc. 

'【' Kxploitation  des  Procc(l*»s  K\;ipoj'atoires  Svsteme  Pracho 

et  Bouillon.  25458. 
Metallir  packing  for  piston  rods.    C'opeland.  25482. 
Marino  turMne  installations  having  two  proppllf'r  sbnfts.  Akt. 

Ges.  Brow  n,  Bovcri,  i-i  W7(i 
I  utcrnal  conil>ustion  ongiMPs  having  oscillating  ('.vlii"h'rs  .\<ldi 

son-Williamson.  2767.^. 
TiMvelling  grates.  Si'IUmv. 


Pool  or  d( 

889. 


1913. 

tor  turning  and   screw  threading  met:i 


Land. 


I':l,'rtrir, 


ELECTRICAL,  1911. 

lays.    Brown.  279o3. 

1912. 

Controlling;  dynamos  running;  at  varying  speeds.      Foster  aii'l 

Pix'kliiigton.    31 0-x 
】Cle('tri('  railway  systems.    Desclia nips.  ？ A 23. 
l^l(H-trif;i I  resistance  hodirs.    Cooper.  3325. 

Process   and  apparatus   for   (*;urvin<r   out   g:is   n^actions   in  the 

electric-  arc.    Boult.  :m'2. 
-M''tlind  ot  :nid  apparatus  for     '"orating  lii^Ii  InHpuMK-y  ournMits. 

Hi'vland.  .*{.")•")■■). 

Electric  switclw-s  .uul  tlic  coiuluctor  ('(>ni"'(ti(""  thereto  Shclilon 

3.390. 

Telc^rapliy  :uul  t,、lt'pimiiv  I'.v  Miliniariue  an<l  lo，ig-(R、t::u"i' 

overhead  lines.    Scliiessler.  4061. 
Klcctrical  switch, 's.    Wynne.  .5462. 

Klcctro-nia^netioiilly  operated    switclies.     British  Thomson  Hons 

ton  Company,  and  (jarton.  oo"G. 
Impregnation  and  coating  of  electric;)  1  :ip|):u;»tu>;  with  insulating 

niMteriiil.    Turner.  oSoG. 
Kl<Htric;il  coiiduit  fittings.    Byng  &  Taylor.  60.")i>. 
Altornatiii^  curront  】uotois.    British  Thomson  Houston  Coinnanv 

9210. 

FJectri(*  connoctioii  fittings.    Trood  A:  Dale.  9911. 

Productinn  of  ductile  iron  liv  rlcctroIvLic  moans.    Plauson  and 

Tistsclienko.  10882. 
Appa intus  for  tli(、  control  of  olocti  ic  circuits  in  systems  finphn  inp; 

\;uial)I(»-speod  gem'rators.    I'citnor.  1117-5. 
Hrush   hold(>r.s  for  dynamos.     I*intscli\  EKntric  Manufarturin^ 

Company.  ； uul  Vidal.    1">471 . 
Secret  inter  communication  t«'l('plioii(、  systems.  Tolephonfabrik 

Akt. -Ges.  vorm.  J.  IVrli'i.'r.  1"'，、1. 
Ilc^ulating;  switch.  Curtis. 

(Wt、iing  of  eWtiic  coiKlnctors  witli  phytic  materia]     Smith  nnd 

Schuter.  l>2o;U. 
KI*H'tricity  meters.     Ivortinjj;  A: 、【； 》tliiosi、n  Akt.  ("'s.  2777,1 
Kl(、（'tric  switclu»s  and  tlir  conduotor  romioctions  tlu、ivt(、.  Slid 

don.  30024. 


The  Gt-nnan  Society  of  Meolianical  Engineers  are  offering 
； i  prize  of  £75  for  the  best  treatise  on  annoying  noises  caused 
by  city  and  street  railways,  their  causes,  and  the  best  means  of 
suppressing  them  ;  also  similar  prices  for  a  work  on  the  】ieat_- 
ing  of  cars  by  steam,  for  one  on  cranes  used  in  locomotive 
shops,  and  one  of  £100  for  an  im'est Ration  of  car  springs, 
with  designs  and  formula. 
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FLEXIBLE 


METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


《 


身 


Section  or  the  Company's  Celebrated  Interlocked 
Bronze  No.  2  Tubing, 


Works  :  Ponder's  End,  Middlesex. 

Head  Office:  112，  Queen  Victoria  St.,  LONDON, 


:.c. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
For  one  and  then  another  of  the  blessed  joints  bad  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 
Now  a  smile  he's  always  wearing,  he's  found  ••  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

國 LEAK  JO'  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE! 


FRBR  FROM  IiXAD  I 

IMPBOTSB  WITH  AOBt 


TESTING  SAMPIjM. 


WILL  NBVEB  BLOW  OUT,  ICiliE,  OR  BOT. 

88,  Leedi  Boad, 


J.  E.  TURNER  &  CO.,  Ltd.,  s。'》 br^ford.  vorkS 
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Second  and  Enlarged  Edition. 


The  METALLURGY  of  IRON  &  STEEL 

This  work  has  been  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
Metallurgy  of  Iron  and  S teel. 

By  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.G.S.,  and 
J.  S.  G.  PRIMROSE,  A.G.T.C.,  AJ.M.M.t  M.I.M. 

Price  1  2/1  1  post  free. 
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Electric  Shock  and  the  Earthing  of  Coal  Cutting  Machines. 

An  inquest  held  at  Haughton  Main  Colliery  during  the  past 
week,  respecting  the  death  of  a  man  who  received  a  fatal 
shock  while  operating  an  electrical  coal  cutter,  draws  atten- 
tion to  the  avoidable  risks  that  are  too  often  incurred  in  con- 
nection with  this  class  of  machine,  partly  on  account  of  the 
imperfect  earthing  and  partly  on  account  of  the  excessive 
pressures  used.  In  the  accident  in  question ,  it  was  clear  from 
the  evidence  of  the  Home  Office  inspector  that  the  machine 
was  defective  in  both  these  respects.  It  was  worked  at 
650  volts,  and  the  earth  conductors,  it  was  shown ,  were  very 
imperfect.  The  verdict  of  "  Accidental  death,"  and  that  no 
blame  attached  to  anyone  coupled  with  a  suggestion  that  the 
management  should  reduce  the  voltage  and  adopt  the  other 
suggestions  of  the  inspector,  was,  as  coroner's  verdicts  usually 
are,  very  unsatisfactory.  It  transpired  that  the  deceased  wore 
rubber  gloves,  but  this  did  not  prevent  the  fatal  shock .  Pos- 
sibly they  were  defective.  In  fact,  with  the  rough  wear  and 
tear  of  mine  work  it  would  be  difficult  to  maintain  their 
efficiency,  and  in  any  case  it  is  not  fair  to  expect  men  to  work 
with  such  a  slender  safeguard  against  fatality,  and  we  quite 
agree  with  the  inspector  that  a  voltage  which  requires  the 
use  of  gloves  is  obsolete  for  mining  work.  It  is  possible  to 
work  such  machines  satisfactorily  with  200  volts,  and  it 
should,  therefore,  not  be  carried  to  the  coal  face  at  a  higher 
pressure,  having  regard  to  the  rough  usage  which  mine  work 
entails,  and  the  difficulty  of  ensuring  adequate  supervision  of 
electrical  connections.  How  imperfect  these  often  are  was 
pointed  out  bv  Mr.  Nelson,  H.M.  Electrical  Inspector,  in  the 
Home  Office  report  for  1911，  a  summary  of  which  we  gave 
recently  (see  p.  61  ante).  Referring  to  the  fatalities  thero 
recorded  he  observed  that  "  two-thirds  of  the  total  number 
might  have  been  avoided  by  the  provision  of  proper  earth 
connections,"  and  that  "nearly  one-half  of  the  total  number  of 
electric  shock  accidents  that  have  occurred  in  mines  since  the 
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beginning  of  1905  were  due  to  the  same  cause."  In  view  of 
this  i'art  it  is  not  surprising  that  men  engaged  in  the  working 
of  electrical  coal  cutters  should  view  them  with  a  good  deal 
of  mistrust,  and  is  regrettable  because  it  tends  to  hamper 
electrical  progress.  The  making  of  a  satisfactory  "  earth  " 
below  ground  is  not  always  as  easy  as  it  might  appear  to 
those  who  have  not  specially  studied  the  matter.  We  have 
】'n'viously  touched  on  this  】)oiiit，  but  in  view  of  the  ignoranc*1 
that  prevails  it  may  be  advisable  to  allude  to  it  a^ain,  in 
urd(T  that  the  necessary  precaution  may  be  j)i*oj>erly  appre- 
ciak>(l.  In  the  first  place  two  cables  are  led  to  the  machine, 
one  for  the  flow  of  current  and  the  other  for  its  return,  and 
su  long  as  the  machine  framework  and  its  metallic  connec- 
tions (which,  if  it  is  mounted  on  rails,  may  extend  to  a  consid- 
erable distance)  remains  insulated  from  the  circuit,  no  risks 
of  shock  through  touching  the  machine  framework  or  rails 
can  be  incurred.  Owing,  however,  to  a  variety  of  causes, 
such  as  the  accumulation  of  coal  dust,  carbon,  oil,  &c.，  tlie 
risk  of  the  framework  becoming  alive  through  contact  with 
some  part  which  is  carrying  current  is  always  present,  and 
this  risk  must  be  guarded  against,  and  the  only  way  to  do 
this  is  to  so  earth  the  machine  that  such  an  accidental  leak- 
age' is  innocuous.  The  difficulty  in  many  cases  is  to  make  this 
earth  effective  owing  to  the  dryness  of  the  coal  seam  and  its 
comparatively  insulating  character.  In  such  cases  if  leakage 
(j('(urs  the  whole  of  the  machine  and  its  connections  may 
Un'ome  cl'.'irged  to  the  potential  of  one  of  the  cables,  and  if 
the  other  cable  haj>pens  to  be  earthed  in  any  point  in  its 
course  it  only  requires  a  connection  to  be  made  between  tlie 
iimchine  frame,  <k'.，  and  earth  to  cause  current  to  flow  from 
one  to  the  other.  This  cuiinection  may  easily  be  made  by  sonic 
person  standing  on  a  damp  spot  and  accidentiilly  touching  the 
niat'liiiie,  with  possibly  fatal  consequences.  If  the  machine  is 
perfectly  earthed  the  risk  is,  of  course,  obviated  because  the 
leakage  then  passes  through  the  "  earth  "  and  not  through  the 
n 腿. In  damp  pits  there  is  no  difficulty  in  makings  a  perfect 
'l  earth,"  but  in  dry  ones  the  difficulty  may  be  serious,  and 
i"  such  cases  nothing  short  of  a  direct  connection  and  a  wet 
sump  can  be  considered  effective.  We  cannot  too  strongly 
impress  on  electrical  engineers  in  collieries  that  the  connec- 
lio"  of  a  niachiiie  to  an  earth  plate  in  the  adjoining  strain 
〃〃/.//  tmf  he  sufficient,  since  the  strata  itself  may  be  insulaird. 
An  electrical  ex]>ert  can,  by  well-known  methods  of  ieslin^, 
、、hi'  h  we  need  not  liere  go  into,  determine  whether  the 
earth  is  a  satisfactory  one  or  not,  and  such  tests  should,  as  a 
matter  of  routine,  be  made  periodically. 


The  Imperial  Standards  of  Weight  and  Measurement. 

The  re[)oit  of  tlie  Board  of  Trade  on  Hie  administration  of 
the  Weights  and  Measures  Acts  contains  sonic  observations 
； tiitl  coiitparisous  between  tlie  imperial  standard  j)ound  ； i \m\ 
.standard  ya id,  and  the  i'ou r  official  copies  deposited  willi  the 
J">、';il  Mini,  the  Royal  Society,  Grccuwicli  Observatory,  h，k1 
tlie  Stninhii'ds  DcpHrtuieut  rcs])cclivcly.  These  are  interest - 
ing  to  engineers  as  showing  the  difficulty  in  securing 
uiiii'oriiiiiy  antl  ininiutabilil v  of  slnndards  for  even  a  moderate 
time -，  and  when  every  care  and  relineinciit  are  employed.  The 
U'si.s  of  tlie  stanchird  ya rd  copies  also  reveal  did'ereiu'es 
which  are  quite  apprccia blc  and  whicli  、v(、  sliould  havr 
rdly  cxjmtI  (、(J ，  i  lie  Hoval  Mint  copy,  for  iiis。mr(、，  hcin^ 
23-millionths  of  an  iii<-h  short  of  the  stajwla rd,  t lie  J{oval 
Society  copy  49-niillioiitIis  short,  tlie  Greenwich  (>Wrv;"oiv 
ropy  43-niillionths  short,  and  the  Standards  】）t'】>;u'tiiu"U 
coj)y  ^lD'niillionths  short.  These  differences,  surprising  as 
they  doubtless  will  be  tu  engineers  i'ainiliar  with  modern 
methuds  uf  mcaouremeut.  are  to  some  exteut  understandable 


and  mav  be  due  to  the  constructional  difficulties  in  securing 
exactitude  when  the  copies  were  made,  but  it  does  not  account 
for  tlie  curious  alterations  in  length  that  are  stated  to  have 
taken  place  during  the  last  ten  years,  and  which,  we  presume, 
ran  only  be  attributable  to  atomic  changes  in  that  period 
in  the  copies  tliernselves.  These  changes,  again,  it  will  be 
noted,  are  not  uniform,  nor,  in  the  case  of  three  of  tli('iii， 
can  they  be  regarded  as  minute.  The  Mint  copy  has  onlv 
lengthened  one-millionth  of  an  inch  in  the  ten  years,  but 
the  copies  at  the  Royal  Society  and  at  Greenwich  have  in- 
creased 47  and  42  times  this  amount  respectively,  and  it  is 
)ioi  easy  to  understand  how  this  enormous  disparity  in  change 
has  been  brought  about,  and  eveu  more  difficult  to  account 
for  the  fact  that  the  copy  at  the  Standards  Department  has 
not  lengthened  like  the  other  three,  but  actually  shortened 
by  23-inillionths  of  an  inch  during  the  same  period.  Tlie 
changes  in  the  standard  copies  of  the  pound  weight  are  as 
equally  puzzling  as  those  observed  iu  the  standards  of 
nieasurement,  and  display  also  the  same  obliquity  as  regards 
tlieir  nature,  for  while  the  Royal  Mint  copy  is  364 
hund red-thousandths  of  a  grain  and  the  Royal  Society  copy 
68  hundred-thousandths  of  a  grain  heavier,  the  copies  at 
Greenwich  and  at  the  Standards  Department  are  respectively 
84  hundred-thousandths  and  261  huiidred-thousandtlis  of  a 
grain  lighter.  Coming  to  the  changes  in  the  mass  of  these 
copies  in  the  last  decennial  period  we  find  that,  whereas  the 
Koyal  Society  copy  sustained  a  loss  of  6  hundred -thousand t lis 
of  a  grain,  the  three  copies  at  the  Mint,  Greenwich,  and 
Standards  Department  actually  gained  in  weight,  the  amounts 
being  18，  79，  and  23  hundred-thousandths  of  a  grain  respec- 
tively. No  ex])lanations  are  offered  for  these  curious  altera- 
tions iu  mass,  and  it  seems  difficult  to  suggest  one,  for  if 
oxidation  be  put  forward  as  a  possible  cause  of  increase,  why 
should  it  only  apply  to  three  of  them,  and  the  fourth  actually 
suffer  a  decrease  in  weight  ？ 

ALTERNATING-CURRENT  MAGNETS. 

In  the  course  of  a  paper  on  "  Altei'nating-current  ^lagm'ts, 
by  Prof.  E.  Wilson,  read  before  the  Physical  Society 
of  London,  the  author  said  that  it  followed  from  the  well- 
known  law  of  pull  of  an  electromagnet  that  if  the  magnetic 
field  alternated  between  positive  and  negative  values  the  pull 
was  unidirectional  and  intermittent.  Unless  means  were 
provided  to  reduce  the  consequent  chattering  and  vibration, 
the  magnet  was  rendered  useless.  Iu  the  present  experiments 
a  phase-splitting  device  had  been  adopted,  and  consisted  in 
surrounding  a  portion  of  the  pole-piece  of  the  magnet  with  a 
short-circuited  coil.  The  portion  of  the  pole-piece  so  sur- 
rounded was  sometimes  said  to  be  "  shaded/'  and  the  coil 
referred  to  as  a  "  shading  ，'  coil.  The  effect  of  this  coil  was 
to  alter,  not  only  the  relative  amplitudes,  but  the  pliase  of 
the  magnetic  fields  passing  through  the  shaded  and  unshaded 
portions  of  the  pole-face.  The  magnet  used  in  the  experiments 
varied  the  length  of  its  gap  when  in  action,  and  the  influence 
of  the  gap  leug《】i  upon  this  phase-displacement  had  been 
studied.  When  the  resistance  of  the  shading  coil  was  such 
that  the  niagne-'  it*  indiu'tion  B  over  the  whole  face  was  sub- 
stantirilly  uniform  and  tlie  gap  closed ,  the  phase-disi  lacemen* 
was  72  electrical  degrees  (360°=  1  period).  A  gap  length  of 
0"  15  cm.  reduced  the  ph  ise-(lisj>laceinent  to  18°,  and  conse- 
({ucntlv  tlie  lninitiiuin  or  "  hold  on  pull  tl ro|>ped.  This  ntini- 
jnuni  or  "  liold  on"  pull  was,  of  course,  smaller  than  the  aver- 
； i"r.、，  i\m\  had  to  l、e  taken  into  consideration  in  tlie  desigi)  of 
Hie  lnagnol.  The  firraiigeineiit  of  the  shading  coil  above  des- 
cribed was  very  effective  in  proventin"'  vibration  and  rliattc r- 
ing  when  the  magnet  was  closed,  and  rendered  the  alternat- 
ing-current magnet  a  jiractical  success.  With  ooustant  alter- 
nating voltage  impressed  u[>on  the  niagnctisini:  roils  of  tlie 
itiH^nrt  t  lie  iiei  pull  exe rttul  diniinisluMl  rapidly  at  li rst  as  llu* 
gap  length  increased,  ；! nd  teiulod  to  berome  more  nearlv  i*<ni- 
ytant.  The  R.M.S.  ainj^eres,  on  the  other  hand,  steadily  in- 
creased as  the  pull  diniinisluMl  owi to  t he  increase  in  1  lie 
Uaj)  length.  The  observed  net  pull  iu  tlie  r;is'、、  of  the  nia^nct 
o\|)erimeiiteil  upon  was  less  titan  the  ralriil;" ''(1  ； iv<、r:'i:<、  pull, 
varying  from  S3  to  5';、  per  ceut.  as  the  gap  length  varied  from 
U  to  1  cm. 
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INSTITUTE  OF  METALS. 

Thk  annual  o-onoral  ino^t in^  (>f  Uiis  Instituio  waft  lie]<l  ai  t ho 
lustitiiiioii  of  Meclianical  Kn^iiUMM-s,  Storey's  (Jate,  London, 
on  Tuesday  ami  Wednesday  last.  On  iho  Tuesday  t  lie  annual 
report  of  the  Council  was  presented,  which  stated  that  tlic 
past  year  marked  ； i  period  of  material  development  in  t  lit* 
activities  of  the  Institute,  and  a  slight  growth  in  tho  ineinber- 
ship.  Owing  to  ill-health,  tho  President,  Prof.  \V.  (Jowland, 
F.R.S.,  Assoc.  R.S.M.,  had  been  obliged  to  relinquish  the 
presidential  duties  before  the  completion  oi'  his  term  of  "H'"c， 
;iud  1  lie  (1ouncil  expressed  not  only  their  sympathy  wil  li 
Prof.  Gowland  in  his  illness,  but  tlieir  appm'i;"  i (川  of  liis 
valualilc  woik  for  the  Inst itute.  In  the  aljseiicc  1 1"' 
rresideni ,  Prof.  A.  K.  lluiitingtoii,  Assoc.  11.S.1M as  IMe- 
sident-Designate,  was  aj)poinle(l  Acting-President  by  t he 
Council.  Referring  to  the  work  of  the  corrosion  commit 
the  report  states  that  considerable  progress  had  been  made  in 
the  investigation  of  the  causes  of  corrosion  of  tubes  of  the 
four  types  of  alloy  selected  by  the  Committee,  namely  70 : 30 
brass,  Admiralty  mixture,  lead-bearing  brass,  and  M mil/ 
nietfil.  12  tubes  of  each  alloy  had  been  tested  in  the  special 
condenser  plant  for  nine  months,  i.e.  from  April  to  December, 
1912.  Three  tubes  of  each  composition  had  been  withdrawn 
for  detailed  examination  ；  this,  however,  had  nob  yet  been 
completed.  A  preliminary  examination  had  shown  that  a 
small  amount  of  corrosion,  such  as  that  usually  met  with  in 
tubes  that  had  failed  in  practice,  had  occurred  in  some  of 
these  tubes,  but  had  not  penetrated  to  any  considerable 
depth.  All  the  tubes  had  been  found  to  be  covered  with  a 
seal©  of  composition  similar  to  that  typical  of  those  used  in 
the  mercantile  marine.  Investigation  on  these  tubes  was  still 
proceeding.  The  plant  itself  was  closed  down  temporarily  on 
i)e('ember  31st,  1912,  pending  the  supply  of  further  funds  for 
working  expenses,  which  amounted  to  about  £100  per  annum. 
It  was  highly  desirable  that  the  experiments  with  this  plant 
should  be  continued  at  the  earliest  opportunity,  and  this 
would  be  done  as  soon  as  the  necessary  funds  were  forth- 
coming. 

An  extensive  scheme  of  laboratory  experiments  had  been 
devised  with  the  object  of  elucidating  the  nature  of  reactions 
which  took  place  during  the  processes  of  corrosion  and  scale 
formation.  It  had  been  found  necessary  to  continue  a  num- 
ber of  the  experiments  for  periods  of  several  months,  as  the 
collection  of  data  was  necessarily  slow.  Hitherto  it  had  not 
been  possible  to  devise  any  satisfactory  "acceleration"  test, 
so  work  in  this  direction  had  been  abandoned  for  the  present. 
A  considerable  number  of  badly-corroded  tubes  had  been  sent 
in  for  examination  by  various  shipping  firms  and  manu- 
facturers, and  afforded  useful  information.  The  Investigator 
was  now  desirous  of  obtaining  a  number  of  tubes  that  had 
endured  exceptionally  long  service  in  marine  or  land  con- 
densers. 

The  five  Standing  Committees,  known  respectively  as  the 
Abstracts  Sub-Committee,  the  Corrosion  Committee,  the 
Finance  and  General  Purposes  Committee,  the  Library  and 
Museum  Committee,  and  the  Publication  Committee,  had  met 
regularly  during  the  past  year,  and  several  occasional  com- 
mittees had  been  appointed  by  the  Council  for  the  considera- 
tion of  special  matters. 

The  Special  Committee  appointed  by  the  Council  to  dis- 
cuss with  Dr.  Beilby,  the  proposed  research,  as  originally 
suggested  in  his  May  Lecture,  1911，  held  meetings  during  the 
year,  and  Dr.  Beilby  was  invited  to  read  a  paper  elaborating 
his  suggestions  at  the  London  Meeting  of  the  Institute  in 
September,  1912.  This  paper  was  entitled  "  The  Solidification 
of  Metals  from  the  Liquid  State,"  and  was  regarded  by  the 
Committee  as  the  basis  of  a  research  into  this  subject.  The 
Committee  appointed  Dr.  Cecil  H.  Desch  their  Investigator, 
his  remit  being  as  outlined  in  Dr.  Beilby  s  paper,  and  his 
report  was  expected  to  be  made  at  the  next  autunni  meeting 
of  the  Institute.  Dr.  Beilby  had  kindly  placed  at  t  he  disposal 
of  the  Council  a  sum  of  £100  to  be  awarded  as  an  honorarium 
in  connection  with  the  research. 

As  a  result  of  a  suggestion  contained  in  Dr.  Rosenhain's 
Paper  "  A  Note  on  the  Nomenclature  of  Alloys ,M  read  at  the 
Annual  General  Meeting  in  January,  1912,  the  Council 
appointed  a  Nomenclature  Committee  to  consider  the  re- 
naming of  certain  of  the  non-ferrous  alloys.    It  was  thought 


(Ifsirablo  l>y  iho  Council  that  tho  Committp^  should  number 
anions  its  mem})ers  offlrially  appointed  reprpsfM"ati、'fM 
fllier  inst it u( ions,  and  t his  had  arranged. 

In  connection  with  the  International  Congress  of  Mining 
and  Melallur^v,  Applied  Me<  liani<'S,  and  Vvm  \  iral  (； eolo^y, 
1915,  Prof.  \V.  Oowland,  F.H.S.,  Sir  Oeranl  A  Muntz, 
Bart.,  Dr.  \V.  Rasenhaiu,  H.A.,  and  Mr.  O  Shaw  Scott?  M.Sc, 
were  appoints!  by  Hip  Council  to  art  as  t  lie  ropresent  al  iv^ 
of  the  Institute.  The  Council  had  guarantee!  1  lie  sum  of 
i!50  towards  tlie  expenses  of  the  Congress. 

Tn  connection  with  an  eiujuiry  by  the  Dominions  Royal 
Commission  into  the  supply  of  non- ferrous  metals  ,-umI  ores 
in  this  count  rv,  t  he  Council  had  ； i|»|Kjiiited  I  lie  following  ('oin- 
init t eet  wit  It  power  to  add  to  t  lifMi*  mm 山 f"'  from  ariion^st 
(lie  memhers  of  t he  Institute  ：  Mr.  A.  Buwl«lirk'f*r  (lion . 
secretary),  Mr.  \V.  Murray  Morrison,  Sir  (leva nl  A.  Muntz, 
】《ai't.，  Mr.  Leonard  Sunnier,  M.Sr.，  a  in  I   I'rof .  T.  Turwr, 

Tlie  report'  of  tlie  honorary  treasurer,  Prof.  Thomas 
Turner,  M.Sc.,  for  the  year  ending  June  ； iOtli,  1912,  showe<l 
that  the  finances  of  the  Institute  were  in  a  satisfactory  state. 
The  financial  year  opened  with  a  credit  balance  of  J&456.  5a., 
and  closed  with  a  balance,  also  to  credit ,  of  i!-「)63.  10s.  11(1.， 
showing  an  increase  of  £107.  5s.  lid.  This  was  especially 
gratifying  in  view  of  the  fact  that  the  legal  costs  of  tlie 
incorporation  of  the  Institute  were  paid  during  the  financial 
year.  During  the  year  £269.  4s.  3d.  was  expended  on  the  cor- 
rosion plant  and  its  working  expenses.  The  balance  on  July  1st 
was  only  £47.  7s.  6d.，  which  had  since  been  practically  all 
expended.  It  was  intended  to  continue  these  experinien 卜 i '  'r 
two  or  three  years  longer,  and  for  this  purpose  ait  income  of 
about  £100  per  aninini  would  be  required. 

The  results  of  the  ballots  for  the  Council  for  1913  and  f( ti- 
the election  of  new  members  was  declared,  after  wliidi  tli*' 
president,  Prof.  A.  K.  Huntington,  (lelivered  his  iiiauj/ural 
address.  In  the  evening  the  fourth  annual  dinner  of  the 
Institute  was  held  at  the  Criterion  Restaurant,  Picoadillv 
Circus. 

The  following  day  (Wednesday)  was  devoted  to  tlie  read- 
ing and  discussion  of  papers,  abstracts  of  which  are 
presented  herewith. 

Metal  Filament  Lamps. ― This  paper,  by  Mr.  Alexander 
Siemens,  summarised  the  history  of  tlie  use  of  metal  lil.-mieni  ^ 
in  glowlamps.  Owing  to  the  uneconomical  working  of 
carbon  filament  lamps,  endeavours  were  made  to  re]<la<-»- 
carbon  by  one  of  the  rarer  metals,  which  could  sustain  a 
higher  temperature  than  carbon  without  disintegrating.  A  tu-i 
was  the  first  to  utilise  Osmium,  prepared  by  a  squirting  pro- 
cess, and  his  methods  were  followed  by  several  other  inventors 
experimenting  with  various  metals.  The  first  lamp  to  have 
actually  drawn  metal  wire  as  its  filament  was  the  Tantalum 
lamp  manufactured  by  Siemens  &  Halske,  Berlin.  Tin* 
succeeded  in  drawing  an  alloy  of  tungsten  and  nickel,  but 
before  that  process  was  perfected,  the  General  Electric  Com- 
pany, of  Schenectady,  patented  a  process  to  make  pure  tung- 
sten ductile,  which  was  described  in  the  paper. 

The  Corrosion  of  Distilling  Condenser  Tubes. 一 This  、ul,i,'(  t 
was  dealt  with  by  Mr.  Arnold  Philip,  B.Sc.  ( Admiralt v 
Chemist).  Main  and  auxiliary  condenser  tubes,  he  said,  be- 
came corroded  on  the  sea  water  side  ；  corrosion  on  the  steam 
side  of  the  tubes  practically  never  occurred.  In  distilling 
condensers  the  reverse  of  this  was  the  case.  No  corrosion 
occurred  as  a  rule  on  the  sea  water  side  of  the  tubes,  but  fre- 
quently occurred  on  the  surfaces  exposed  to  the  steam.  The 
absence  of  corrosion  of  the  sea  water  side  in  distilling  con- 
densers was,  he  considered,  apparently  due  to  the  facts  that  : 
(1)  The  sea  water  flowed  outside  tlie  tubes,  which  tubes  、、、'！  。 
generally  placed  vertically  ；  on  this  account  no  particles  of 
carbon,  ash,  &c,  could  find  a  lodgment  on  the  surface  of  tlie 
tubes  on  the  sea  water  side,  and  thus  what  the  author  had 
shown  to  be  one  of  the  most  important  causes  of  corrosion  was 
absent.  (2)  The  tubes  were  usually  in  direct  metallic  con- 
nection witii  the  casing  being  expanded  direotlv  into  the  tul"、 
plates  ；  this  permitted  the  full  galvanic  protective  effect  t'i 
any  protector  bars,  and  of  the  casing  itself  when  tins  was 
wholly  or  partially  of  iron  or  steel.  The  corrosion  on  the 
steam  side  of  distilling  condenser  tubes  was,  he  observed,  due 
to  hydrochloric  acid  in  the  steam.  The  origin  of  the  livdro- 
chloric  acid  was  the  dissociation  of  salts  contained  in  sea 
water,  probably  magnesium  chloride.  This  dissociation  only 
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l(mk  place  to  any  nol  ici'H \Av  extent  when  t-lic  j'Hmarv  strain 
tubes  in  tlie  evaporators  projected  above  the  surface  of  the 
brine  which  was  being  boiled.  The  same  distilling  condenser 
used  wit h  t  wo  porators,  one  of  wliich  had  steam  coils  pro- 
jecting above  the  brine  surface,  and  the  other  drowned  steam 
coils,  produced  distilled  water  coul ainiug  hyd ro<*hloric  acid 
i"  t  Ik'  former  case,  but  free  from  1 1 1  i s  acid  in  the  latter  case 
The  effect  of  the  acid  containing  steam  from  tlie  evaporator 
was  to  col-rode  the  surface  of  the  distilling  condenser  tubes, 
and  the  distilled  water  obtained  contained  not  only  free  acid 
but  also  cliloricles  of  copper,  zinc,  and  (if  tin-coated  tubes 
were  used)  also  tin.  The  presence  of  copper  in  the  distilled 
water  was  particularly  objectionable  both  for  potable  uses  and 
also  because  when  passing  into  the  boilers  it,  tended  to  set 
up  further  corrosion  and  pitting  on  the  steel  surfaces. 

The  way  to  avoid  these  troubles  was,  he  said,  to  use 
distiller  evaporators  which  contained  completely  drowned 
coils.  A  palliative  to  prevent  copper  passing  into  the 
boilers  with  the  distilled  make  up  water,  if  this  contained 
copper  due  to-  a  faulty  form  of  evaporator  being  used,  was 
to  pass  the  distilled  water  through  a  zinc  scrubber  which 
removed  the  copper.  Chemical  methods  for  detecting  and 
measuring  minute  amounts  of  free  hydrochloric  acid  in  the 
distilled  water  obtained  from  distilling  condensers  were 
described. 

The  Corrosion  of  Aluminium. 一 This  paper,  by  Mr.  G.  H. 
Bailey,  D.Sc,  dealt  essentially  with  the  action  of  water  and 
salt  solutions  on  aluminium.  In  the  course  of  the  investiga- 
tion the  effects  of  variation  in  the  nature  of  the  waters  used 
and  in  the  concentrations  of  tlie  salt  solutions  had  been 
examined.  A  large  number  of  results  were  given  illustrating 
also  the  dependence  of  corrosion  on  temperature  and  on  the 
quality  of  the  aluminium  employed .  The  author  also  gave  a 
method  by  which  reliable  measurements  of  the  rate  of  cor- 
rosion could  be  made,  and  from  an  examination  of  the  experi- 
mental evidence  arrived  at  the  foHowing  conclusions  :  That 
aluminium  of  high  purity  was  less  readily  acted  upon  than 
that  of  lower  purity,  and  that  the  presence  of  sodium  and 
copper  in  the  metal  increased  the  rapidity  of  corrosion.  Well- 
annealed  metal  was  also  more  resistant  to  corrosion  than 
unannealed  metal.  He  found  that  in  general  the  corrosion  of 
aluminium  was  a  process  of  oxidation,  and  that,  as  a  matter 
of  fact,  metal  exposed  for  several  months  to  water  or  salt  solu- 
tions from  which  the  dissolved  air  had  been  expelled  under- 
went no  corrosion  whatever.  The  normal  course  of  corrosion 
(excluding  the  action  of  acids  and  alkalies)  was  thus  a  trans- 
formation of  aluminium  into  alumina,  which  separated  out 
as  a  flocculent  precipitate  without  any  of  the  aluminium 
passing  into  solution . 

The  Microstructurc  of  German  Silver. ― For  the  purpose  of 
this  paper,  which  was  presented  by  Mr.  O.  F.  Hudson,  M.Sc, 
samples  of  German  silver,  wliich  had  been  annealed  for  vary- 
ing lengths  of  time  atl  a  temperature  of  7,000°  C.，  were 
examined  microscopically.  The  alloys,  which  consisted  of  a 
single  solid  solution,  required  many  hours  annealing  at  this 
temperature  to  bring  them  to  a  condition  of  true  equilibrium 
when  the  solid  solution  appeared  to  be  perfectly  homogeneous. 
German  silvers  when  annealed  thus  commonly  possessed  a 
characteristic  "  cored  "  structure'  which  was  independent  of 
the  normal  twinned  crystalline  structure  also  seen.  The 
rather  coarsely  crystalline  structure  which  resulted  from  the 
long  annealing  necessary  to  remove  the  "  cores  ，，  was  not  in 
itself  a  sign  of  a  deterioration  in  rolling  qualities.  The  results 
of  tests  on  samples  annealed  for  various  timesi  at  temperatures 
up  to  1,000°  C.  showed  that,  under  laboratory  conditions,  the 
rolling  qualities  of  good  German  silver  were  not  impaired  by 
severe  annealing.  Hardness  tests,  using  the  sclerescope, 
showed  that  prolonged  annealing,  accompanied  by  pronounced 
crystal  growth,  did  not  lead  to  any  decrease  in  hardness 
beyond  that  due  to>  the  normal  annealing  operation. 

Quantitative  Effect  of  Rapid  Cooling  upon  the  Constitution 
of  Binary  Alloys. ― The  author  of  this  paper,  Mr.  G.  H. 
Gulliver,  B.Sc,  showed  how  to  calculate  the'  proportions  of 
the  constituents  of  a  rapidly  cooled  binary  alloy  by  means  of 
the  information  obtained  in  the  usual  manner  from  very 
slowly  cooled  alloys.  The  importance  of  the  subject  was  due 
to  the  fact  that  the  constitution  of  a  cast  alloy  cooled  at 
ordinary  rates  lay  between  that  of  the  very  slowly  cooled  and 
that  of  the  very  quickly  cooled  mixture,  so  that  its  limits  of 
variation  with  change  in  the  rate  of  cooling  could  be  now 


specified.  The  method  of  calculation  was  applied  to  the  lead- 
rich  alloys  of  the  lead-tin  series.  The  proportion  of  eutectic 
in  a  just  solid  alloy,  the  proportion  of  liquid  and  of  solid  in 
an  alloy  at  a  temperature  between  its  freezing  and  melting 
points,  and  the  rate  of  solidification  of  an  alloy  at  a  given 
temperature,  when  slowly  and  when  rapidly  cooled,  were 
found  numerically.  The  apparent  form  of  solidus  obtained 
from  a  rapidly  cooled  alloy  was  given,  together  with  the  varia- 
tion in  the  apparent  position  of  the  saturation-point  whicli 
accompanied  variation  in  the  rate  of  cooling.  It  was  shown 
that  the  position  of  tlie  apparent  saturation-point  depended 
not  only  upon  the  rate  of  cooling,  but  still  more  upon  the 
composition  of  the  alloy,  and  further,  that  the  proportion 
of  eutectic  present  in  a  rapidly  cooled  alloy  was  sensibly 
independent  of  the  curvature  of  liquidus  or  solidus.  The 
paper  was  accompanied  by  a  number  of  diagrams  which 
clearly  showed  the  differences  between  the  conditions  which 
prevailed  during  slow  and  rapid  cooling  respectively. 

Practical  Heat  Treatment  of  Admiralty  Gun-metal. ― As  diffi- 
culty often  arose  in  producing  gun-metal  castings  to  fulfil 
specified  physical  tests  and  withstand  hydraulic  pressure, 
Messrs.  H.  S.  Primrose  and  J.  S.  G.  Primrose,  the  authors  of 
this  paper,  described  their  experimental  work  with  the  object 
of  finding  a  simple  and  reliable  method  of  improving  this 
commonly  used  industrial  alloy  so  as  to  obtain  the  highest 
possible  strength  and  elongation  accompanied  by  greater 
soundness  and  homogeneity  of  the  metal.  They  found  that 
even  in  the  absence  of  blow-holes,  which  constituted  the 
commonest  source  of  unsoundness,  cast  gun -metal  behaved 
unsatisfactorily  under  hydraulic  tests  due  to  the  presence  of 
microscopi'  pores  formed  between  two  constituents  of  widely 
different  properties. 

A  series  of  tests  were  carried  out  to  investigate  the  prac- 
tical value  of  various  kinds  of  heat  treatment,  such  as  re- 
heating, quenching,  and  annealing  test  bars  of  guu-metal, 
conforming  to  the  Admiralty  specification  of  88-10-2，  which 
had  been  cast  in  sand  and  chill  moulds  and  then  cooled  at 
different  rates.  The  sets  of  normal  and  treated  bars  were 
tested  physically  and  examined  microscopically  to  determine 
exactly  the  effect  of  quenching  from  different  temperatures, 
and  also  of  annealing  for  various  periods  of  time  at  different 
temperatures.  The  first  set  of  tests  made  showed  no  improve- 
ment was  effected  by  reheating  and  quenching  the  bars,  as 
the  strength  and  elongation  fell  off  rapidly  as  the  temperature 
was  raised.  This  result  was  unexpected,  as  it  was  known  that 
pure  bronze  was  increased  in  strength  by  similar  treatment. 

More  satisfactory  results  were  obtained  by  simply  anneal- 
ing the  metal  at  various  temperatures,  followed  by  moderately 
slow  cooling,  as  this  was  found  to  considerably  increase  both 
the  tensile  strength  and  the  elongation.  The  most  marked 
improvement  was  found  to  be  produced  by  annealing  the  bars 
for  half-an-hour  at  a  temperature  of  700°  C.，  as  the  physical 
tests  showed  lower  results  both  above  and  below  this  critical 
point.  The  time  factor  was  also  investigated  and  found  to 
be  critical  for  the  |in.  thickness  of  metal  used  at  30  minutes, 
although  only  a  slight  improvement  resulted  after  annealing 
for  20  minutes,  and  a  slight  diminution  in  strength  occurred 
if  annealing  was  too  long  prolonged. 

The  practical  applications  were  discussed,  and  examples 
quoted  from  practice  in  which  material  not  otherwise  defec- 
tive failed  under  the  hydraulic  test,  due  to  water  sweating 
through  the  microscopic  pores,  but  after  suitable  annealing 
conformed  to  the  most  rigid  tests.  The  increased  homogeneity 
of  the  metal  after  the  heat  treatment  was  shown  to  be  due 
to  the  absence  of  eutectic  segregations  from  the  micro- 
structure,  leaving  only  the  strouglv-interlocking  crystals  of 
alpha  solid  solution  of  the  tin  and  ziiu-  in  the  copper.  It  was 
anticipated  that  this  heat-  treatment  would  minimise  corrosion 
troubles. 


Tosi  Turbines  for  Italian  Warships.  —Tlie  Tosi  turbme>  fitted  in 
the  Italian  "scouts"  lately  built  at  Naples  have,  we  learn, 
given  excellent  results  at  their  trials,  in  which  the  boat« 
made  an  average  of  35  knots  during  a  three  hours'  trial,  in- 
stead of  the  contracted  speed  of  30  knots  in  ordinary  trim, 
and  steamed  32  knots  witli  the  maximum  load  on  board.  The 
fuel  consumption  results  wero  also  satisfactory. 
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MECHANICAL  GEARING  FOR  THE  PROPULSION  OF  SHIPS.* 

BY  THE  HON.  SIK  CHAKLES  A.  PARSONS,  K.C.B.,  D.SC,  F.R.S. 

The  subject  of  the  application  of  steam  turbines  with  inecliani- 
gearing  to  ship  propulsion  has  already  been  brought  before 

in  papers  read  by  the  author  in 


I  lie  not  ii;c  of  this  Institut  ion 


Fig.  1.— Engine  Room  ov  s.s.  "  Caiiinboss." 

•1910  and  1911.  These'  papers  described  the  experimental 
installation  in  the  cargo  steamer  "  Vespasian,''  the  successful 
results  obtained  with  which  have  since  that  time  led  to  con- 
siderable development  in  this  type  of  propulsion.  It  is  the 
object  of  the  present  paper  to  give  an  account  of  the  progress 
that  has  been  made  up  to  the  present  time. 

Geared  turbine  propulsion  is  in  this  country  now  well 
advanced  beyond  the  experimental  stage.  There  are  already 
in  actual  service  cargo  steamers,  Channel  steamers,  and  war- 
ships,  together  representing  a  total  of  about  26,000  h. p. 
developd  by  steam  turbines  and  transmitted  through  mechani- 
c，l  gearing,  and  there  is  at  the  present  time  under  construc- 
tion turbine  machinery  and  mechanical  gearing  representing  a 
transmission  of  over  120,000  h. p.,  including  two  installations 
of  over  20,000  h. p.  each. 

Geared  turbines  have  been  fitted  in  two  Channel  steamers 
f(?r  th>e  London  and  South-western  Railway  Company's  ser- 
vice between  Southampton  and  Havre,  the  s.s.  "Normannia  " 
and  s.s.  "  Hantonia,"  of  1,900  tons  displacement,  having  a 
shaft  horse-power  of  5,000  at  a  service  speed  of  about  18 
knots.  These  installations  were  fully  described  in  a  paper 
read  before  this  Institution  by  Prof.  J.  H.  Biles  in  1912. 
They  continue  to  show  an  economy,  as  compared  with  other 
turbine  steamers  on  the  same  service,  of  about  40  per  cent., 
^ue  partly  to  increased  efficiency  of  turbines,  partly  to 
increased  efficiency  of  propellers  with  the  lower  revolutions 
adopted,  and  partly  to  improved  form  of  vessel  incidental  to 
i-eduction  in  boilers  and  the  adoption  of  twin  screws.  The 
Normannia's "  gearing  has  been  recently  inspected  after 
steajnmg  over  26,000  knots,  and  was  found  to  be  in  perfect 
condition  ；  no  wear  whatever  can  be  detected. 

Geared  turbines  have  also  been  installed  in  three  Channel 
Reamers  for  the  Indian  Ferry  Service  between  India  and 
Levl(Jn'  111  accordance  with  designs  and  specifications  pre- 
pared by  the  late  Sir  William  White.  The  first  of  these,  the 
s々  Curzon,"  has  successfully  passed  her  speed  trials  and  co"- 
siderably  exceeded  the  speed  guarantee  undertaken  by  the 
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builders  of  the  vessels  and  propelling  macbiiiery,  Messrs. 
Ingha  &  Co.,  Glasgow.  The  rerluction  gc;ir  was  made  by  the 
Parsons  iviarine  Steam  Turbiiu;  Cornpanv. 

A  cargo  steamer  built  for  the  Cairn  Line  by  .Messrs  Dox- 
f?rd，  Sunderland,  l.a.s  been  recently  fitted  with  an  install" 
t10n  of  pared  turbines  (see  Fig.  1),  similar  to  that  adopter  1 
in  tlie  "  Vespasian,"  consisting  of  two  turljin.-s,  a  high-pres- 
sure and  a  low-pressure  turbine  in 
^hhmi  series,  capable  of  developing  al" 川 I 
->>^H  1,600  li.p.,  wliicli  is  transiiiitted  through 
"^^B  mechanical  gearing  to  a  single  propeller 
shaft  at  63  revs,  per  minute,  the  speed 
of  the  vessel  being  about  10^  knots.  It 
is  interesting  to  notice  that" a  coal  con- 
sumption trial  has  been  made  with  this 
sliip  running  side  by  side  with  a  sister 
ship,  tlie  s.s.  "  Cairiigowan,"  with 
exactly  similar  boflers  and  propeller, 
but  with  triple-expansion  reciprocating 
engines,  the  coal  supplied  being  of  the 
same  quality  and  measured  in  the  same 
way  on  both  ships,  and  the  geared  tur- 
bine ship  has  shown  a  saving  of  15  per 
cent  in  the  coal  consumption. 

So  far  no  limit  in  regard  to  the  sur- 
face speed  of  the  teeth  has  been  dis- 
cerned, and  there  is  no  evidence  of  any 
limit  to  the  power  that  can  be  trans- 
mitted by  meclianical  gearing  with  gear 
wheels  suitably  designed.  It  appears 
that  this  type  of  propulsion  can  be 
adopted  with  advantage  in  all  classes 
of  work,  ranging  from  low-speed  cargo 
steamers  to  high-speed  destroyers  and 
battle-ships  and  liners  of  large  powers, 
and  there  can  be  little  doubt  that  it 
will  be  extensively  employed  for  all 
(Masses  of  ships  in  the  near  future.  A 
few  illustrations  are  given  of  typical 
arrangements  of  geared  turbine  machi- 
nery. Fig.  2  shows  an  installation  suitable  for  a  destroyer  of 
about  20,000  h.p.,  with  twin  screws  at  440  revolutions  per 
minute.  It  will  be  seen  that  the  installation  consists  of  a 
high-pressure  and  a  low-pressure  turbine  driving  each  shaft, 
and  an  additional  cruising  turbine  geared  with  one  of  the 
shafts  for  employment  at  low  speeds. 
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-Elevation*  and  Plan  of  Ttpic.u.  Installvtion  of  Geabed  Tiubixe 
Machinery  for  a  Torpedo  Boat  Dkstroyeb. 

Fig.  3  illustrates  a  design  for  a  battle-ship  of  about  40,000 
h.p.,  with  four  shafts  at  200  revolutions  per  minute.  In  the 
arrangement  illustrated  there  are  two  turbines  geared  to 
each  shaft,  the  turbines  on  the  two  shafts  oil  either  side  of  the 
ship  being  arranged  in  the  well-known  4 -cylinder  triple  for- 
mation, each  group  consisting  of  a  high-pressure,  an  inter- 
mediate-pressure, and  two  low-pressure  turbines,  an  arrange- 
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ment  which  leads  to  a  high  efficiency  both  at  full  power  aiifl 
at  cruising  speeds.  Fig.  4  shows  a  further  design  for  a  battle- 
ship of  about  60,000  s.h.p.,  with  geared  turbine  ma<*hinery  on 
four  shafts,  which  also  includes  an  additional  set  of  small  tur- 
bines and  gearing  for  use  when  cruising.  In  sucli  an  arrange- 
ment the  gear  wheels  of  the  cruising  set  would  be  connected 
to  the  propeller  shafts  through  clutches  and  tlie  main  gear 
wheels  also  clutch  connected,  so  that  whichever  set  of 
machinery  was  in  use  the  other  set  could  be  entirely  discon- 
nected from  the  propeller  shafts,  and  all  losses  fi'om  irllo 
running  avoided.  This  separate  cruising  installation  would 
have  its  own  small  coiideiising  plant,  or  could  make  use  of 
tlit'  small  auxili;ii'y  cotHleusin^  plant  usually  lifted .  My  this 
means  t  ho  fuel  r(msiimpt,ion  per  shaft,  horse-power  at  1  ho 
f'ruising  speed  fan  1)P  inatle  |>r;i('tica]ly  ilie  same  as  thai  at  full 
power.  Fig.  5  shows  an  installation  of  geared  i  urltitic 
machinery  suitable  lor  a  cruiser  oi'  ahoiit  :《U，（H)。  h. p.  on  i  wo 


Tnstilut  ion  in  1 0 1 T)  in  liis  reply  to  the  discission  on  tho  i\ r<i 
of  tlie  papers  abovo  roferred  to,  t iiat  wit li  (l(，ul'le  helical  yar 
such  devices  as  floating  frames  for  t he  pinions  or  liytlraulir 
pistons  to  distrihutc  t  he  load  equally  over  tlie  pinion  bearings 
are  totally  unnecessary,  the  natural  elasticity  of  the  support- 
ing structures  providing  all  tlie  accommodation  necessary, 
assuming,  of  course,   reasonably  accurate  alignment,  of  the 


》i 


Fig.  4.— Elevation,  Centre  Shaft,  and  Plan  of  Geared  Tcrbine  Machikf.rt 
for  Battle-ship  with  Separate  Ckl  isixg  Installation*. 

shafts.  The  pinions  are  iu  all  cases  connected  to  their  turbine 
shafts  by  flexible  couplings,  which  allow  them  longitudinal 
freedom,  and  this  in  itself,  with  double  helical  gears,  ensures 
that  the  load  is  practically  equally  divided  between  the  right 
and  left  hand  portions  of  the  gear. 

Careful  investigations  have  been  made  of  the  causes  pro- 
ducing noise,  with  the  object  of  removing  such  causes  and 
obtaining  a  silent  gear.  ThevSe  investigations  show  the  noise 
to  be  due  to  slight  inaccuracies  in  the  teeth,  the  order  of 


Fig.  3.— Elevation  and  Plan  op  Typical  Installation  of  Gkarkd 
Turbine  Machinkry  for  a  Battle-ship. 

shafts  at  300  revolutions  per  minute.  Fig.  6  shows  an  instal- 
lation suitable  for  a  large  Atlantic  liner  of  about  60,000  h.j). 
on  four  shafts  at  200  revolutions  per  minute. 

For  the  purpose  of  observing  as  closely  as  possible  tlie 
practical  requirements  in  regard  to  accuracy  of  cutting  of 
gear  wheel  teeth,  two  gear-cutting  machines  were  installed  in 
the  works  of  the  Parsons  Marine  Steam  Turbine  Com  pan  v  in 
1910.  With  these  machines,  which  were  built  by  Messrs. 
William  Muir  &  Co.，  Manchester,  tooth  faces  are  automa- 
tically generated  by  the  process  known  as  "  bobbing.'*  These 
two  machines  have,  since  they  were  installed,  cut  gear  wheels 
representing  a  transmission  of  about  50,000  h.p.,  and  1  ho 
experience  thus  gained  in  this  work  has  enabled  several 
important  improvements  to  be  made  to  them.  Two  similar 
machines  were  installed  in  the  works  of  Messrs.  C.  A.  Parsons 
and  Co.,  Heaton,  Newcastle-on-Tyne,  for  the  manufacture  of 
geared  plant  for  the  driving  of  electrical  generators,  rolling 
mills,  works  shafting,  &c. 

Examination  of  the  teeth  of  gear  wheels  which  have  been 
running  for  some  little  time,  transmitting  large  powers,  shows 
the  work  to  be  distributed  over  the  teeth  witli  fair  uniformity, 
and  confirms  the  opinion  expressed  hy  tlie  author  before  this 
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F【fl.  5.— Et.KVATION  AND  PLAN  OF  TVPICAl^  IVRTALLATION  OF  ( 

Machinery  for  a  Cruiser.  ^  _j 

accuracy  required  for  silent  gearing  being  higher  than  pre- 
sent gear-cutting  macliines  are  capable  of  affording.  Fig.  7 
is  reproduced  from  a  photograph  of  a  microphone  oscillograph 
record  obtained  from  a  double  helical  gear  wheel  hy  susj^end- 
ing  over  the  gear  case  a  microphone  (oniie<te(l  with  an 
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(.MMlloyrapii.  It  will  be  observed  that  (IHiiiit"  iioirs  an'  |>n> 
,lu, •(■(!.  In  (he  j);uticular  rase  illusl  rated  the  l'n'<| u<-iicy  \v;is 
found  to  be  160  times  the  number  of  revolutions  of  the  whed, 
and  its  source  was  traced  to  the  parent  ^ear  of  I  lie  w"「 
cutting  macliine,  viz.,  the  single  worm  and  the  160  teeth  of 
the  worm  wli(、(、l  which  rotated  the  table  on  which  the  work 
was  m()u"t('(l  while  the  wheel  was  being  cut.  Tho  ina<-curacics 

this  ^eav   were   carefully   nieasurt'<l ,    ;m(l  found  1(>  1)。 
periodic  with  the  worm  wheel  teeth,  and  to  have  a  double 
； iniplitude  of  about  four-tliousandt  lis  of  an  inch. 

Iu  the  case  of  the  gear  wheel  n'f"n("l  to  above,  as  t  lie  re 
<lid  not  appear  at  tli。  time  to  he  any  means  of  removing  the 


SECTION    AT    B    LOOKING  FORWARD 

Fig.  6.— Typical  Installation  of  Gkabed  Turbine  Mai  hineuy  fou 入 
Lakge  Atlvntic  Liner. 


irregularities  from  the  teeth,  and  very  silent  running  was 
desired  in  this  instance,  stiff  springs  were  fitted  above  and 
below  the  bearings,  having  a  small  amount  of  initial  compres- 
sion and  pcniiittin^  a  movement  of  about  T^in.  as  the  load 
was  increased  to  its  full  value.  The  pinions  being  thus 
flexibly  supported,  noise  and  shock  were  to  some  considerable 
extent  intercepted,  instead  of  being  transmitted  to  the  struc- 
ture of  the  gear  case. 

It  was  recognised,  however,  that  spring-  supports  were  an 
imperfect  remedy,  the  real  remedy  being  a  higher  degree  of 
accuracy  in  the  teeth.  To  attain  this  it  was  necessary  either 
to  gi'eatjy  increase  the  accuracy  of  the  parent  gear  or  to  de- 
vise means  of  cutting  which  did  not  reproduce  the  errors  of 
the  parent  gear,  and,  what  is  still  more  important,  avoid 
periodicity  in  the  residual  errors.    It  was  obvious  that  pro- 


gress alon^  {'iU"'r  of  t  Iicse  lines,  or  |,"ssibl)'  nlony  l^ot  h  hI 
once,  would  result  in  valuable  iiiiprovciiient  of  jnerhani<'al 
^earin^  for  the  transmission  of  lar^»-  |",、、vrs  at  lii^h  sjKv  n.s. 

It  is  doubtful  whellier  at  tlie  present  time  a  worm  an'l 
worm  wheel  drive  of  the  strength  required  iu  gear-cuU in;' 
machinery  can  be  relied  u|>oii  to  have  a  higher  degree  of 
accuracy  than  the  drive  of  tlie  niacliine  referred  to  above,  but 
by  the  use  of  multiple  drives,  such,  for  instance^  as  several 
worms  driving  one  worm  wheel,  it  will  be  readily  s'i'ii  that 
these  errors  would,  to  a  considorahh'  cxt  f*nl ,  ''('mj'rom 卜'' ''："  li 
other. 

An  improved  melliutl  of  cutting  ^ear  wheel  teetli  has,  how 
ever,  been  developed  by  tlie  author  aiul  his  colleagues,  vvlii'  li 
must  now  be  described.  Primarily,  it  aimed  at  destroy int:  '  If 
periodicity  of  the  <M*rors,  hut  i"r"|('ntally  it  also  accomplishes 
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a  considerable  reduction  of  the  errors  themselves  present  in 
the  parent  gear. 

It  will  be  seen  that  in  the  process  ordinarily  adopted .  iu 
which  the  work  is  mounted  on  a  table  rotated  by  means  of  a 
worm  and  worm  wheel,  the  latter  being  attached  permanent lv 
to  the  table,  the  errors  will  be  some  function  of  the  angular 
position  of  the  work,  and,  therefore,  lie  in  planes  through 
the  axis  of  rotation  ；  and  if,  as  is  mostly  the  case,  the  errors 
of  t  he  parent  gear  are  periodic,  these  plaues  will  lie  at  equal 
angular  intervals,  and  will  come  into  mesh  periodically.  Now 
it  will  be  sue ii  that  if  the  work  is  given  a  small  steady  advaiif'*' 
in  relation  U>  the  table,  i  tie  errors,  instead  of  lying  in  planes 


Fig.  8.— Gear  Uubbin (；  Machink  with  CiiEKriNf.  Tablk. 
through  tlie  axis,  will  lie  iu  spirals  arouiul  the  wheel,  ami 
that  when  put  to  work  they  will  be  obliterated  and  leave  a 
true  wheel. 

Fig.  8  is  an  illustration  of  the  adaptation  of  this  new 
principle  of  cutting  to  "u  existing  gear  hobbiug  machine.  A 
secondary  table  is  mounted  on  the  original  table  of  the 
machine  and  given  a  creep  in  advance  of  1  per  cent,  in  rela- 
tion to  it  by  means  of  the  train  of  gearing  shown,  the  main 
worm  driving  the  lower  table  bein^  driven  at  1  ]>or  ，  ，'i".  1，、.、、 
speed,  so  as  to  secure  the  same  rotational  spee'l  as  before  the 
creep  was  introducd.  While  the  most  important  effect  of  this 
arrangement  is  that  the  errors  in  the  t^etb  will  lie  in  very 
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oblique  spirals  around  the  wheel,  resulting  in  great  uniformity 
in  the  gearing,  at  the  same  time  it  has  also  an  important 
effect  in  reducing  the  errors  themselves.  The  reason  for  this 
is  best  explained  by  means  of  the  diagram  (Fig.  9.) 

If  the  periodic  error  in  the  worm  gear  of  the  original  table 
be  represented  by  a  sine  curve  with  a  period  corresponding 
to  the  teeth  of  the  worm  wheel,  that  is,  160  per  revolution,  an 
advance  of  1  per  cent,  results  in  the  phase  of  the  error  being 
shifted  1*616  of  a  complete  pitch  at  each  revolution  of  the 
work.   With  the  cutter  advancing  across  the  wheel,  the  result 


ARC  OF  APPROACH  A  RECESS 
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Table  for  Helical  Geab  Cutting. 


is  a  series  of  overlapping  cuts  of  varying  depth,  the  maximum 
depth  being,  say,  about  four-thousandths  of  an  inch  below  the 
minimum.  These  have  been  represented  on  the  diagram,  the 
advance  of  the  cutter  across  the  wheel  being  taken  at  -^in. 
per  revolution,  whilst  the  amplitude  of  the  error,  and,  there- 
fore, the  position  of  tlie  cutter  is  represented  greatly  enlarged 
in  the  vertical  direction.  It  will  be  seen  from  this  how  the 
lowest  positions  predominate,  and  a  series  of  cuspidal  ridges 
remains  of  about  one-fifth  the  magnitude  of  the  original  errors. 

With  the  object  of  further  illustrating  the  effect  of  this 
successive  change  of  phase,  one  side  of  a  slab  of  metal  has 
been  machined  with  a  fly-cut ber  having  a  broad  cutting  edge 
(pf  undulating  form.  The  slab  was  advanced  beneath  the  cut- 
ter T^in.  at  a  time,  and  at  each  advance  it  was  also  shifted 
sideways,  that  is,  iu  a  direction  parallel  to  the  axis  of  the 
cutter,  by  a  definite  proportion  of  the  pitch  of  the  undula- 
tions in  the  cutting  edge,  this  proportion  being  the  same  as 
that  adopted  for  the  secondary  table  above  referred 
to.  A  portion  of  the  slab  was  cut  in  this  manner,  the 
remaining  portion  being  cut  with  the  slab  advancing  directly 
across  the  tool  without  any  sideways  motion .  The  result  is 
clearly  seen  from  the  photograph  (Fig.  10),  the  deep  ridges 
corresponding  to  the  undulations  of  the  edge  of  the  tool  being 
replaced  by  smaller  ridges  in  a  network  formation,  as  seen 
at  A  in  the  photograph  ；  and  if  we  imagine  in  one  case  two 
such  surfaces  as  A  to  he  moved  across  one  another,  and  in 
another  case  two  such  surfaces  as  B  in  tlie  direction  perpendi- 
cular to  tlie  ridges,  we  obtain  an  idea  of  the  effect  secured  by 
the  new  method  of  cutting  referred  to  above,  and  the  great 
advantage  of  the  spiral  distribution  of  the  errors. 

Both  in  this  illustration  and  in  the  diagram  (Fig.  9) 
tlie    errors    have   for   the    purpose    of    illustration  been 


Fig.  10. 

greatly  exaggerated  ；  in  actual  wheels  the  errors  are  so  small 
that  it  is  necessary  to  employ  some  form  of  marking  such  as 
is  used  with  surface  plates  to  bring  out  the  high  points  on  the 
teeth,  but,  even  so,  these  high  points  are  capable  of  producing 
sound.  It  will  be  seen,  however,  from  the  photograph  that 
three  things  have  been  accomplished 一 in  the  first  place  the 
errors  have  been  reduced  to  about  one-fifth  of  tlieir  origiual 
magnitude  ；  secondly,  thai  they  are  spread  across  the  wheel 
in  such  a  way  that  periodicity  is  avoided  ；  and,  thirdlv,  that 
they  consist  of  cuspidal  ridges  which  will  be  easily  rediu'ed  by 
grinding  or  wear  and  leave  a  practically  true  wheel. 


ROTARY  CONVERTERS. 

A  paper  on  "Rotary  Converters  Ji  was  read  by  Mr.  N.  E. 
Paine  at  a  recent  meeting  of  the  Engineering  Society  of  the 
Northampton  Polytechnic  Institute.  The  author  said  that 
the  rotary  converter  was  the  simplest  and  most  used  machine 
for  changing  from  alternating  to  continuous  current.  With 
the  exception  of  the  homo  polar  machine,  the  current  in  all 
electrical  machines,  whether  generating  alternating  or  con- 
was  primarily  alternating.  The  ratio  of  the  con- 
tinuous current  to  the  alter- 
nating current  voltage  of  a 
simple  rotary  was  approxi- 
mately constant.  The  alter- 
nating current  voltages  of  a 
single,  two  and  three-phase 
machine,  assuming  the  con- 
tinuous current  voltage  to  be 
100  in  each  case,  were  single- 
phase,  70*7  ；  two-phase,  70' 7  ； 
three-phase,  61'2.  From  these 
values,  assuming  unity  power 
factor  and  】io  losses  iu  the 
machine,  the  corresponding  values  of  the  currents  were 
found  ：  ― Continuous  current,  100  ；  alternating  current, 
single-phase  141.4，  two-phase  70*7,  three-phase  94' 3. 

The  output  of  an  electrical  machine  was,  he  observed, 
limited  by  its  rise  in  temperature.  In  the  rotary  the  heat 
ing  of  the  armature  coils  was  very  complex.  The  coils 
nearer  the  slip  ring  connections  had  to  carry  heavier  cur- 
rents than  the  others.  Thus,  the  heating  would  not  be 
uniform.  By  adding  to  the  number  of  slip  rings,  the  mean 
rate  of  heating  was  reduced.  The  relative  values  of  the  out- 
puts of  rotaries  fitted  with  different  numbens  of  slip  rings, 
the  mean  rate  of  heating  being  the  same  in  each  case  (that  of 
a  continuous-current  generator  being  taken  as  100)  were : 
Two  slip  rings,  85*2;  three.  133;  four,  162;  six,  193; 
twelve,  219  5.  It  would  thus  be  seen  that  single-phase 
rotaries  were  of  no  practical  use,  because  the  relative  output 
was  so  small.  Again,  there  was  excessive  heating  of  the 
coils  next  to  the  slip  ring  connections.  These  figures  fur- 
nished the  reason  why  machines  were  now  built  with  six 
and  twelve  slip  rings.  In  some  cases  it  was  necessary  to  vary 
the  voltage  on  the  continuous  current  side,  and  it  was  always 
necessary  to  compensate  for  the  resistance  and  inductive  drop 
on  load.  If  the  excitation  of  a  rotary  be  altered  there  was 
a  change  in  power  factor,  so  that  some  other  method  must 
be  adopted  to  vary  the  continuous  current  volts.  Most  of 
the  methods  used  brought  about  a  rise  of  the  alternating 
current  volts,  and  did  not  change  the  voltage  ratio. 

The  induction  regulator  was  really  a  boosting  transformer 
on  the  alternating  current  side.  In  construction,  it  was 
like  a  polyphase  induction  motor,  the  rotor  of  which  could 
only  be  turned  through  90。.  The  synchronous  booster  con- 
sisted of  an  alternator,  the  excitation  of  which  could  be 
varied  in  series  with  the  alternating  current  supply.  It  had 
the-  same  number  of  poles  as  the  rotary,  and  was  direct 
con  plod  to  its  shaft,  so  that  it  was  always  in  synchronism 
with- the  alternating  current  supply .  Compouudiug  could  be 
effected  as  with  a  continuous  current  generator,  if  choking 
coils  were  provided  in  the  alternating  current  lines  The^e 
coils  with  compounding  winding  had  the  effect  of  raising  the 
alternating  current  volts  as  the  load  increased.  If  the 
brushes  of  a  continuous  rurrent  machiue  be  moved  forward 
the  voltage  would  be  altered .  This  was  also  equivalent  to 
shifting  the  poles  backward  In  the  split  pole  machine  each 
pole  was  provided  with  an  auxiliary  pole,  which  when  ex- 
cited had  the  effect  of  shifting  the  magnetic  centre  of  the  pole 
flux  forward,  giving  a  change  iu  the  continuous  current 
voltage.  A  permanent  change  in  tlie  voltage  ratio  could  be 
brought  about  by  connecting  a  few  extra  armature  coils  to 
the  main  armature  winding  tappings  before  connecting  them 
to  the  slip  rings. 

There  were  three  methods  for  starting  rotary  converters: 
(1)  As  a  continuous  current  motor,  which  could  only  be  doue 
when  a  continuous  current  supply  was  available,  such  a-s  from 
other  rotaries  in  the  station  already  running,  or  from  an 
auxiliary  set;  (2)  by  a  small  induction  motor  direct  coupled 
to  the  shaft,  which  must  be  fitted  with  a  pair  less  poles 
tha.n  the  rotary,  so  that  its  running  speed  would  allow  for 
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synchronising;  (3)  if  the  pole  shoes  be  fitted  with  very  heavy 
damping  coils,  the  stator  would  approximate  to  the  rotor  of 
squirrel-cage  induction  motor,  and  the  rotary  could  be  started 
as  such.  Owing  to  conimutation  troubles  due  to  the  hi^li 
speed,  turbo-generators  had  not,  he  said,  bet?n  entirely  suc- 
cessful, so  that  often  a  rotary  was  direct  electrically  con- 
nected to  the  alternator  of  a  turbo-alternator.  For  starting, 
both  machines  were  fully  excited.  The  rotary,  being  fitted 
witli  heavy  damping  ooils,  would  start  as  an  induction  motor 
and  run  up  to  speed  with  the  rise  of  frequency. 


ROBINSON  S  SUPERHEATER  FOR  MARINE  BOILERS. 

illustrate  herewith  an  arrangement  of  superheater  tor 
marine  and  similar  tubular  bailers,  the  invention  of  Mr.  Jolin 
G.  Robinson,  "  Boothdale/'  Fairfield,  Manchester.  Fig.  1 
is  an  end  elevation  and  Fig.  2  a  vertical  longitudinal  sectional 


Fig.  2. 

liollTNSON'S  SUPERHKATElt  FOR  MaHINE  BOILERS. 

elevation  of  a  marine  boiler  with  the  superheating  apparatus 
litbed  therein.  Fig.  3  is  a  plan,  partly  sectional,  of  a  portion 
of  the  superheater.  Figs.  4  and  5  are,  respectively,  a  front 
elevation  and  a  plau  of  one  of  the  headers  of  the  superheater 
to  a  larger  scale.  Fig.  6  is  a  vertical  sectional  elevation  of 
the  header  taken  on  the  line  1  of  Fig.  4，  and  looking  in  the 
direction  of  the  arrow.  Figs.  7  and  8  are  sectional  plans  of 
the  header  taken  respectively  on  the 
lines  2  and  3  of  Fig.  6. 

Referring  to  the  illustrations,  the 
superheater  elements  or  pipes  A  are  ar- 
ranged in  the  smoke  tubes  B  of  in- 
creased diameter.  The  headers  C  are 
slightly  inclined,  as  shown  in  Figs.  2 
and  6,  and  are  arranged  against  the 
front  wall  D  of  the  smokebox,  this 
wall  being  cut  away  at  the  header  so 
as  to  give  easy  access  thereto.  The 
headers  consist  of  a  casting  comprising 
two  longitudinal  steam  passages  FJ  at  the  rear  or  smokebox 
tube  plate  side  thereof  and  at  the  front  or  opposite  side  a 
plurality  of  transversely  disposed  steam  chambers  M  N，  these 
chambers  alternating  in  the  length  of  the  header,  the 
chambers  M  communicating  with  the  passage  F  and  being 
saturated  steam  chambers,  and  the  chambers  N  comnnnu- 
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eating  with  the  passage  J  and  being  superheated  steam 
chambers.  O  is  a  longitudinal  partition  separating  the 
passage  F  from  the  passage  J.  Tlu;  di; 山山' i、  .M  X  ；" 
at  their  fronts  and  a  removable  cover  plate  P  is  provided  to 
close  these  open  fronts,  this  cover  being  secured  in  place  by 
studs  mounted  in  tlie  header  casting  and  nuts.  Suitable 


Fig.  ti. 


Fig. 


Fig.  7.  Pro.  8.  Fig.  5. 

Robinson's  Superheater  fob  Marine  Boilers. 

jointing  faces  are  provided  at  the  front  of  the  header  to 
enable  the  cover  to  be  secured  thereon  in  a  steam-tight 
manner.  Flanges  are  provided  for  securing  the  header  in 
position  in  the  smokebox.  In  the  side  walls  of  the  chambers 
M  N  holes  R  are  provided,  and  into  these  holes  the  ends  of 
the  superheater  elements  or  pipes  A  are  expanded,  the  inlet 
ends  communicating  with  the  saturated  steam  chambers  M 
and  the  outlet  ends  with  the  superheated  steam  chambers  X. 
Pipes  S  connect  the  longitudinal  saturated  steam  passages  F  to 
the  steam  spaces  of  the  respective  boilers.  The  longitudinal 
superheated  steam  passages  J  are  connected  to  the  respective 
engine  cylinder  valve  chests.  Tlie  pipes  S  comprise  two  ports 
T  V,  the  lower  end  of  the  port  T  being  adapted  to  register 
with  the  upper  end  of  the  passage  F,  aud  the  lower  end  of 
the  port  V  with  the  upper  end  of  the  passage  J  comprised  in  a 
header,  the  port  T  being  adapted  to  be  connected  to  the 
saturated  steam  supply  and  the  port  V  to  the  steam  pipe  to 
the  engine  cylinder  valve  chests.  Each  superheater  element 
A  comprises  four  longitudinal  ruus  of  pipe  with  return  bent 
connections. 


Disastrous  Explosion  of  Dynamite  at  Nobel's  Works.— Six  men 

were  killed  and  ten  others  seriously  injured  on  Monday  last  by 
an  explosion  of  dvnainite  at  the  works  ot  Messrs.  Nobel's 
Explosives  Company,  Ltd.,  at  Ardeer,  Ayrshire.  Enormous 
damage  was  caused  throughout  an  area  extending  over  man v 
miles,  and  the  explosion  was  heard  within  a  radius  of  20 
miles.  A  report  issued  by  the  firm  states  that  shortly  after 
eleven  o'clock  on  Monday  morning  an  explosion  occurred  in  a 
building  utilised  as  a  drying  department  for  gun-cotton.  Tlie 
explosion  communicated  itself  to  three  other  similar  buildings, 
and  in  an  instant  the  four  structures  were  blown  to  atoms. 
Six  men  who  were  engaged  unloading  the  gun-cotton  from 
two  stoves  met  the  full  force  of  the  concussion,  aud  were 
instantaneously  killed,  while  squads  working  in  adjaceut 
buildings  were  seriously  injured.  The  four  buildings  were 
completely  wrecked,  while  several  other  departments  were 
badly  damaged. 


282 


THE    MECHANICAL  ENGINEER. 


[March  14,  1913 


BOOK  REVIEWS. 

Electro-plating.  A  treatise  on  the  electro  deposition  of 
metals,  with  a  chapter  on  Metal  Colouring  and  Bronzing, 
by  William  R.  Barclay,  A.M.I.E.E.,  Lecturer  at  the 
University  of  Sheffield,  and  Cecil  H.  Hainswortli, 
A.M.I.E.E.,  London.  Edward  Arnold.  7iin.  by  r 心 i".， 
400  pp.  Price  7s.  6d.,  net. 
The  art  of  electro-plating,  simple  as  it  is  in  its  essentials, 
is  full  oi  sul)tlr,  disturbing  factors  in  pract  ice,  and  text-books 
on  tliis  subject  that  combine  sound  scienl ific  knowledge  with 
wide  experience  are  comparatively  few.  It  is  this  happy 
combination  in  the  present  instance  that  imprints  upon  it  t  lie 
liall-inark  of  excellence.  There  are  other  works  more  pro- 
iound  and  abstrusely  scientific,  but  none,  in  our  opinion ― and 
we  speak  with  considerable  knowledge ― that  more  strongly 
； i|>]>ca.!  to  the  tedmiral  st mlciit  and  iho  praci  ical  man.  No 
l)uok  (•""，  of  r"，irs(、，  lake  the  place  of  workshop  training  and 
practice,  but,  on  the  other  hand,  the  craftsman  in  electro- 
plat  in^  can  never  hope  to  advance  far  unless  he  is  at  pains 
to  masicr  its  srient  ilic  principles.  The  general  plan  of  llio 
hook  is  framed  partly  on  the  course  of  lectures  delivered  to 
si  \id(Mi(s  in  1  lu.1  lecluiical  classes  and  laboratories  of  the  Sliei'- 
liekl  University ― the  electro  metallurgical  department  of 
which,  we  may  observe  in  passing,  is  one  of  the  best  equipped 
in  the  country ― and  partly  on  tlie  syllabus  of  the  City  and 
Guilds  of  London  Institute.  But  it  is  not  bounded  solely  by 
these  considerations.  No  work  of  this  kind  would  be  com- 
plete that  did  not  include  sojne  reference  to  the  elementary 
principles  of  electrical  engineering,  and  tins  the  authors  have 
presented  in  an  admirably  concise  outline.  The  value  of  the 
various  formulse  recommended  for  solutions,  as  well  as  tlie 
directions  lor  carrying  out  the  processes,  are  in  nearly  all 
cases  those  in  actual  use  in  workshop  practice,  and  not  merely 
derived  from  laboratory  experiment.  The  book  is  one  of  tlie 
most  practical  text-books  on  the  subject  we  know,  and  we 
cordially  recommend  it  botli  to  the  student  and  the  artisan. 

The  Design  of  Alternating-Current  Machinery,  by  James  R.  Barr, 
A.M.I.E.E.,  and  R.  D.  Archibald,  B.Sc.  London  ： 
Whittaker  &  Co.,  9  by  6i,  496  pp.  and  17  folding  plates. 
Price  12s.  6(1.  net. 
This  book  was  intended  by  the  late  Mr.  Barr  as  a  companion 
volume  to  his  "  Direct^Current  Electrical  Engineering/'  but 
(f\viii^'  to  his  iiufortunate  death  a  certain  amount  of  revision 
and  correction  of  the  proofs  became  necessary  before  publica- 
tion, and  it  is  this  duty  which  has  led  to  Mr.  Archibald's  as- 
sociation with  it  as  joint  author.  The  literature  of  alternating- 
current  practice  is  now  becoming  fairly  extensive,  though  it 
still  leaves  scope  for  individuality  of  treatment,  and  in  this 
respect  the  work  in  question  possesses  considerable  merits. 
Two  special  features  of  the  book  are  the  use  of  diagrams  in 
various  colours  to  illustrate  different  types  of  winding,  and  a 
number  of  large  working  drawings  of  actual  machines  which 
serve  to  give  a  good  idea  of  current  practice,  and  which  should 
be  of  considerable  service  to  those  concerned  with  actual 
design  apart  from  their  obvious  value  in  class  work.  A 
familiarity  with  the  calculus  is  to  some  extent  necessary  in 
any  treatment  of  the  subject,  though  it  permits  of  the  use  of 
diagrammatic  methods  to  a  large  extent,  and  of  this  latter 
feature  full  use  has  been  made.  The  book  is  both  well  printed 
and  well  illustrated,  and  we  have  every  pleasure  in  recom- 
mending it. 

The  Baudot  Printing  Telegraph  System,  by  H.  W.  Pen  dry.  72 
illustrations.  London :  Whittaker  <fe  Co.  7+  by  5. 
144  pp.    Price  2s.  6d  net. 

The  chief  value  of  this  little  work  lies  in  the  fact  that  the 
adoption  of  the  Baudot  system  by  the  British  Post  Office  has 
created  a  demand  for  information  concerning  this  ingenious 
invention  in  modern  telegraphy,  and  though  the  subject  is 
too  specialised  to  command  more  than  a  limited  range  of 
readers  we  doubt  not  it  will  prove  very  acceptable  to  the 
section  spcviallv  cuiicei'ned . 

A  Large  German  Steamship.  The  secmul  r>(),()()()  ton  liner  <>i' 
t  ho  Hamburg- Amerika  T.ine,  the  sister  ship  to  the 
" Tmperator,"  will  be  launched  on  April  3rd.  The  vessel  will 
sail  on  her  maiden  voyage  cm  May  24th,  after  undergoing 
exhaustive  trials. 


THE  DIESEL  ENGINE  AS  MOTIVE  POWER  IN  THE 
MERCHANT  MARIN 已, 

With  Special  Kkferenck  to  the  Fikst  Successful 
Motok  Ship,  "Chiustian  X." 

BY  OLE 】C  OLSEN. 

(Conclicded  from  page  269). 

The  starting  of  the  machinery  is,  as  for  statkmary  engines, 
by  compressed  air,  but  the  operating  pressure  is  here  only 
;500lbs.,  as  the  compressed  air  is  used  for  starting  the  engines 
as  well  as  for  stopping  tlieui  wlien  a  quick  reversing  is  desired  : 
for  instance,  from  full  speed  ahead  to  full  speed  back.  In 
cases  where  the  speed  of  the  ship ― by  its  momentum ― through 
the  action  of  the  water  on  the  propeller,  keeps  the  engines 
running  a  long  time  after  the  fuel  oil  lias  been  taken  off,  the 
operating  air  is  used  as  a  contra  force  to  stop  the  engine 
before  it  is  started  the  other  way,  and  in  order  to  avoid 
explosions   the  cylinder  head  is  furnished  with  a  safety  valve. 

For  reversing,  a  horizontal  cam  shaft  which  carries  the 
steering  cams  which  give  the  valves  in  the  cylinder  heads 
tlieir  movements  has  two  sets  of  cams,  one  for  forward  and 
one  for  back.  This  shaft  is  placed  on  a  level  with  the  cylinder 
bottom,  and  for  the  valve  motion  one  rod  is  used  for  each 
valve,  or  four  rods  for  each  cylinder,  as  follows :  For  starting 
valves,  air  inlet,  fuel  oil  and  exhaust.  These  rods  are  at 
the  top  connected  to  the  lever  arms  of  the  valves,  and  at  the 
bottom  they  carry  rollers  which  run  on  above-named  steering 
cams.  These  rods  are  also  linked  to  the  cranks  on  the  operat- 
ing shaft,  which  is  parallel  to  the  cam  shaft  and  runs  the 
full  length  of  the  engine. 

The  reversing  operation  is  as  follows :  By  means  of  the 
reversing  engine  in  the  operating  room ~ a  small  2K"ylinfler 
air-driven  engine  which  can  be  revolved  both  ways  by  direct- 
ing compressed  air  to  either  side  of  the  piston ― the  operating 
shaft  may  be  turned  either  way,  according  to  whether  valve 
motion  for  forward  or  back  is  desired,  and  as  the  operating 
shaft  is  being  turned  it  pulls,  by  means  of  above-named 
cranks,  the  valve  rods  outwards  so  tliat  the  rollers  are  pulled 
away  from  the  steering  cams.  Then,  when  the  cams  are 
entirely  free  from  the  rollers,  the  horizontal  cam  shaft  is 
automatically  shifted  lengthwise  by  means  of  guide  rollers 
with  a  guide  curve  on  the  operating  shaft,  so  that  the  set 
of  steering  cams,  corresponding  to  the  movement  desired, 
comes  into  position ,  and  then,  finally,  the  rods  with  the 
rollers  are  again  pulled  in  on  the  steering  cams.  It  takes 
about  15 sees,  for  the  reversing  engine  to  change  tlie  valve 
ir.otion  from  forward  to  ba<:k. 

The  fuel  oil  pumps  are  the  usual  ones,  two  for  each  engine, 
the  one  being  reserve  for  the  other.  Under  normal  condi- 
tions both  pumps  are  working,  but  in  case  of  accident  one 
of  them  is  sufficient  to  run  the  engines  at  full  speed.  The 
quantity  of  oil ― and  thereby  the  number  of  revolutions  of 
the  engine ― is  changed  by  regulating  the  suction  valves  on 
the  fuel  oil  pump,  as  these  are  kept  open  for  a  shorter  or 
longer  time  by  the  compression  stroke  according  to  the  posi- 
tion of  the  lever  arms  of  the  valves.  These  lever  arms  are 
regulated  by  means  of  an  axle  which  is  turned  by  an  operating 
lever  which  has  a  handle  with  a  small  pawl,  which  engages 
a  sector  with  very  small  teeth,  so  that  this  handle  wlien 
engaged  in  a  certain  position  determines  the  number  of  revo- 
lutions. The  same  operating  lever  engages  on  the  front  part 
of  above-named  sector  a  slide  valve  which  is  placed  in  tlie 
pipe  which  leads  the  operating  air  from  the  service  tanks  to 
the  starting  valves.  As  tlie  handle  is  moved  forward  from 
" stop,"  said  slide  valve  is  first  lifted  into  a  position  allowing 
air  to  pass  through  the  starting  valves  on  to  the  pistons,  and 
when  tlie  engines  have  obtained  sufficient  speed  to  light  the 
oil ― by  running  three  or  four  revolutions  by  compressed  air 
― the  handle  is  carried  further  over  tlie  tooth-sector  whereby 
the  slide  valve  shuts  off  the  air  and  puts  on  oil  for  the  fuel 
oil  valves,  and  then  the  liandle  is  placed  in  accordance  with 
the  number  of  revolutions  wanted.  The  operating  lever  and 
the  handle  for  the  reversing  engine  are  all  that  have  to  be 
moved  by  the  engineer  on  watch  when  changing. 

Tlie  fuel  pumps  carry  the  oil  to  a  common  pressure  pipe, 

*  Paper  road  before  the  LouisinnR  Kngineering  Society,  October  Utb,  191*2,  auil 
reproduced  from  the  Journal  of  the  Association  of  Engineering  Societies. 
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and  from  this  it  "m(，s  t  li  i'ou^li  dist  rihutors  1  o  1  lie  t'lirl  \;il、，':、 
df  t-luv  various  cylinders.  Hc<;;inlii»^  t  his  m;im、t'r  ol'  (lis 
iril)utin^r  the  fuel  there  lias  hccn  w;"  doubt  "xpusod  by 
the  tecluiical  profession  whether  it  i>s  correct  or  not,  as  most 
Diesel  motor  inanui'acturers  either  use  one  fuel  pump  I  or 
e;i,ch  cylinder  or  one  for  each  hall*  engine  (half  mimlj。r  o!' 
cylinders)  so  as  to  enable  lliem  to  cut  out  the  halt'  inunher 
of  cylinders  by  stopping  only  one  of  these  pumps,  and  il  li;is 
been  said  that  it  was  impossible  to  (list  rihute  the  oil  by  means 
of  rlistribulors  so  that  the  engines  would  run  with  regularity 
at  all  numbers  of  revolutions. 

From  diagrams  taken  it  was  shown  that  the  greatest  varia- 
tion of  the  indicated  mean  differential  pressure  inside  the 
individual  cylinders  was  l'81bs.,  correspoiidiug  to  \fA  i.li.]>. , 
and  under  the  passage  through  tlie  Suez  Canal  the  "Selandiu" 
was  running  between  two  steamers,  so  that  at  t iincs  1  he 
ni'mber  of  revolutions  was  only  35  per  minute.  Notwit  It 
standing  this,  the  engines  worked  regularly  without  liaving 
to  cut  out  any  of  the  cylinders,  as  has  proved  necessary  in 
engines  of  other  makes  in  order  to  obtain  regularity  during 
small  number  of  revolutions,  and  it  seems,  therefore,  to  be 
correct  to  use  distributors,  as  it  means  simpler  construct  ion 
of  fuel  pumps  and  regulating  machinery. 

The  regulator  is  an  "  Aspinal/'  such  as  is  used  on  steam 
engines.  It  works  through  a  lever  on  a  valve,  which  is  placed 
ia  the  common  pressure  pipe  from  the  fuel  oil  pumps,  and 
by  pressing  the  valve  down  it  shuts  off  the  oil  supply  to  the 
engines.  When  the  number  of  revolutions  passes  150,  the 
regulator  acts,  and  the  fuel  pumps,  which  keep  working  as 
long  as  the  propeller  turns  the  engine,  pump  the  oil  through 
relief  valves  placed  on  the  air  chambers  of  the  pumps.  It 
must  be  remembered  that  the  regulator  only  works  when  the 
sea  is  so  rough  that  the  propeller  blades  come  above  water, 
and  it  has  been  proved  that  this  manner  of  operation  is  very 
satisfactory.  During  the  first  trip  of  the  "  Selandia  ，'  to  Si  am 
the  aspinals  worked  incessantly  for  60  hours  on  account  of 
high  seas,  and  the  number  of  revolutions  varied  from  90  to 
150，  as  the  aspinals  open  again  for  the  oil  when  revolutions 
have  fallen  below  the  normal.  In  calm  sea  the  regulation  in 
speed  is  obtained  by  giving  the  engines  rnore  or  less  fuel  oil, 
and  for  helping  the  regulation  the  main  shaft  of  each  engine 
has  a  flywheel  about  6ft.  diam.,  weighing  approximately  f> 
tons.  This  flywheel  may  also  be  used  in  turning  the  engines. 
By  means  of  a  small  motor-driven  tu ruing  engine  a  worm 
on  its  shaft  can  be  placed  in  contact  so  that  the  worm  engages 
teeth  on  the  perimeter  of  the  flywheel. 

The  fuel  oil  first  used  by  the  ••  Selandia  "  was  from 
Ronmania,  and  was  a  dark  and  heavy  oil  with  a  specific 
gravity  of  0.9328  at  15°  C.  and  viscosity  of  19  at  80°.  lis 
heat  value  was  39,000  B.Th.U.,  and  the  ratio  of  hydrogen  to 
carbon  was  1"6,  consequently  it  was  not  a  very  good  oil. 
Nevertheless,  the, results  obtained  were  satisfactory,  as  a 
repeated  determination  of  the  oil  consumption  showed  this  to 
be  at  full  speed  0  3321b.  per  indicated  horse-power  per  hour, 
including  the  consumption  of  tlie  secondary  oil  engines.  This 
means  a  daily  consumption  of  9*8  tons  of  oil  in  24  hours,  and, 
with  a  capacity  of  fuel  oil  tanks  of  1,000  tons,  moans  th:it 
t  lie  ship  can  make  a  round  trip  from  Europe  to  Siam  and 
back,  or  100  days'  journey,  without  having  to  take  in  fuel 
and  without  the  fuel  occupying  any  room  except  the  tanks 
in  the  double  bottom,  which  are  always  used  in  other  ships 
for  ballast,  thus  giving  the  entire  space  used  in  steamships 
for  coal  bunkers  over  to  general  cargo  space. 

The  main  engines  have  crossheads  working  on  water-oooled 
iiiiides,  and  as  pressure  lubricating  is  being  used  for  main 
engines,  as  well  as  for  secondary  engines,  all  these  are  con- 
structed with  closed  bases,  and  oil-tight  doors,  so  as  to  al low- 
inspection  of  crossheads,  cranks  and  main  bearings  ；  and  in 
order  to  give  regularity,  the  cranks  of  the  two  half  parts  of 
each  engine  are  set  at  an  angle  of  90°. 

The  lubricating  oil  is  pumped  by  the  lubricating  punip 
through  the  main  bearings,  then  carried  through  a  boring 
in  the  crank  arm  to  the  crank  itself,  and  further,  through 
tlie  hollow  crank  rod  and  piston  rod  to  the  piston,  the  bottom 
of  which  is  double.  After  having  cooled  the  piston  it  goes 
through  another  boring  in  the  piston  rod  and  through  a  pipe 
clown  over  the  guide  planes  of  the  crosshead  and  to  the  base 
frame,  from  where  it  is  carried  to  a  main  hihricating'  oil  tank 


(HMi  m  1  he  (l'Mil)h»  Imt  toin  of  t  he  .sl，ip，  wlicrc  1  Imt«' 卜 oii*< 
under  eacli  whicli  Imhls  2   tons  a{  oil.      Tli,'  tot;il 

;imou!it  of  oil  circulated  is  about  20  tons.  the  same  tanks 
is  led  the  return  oil  from  the  secondary  engines,  which  are 
lubricated  in  the  same  manner.  The  pistonB  are  lubricated 
iluough  the  automatic  Mollerup  l"l'ri';'ior，  whicli  is  driven 
from  the  horizontal  steering  sliaft .  It  will  be  seen  tliat  tlu* 
work  of  the  engine  crew,  as  regards  lubrication,  (fec;>  is  an 
ahsolut/e  niiiiirmirn. 

Tlie  lubricating  pumps  consist  of  two  motor-driven  double- 
acting  2-cyliiuler  plunger  pumps,  and 化"' h  of  tliese  is  sufficient 
to  furnish  the  two  main  engines  and  the  two  Becoiwlarv 
engines  with  lubricant,  so  that  the  other  can  always  be  kept  in 
reserve.  They  work  against  a  pressure  of  151bs.  to  201bs. 
The  suction  pipe  is  carried  to  the  bottom  of  the  tanks, 
o iter  liaving  passed  the  pump,  the  oil  goes  through  a  filter 
and  a  cooler  so  as  to  he  further  cooled  before  going  to  the 
engine.  The  lubricant  used  is  a  cheap,  clean  mineral  oil  of 
viscosity  5  at  50°  C.  The  pressure  lubrication  allows  the 
use  of  a  cheap  mineral  oil,  as  the  large  quantities  pumped 
through  the  engine  exclude  tlie  possibility  of  too  thin  an 
oil  film  and  a  consequent  warming  of  bearings  and  wear. 

Directly  connected  to  the  shafts  of  the  secondary  engines 
there  is  a  dynamo  and  a  secondary  air  compressor  for  '  ； i< 山 
engine.  The  dynamo  is  of  226  volts  and  710  amperes  atul 
serves  current  bo  all  motors  on  the  ship  and  to  the  lighting 
and  the  wireless  telegraph,  but  for  the  lighting  system  the 
voltage  is  cut  to  1 10  volts  through  a  transformer. 

Tlie  secondary  compressors,  coupled  directly  to  t  lif 
secondary  engines,  compress  the  air  in  three  stages  to  3001bs., 
and  they  have  a  capacity  of  14  cub.  ft.  compressed  air  each  per 
minute,  and  consume  when  working  with  full  open  suction 
valves  150  h. p.  each.  The  compressed  air  is  carried  to  a  cooler 
and  from  this  to  the  supply  tanks,  four  of  whicli  are  Iiung 
under  tlie  deck,  and  each  having  a  capacity  of  120  cub.  ft . 
From  these  service  tanks  the  air  is  carried  to  the  main  com- 
pressors of  tlie  main  engines  and  to  the  air-driven  helping 
engine  for  starting  and  reversing  the  main  engines.  Froiii 
the  sec ond -stage  chamber  of  the  secondary  compressors  is  a 
connection  to  the  whistle  and  the  siren,  and  tlie  pressure  here 
is  about  1201bs.  At  sea  only  one  of  tlie  secondary  engines 
is  working,  as  the  load  on  the  generator,  when  no  winches  are 
operating,  does  not  exceed  50  e.h.p.,  and  the  compressor, 
under  normal  conditions,  runs  with  almost  closed  valves  ：  ("'n 
sequently,  one  of  the  secondary  engines  is  ample  t^o  pull  l"'ih 
the  generator  and  the  compressor.  Tlie  other  secondary 
engine  is  then  always  ready  for  immediate  use  and  can  be 
started  in  a  few  minutes  if  it  should  be  necessary  to  stop 
the  one  that  is  working. 

The  four  supply  tanks  already  mentioned  are  so  ample 
in  size  that  the  main  engines  can  run  about  one-half  hour  by 
the  compressed  air  in  them  and  yet  have  full  power  for 
manoeuvring.  A  trial  at  sea  showed  that  when  both  of  the 
compressors  were  stopped,  the  pressure  in  the  supply  tanks 
fell  during  16  minutes  from  3001bs.  to  210lbs.,  yet,  even  at 
1501bs.，  the  engines  are  fully  capable  of  manoeuvring. 

It  is  to  be  noted  that  even  in  case  of  accident  to  both 
of  the  secondary  engines  and  the  secondary  compressors,  one 
cylinder  on  either  of  the  main  engines  can,  by  cluin^ing  of 
the  exhaust  valve  and  connecting  by  by-pass  to  the  supply 
tanks,  be  used  as  air  compressor,  and  the  engine  is  then 
running  on  seven  cylinders  and  is  still  capable  of  developing 
its  full  liorse- power.  As  a  further  assurance,  there  is  a  st^am- 
d riven  compressor  which  is  directly  connected  to  a  high-pres- 
sure single  cylinder  steam  engine,  which  gets  its  steam  t'roin 
an  oil-fired  donkey  boiler,  generally  used  for  supplying  the 
ship  with  steam  heat.  This  compressor  has  four  pistons,  ； ill 
driven  from  one  crank  shaft,  and  compresses  the  air  in  three 
stages  to  9001bs.  It  is  incorporated  in  the  secondary 
mackiner}'  in  order  to  give  the  most  absolute  guaranty  that 
the  ship  will  always  be  able  to  manoeuvre  as  far  as  compressed 
air  supply  is  concerned.  This  will  probably  never  be  used, 
but  it  will  be  seen  that  all  arrangements  have  been  made  to 
assure  safety  in  operation,  especially  as  '*  Selandia  "  and 
11  Christian  X."  were  the  first  real  9ea-going  motor  ships. 

The  exhaust  pipes  from  tlie  individual  cylinders  of  the 
irain  engine  are  carried  to  a  common  exhaust  pipe,  which 
is  water  cooled  and  hung  under  the  deck.    From  this  pipe 
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the  exhaust  passes  two  mufflers  for  each  engine,  and  the  ex- 
haust from  the  secondary  motors  is  attached  to  these  mufflers. 
From  the  mufflers  the  exhaust  is  carried  through  a  pipe  up 
through  the  inizen  mast,  which  is  slotted  for  the  escape  of 
the  gases  about  50ft.  above  the  deck.  The  muffling  is  so 
perfect  that  even  in  the  calmest  weather  no  sound  can  be 
heard  on  the  deck  from  the  engines,  and  the  combustion  is 
so  complete  t  liat-  no  smoke  or  gases  can  be  seen  to  escape. 

The  circulating  pumps  for  cooling  water  are  motor-d riven 
centrifugals  and  directly  coiuiected  to  the  motor  shaft.  At 
full  speed  each  pump  gives  at  1,600  revs.  50  to  60  tons  of 
cooling  water  per  hour  against  a  head  of  about  351bs.  One 
pump  is  always  sufficient  for  supplying  the  necessary  cooling 
water.  The  cooling  water  is  used  for  cooling  the  guide  planes 
of  the  main  engines,  the  head  and  cylinder  jackets  of  main 
and  secondary;  oil  engines  and  in  the  jackets  of  the  air  com- 
pressors ； also  for  cooling  of  pressure  bearings,  exhaust  pipes 
and  lubricating  oil. 

There  are  two  sanitation  pumps  and  general  service  pumps, 
which  are  motor-driven,  single-acting  plunger  pumps,  each 
with  three  plungers.  They  are  used  for  pumping  "water  to 
the  deck,  for  the  bathrooms,  and  can  pump  water  from  the 
sea  or  from  the  ship's  holds.  One  piston  in  each  pump  is 
through  a  suction  pipe  connected  to  the  cooling  water  dis- 
charge from  the  main  engines  and  serves  to  pump  warm  water 
to  the  bathrooms.  The  ballast  pump  is  driven  by  compressed 
air  from  the  supply  tanks.  It  is  a  double-acting  two-cylinder 
plunger  pump  with  a  capacity  of  100  tons  per  hour.  The 
fuel  oil  pump  is  air-driven  and  is  a  two-cylinder  piston  pump 
and  serves  to  pump  the  daily  consumption  of  fuel  oil  from  the 
main  tanks  in  the'  double  bottom  of  the  ship  into  two  service 
tanks  located  in  the  engine  room,  each  of  which  holds  6  tons 
of  oil.  They  are  furnished  with  float  and  dial  so  that  the 
engineer  can  see  what  oil  is  on  hand.  The  main  object,  how- 
ever, with  these  service  tanks  is  to  separate  water  and  im- 
purities from  the  oil,  and  any  water  and  impurities  can  be 
drained  off  from  the  bottom. 

The  ice  machine  furnishes  refrigeration  and  ice  for  the 
stores,  and  is  driven  by  an  8  h.p.  electric  motor.  The  winches 
on  the  deck  consist  of  12  electric  winches,  half  of  them  with 
a  capacity  of  5  tons  and  half  with  2i  tons  on  single  line.  The 
steering  engine  is  hydraulic-electric,  and  consists  of  an  electric 
motor  which  is  running  continuously,  and  which  is  driving 
a  pump  with  variable  stroke  which  can  be  regulated  from 
zero  to  maximum  by  the  man  at  the  wheel.  The  pressure 
liquid  from  the  pumps  is  distributed  to  two  hydraulic  cylin- 
ders, the  plungers  of  which  act  on  the  rudder  quadrant. 

The  weight  of  all  machinery  in  "Christian  X.,?/  including 
all  secondary  machinery  and  donkey  boiler,  is  about  500  tons, 
or  3321bs.  per  indicated  horse-power,  but  in  order  to  be  prac- 
tical for  warships  the  weight  per  indicated  horse-power  must 
be  reduced  to  1001bs.,  so  that  there  is  still  a  wide  field  to 
work  on,  but  since  the  first  very  successful  trip  of  the 
" Selandia "  motor  shipbuilding  has  taken  on  sp^ed,  and 
during  the  coming  years  there  will  undoubtedly  be  further 
developments,  and  many  still  fetter  results  as  regards  the  use 
of  the  Diesel  engine  as  a  marine  engine. 

As  to  the  economy,  it  should  be  noted  that  the  Diesel 
engines,  for  a  ship  of  same  size  as  "  Christian  X.，，，  would  cost 
about  £4  more  per  indicated  horse-power  than  engines  and 
boilers  for  steam-driven  ship  of  the  same  size,  or  a  total  of 
about  £10,000.  To  pay  for  this  we  have  a  1,000-ton  extra 
cargo  space,  and  figuring  that  only  500  tons  of  this  is  made 
use  of,  and  figuring  three  round  trips  from  Europe  to  Siam 
every  year,  we  have  3,000  ton's  at  20s.  per  ton,  or  £3,000. 
The  saving  in  fuel  between  oil  and  coal,  and  the  saving  in 
the  number  of  crew  on  a  ship  of  this  size  amounts  to,  per 
year,  £5,000,  a  total  minimum  saving  per  year  of  £8,000  in 
profit  over  and  above  what  would  be  earned  by  the  steam- 
driven  ship.  Therefore,  four-fifths  of  the  extra  cost  of  the 
Diesel  engine  is  earned  in  the  first  year,  and  the  balance, 
£2,000,  plus  an  additional  £6,000  profit,  is  earned  in  the 
second  year,  and  after  that  the  annual  profit  is  £8,000.  In 
addition  to  this  the  cost  of  maintenance'  of  the  motor 
machinery  is  much  less  than  that  of  steam  equipment,  and  it 
should  be  noted  that  the  ship  does  not  need  to  stop  from  time 
to  time  to  take  in  fuel,  and  that  the  loading  of  the  fuel  itself, 
sufficient  for  a  100-day  trip,  only  takes  8  to  10  hours,  with 


a  minimum  of  work  and  without  the  accompanying  dirt  and 
'lust,  such  as  is  the  case  in  loading  a  vessel  with  coal. 

The  development  of  the  Diesel  engine  for  marine  use  has 
had  a  tendency  to  give  the  2-cycle  motor  preference,  for 
various  reasons :  The  4-cycle  motor  requires  double  the 
number  of  cylinders  called  for  by  the  two-stroke  motor  in 
order  to  get  the  same  horse-power  developed,  provided  size  of 
cylinder  is  the  same  :  and  it  is  necessary  to  have  larger  engine 
room  for  the  4-cycle  engines  in  order  to  take  care  of  the 
larger  machinery.  On  the  other  hand,  there  are  many  dis- 
advantages attached  to  the  use  of  the  2-cycle  engine ― of 
which  I  sliall  only  mention  such  things  as  the  heating  of  the 
parts  being  much  greater,  and  its  being,  therefore,  much  more 
difficult  to  keep  the  machinery  properly  cooled.  The  2-cycle 
engine  will  also  consume  more  oil,  which  naturally  means 
increased  cost;  and  a  larger  supply  would  have  to  be  carried. 

As  to  the  space  occupied,  the  present  International  Marine 
Laws  are  such  that  the  determination  of  registered  tonnage 
is  32  per  cent,  of  the  total  volume  of  the  ship,  in  cases  where 
the  machinery  space  takes  at  least  13  per  cent,  of  the  entire 
volume.  If  the  machinery  space  is  made  less  than  13  per 
cent,  of  the  total  volume  of  the  ship,  then  the  registered 
tonnage  is  determined  by  actual  measurements,  and  as  the 
registered  tonnage  is  the  deciding  factor  in  determination  of 
port  fees,  canal  fees,  &c"  it  will  be  seen  that  the  earning 
capacity  of  the  ship  is  thus  decreased.  There  may  come  a 
day,  however,  when  these  regulations  for  ship  measurement 
will  be  changed,  and  when  that  day  comes,  the  space  taken 
up  by  the  machinery  will  have  to  be  taken  into  consideration. 

The  ' 'Selandia"  and  ( 'Christian  X."  have  just  made  their 
appearance  and  have  stirred  the  nations  to  renewed  efforts 
in  the  way  of  motor  ship  construction,  and  we  already  see 
a  new  motor  ship,  the  "  Monte  Peiiedo/'  built  by  Su】zer 
Brothers,  and  which  is  equipped  with  Sulzer-Diesel  engines, 
which  are  of  the  2-cycle  type.  The  general  arrangement  aud 
auxiliary  machinery  are  practically  the  same  as  that  of  the 
4-cy]cle  type,  and  the  builders  have  succeeded  in  getting  the 
machinery  down  to  a  total  weight  of  1771bs.  per  indicated 
horse-power,  and  as  progress  will  undoubtedly  be  made  on 
the  same  lines,  and  made  rapidly,  there  is  no  doubt  but  that 
shipbuilders  will  be  able  to  reduce  the  weight  of  the  machinery 
accordingly,  and  we  may  soon  see  the  navies  of  the  world 
equipped  with  Diesel  engines ― which  at  present  is  absolutely 
prohibited  on  account  of  the  heavy  weights.  Otherwise,  the 
Diesel  engine  would,  of  course,  be  the  ideal  power  for  a  war- 
ship, as  it  takes  up  little  space,  gives  hardly  any  vibration 
whatever,  requires  a  smaller  crew  to  handle,  and  produces 
no  smoke,  thus  eliminating  one  of  the  means  whereby  ships  are 
located  by  the  enemy,  and  as  there  are  no  funnels,  it  gives 
the  large  turret  guns  almost  a  complete  field  for  operation. 

For  the  detailed  information  regarding  the  machinery  aud 
its  working  capabilities  on  the  "  Christian  X."  I  am  indebted 
to  Mr.  Geo.  Brichsen,  who  was  sent  as  guaranty  engineer  for 
the  ship's  builders  on  its  finst  trip,  as  well  as  to  Mr.  O.  E. 
Jorgensen,  the  chief  engineer  of  the  Burmeister  <fe  Wain 
establishment*  in  Ccpenhagen. 


Institute  of  Marine  Engineers. — The  annual  meeting  of  the 
Institute  of  Marine  Engineers  was  held  on  Friday,  ]\Iarch  7th, 
at  the  Liverpool  Street  Hotel,  London,  E.G.,  the  retiring 
President,  Mr.  Summers  Hunter,  being  in  the  chair 二  A  net 
increase  in  the  membership  of  66  was  recorded ,  bringing  tlie 
total  number  on  the  roll  up  to  1,350.  In  regard  to  the  pro- 
posed new  city  premises  it  was  stated  that  the  negotiations 
for  the  acquirement  of  the  site  on  Tower  Hill  were  now  com- 
pleted, the  total  amount,  subscribed  to  the  special  fund  being" 
£6,045.  The  annual  report  and  balant-e-sbeet  were  duly 
adopted.  £197  was  added  to  ilie  revenue  ；"' count  during  the 
year,  after  writing  off  «£194  for  depreciation  on  investments, 
and  paying  the  expenses  in  connection  with  the  "  Titanic  " 
Engineering  Staff  Memorial  Fund  anio unting  to  £61 .  Mr. 
Thomas  L.  Devitt  was  unanimously  elected  President  for  ses- 
sion 1913-14,  Mr.  James  Adamson,  Hou.  Secretary,  and  Mr. 
Alec  H.  Mather,  Hon.  Treasurer.  Five  members  of  the  Coun- 
cil retired  by  rotation,  and  the  following  were  elected  to  fill 
the  vacancies  ：  Messrs.  George  Adams,  Robert  Balfour,  E.  H. 
Green,  J.  G.  Hawthorn,  and  J.  A.  Mannell. 
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RECENT  EXPERIENCES  OF  BABCOCK  &  WILCOX  BOILERS 
FOR  MARINE  PURPOSES.* 

ItV  .IAMKS  II.  KOSKNTMAL. 

Th k  introdu tion  of  tli©  water-tube  boiler  for  vessels  of  any 
size  originated  in  France,  wliere  the  Belleville  boiler  was  in- 
stalled about  1889  in  certain  ocean-yoing  vessels  of  the 
Messageries  JMaril  imc  ( Virupany  l'uiming  between  Marseilles 
.itid  Ausii'alia,  and  also  between  Marseilles  and  Algiers.  This 
boiler  had  already  been  tentatively  adopted  in  the  French 
Navy  for  a  few  cruisers,  and  the  British  Admiralty,  after  a 
I  liorou^h  investigation  of  it'  in  t'lie  French  nuTchant  service, 
eventually  decided  to  install  it  on  a  relatively  large  scale 
about  1893.  Other  water-tube  bailers  were  coming  into  use 
about  this  period,  among  theni  the  Babcock  &  Wiicox  type, 
which,  although  previously  widely  adopted  for  land  purposes, 
was  then  being  adopted  on  small  cargo  vessels  and  tramp 
steamers.  It  is  proposed  to-  deal  in  this  paper  with  the 
development  of  this  type  of  boiler. 

In  the  early  installations  of  the  Babcock  &  Wilcox  boiler, 
troubles  were  encountered,  but  much  valuable  experience  re- 
garding design  and  operation  was  gained  from  them,  .  and 
this  materially  assisted  in  eradicating  defects  and  leading 
to  the  present-day  successful  us©  of  the  boiler  in  the  mer- 
cantile marine.  The  troubles  referred  to  were  only  to  a  small 
extent  due  to  questions  of  construction,  and  practically  the 
only  real  defect  in  design  was  the  lack  of  combustion  space 
in  the  furnace.  The  troubles  mainly  arose  from  salt  water 
leaking  into  the  feed  water,  through  the  condensers  on  some 
of  the  ships  being  unsatisfactory,  from  the  steam  production 
for  which  the  boilers  were  designed  being  assumed  to  he  less 
than  was  really  required ,  and  from  lack  of  suitable  attention. 
Constant  improvements  in  material,  especially  in  the  quality 
of  tube's  obtainable,  and  design  of  details,  coupled  with  im- 
proved proportions  of  furnace  and  in  the  heating  surface  for 
the  work  to  be  done,  togethea*  with  the  increased  knowledge, 
resulting  in  a  large  measure  from  the  earlier  experiences,  have 
been  the  elements  upon  which  the  present-day  success  has  been 
based.  It  should  here  be  stated  that  the  researches  of  the 
Admiralty  have  been  of  inestimable  value  as  contributory  to 
this  result. 

Some  trouble  was  experienced  with  the  Belleville  boiler  in 
the  ships  of  the  Navy,  and  this  led,  in  1900，  to  the  appoint- 
ment of  a  Special  Boiler  Committee,  composed  of  members 
of  the  Admiralty  and  several  of  the  leading  marine  engineers 
of  the  country,  to  investigate  the  various  types  of  water- 
tube  boilers  which  were  then  brought  forward.  The  result 
of  the  committee's  report  was  that  the  notion  which  prevailed 
in  certain  quarters  at  the  time,  to  the  effect  that  only  the 
Scotch  boiler  was  reliable  for  arduous  service,  was  entirely 
dismissed ,  and  the  conclusion,  stated  briefly,  \vas  that  a 
modified  Yarrow  boiler  with  large  tubes  and  the  Babcock  and 
Wilcox  boiler  were  pronounced  to  be  quite  suitable  for  use 
in  the  future  on  large  vessels  of  the  Royal  Navy. 

Table  I. 


" Saxon  ia  " 

" Hermes" 

Transmissitm  of  heat  units  per  square  foot  of 

.-),4Ki 

6.900 

20.6 

20 

178° 

88° 

199 

227 

Peiventa""  of  moisture  in  steam   

Not  taken 

.09 

Actual  evaporation  per  pound  of  coal  

10-25 

I':qui\';ilrnt  cvaiioratioii  })cr  ])ound  of  coal  from 
and  at  212°   

12-33 

12-17 

Thermal  efficienev  

Actual  evaporation  per  square  foot  of  heating 

82-：} 

81 

5-14 

6.2 

Equivalent  evaporatit)ii  ])cr  .square  foot  of  lu  atiiiLr 

5-6 

7.3 

39(i° 

481° 

The  first  vessel  fitted  iu  the  Navy  with  Babcock  &  Wilcox 
boilers  was  H.M.S.  "  Sheldrake,"  which,  after  extensive 
trials,  was  used  as  an  instruction  ship  for  stokers.  The  vessel 
lias  now  been  broken  up.  The  next  vessel  fitted  with 
Babcock  &  Wilcox  boilers  for  trial  was  H.M.S.  "  Hermes," 
in    which   the   original    Belleville    boilers    were  replaced 
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！) y  Babcock  A'  Wilcox  boilers,  ； ui'l  on  this  vessel  trials, 
interesting  from  the  mercantile  marine  point  of  view  an 
well  as  from  the  naval  point  of  view,  were  carried 
out  ))y  ""，  Boiler  Coinniitt4*e  in  <-(>inj>aris«>n  "  it  h 
the  Il^f.S.  "Saxonia"  of  the  Cunard  Cornpanv,  h  vessel 
fitted  with  cylindrical  boilers  of  ample  size  and  with  Howden  s 
forced  draught.  These  trials  were  prol,ablv  (In-  mo^t  ,  屮 lH'' 
comparative  trials  of  the  kind  that  were  «■  •  ' r  «  arried  out, 
aiyj，  althou^li  published  in  the  records  of  the  Boiler  Cnm 
mittee,  it  will  perhaps  ho  considered  ol'  iiiU'r*'，t,  to  liav<j  n 
summary  of  the  results  embodied  in  tliis  p; 屮 f'「  lu  Table  I. 
are  given  the  comparative  evaporative  effidw  i''. 

When  allowance  is  made  for  the  fact  that  Howden  s  Iieated 
air  system  was  used  in  the  "  Saxonia,"  that  her  trial  only 
extended  for  13  hours  against  the  30  hours  of 
H.M.S.  "Hermes,"  involving,  of  course,  in  the  latter  case 
more  loss  through  cleaning  of  fires,  and  that  exhaust  steam 
feed  heaters  were  also  fitted  in  the  "  Saxonia"  but  nob  in  tlie 
" Hermes,"  it  will  be  judged  that  the  "  Hermes"  was  really 
the  more  efficient. 


Fig.  1— Aurangkuent  of  Babcock  &  Wilcox  Boilebs  in  Cboss-Chavkel 
Steamer  "  Princess  Victoria,*'  of  7,000  h.p. 

Since  that  time,  the  Babcock  &  Wilcox  boiler  has  been 
very  extensively  adopted  for  large  naval  vessels.  In  the  Royal 
Navy  alone,  it  is  installed  to  the  extent  of  over  a  million 
horse-power,  this  figure  including  the  boilers  of  H.M.S. 
" Tiger,"  which  possesses  the  largest  power  ever  put  iuto  any 
vessel.  For  the  United  States,  where  the  Babcock  boiler  is 
virtually  the  standard  boiler  for  all  large  ships,  it  is  also 
employed  to  about  the  same  amount.  The  Italiau  Navy  has 
adopted  it  in  three  battle-ships,  and  it  is  also  fitted  in  the 
large  super-Dreadnoughts  built  and  building  for  Argentina, 
Austria,  Brazil,  and  Turkey.  Such  a  development  is  in  itself 
an  assurance  that  the  boiler  has  given  ample  proofs  of  reli- 
ability and  efficiency.  The  extent  of  the  use  of  this  boiler 
in  the  mercantile  marine  up  to  Juue,  1912,  is  shown  in 
Table  II. 

Tahle  II. 


Ships. 

Boili-rs. 

I.H.P. 

S2 

20!> 

卜 :!.、7" 

43 

86 

34 

79 

1  !.!»•. 

62 

116 

78.781 

29 

43 

23,928 

8 

» 

， 3,705 

Totals  

258 

542 

II  1.17'' 

28G 


THE    MECHANICAL  ENGINEER. 


[March  14，  1913 


Fi<3.  2.— Standard  Type  op  Babcock  &  Wilcox  Boiler  as  Used  in  the  Navy  and  in  the  Mercantile  Marine 

Among  the  notable  mail  and  passenger  steamers  are  the 
" Wahine  of  the  Union  Steamship  Company  of  New 
Zealand,  of  10,000  h.p.,  now  being  completed  by  Messrs. 
Denny  ；  the  s.s.  "  Creole of  the  Southern  Pacific  Company, 
of  7,500  h.p.  ；  and  three'  vessels  of  the,  Adelaide  Steamship 
Company,  of  6,500  h.p.  each.  These'  latter  bring  the  number 
of  Babcock  boilered  vessels  in  this  company  up  to  seven,  the 
first  having  been  in  service  since  1905.  These  vessels  use 
inferior  Australian  coal,  for  which  the  large  grate  and  com- 
bustion chamber  of  Babcock  boilers  is  found  to  be  of  great 
advantage.  The  "  Warilda  ，'  and  "Wandilla"  both  made 
non-stop  voyages  from  Glasgow  to  Sydney  last  year;  the  sister 
ship  u  Willochra "  is  now  on  the  voyage  out.  The  other 
vessels  given  in  the  above  list  include  several  types  of  ships ― 
from  Thames  tug  boats  to  Japanese  dredgers  ；  from  large 
steam  yachts  to  American  Lake'  ore  steamers,  or  Egyptian 
river  steamers  to  ocean-going  cargo  and  passenger  vessels. 

Experience  has  shown  that  the  essentials  that  require  con- 
sideration to  ensure  the  successful  us©  of  water -tube  boilers  in 
the  merchant  service  are,  in  addition  to  reasonably  good 
management  ：  (1)  Well  (•(nisimcbed  and  tight  condensers. 
■  The  use  of  as  little  oil  as  possible  in  the  engine  cylinders 
and  proper  means  of  filtering  the  feed  water.  (3)  Evapora- 
tors of  adequate  size,  or  other  means  of  ensuring  fresh  water 
for  feeding  the  boilers.  (4)  Regular  examination  of  the 
water  in  the  boilers,  preferably  by  means  of  the  chemical  test- 
ing apparatus  exhibited  ；  and  (5)  A  careful  and  interested 
engineer.  These  conditions  are  regularly  attained  at>  the 
present  time  in  all  well  engineered  vessels,  and  in  those  cases 
in  which  they  are  not,  it  is  safe  to  say  that  considerable  im- 
provement would  be  effected  if  they  were  observed. 

Fig.  2  illustrates  the  standard  type  of  boiler  as  now  used 
in  the  navy  and  in  the  mercantile  marine.  As  will  be 
observed,  the  boiler  consists  of  the  steam  and  water  drum, 
ilit'  srci  ions  of  tubes,  aud  the  mud  drum,  which  are  all  iut("' 


J  slightly  larger  than  the 

" Victoria,  ，，      but  the 
vessels    are  other- 
wise sister  ships.    Table  III.  shows  that,  taking  all  points 
into  consideration,  tlie  "Riviera"  and  "  Engadine  "  give  a 
higher  economy  than  the  "  Victoria." 

Table  III. 


No.  of 
double  trip、. 

Speed. 

Coal  per 
trip. 

" Victoria," 

cyliinlrical  bailers  .... 

79 

21-272 

24-59  tons 

" Riviera," 

Babcock    &  Wilcox 

boilers  , 

111 

21*868 

24-58  ,, 

" Engadine/ 

' Balxock  &  、Vil("x 

boilers  , 

04 

22.3«7 

24-77  ，， 

It  is  also  found  that  on  the  Stranraer  and  Larne  Service 
there  is  economy  in  fuel  in  favour  of  the  "  Princess  Victoria'' 
over  the  "  Princess  Maud,"  a  sister  ship  of  the  same  power, 
but  fitted  with  cylindrical  boilers.  Another  notable  instance 
of  the  superior  economy  of  the  water-tube  boiler  is  found  in 
the  case  of  the  s.s.  "Creole,"  of  the  Southern  Pacific  Rail- 
way Company,  fitted  with  Babcock  &  Wilcox  boilers,  as  com- 
pared with  her  sister  vessels,  the  "  Mo 画 s  "  and  "  Antilles," 
fitted  with  cylindrical  boilers.  These  vessels  are  engaged  on 
the  passenger  service  between  New  York  and  New  Orleans,  a 
run  of  about  five  days,  and  the  average  consumption  over  a 
recent  series  of  voyages  was  as  follows  ： ― 

" Creole."  "  Momus."  "  Antilles. 
Tons  per  round  voyage  ...  1 ,149  ...  1，412  ...  1  336 
The  vessels  are  410ft.  long  by  53ft.  beam,  and  are  of  about 
8,000  tons  displacement.  It  will  be  noted  that  these  results 
do  not  refer  to  the  often  quoted  measurement  of  "  Coal  per 
indicated  horse-power.  ，，  Experience  shows  that  this  figure  is 
often  misleading,  due  largely  to  its  being  based  on  a  totallv 
inaccurate  idea  of  what  the  average  horse-power  at  sea  reallv 
is.    Figures  as  low  as  l  llbs.  or  丫 21bs.  of  coal  per  indicated 


ronnected  by  expanUt'd  tubo.  Opposite  each  large  tube  in 
1  lie  bottom  row,  at  both  ends,  and  opposite  (*adi  end  of  each 
group  of  four  smaller  t ubes  an  internal  haitdhole  fitting,  or 
lid,  is  provided  ；  these  fittings  have  milled  joints  and  a  thin 
gasket  is  used.  Tliere  are  no  screwed  joints  in  the  boiler, 
tubes  and  headers  are  seamless,  and  all  parts  are  of  forged 
steel  of  the  best  quality.  The  sectionalisation  of  the  tube 
nest  provides  for  ample  elasticity,  so  that  strains  of  expansion 
and  contraction  resulting  from  quick  lighting  up  or  forcing 
are  not  detrimental.  The  furnace  arrangement,  providing 
ample  space,  is  well  adapted  for  any  fuel,  notably  also  for  oil 
firing  alone  or  in  conjunction  with  coal.  A  large  number  of 
nava】  vessels  are  fitted  for  the  use  of  coal  and  oil  simul- 
taneously, and  in  some  of  them  the  furnaces  are  fitted  for  oil 
only.  A  design  witli  furnace  suitable  for  coal  fuel  on  the 
outward  voyage,  capable  of  being  rapidly  converted  into  a 
furnace  suitable  for  burning  oil  on  the  return  voyage,  has 
also  been  arranged  for  the  special  needs  of  】arge  oil-tank 
steamers.  All  boilers  are  encased  by  a  sectionalised  steel 
casing  lined  with  a  non-conducting  and  refractory  material 
in  respect  of  which  it  may  be  said  that  years  of  experience 
have  proved  its  excellent  qualities  and  durability.  The  fur- 
nace is  lined  with  ordi- 


nary  firebricks,  or  where 
the  necessity  exists  for 
I      I    1 1  :  saving    weight    to  the 

-^|.-- '  J  '   —  utmost  extent,  an  ar- 
rangement of  bolted-up 
fire  tiles  is  provided. 

By  the  kindness  of  the 
South-eastern  &  Chat- 
ham Railway  Company, 
a  comparison  of  the 
economy  of  the  cross- 
Channel  steamers  "  Ri- 
viera ，， and  "  EDgadine  " 
fitted  with  Babcock  and 
Wilcock  boilers  and  the 
" Victoria  "  fitted  with 
cylindrical  boilers  is 
given.  The  "  Riviera  ，' 
and     li  Engadine  "  are 


Oi'  the  above,  sonic  of  tlie  principal  vessels  deserve  mention 
;i、  rrllecting  more  especially  the  various  ；" lv;iiitf  s  obtain 
able  from  the'  use  of  Babcock  &  Wilcox  boilers.  For  tho 
Channel  steamers,  where  the  power  is  high,  and  consequently 
the  weight  of  cylindrical  boilers  vary  considerably  in  rela- 
tion to  the  displacement,  the  large  saving  in  weight  that 
accrues  from  their  adoption  has  resulted  in  a  majority  of  the 
recent  high-speed  boabs  of  this  type  being  fitted  with  these 
boilers.  In  this  class  there  are  the  South-eastern  &  Chatham 
Railway  Company's  mail  steamers  "Riviera  ，，  and  "Engadine," 
of  10,u00  h.p.  each,  built  by  Messrs.  Denny,  of  Dumbarton  ； 
the  London  &  North-western  Railway's  ''Greenore"  of  7,500 
h.p. ,  and  the  Stranraer  and  Larne  cross-Channel  steamer 
" Princess  Victoria,"  of  7,000  h.p.  (in  Fig.  1  is  shown  the 
arrangement  of  boilers  in  this  vessel)  ；  and  two  mail 
steamers  of  11,000  h.p.  each,  being  built  by  the  Societe 
Anonyme  John  Cockerill  for  the  Belgian  State  Railways  ； 
a  vessel  of  3,300  h.p.  belonging  to  the  United  Steamship 
Company  of  Copenhagen,  for  the  Harwich-Esbjerg  passenger 
service,  the  boilers  being  fitted  with  superheaters.  The  saving 
in  fuel  for  raising  steam  and  the  rapidity  with  which  it  can 
be  done  are  also  qualities  liighly  prized  in  these  services. 
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horse-power  are  sometimes  quoted  as  being  obtained  in  daily 
service  on  long  distance  runs.  That  such  results  are  hardly 
possible,  or,  if  so,  only  in  most  exceptional  cases,  can  easily 
be  proved.  In  Fig.  3  is  shown  the  number  of  pounds  (" 
water  that  a  pound  of  coal  of  given  calorific  value  will 
evaporate  from  and  at  212°  with  a  given  boiler  efficiency. 
Even  taking  coal  of  as  high  a  value  as  14,500  B.Th.U.  and  a 
boiler  efficiency  of  80  per  cent.,  it  is  only  possible  to  olitaiu 
121bs.  of  water  per  pound  of  such  fuel  from  and  at  212 J  l，;'li  , 
or  ll'21bs.  at  the  actual  working  conditions  of  2001bs.  steain 
pressure  and  200°  feed.  The  figure  of  1'llbs.  of  coal  per  indi- 
cated horse-power  corresponds  to  a  water  consumption  of 
12'31bs.  per  indicated  horse-power,  which  very  few,  if  any, 
triple-expansion  engines  can  attain,  even  in  association  with 
low-pressure  turbines  and  very  high  vacua.  The  average 
quadruple  engine  requires  about  13'51bs.  to  14'01bs.  actual 
per  indicated  horse-power,  thus  requiring  an  average  of  about 
l'23】bs.  of  coal  per  indicated  horse-power  for  the  main 
engines  only. 

Auxiliary  machinery  ac- 
counts for  15  per  cent,  of 
the  steam  produced  in  a 
ship  like  the  tf  Lusitania  ,J 
and  over  5  per  cent,  even  in 
a  tramp  steamer  ；  a  fair 
average  of  10  per  cent, 
brings  the  total  steam  for 
all  purposes  per  indicated 
horse-power  of  main  engines 
to  15'llbs"  or  equal  to  about 
l'371bs.  of  coal  per  indicated 
horse-power  per  hour  as  a 
minimum,  even  with  abnor- 
mally high  thermal  efficien- 
cies for  both  engines  and 
boilers,  with  2001bs.  steam 
pressure,  and  feed  water 
heated  to  200。.  It  should 
be  realised  that  a  good  aver- 
age boiler  of  70  per  cent, 
efficiency  fired  with  ordinary 
coal  of  say  13,400  B.Th.U. 
per  pound  will  only  evapo- 
rate 9'71bs.  from  and  at 
212°.  The  feed  temperature 
may  only  be  150。,  bring- 
ing the  actual  evapora- 
tion at  2001bs.  pressure  per 


The  efficiencies  a»  (lt'"'r，iimi''l  l>y  I  Ik-  Holler  ( '(jiumittee 
after  some  vmy  careful  and  tborougli  <-xj>erirnentH  show  com- 
parisons between  the  thermal  efl'":"'m  i« -、  oi  i  h*-  B; 山'' w  k  and 
Wilcox  and  cyliadri<-al  boilers  tlicn  "、t,'l,  and  are  given  in 
Table  V. 

Tahlk  V. 


U, 比 

ft.  of  "'ral,'. 

v'csscl. 

Boiler. 

14 

IS  20 

27    I  2» 

II. M.S. 

" Ilcniics  " 

. J3.  &  W. 

― j  81 

77-8  1 

H.M.S. 

*'  Minerva  ，，  • 

( ylindrical 

09.7 

一  G8*4 

II. .M.S. 

" Saxon  ia  " , 

(Vlinrlrical 

In  view  of  the  fact  that  oil  burning  is  at  the  present 
so  much  to  the  front,  a  synopsis  of  evaporative  tests  carried 
out  by  a  Board  of  United  States  Naval  officers  on  one  o!"  the 


ft  O  B« 

POUNDS  or  WATCR  rWOM 


•i         n        is        I 牛  is 

: AT  SI2.*FAM.  CWKPORATEP  r«W  LB  OF  FUCU  


Fig.  3.— Evaporation  from  and  at  212°F.  peb  lb.  of  Fuel. 


pound  of  coal  to  8'671bs.  of  water.  It  is  a  good  triple-expan- 
sion engine  that  requires  less  than  15*51bs.  per  indicated  horse- 
power for  all  purposes,  and  under  these  circumstances  this 
entails  a  consumption  of  l'781bs.  of  coal  per  indicated  horse- 
power. It  has  been  thought  necessary  to  emphasize  this,  as 
boiler  efficiency  in  terms  of  coal  per  indicated  horse-power  is 
often  quoted  without  definition  of  the  engine  efficiency.  A 
very  low  figure  for  pounds  of  coal  per  indicated  horse-power 
frequently  means  that  the  indicated  horse-power  has  been 
^xaggerated,  and  this  can  generally  be  proved  by  the  diagram 

As  far  as  recent  experience  is  concerned,  evaporative  trials 
are  rarely  carried  oul'  on  board  ship  in  the  mercantile  marine, 
but  in  tli©  British  Navy  on  the  official  steam  trials  the  water 
consumption  per  shaft  horse-power  is  ascertained  in  a  large 
number  of  cases,  and  the  results  show  that  the  thermal 
efficiency  of  the  boilers  is  about  75  per  cent,  to  80  per  cent. 
In  the  case  of  IT. M.S.  "  Dreadnought  "  the  results  of  the  trials 
were  published,  and  the  main  figures  are  given  iu  Table  ]V. 
Table  IV.— Trials  H.M.S.  "Dreadnought." 


IT 


Babcock  and  Wilcox  boilers  of  the  U.S.  battle-ship 
"Wyoming"  will  be  of  interest.  This  boiler  has  a  heating 
surface  of  2,571  square  feet  with  a  combustion  chamber  of 
217  cub.  ft.  It  was  fitted  with  eleven  burners  of  the  Babcock 
and  Wilcox  type,  the  principle  of  which  is  to  atomise  the  oil 
by  centrifugal  action.  Six  tests  in  all  were  carried  out,  with 
results  as  follows  : — 

Table  VI. 


1'rial 


Steam  pressure,  lbs  , 

Air  pressure   

Shaft  horse-power   

Coal  per  S.H.P.   

Water  actually  evaporated  per  pound 

of  coal   

Water  per  horse-po^  er  per  hour  ： 一 

Main  engines   

Auxiliary  engines  


15  hours 

30  hours 

i  full 

A  full 

power. 

power. 

220 

232 

•  5' 

0-9" 

5,087 

1«,930 

2-42 

1.7 

10.28 

10-01 

卜 5.1 

17-01 

8  hours 
full  jK)wor. 

241 
1.2' 
24.712 
1.51 

10.03 


14-41 
1.15 


Number  of  test  

1 

2 

3 

3 

3 

3 

3 

Kind  of  oil  used   

Texas 

( null- 

Oil 

Number  of  burners  used 

:i 

4 

8 

8 

8 

ii 

Steam  pressure,  lbs  

212 

210.7 

210-4 

1'  I  1  •  s 

214-8 

209.9 

Oil  pressure,  lbs  

131.3 

175- (5 

188-8 

171-8 

191. 1 

Air  pressure  in  inches 

.72 

2.1 

to 

2.79 

4-83 

Temperature  of  oil,  0  F. 

2I0.l" 

184.0 

183-4 

mo-o 

105-7 

175-3 

'Ffniporature    of  feed 

1G0-!) 

185-0 

182-8 

1U8.« 

'J'cniperaturc  (if  funnel 

gases,  °  Fah  

447 

533 

771 

Oil  un(h!  per  hour,  lbs. . . 

1,202 

1.704 

l.VJ-J 

1,947 

Water  evaporated  per 

hour  from  and  at  212°, 

ls.s<t.-> 

24. 4!  14 

27,N!I 

：!(».(  K>4 

4i».7 12 

Equivalent  evaporation 

per  sq.  ft.  H.8.  from 

and  at  212°,  lbs  

t-  11 

7-35 

9-53 

10-jO 

11-00 

l.->-8.{ 

Equivalent  evaporation 
]>or  lb.  of  oil  from  and 
at  212°,  lbs  

J5-S(> 

14-:<T 

14-12 

I.").  44 

13-70 

I5-5B 


Iu  couclusiou,  the  question  will  be  asked,  "Wlidt  are  the 
advantages  obtainable  with  the  Babcock  *  Wilcox  boiler  over 
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the  well  I  rieil  c\- 1  i  ml  lien  I  I  Apr,  ； i  nd  、vliv  is  il  not  inure  r;i|M(|ly 
<lis|>l;u'ii，"r  I  lie  latter  Vy  'l，li(，  ； ulvant;i^cs  m;'y  Im-  s'imm;ms,"l 
as  follows :  ( I )  It  is  somewlial-  mow  ('iliciciil  in  i'ucl ,  ami 
ttiucli  less  fuel  is  required  for  lighting  up.  (2)  Steam  can  be 
raised  quickly.  (3)  It  is  not  subject  to  detrimental  strains 
due  to  forcing  or  to  Ix'in^  rapidly  ligliled  up.  (A)  It  is  safe 
from  any  devastating  explosion.  (5)  Any  repairs  wliich 
micrlit  be  required  could  b©  rapidly  carried  out  by  the  ship's 
staff.  (6)  It  is  more  suitable  for  the  liigher  pressures  and 
more    readily    adaptable    to    oil    firing    and  superheating. 

(7)  In  the  same  ship  s  space  much  more  grate  surface  can 
be  obtained,  avoiding  the  necessity  for  high  forced  draught . 

(8)  It  effects  a  large  saving  in  weight  ；    and  (9)  Iii  large 
inslallations  considerable  space  is  saved. 

Table  VII. ― Showing  Comparative  Sizes,  Weights,  and 


I  i(His  to  j(s  m\o\y\  ion,  /.'.  tl);il  of  iii;il»ilit y  出】" y  with  tlu* 

same  survey  con*liti(jns,  nu  longer  IkjMs  ^nxl.  <  )n  t  lie  (4  her 
luiiid,  the  rondii  ions  under  which  the  boiler  can  be  success- 
fully adopted  were  never  so  favourable  as  they  are  at  the 
present  time.  In  the  first  j)la(e，  the  iiitrodurtion  of  the  steam 
turbine  for  many  classes  of  vessel  has  eliminated  the  risk  of 
oil  finding  its  way  into  the  boiler  water  via  the  engine 
cylinders.  Great  improvements  in  the  design  of  auxiliary 
machinery  and  feed -water  filters  have  taken  place.  The 
introduction  of  improved  designs  of  (condenser  has  materially 
lessened  the  troubles  due  to  salt-water  leakage,  while  modern 
evaporators  of  high  capacity  and  low  weight  are  now  more 
readily  obtainable.  The  immense  improvement  in  tube  making 
during  the  last  few  years  has  resulted  in  greatly  increased 

Spaces  of  Cylindrical  and  Babcoch  &  Wilcox  Boilers. 


Tv|>，'  <»f  Ship. 
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)\a\iv  from  (t  ed 
at  150°  Fah.， 
2001  bs  

Ksl  iinated  s)  mm 
jut 丄. H.R 】)er 
hour  for  all  ])iir- 
poses   

Equivalent  liorsc- 
power  

T\  |x*  of  Ixtiler    . . 

Heatin;,  surface, 
sq.  ft  

( ； rale  area.  s(|.  fl. 

A|)|)V*)X.  、、  < 
nf  boilers  and 
w  iit  (r，  and  all 
mountings  and 
fittings,  but  no 
funnels  or  up- 
takes, or  stoke- 
hold acces- 
sories, tons. • • • 

Draught   

Floor  space  "(  ('u- 
picd  hv 

i(»uns.  sq.  ft.  • . 

l\in'  and  alt 
！ en^th  of  lioilt'i- 
nxmis  ami 
Iraiisvcrso  hun- 
kers   

Increases  of  JH.S., 
per  cent  

Increase  of  G.S., 
per  cent  

Saving  in  woi^ht, 
tons   

Saving  in  llu't!' 
s])acp,  ])er  cent. 


Saving    in  f'»iv 
and  aft  lentil 


iiitmm'diate 
Passenger 
Steamer. 

Large 
Cargo  Liner. 

Large  CVmihin('(l 
Passenger  and 
Cargo  Liner. 

Large 
Intcrincdiatc  Atlatiti* 
Lin*'r. 

Large  Fast  Atlantic  Liner. 

Large 
Fast  Atlantic 
Lin  or. 

U2,5( 

Ml 

140.(MM) 

240.000 

：；.(».(  MM) 

1,000,000 

15 

35 

u.o 

15 

15 

14*3 

5,0()(» 

7,500 

10,000 

16,000 

50,000 

70,000 

Cylindrical 

Babcook 

t'vlindrieal 

I5;i)>r<nk 

( Vliinlrical 

Balxock 

Cylindrical 

Habcock 

('vlindrkal  Babrork  Babcock 

( 'vlin 山 i'.al 

alternative 

13,300 

10,370 

21,750 

25,850 

2fi,500 

32,515 

52,150 

57,810 

6fi，200 

188.510 

!(>4,fi50 

158,350 

530 

650 

700 

900 

1,200 

1,000 

1..S00 

4,000 

5,170 

4,480 

4,050 

420 

195 

535 

282 

7.H0 

380 

1,320 

(； 72 

825 

4,200 

2,3(>0 

2.«il."> 

lll'U 山 '11 

Assislcd 

Assisted 

Assisted 

Howden 

Assisted 

Natural 

Nat  ural 

Natural 

Assisted 

Assisted 

Assist  m1 

Howden 

1,585 

3.420 

2,280 

3.835 

7,275 

5,700 

20,268 

20,208 

l:{.4(i() 

18,2:ri 

10.115 

44'  0" 

72'  0" 

51' 

rr  (r 

71'  0〃 

127'  0" 

117'  (*" 

321'  0" 

國 ■ 

252'  0" 

23-0 

(N 
(N 

10-81 

26-0 

29-0 

12-8 

39.0 

34-3 

22.5 

00 

27-0 

42-8 

29-15 

12.0 

225 

303 

648 

495 

1,840 

2.135 

14.33 

2  i)   i'  v  v 

Entire 

10'  0" 

Exist iuir  Lon^itu- 

― 

feed 

rt'llt. 

forwarrl 

.savinc: 

spaees 

•  linal 

stoke- 

and  lon- 

stoke- 

in 

used  to 

Imlklieads 

huhl. 

gitu- 

hold. 

install 

installed. 

dinal 

and 

}>ulk- 

lt>ni;i- 

larger 

heads 

tiidinal 

now 

bulk- 

fitted 

heads 

6'  6" 

T  (»"  in 

from 

from 

sides. 

side  ； id 

(l|)t('<l. 

Aliout 

12'  0" 

27'  0" 

6'  0* 

21'  0" 

厂) r  o' 

Tlie  Babcock  &  Wilcox  boiler  is  rectangular  in  shape, 
and  as  the  spaces  between  the  bulkheads  available  for  boilers 
are  usually  rectangular,  it  is  obvious  that  this  shape  more 
efficiently  covers  the  floor  space  available  for  grate  area , 
whilst  the  shape  lends  itself  to  the  installation  of  considerably 
more  heating  .surface  than  is  possible  in  the  same  over- all 
dimensions  with  a  cylindrical  boiler.  Table  VII.  gives 
approximately  the  relative  heating  and  grate  surfaces  for 
both  types  of  boiler  for  several  classes  of  ship,  and  indicates 
the  gain  in  weight  and  space  occupied  that  would  be  due 
to  the  use  of  Babcock  boilers 

It  is  not  necessary  to  elaborate  the  advantages  to  the  ship, 
as  a  whole,  that  are  derived  from  these  gains.  Now  that  the 
Board  of  Trade  grants  the  Baboock  boiler  the  same  certificate 
as  it  does  to  the  cylindrical  boiler,  one  of  the  leading  objec- 


reliability.  Resides  all  these  mechanical  reasons,  more 
accurate  estimates  of  boiler  power  require<l  and  the  conse- 
quent dimensions  necessary  are  now  made.  All  these  con- 
tributory causes  are  tending  to  facilitate  the  wider  adoption 
of  the  water-tube  boiler.  Even  if  the  marine  engineer  is  not 
very  conservative,  the  shipowners  are,  and  the  natural  self- 
interest  of  the  ship-builder  to  utilise  his  expensive  plant  for 
making  cylindrical  boilers  has  been  a  retarding  influence.  It 
may  be  stated,  】iowever，  that  there  are  signs  that  these 
deterrents  are  yielding  to  the  progressive  spirit  of  some  of 
our  leading  shipbuilders.  The  cost  of  Babcock  <t  Wilcox 
boilers  is  perhaps  slightly  more  than  that  of  cylindrical 
boilers  of  equal  power,  but  the  difference  is  insignificant  in 
comparison  with  the  value  of  the  ship  and  the  greater  earning 
<'apacit v,  (nviiig  to  tlie  saving  in  weight  and  space  occupied. 
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IMPROVEMENTS  IN  GAS  TURBINES. 

I  n  ""is  turbines  in  which  a  combustible  gaseous  mixt  ure  is 
burnt  in  separate  explosions  and  then  flows  wit li  ('xp;iusi()i» 
through  an  outlet  a]>ertu re  into  the  actual  I  urhiiie,  1  he  out 
lets  through  wliich  the  gaseous  pr("luds  (>i  cornbusl  ion  flow 
from  the  t'ombust ion  chamber  U)  the  vanes  of  t lie  tu rbine 
wheel  have  liilherlo  been  formed  as  no/z/Jcs,  t  liat  is  to  s;i y, 
with  con  vei  gent -diverge  nt  walls ― entirely  following  I  lu; 
si  ram  1  urhine  const  ruct  ion.  A  tlinWmit,  formal  ion  oi'  I  liese 
out  lots  has  recent  ly  Ikh'ii  pal ciitod  l>y  Hans  I  Iolzwarl  h,  ("• 
B.  7.  18,  Maiiulioini,  0(Miiianv,  atui  Krlwird  Junglians,  in 
which  phmo-pai'allel  walls  are  provided.  Fi^.  I  shows  1  lie 
outlet  pnssn^cs  t'oi  riKHl  wit  h  con  vei  ^(Mil  di  v(M  <(eiil  \v;i!ls,  ； i  ml 
r.  *J  shows  the  out-let  |)assagos  liaving  planoparallel  wails. 
i  indicates  t  lio  out  let  (rom  an  explosion  rliaml'cr,  and  / 
I  lie  ^uith*  passages  leading  from  this  oul  lei  I o  1  lu;  l>l;nlrs  u\ 
the  tvuhino. 

Tlicoi'cl         and  ('、'|>(、rime'il;il   mvosl  i^r;ii  ions  luivr  shown 


Fig.  2. 

Impuovkments  in  Gas  Tukbinks. 


that  such  outlets  with  piano-parallel  wall®  are  preferal>le 
when  the  highest  momentary  energy  drop  causing  the  outflow 

22002 

is  smaller  than  the  value  ~~ ^ ~  metre-kilograms  per  kilo- 
gram of  the  working  fluid,  g  indicating  the  acceleration  due 
to  gravity  (9  81  metres  per  second  per  second).  In  this 
case  the  momentary  maximum  speed  of  the  ©scaping  hot  gas 
is,  in  fact,  less  than  1,200m.  per  second.  It  is  therefore  no 
more  than  about  50  per  cent,  above  the  velocity  of  sound  in 
the  gas  in  question,  as  the  momentary  maximum  velocity  of 
sound  in  the  hot  combustion  gases  employed  in  gas  turbines 
amounts  to  about  780  metres  per  second.  The  speed  of  flow 
of  approximately  1,200  metres  per  second,  which  is  tluis 
preferable  and  admissible  with  guide  devices  having  piano- 
parallel  walls,  also  enables  the  energy  of  the  gaseous  mixture 
exploded  to  be  utilised  with  the  best  effect.  In  steam  turbines 
this  speed  of  flow  would  lie  considerably  above  the  velocity  of 
sound  in  steam  (440  metres  per  second)  and  does  not  allow 
of  piano-parallel  outlets  being  employed.  Outlets  with  piano- 
parallel  walls  are,  the  inventors  state,  of  particular  import- 
ance for  gas  turbines  with  periodic  exnlohions,  because  in  these 
gas  turbines  the  drop  of  heat'  to  be  utilised  varies  greatly, 
whiLst  a  convergent-divergent  nozzle  only  gives  a  good  depree 
of  efficiency  with  a  very  closely  limited  heat  drop,  but  tlic 
piano-parallel  outlet  aperture  affords  a  good  and  but  little 
varying1  degree  of  efficiency  even  if  the  heat-  drop  varies  with- 
in wide  limits. 

The  cross-sect'ional  area  of  the  outlet,  aperture  with  plano- 
|>arallel  walls  musts  oilier  circiunslancos  hein^  equal,  ho  alxml 
e(|iial  lo  t  he  cross-set'tioiial  are;i  (if  a  nozzle  wit  li  conver^pul  - 
tliver^ent  walls  at  t lie  ariual  millel,  and  aUoiit  it) 
double  the  cross-sectional  area  of  siu-h  a  nozxle  at  ils 
narrowest  place.  It  will  therefore  have  a  value  greater  than 
of  the  volume  of  its  combustion  chamber  divided  by  the 


diaineter  oi'   a  sphoro  equal  in   volum'*  U)  romhust 
chamber. 

The  point  above  discussed  will  be  made  more  clear  by 
reference  to  tlie  illustrations.  The  total  crosB-sectional  ； u  (•；» 
f>f  the  outlet  from  a  combustion  diaii 山 in  1  Ik*  caw  illus- 
trated in  Fig.  2,  t  hal  is  where  the  guifle  j»assa^cs  piano- 
parallel,  is  represented  by  the  expression  ^  〃 ，  h、  and  this 
must  be  equal  lo  the  total  cross  sc<*l ional  area  of  tin?  outlet 
formed  as  shown  in  Fig.  1  with  c<jiivor^eiit-<liv«*i t-f**nl  walls, 
this  cross-sectional  area  l)ei"g  m'  ;isim'fl  at  tli<*  a*  t  u;il  <»ut  l»*t 
point  and  being  ropi  KscnUMl  In-  1  In*  *'x|>rossioii  ^  a h,  ',r 
appi-oxirnately  equal  lo  double  the  total  (•ross-se'  lioiial  ； irc;i 
of  the  narrowest,  part'  of  tlie  convn ^cnt -divert* nt  匕" 
represented  by  the  expression  2 工  '/.,，  /；. 


LIQUID  FUEL  FOR  SHIP  PROPULSION.: 

BY  C.  ZULVKK. 

(Concluded  from  pwjc  i>l.) 
It  is  scarcely  necessary  to  say  tliat  1 1"，  result s  ol>t ； nm-d 
from  the  "  Vulcanus/'  and  the  experience  furnished  }jy  tin- 
vessel  since  the  engines  were  designed  some  four  year§  w 
have  been  invaluable  elements  in  the  improvements  wlii'-h 
have  been  introduced  into  the  internal-combustion  engine, 
and  the  writer  has  collected  much  valuable  information  that 
will  be  utilised  in  connection  with  our  new  motor  ships ― 
four  of  5,000  tons  each ― now  in  course  of  construction.  The 
vessels  will  be  fitted  with  twin-screw  4 -cycle  Werkspoor  Diesel 
engines  of  a  combined  horse-power  of  1,700  brake,  which  are 
expected  to  give  a  speed  of  10A  knots.  The  writer  is  aware 
that  at  present  the  general  tendency  is  in  favour  of  the 
2-stroke  cycle  principle,  and  undeniably  the  advantages  of 
increased  power  for  like  cylinder  dimensions  and  in  engine 
weight  are  very  attractive.  In  the  case  of  a  warship,  as  a 
matter  of  fact,  the  question  of  maximum  power  for  mimi- 
mum  engine  v/eight  is  all-important;  but,  again,  one  has  to 
consider  the  point  of  reliability  for  continuous  work  and 
under  adverse  and  varying  conditions  of  weather  at  sea.  In 
this  latter  respect  the  4-cycle  Diesel  engine  has,  in  the  writer's 
view,  proved  the  superiority  ；  at  any  rate,  vessels  both  large 
and  small  are  now  running  with  this  type  of  engine  and  have 
shown  themselves  reliable  over  long  distances.  After  two 
years  a  position  of  something  like  finality  was  reached,  and 
subsequent  satisfactory  performances  of  vessels  thus  pro- 
pelled seemingly  assured.  Here  we  observe  the  outcome  of 
some  12  years  of  experiment  and  research,  and  to  sacrifice  in 
some  measure  this  valuable  experience  of  the  4-cycle  motor's 
utility  at  sea  in  order  to  build  2-cycle  engines  does  not,  from 
the  commercial  standpoint,  appear  by  any  means  to  be  a 
wise  course  at  present. 

Progress,  however,  must  and  will  be  made,  and  it  would 
be  idle  to  pretend  that  the  4-cycle  description  represents  the 
ultimate  perfection  of  the  Diesel  marine  motor.  As  a 
matter  of  fact,  seeing  that  so  many  eminent  engineers,  both 
at  home  and  abroad,  are  taking  up  the  2-cycle  engine  and 
show  a  preference  for  it,  one  may  assume  that  in  course  of 
time  the  two-cycle  will  prove  itself  to  be  just  as  good  and 
perhaps  better  than  the  four-cycle  for  certain  purposes.  But 


Fi«.  2.— Steam  Liquid  Kckl  】5t.itNi.i【. 
O,  oil  inlet;  S,  steam  intet. 


at  the  present  stage  of  advancement,  the  writer  is  quite 
satisfied  that  the  company  to  whom  his  services  are  given 
are  well  advised  to  adopt  the  4-cycle  engine.  He  is  thor- 
oughly convinced  that  the  4-oyt-le  Werkspoor  Diesel  engines 
ii'"v  i-uiniin^  and  in  rourso  of  const  ruct  ion  hear  satist*a，  l(»rv 
roniparison,  as  regards  weight  per  horse -power,  fuel  con- 
sumption and  price,  with  most,  and  perhaps  all,  of  the  large 
2-cycle  marine  engines  for  merchant  vessels  now  being  built, 
and  he  suspects  that  in  point  of  reliability  they   will  be 
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superior,  because  of  the  builders'  much  longer  experience  of 
the  construction  of  this  type  of  engine.  He  ventures  to  think 
that  experience  is  a  quite  invaluable  factor  in  the  making 
of  Diesel  engines,  and  that  however  good  a  new  principle  or 
departure  may  seem  to  be,  defects  must  of  necessity  develop. 
Every  engineer  who  has  leen  in  close  touch  with  the  manu- 
i'acl  ure  and  running  of  these  engines  knows  how  difficult  it 
is  to  get  metal  and  castings  which  will  satisfactorily  and  con- 
tinuously withstand  the  sever©  conditions  and  high  temper- 
ature of  the  Diesel  engine,  and  even  with  the  4-cycle  engine 
many  have  been  the  cracked  pistons  and  cracked  cylinder 
heads  which  had  to  b©  condemned.  With  the  2-cycle  engine 
the  heat  generated  on  piston  and  cylinder  heads  is  double 


in  the  case  of  the  "Juno"  all  pistons  were  examined  and 
cleaned  in  a  few  hours  without  disturbing  any  pipes,  valves 
or  cams.  Turning  to  the  2-cycle  engine,  to  the  best  of  the 
writer's  knowledge,  it  entails  a  great  amount  of  work  and 
expenditure  of  time  to  do  this.  There  is  the  slacking  back 
of  heavy  nuts  which  hold  the  cover  and  the  removal  of  the 
entire  cover  with  its  fuel  and  cooling  pipe  connections,  valve 
levem,  &c.，  in  order  to  get  at  the  piston,  which  has  to  be 
loosed  from  the  rod  and  lifted  up  in  the  usual  way.  Because 
of  the  restricted  space  on  the  gratings,  only  one,  or  at  the 
most  two,  covers  and  pistons  can  be  dealt  with  at  a  time, 
and  it  can  readily  be  imagined  what  this  means  in  time  and 
labour  on  a  twin-screw  vessel  with  two  six-cylinder  engines. 


Fig.  3  — Furnace  Arrangement  for  Burning  Ltquld  Fuel  and  Coal. 


that  in  the  four-cycle,  and  it  is  highly  probable  that  there 
may  be  a  source  of  trouble  with  the  2-cycle  engine  on  a  long 
run  from  this  source. 

The  principal  drawbacks  associated  with  the  2-cycle 
engine  are,  in  the  writer's  view  :  (1)  Double  heat  genera- 
tion of  pistons  ；  (2)  ports  in  bottom  of  cylinders  making  the 
permanent  tfghtness  of  a  liner  doubtful  ；  (3)  complications 
with  scavenging  pump  ；  (4)  higher  fuel  consumption,  prob- 
ably 15  to  20  per  cent.  ；  (5)  no  relief  to  moving  parts,  thus 
necessitating  larger  bearing  surface;  (6)  long  trunk  piston 
necessary  to  close  ports  in  bottom  of  cylinder  ；  this  long 
piston  design  does  not  make  a  desirable  mechanical  arrange- 


The  writer  being  himself  a  marine  engineer  of  many 
years'  experience  at  sea,  appreciates  these  facts  in  their  full 
practical  significance,  and  after  very  careful  thought  he  has 
come  to  the  conclusion  that  for  merchant  vessels  the  4-cycle 
engine,  apart  from  its  supremacy  by  reason  of  its  more 
economical  fuel  consumption,  will  continue  to  show  such 
results  in  general  economy  and  reliability  as  will  long  make 
it  a  very  serious  rival  of  the  2-cycle  engine,  to  say  the  least 
of  it. 

The  merits  and  demerits  of  the  various  oil-burning  sys- 
tems now  claim  attention,  but  before  entering  on  this  branch 
of  the  subject  the  writer  thinks  it  well  to  accentuate  the  more 


Section  at  A  B. 

Fig. 


Front  Elevation.  Longitudinal  Section. 

.— Imphovements  to  Furnace  Front  fou  Burning  Liquid  Fuel  under  Forckd  Duaught. 


meat  ；  slight  wear  and  tear  of  guide  may  result  in  "  seizing" 
of  piston. 

There  is  one  more  point  to  which  it  may  be  desirable  to 
draw  attention  before  changing  the  subject  of  the  compari- 
son of  different  types  of  Diesel  engines,  and  that  is,  that  ex- 
perience has  shown  the  advisability  of  occasionally  examining 
and  cleaning  the  pistons,  particularly  when  heavy  asplialtic 
or  residual  oils  are  used. 

With  the  4-cycle  engine  a  low  piston  is  used,  the  height 
being  about  12in.,  compared  with  some  3ft.  or  4ft. ，  as  de- 
pends the  stroke  of  the  2-cycle  engine.  The  improved  Werks- 
]>oor  design  permits  of  the  piston  being  completely  exposed 
for  examination  and  cleaned  in  from  10  to  15  minutes.  The 
piston  is  removed  from  the  bottom,  there  being  no  loose 
cylinder  covers  and  the  cylinder  head  one  with  the  liner. 
This  device  has  proved  a  great  success  and  advantage,  and 


salient  advantages  of  oil  fuel  over  coal.  (1)  The  calorific  heat 
value  of  liquid  fuel  is  about  19.500  B.T.U.,  as  compared 
with  good  Welsh  coal  having  14,500  B.T.U.,  or  about  four 
of  liquid  fuel  to  three  of  coal.  This  means  that  the  quantity 
of  lieat  contained  in  equal  weights  of  liquid  fuel  and  coal  is 
25  per  cent,  greater  in  the  case  of  the  liquid  fuel.  Accord- 
ing to  the  description  of  the  coal,  there  is  a  variation  in 
favour  of  liquid  fuel  up  to  35  per  cent.  Hence  it  arises  that 
the  consumption  of  liquid  fuel  contra  coal  in  raising  steam 
is  less  in  the  ratio  of  the  above  percentages,  liquid  fuel  thus 
increasing  the  net  deadweight  of  the  vessel  for  cargo  and 
reducing  the  required  bunker  space.  (2)  Liquid  fuel  can  be 
sorted  in  spaces  where  coal  cannot  be  carried,  viz.,  double 
bottom,  peak  tank,  cofferdams,  &c.  (3)  Bunkering  can  he 
done  quickly  aud  while  steamer  is  loading,  discharging,  or 
receiving  passengers  on  board.    The  importance  of  this  fact 
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in  the  case  of  a  large  passenger  liner  will  be  readily  appre- 
ciated. (4)  The  trimming  indispensable  with  coal  is  umih- 
cessary  for  oil  fuel,  the  latter  being  pumped  direct  from 
compartment  to  furnace  ；  hence  a  saving  of  manual  labour 
and  reduction  in  number  of  firemen.  (5)  No  cleaning  of  fires 
is  needful,  and  with  no  ashes  to  deal  with  the  stokehold 
remains  clean,  with  resultant  reduced  cost  of  upkeep  of 
stokehold  and  boilers.  Again,  no  cleaning  of  fires  being 
necessary  no  cold  air  can  get  access  to  the  furnaces,  so  that 
leakage  and  other  damage  of  boilers  on  account  of  unequal 
expansion  and  contraction  is  avoided.  (6)  Steam  production 
can  be  readily  adjusted,  according  to  requiremenis,  and  t  la1 
stand-by  loss  over  banked  fires  largely  avoided.  (7)  Great 
regularity  in  steam  production,  the  maintenance  of  better 
speed  through  dispensing  with  the  cleaning  of  fires,  and 
enhanced  efficiency  of  boilers  owing  to  absence,  of  smoke 
and  soot,  whence  is  derived  a  much  cleaner  heating  surface 
than  with  coal  burning.  (8)  Full  steam  can  be  maintained 
throughout  long  runs  by  purely  mechanical  means,  and  the 


First,  burning  oil  fuel  by  means  of  steam.  In  principle 
the  method  consists  of  heating  and  atoriiisin^  tli"  oil  tm'l  \>\ 
means  of  steam  from  the  boiler.  Tlu*  installalion  jh  i" 
simplest  form  is  made  up  of  a  small  steam  puinp  'on'.''v 
ing  oil  from  bunker  to  daily  supply  tank,  placed  in 
convenient  position  high  up  in  stokehold  or  on  casing.  Tl"' 
oil,  after  passing  a  filter  gravitates  to  the  huriu*r,  of  wlm  h 
a  good  and  simple  typo  is  sliown  in  Fig.  2.  Tl"'  <Uiil v  -up 
ply  tank  is  usually  fitted  with  a  steam  coil  to  facilitate  t\u* 
separation  and  settling  of  any  water  which  may  be  mix<'(l 
with  the  oil.  On  looking  at  the  sketch  of  the  steam  burrn  r 
it  will  be  noted  that  the  oil  in  passing  through  the  internal 
tube  is  heated  by  the  surrounding  steam,  while  the  oil  fuel  is 
thoroughly  atomised  by  meeting  and  mixing  with  the  steam 
at  the  removable  nozzle.  The  burner  is  lighted  by  means  of 
a  few  pieces  of  wood  being  ignited  in  some  waste  soaked  in 
kerosene.  Once  started  the  proper  amount  of  steam  in  fuel 
can  be  adjusted  to  a  nicety,  and  a  bright,  smokeless,  but  not 
entirely  noiseless  flame  produced.      Thon*  is,  Iiowevor,  one 


Delivery  From  Pump 
^■Tnfo  Cock 


Scejm  Pumps 


\^  Eshjusc  SCejm  Co 
Aunli^ry  Condenser 


Fig.  5.— Combination  of  Liquid  Fuel  Burning  Aruangkments,  showing  Pi'mi'ing,  Filtering  and  Heating  V\.w  i. 


oil-fired  ship  is  entirely  independent  of  skilled  firemen,  an 
important  consideration  with  mail  steamers.  (9)  Wear  and 
tear  of  boiler  is  less,  as  they  are  kept  at  a  uniform  tempera- 
ture with  closed  fire  doors  and  fixed  steam  production .  (10) 
Greater  efficiency  of  the  boilers  from  more  perfect  combus- 
tion, with  less  air,  less  products  of  combustion,  less  heat  lost 
in  funnel,  and  with  a  hotter  furnace. 

Oil  fuel,  as  is  well  known,  may  be  consumed  with  prac- 
tically any  type  of  steam  boiler,  and  the  following  are  the 
methods  chiefly  in  favour :  (1)  Mixing  the  oil  with  a  steam 
jet  and  heating  and  atomising  it  by  means  of  a  steam  burner 
of  simple  design,  through  which  the  oil  is  forced  under  low 
pressure  by  means  of  a  pump  or  of  gravitation  from  a  settling 
tank.  (2)  Using  compressed  air  burners,  which  act  on  the 
same  principle  as  steam  burners,  but  which  involve  air  com- 
pressors, thus  rendering  the  installation  somewhat  compli- 
cated and  expensive  and  reducing  reliability.  (3)  The  dh't'rt 
pressure  system  without  the  use  of  steam  or  compressed  air 
to  atomise  and  burn  the  fuel. 

It  is  proposed  to  give  a  short  description  of  each  of  the 
foregoing  systems,  with  a  few  remarks  as  to  which  would  be 
found  to  be  the  most  advantageous  under  certain  conditions. 


great  drawback  to  burning  liquid  fuel  with  steam,  in  that 
the  operation  entails  using  a  considerable  quantity  of  fresh 
water,  which  must  either  be  carried,  thus  reducing  the  ship's 
deadweight  carrying  capacity ,  or  procured  from  sea  water  l>y 
means  of  evaporation,  with  consequent  higher  consumption 
of  fuel.  It  is  for  this  reason  that  sea-going  vessels  burning 
liquid  fuel  are  rarely  fitted  with  an  installation  of  which  the 
use  of  steam  is  a  feature. 

Secondly,  the  consuming  of  liquid  fuel  by  means  of  com- 
pressed air.  Of  this  it  has  already  been  observed  that  it 
complicates  the  plant  by  the  addition  of  air  compressors, 
thereby  increasing  first  cost  and  expense  of  maintenance  to 
an,  extent  which,  in  the  commercial  aspect,  greatly  militates 
against,  its  desirability.  Nevertheless,  the  method  is  ext^n 
sively  adapted  on  warships,  aud  it  must  be  admitted  that 
smokeless  combustion  is  readily  obtained  and  that  the  ，'i'ii 
sumption  of  fuel  is  economical.  The  compressed  air  burners 
work  on  the  same  principle  as  the  steam  burners,  air  pre— 
sure  varying  from  lib.  to  51bs.  The  air  is  heated  by  passiug 
through  a  pipe  in  furnace  or  through  suitable  heaters  placed 
in  uptake.  The  admission  of  air  and  fuel  is  regulated  by 
hand  wheels,  which  operate  pinions  and  racks  controlling  the 
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i、"'l  and  air  t ubes,  so  thai  the  apertures  are  opened  and 
closed  as  may  be  necessary. 

Thirdly,  the  direct-pressure  system.  This  system  is  gen- 
erally used  for  commercial  purposes  and  can  be  utilised  under 
cither  forced  or  natural  draught.  It  may  here  be  observed 
that  the  forced  draught  method,  as  well  as  the  natural 
(irauglit-,  is  well  adapted  to  hum  liquid  fuel  and  to  secure 
smokeless  combustion.  The  same  furnace  fronts  may  be  used 
in  each  case  for  both  oil  and  coal  burning,  and  conversion  to 
"ther  fuel  can  be  accomplished  witli  facility  and  speed. 
Furuat-e  fronts  and  arrangements  for  burning  liquid  fuel 
uiKler  natural  ami  forced  draught  arc  shown  in  Ki^s.  ：>,  A , 
ami  r>.  With  tlie  direct-pressure  system  tl"'  fuel  is  filtered 
'■"id  l"'a"、<l，  ； utd  a, I  a  pressure  of  ； iOIbs.  to  lOOlbs.  pumped 
tlir(mg.li  ； hi  aiomiser  hunn-r  ---  wliicli  is  lilt cd  in  i'urn;M  r 
iru'il.  On  ignition  tli"  oil  burns  witli  a  bri^lit  flatiie  and  so 
conl-imies  so  long  as  a  sufficiently  liigh  pressure  is  kept  up, 
'Hid  llu^  temperature  of  the  oil ― varying,  in  ； irconlaiicc  wil  h 
Hi,、  Ihish  point,  from  l,「"r  to  200° ― is  maintained.  Tlie 
Imi mors  are  sei  away  by  means  of  u  ton-h  or  n  piece  oi  burn 
iii"  wood  as  soon  as  the  oil  has  attained  the  required  tem- 
]>"r;"  iu'e，  wlm'h,  when  li^lit  ini;'  uj>,  is  draught  about  hy  rir- 
filiating  the  fuel  through  the  heaters. 

Turning  to  the  problem  of  safety  and  corn])aring  thv  risk 
of  burning  coal  and  burning  liquid  fuel,  the  writer  is  con 
vinced  tli at  if  reasonable  care  be  taken  there  is  no  more 
danger  when  using  liquid  fuel  than  when  using  coal,  and 
that  on  considering  tlie  carriage  and  storage  of  both  fuels,  it 
would  appear  that  liquid  fuel  can  be  carried  with  a  greater 
measure  of  confidence  than  coal,  in  view  of  the  liability  of 
ilio  Jatter  to  spontaneous  combustion .  It  may  further  be 
urged  that-,  unlike  coal,  liquid  fuel  does  not  deteriorate  to 
any  degree  of  loss  in  its  calorific  value.  The  measure  of 
safety  with  which  liquid  fuel  may  be  consumed  in  ships' 
furnaces  is  largely  dependent  on  the  flash  point  of  the  oil. 
With  the  facilities  for  storage  and  burning  now  chiefly 
adopted  in  vessels  using  liquid  fuel,  this  should  not  be  less 
than  150°  Fah.,  unless  special  precautions  have  beeu  taken 
in  the  sliape  of  separate  oil  and  gas-tight  compartments  for 
pump,  heater,  filter,  &c.，  and  even  then  the  writer  is  of 
opinion  that  skilled  attendance  would  be  required  in  order  to 
avoid  accidents. 

The  peculiarly  penetrating  nature  of  oil  fuels,  and 
^specially  of  light  oils,  is  well  known,  so  that  it  is  extremely 
difficult,  if  not  impossible,  to  prevent  small  quantities  of 
leakage  oil  from  finding  their  way  to  stokehold  bilge 
through  either  joints  of  fuel  system  or  leaking  steams  or 
rivets  of  bunker.  High-flash  oil  is  almost'  harmless  as  long 
as  the  surrounding  temperature  keeps  well  below  its  flash 
point.  This  has  invariably  been  found  to  b©  the  case,  even 
when  the  fuel  is  close  to  the  boilers  in  stokehold,  and  for  this 
reason  naked  lights  can  be  used  in  the  immediate  vicinity 
without  fear  of  accident.  But  low-flash  oil,  besides  filling  the 
boiler  room  with  obnoxious  and  inflammable  emanations, 
would  readily  catch  fire  from  a  spark  or  naked  light.  A 
signal  advantage  possessed  by  high-flash  oil  in  the  matter  of 
safety  is  that,  should,  through  negligence,  a  fire  break  out  in 
the  stokehold ― because,  for  instance,  of  liquid  fuel  being 
allowed  to  leak  into  bilge  and  there  accumulate ― it  could 
readily  be  extinguished  by  a  spray  of  cold  water,  for  water 
would  at  once  lower  the  temperature  of  the  oil  to  below  its 
flash  point  and  prevent  a  continuation  of  the  outburst. 

Contrary  to  the  popular  belief  that  water  on  burning  oil 
makes  matters  worse,  the  writer  has  found  that  in  dealing 
with  burning  liquid  fuel  of  high  flashpoint  there  is  no 
better  and  speedier  fire-extinguisher  than  water,  which,  on 
board  ship,  is  always  at.  hand  in  abundance  by  keeping  the 
ballast  pump  ready  for  the  purpose,  or  in  a  loaded  ship  by 
simply  opening  the  ash  cocks.  Liquid  fuel  and  water  mix 
easily  on  account  of  the  specific  gravity  being  nearly  equal, 
0*95  and  1,  while  a  mixture  of  liquid  fuel  and  water  cannot 
burn.  The  best  means  of  preventing  accidents  in  the  shape 
of  fire  are,  of  course,  cleanliness  and  a  liberal  use  of  the  hose 
in  washing  floor  plates  and  bilge  out  occasionally.  In  thus 
removing  all  trace  of  li(lui<l  fuel  the  risk  of  fire  is  likewise 
removed.  With  these  few  remarks  the  question  of  safety 
under  liquid  i'uel  burning  conditions  may  be  dismissed. 

No  review  of  the  advantages  of  liquid  fuel  burning,  li()、 、'- 
ever  cursory,  should  fail  to  refer  to  the  need  that  must  occa- 
sionally arise  of  converting  the  furnaces  of  liquid  fuel  burn- 
ing sieamers  to  coal.  From  the  commercial  aspect,  indeed, 
this  is  a  matter   of  much  importance,  and  it  may  here  be 


！! KMitioned  that  to  meet  tlie  requirements  of  vessels  which 
trade  to  countries  where  coal  is  cheap  and  liquid  fuel  costly, 
m'  coal  dear  and  liquid  fuel  cheap,  as  the  case  may  be,  and 
"hich  for  this  reasou  find  a  liquid  fuel  burning  system, 
inexpensive  and  speedy  in  installation,  a  great  desideratum, 
the  writer  some  years  ago,  in  an  effort  to  meet  this  want, 
designed  a  system  which  has  yielded  satisfactory  results. 

With  tliis  method  a  steamer  s  boilers  can  be  converted  in 
a  few  hours  from  coal  to  liquid  fuel  or  vice  versa.  The  ex- 
pense amounts  to  a  few  pounds  for  a  couple  of  hundred  fire- 
bricks aiul  the  ship  s  own  staff  can  effect  the  conversion  with- 
out any  trouble  or  delay  to  the  steamer.  As  a  matter  of 
fact,  coal  and  liquid  fuel  <*ould,  if  :so  required,  be  burnt  at 
(川 e  and  the  same  time.  For  cargo  aiul  mail  ships  it  woul<l 
be  a  great  advantage  if  they  coulfl  burn  at  a  morneut's  iioti'  f 
;m<l  without,  expense  in  conversion,  cither  liquid  fuel  or  coal, 
as  was  the  more  econornical  under  the  immediate  circum- 
stances. Nearly  all  large  steamers  now  have  double  bottoms, 
of  wliidi  the  caj>acity  ranges  from  500  to  1，500  or  2,000  tons. 
In  this  liquid  fuel  could  be  carried  ；  permanent  l)ui)kors  ,"'"1 
not  be  altered,  but  could  be  allowed  to  remain  ahva vs  avail- 
able for  tlie  reception  of  coal. 

The  reason  big  steamsliip  companies  arc  not  a  I  piwit 
adopting  liquid  fuel  burning  meihods  on  their  vessels  un- 
doubtedly revolves  about  the  problem  of  supply  ；  and  at  the 
present  stage  of  the  evolution  of  liquid  fuel  it  must  be 
admitted  that  ample  and  con  tin  uous  supplies  couUI  not  be 
relied  upon  at  their  steamers'  various  ports  of  call.  For  a 
steamship  management  to  incur  the  possibility  of  delay  to  a 
liner  in  laborious  conversion  to  coal  burning  because  of  tlie 
depletion  of  local  liquid  fuel  stocks  is  naturally  a  position 
which  they  will  not  contemplate,  and  the  arousing  of  their 
active  interest  in  the  subject  must  clearly  await  the  removal 
of  this  disability.  With  the  writer's  system  this  one  great 
impediment  to  their  adoption  of  liquid  fuel  is  conclusively 
surmounted.  As  a  demonstrable  fact  a  steamer  burning 
liquid  fuel  could  in  a  few  hours  be  made  to  burn  coal,  aiul 
the  coal  loaded  into  the  ship's  permanent  coal  bunkers,  the 
double  bottom,  as  has  been  remarked,  being  reserved  for 
liquid  fuel.  Again,  some  of  the  boilers  could,  if  advantage- 
ous, be  fired  partly  with  liquid  fuel  and  partly  with  coal, 
and  the  conversion  could  be  effected  at  sea  without  loss  of 
time  or  reduction  iu  speed  of  vessel. 

The  method  under  notice  is  equally  adaptable  to  station- 
ary or  locomotive  boilers  on  shore,  and  has  importance  in 
this  connection,  if  only  because  of  recurring  coal  strikes.  The 
freedom  of  manufacturers  who  use  steam  from  this  source  of 
possible  interruption  would  be  assured  by  the  fact  of  their 
preparedness  to  burn  liquid  fuel  in  an  emergency,  and  when 
the  mining  industry  resumed  its  normal  aspect  reversion  to 
coal  would  be  a  simple,  speedy,  aud  inexpensive  matter. 
Largely  for  this  reason ,  no  doubt,  the  subject  of  liquid  fuel 
has  of  late  enjoyed  increased  favour  in  this  quarter,  and 
signs  are  not  wanting  that  the  introduction  of  a  system 
which  met  all  possible  objections  would  result  in  a  great 
impetus  to  the  growing  popularity  of  liquid  fuel  in  our  manu- 
facturing centres. 

Having  submitted  this  brief  review  of  the  advantages  of 
oil  fuel  over  coal  for  power-producing  purposes,  one  must 
deal  with  three  questions  that  would  be  asked  by  every  busi- 
ness man  ：  ― (a)  What  would  be  the  price  of  this  oil  fuel  ？ 
(b)  At  what  points  could  it  be  obtained  ？  (c)  Can  r egu in  r 
supplies  and  stocks  be  relied  upon  ？  With  regard  to  the 
price  of  oil  under  existing  abnormal  conditions  of  insufficient 
transport  facilities  and  consequent  liigh  freights,  it  is  at 
present  naturally  higher  than  it  will  be  when  the  fuel  has 
assumed  its  right  commercial  position,  and  varies  for  earli 
particular  port  in  accordance  with  its  distance  from  oil-pro- 
ducing centres.  The  writer  is  not  inclined  to  go  into  the 
price?  at  which  oil  fuel  can  be  bought  at  various  European 
and  Far  Eastern  ports  under  the  now  <'lianginp  conditions. 
Sitfiice  it  to  say,  that  with  the  enormous  increase  in  the  pro- 
duction of  oil,  、、'(、  now  wit  ii ess  tlie  act  i\  e  opeuing*  up  of  new 
territories  and  the  building  of  so  many  tank  steamers  that 
the  completion  of  a  boat  is  almost  a  daily  inoidtMit ,  the  |n*ice 
of  liquid  I'uel  will  soon  fall  to  a  level  at  wliicli  sliipowners 
Ihroughout  t lie  great  ports  of  thf  world  will  be  compelled  to 
admit  its  advantages  over  coal.  And  here  the  fact  may  be 
mentioned  that  of  late  the  price  of  coal  has  advanced  con- 
siderably, while  even  higher  prices  are  apprehended  in  future 
years.    Again  dwelling,  also,  ou  the  salient  facts  that  a  ton 
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of  nil  i)i  n,  Pieso]  ship  doos  as  much  work  as  A'T)  lo  f>  ions 
of  <  (>nl,  t  1  here  is  ； i  iruirkod  savin"  in  ])o rsoimol  ； uid  1  h;it 
t  here  is  an  iiicroased  (Icarlvvoi^ht  cnv^o  rarrvin^  capacity,  il 
is  rU'/u-  oil  must  in  soino  parts  of  t  he  world  entirely  super- 
sede coal,  as,  in  1  ruih,  it  has  ali-eadv  done  to  a  ivi'tai" 
oxtoni. 

It  may  be  interesting  to  name  a  few  ports  where  large 
stocks  of  fuel  oil  are'  kept.  They  are  :  London,  Rotterdam, 
Bizerta,  Black  Sea,  Port  Said,  Suez,  ('"l()ml)<>，  M a(lras， 
K;iniclii,  Bombay,  Calcutta,  11  ;ui^f»on,  Singapore,  Halik 
])appan,  &c.，  and  all  over  Eastern  HtMiiisphere,  Ausiivilia, 
America,  & (:.，  and  within  a  comparatively  short  period  oil 
fuel  will  be  obtaiiiahlc  on  all  t  lie  priu('i|>al  t  radc  routes  of 
Hie  world.  In  Borneo  and  Texas  enormous  (jiiant it ics  of 
oil  aro  waiting  to  be  placed  on  1  ho  market-  as  soon  ； is 
suHicient  t ank  steamers  arc  available 

Tlio  writer  is  well  aware  t hat y  as  ;i  rule,  shipowners  are 
of    ； i    rather   conservative    disposition    with    re^ai'd  to  t  ho 


of  a  pin  D，  wliirh  is  also  fit  tod  witli  a  sprinp-ui  *^o<l  laU'li  F 
； ulapl  od  I  Of  lock  I  ho  (lie  lioacl  in  oil  li"r  of  I  wo  pr>sil  imi';,  ii;irnr-l  v, 
with  I  Iio  (lie  lioad  concont  ri<-  with  t  ho  tf'uil  l>r>x  as  >lniwn  m 
full  lines  in  the  drawings,  and  also  will)  it  swum^'  asidr*  ii|K>n 
the  pin  1)  clear  of  the  front  face  of  (he  too]  box  li<';"l  ;ih  shown 
i"  dotted  lines.  The  gauge  for  fleterniiiiing  to  what  cxtMit 
the  blank  is  pushed  forward  through  the  hollow  spiiuilf  oi  ，l"' 
latliQ  head  i"  order  to  make  a  screw  or  tiirm-'l  l""lv  of  a  pre- 
determined length,  is  mounted  u|xui  tl"'  tool  I 力 x  and 
consists  of  an  arm  G  which  is  1 山 at  1 1  upon  t  hf  。""  l>ox 
head  C  so  that  it  can  be  turned  inwards  to  project  r:"liall、' 
across  the  face  of  tlie  tool  l>ox  \wh(\  when  uswl  as  ； i  '―' ； ui，  or 
stop,  and  when  not  in  use,  is  swung  outwards  to  tlif  |",si，i"" 
shown  more  particularly  in  Figs.  1  and  2. 

Mechanism  tis  provided  whereby  the  sorewKmttiii 二' 山 （-、 
M  are  advanced  into  the  operative  position  aiul  anlr,in;1t  ically 
released  and  returned  to  the  inoperative  position.  Tlio  ca';i 
disc  N  by  which  the  screw-cutting  dies  M  are  a(h  ;mrw|  is 
provided  witli  two  teeth  or  projections  H  S.  ono  loot  li  U'iii:' 
slightly  in  advance  of  the  other.  When  the  disc  N  is  rotated 
by  means  of  its  handle  until  the  first  tooth  11  dis|,ja"'s  tin- 
latch  O  and  engages  behind  it,  the  dies  M  are  ad justffl  for 
taking  a  rougliing  cut,  and  when  the  disc  N  is  a'l、;m'''"  fur- 
ther until  the  second  tootli  S  on^a^es  behind  the  latdi  ()，  t  lio 


Fig.  2. 

Dr. vice  roit  Turning  and  Screw -Thheading  Metal. 


Fig.  3. 


adoption  of  new  methods  so  entirely  different  from  estab- 
lislied  practice,  but  when  the  Diesel  engine  from  its  first 
appearance  some  12  years  ago  as  a  power  producer  has  so 
conclusively  proved  its  enormous  superiority  in  fuel  economy, 
as  well  as  in  other  respects,  as  compared  with  the  use  of 
steam,  also  for  marine  propulsion,  there  can  be  no  doubt- 
that  it  would  be  sound  policy  on  the  part  of  shipowners  to 
avail  themselves  of  its  obvious  advantages. 

As  regards  the  use  of  fuel  oil  for  steam  boilers,  the  writer 
is  of  opinion  that  there  is  still  an  enormous  field  for  its 
adoption  for  all  classes  of  vessels,  both  those  in  service  and  in 
course  of  construction,  and  particularly  so  in  conjunction 
with  the  turbine  for  war  and  passenger  ships  of  high  power. 
For,  although  high-powered  Diesel  engines  have  been  recent lv 
i)uilt  and  are  said  to  be  running  satisfactorily  on  the  test 
bed,  developing  as  much  as  2,575  h.p.  per  cylinder,  some  time 
and  experience  are  no  doubt  yet  required  to  develop  engines 
of  this  power  per  cylinder  into  absolutely  reliable  priim' 
movers  for  present-day  Atlantic  greyhounds  or  powerful  \v:u 
vessels. 


DEVICE  FOR  TURNING  AND  SCREW-THR 已 ADING  METAL 

This  device,  the  invention  of  Mr.  H.  S.  Land,  8，  Park  View, 
Old  Road,  Lee,  Kent,  is  illustrated  in  end  and  side  elevations 
respectively  in  Figs.  1  and  12,  while  Fig.  3  shows  a  longitu- 
dinal section  of  the  screw-rutting  die  head.  It  consists  essen- 
tially of  two  elements,  namely,  a  tool  box  A  and  a  screw-cut- 
ting die  head  B  forming  a  combined  turning  and  screw-cut- 
ting tool  which  is  carried  by  the  lathe  mandrel.  The  die 
head  is  pivotally  mounted  upon  the  tool  box  head  C  by  means 


dies  are  in  position  for  the  finishing  cut.  The  lever  P  by 
which  the  latch  O  is  retracted  at  the  appropriate  moment  to 
release  the  disc  N  (which  is  then  returned  to  the  normal 
position  by  the  action  of  the  spring  T)  has  mounted  upon  its 
tail  end  a  rod  V  which  is  arranged  to  be  adjustable  in  a  longi- 
tudinal direction  so  that  it  can  be  moved  more  or  less  radiailv 
with  respect  to  the  centre  of  the  die  head,  a  set  screw  \V  bein^ 
provided  for  clamping  it  in  the  position  to  which  it  lias  ' 
adjusted.  Slidably  mounted* in  the  end  of  this  rod  V  is  an- 
other rod  X  adjustable  in  a  direction  parallel  with  the  axis  of 
the  die  head  and  also  provided  with  a  suitable  clainj),  whereby 
it  may  be  set  so  as  to  encounter  the  liead  of  the  bolt  or  stud 
which  is  being  screw-threaded  at  the  appropriate  moment  and 
thereby  autoniaticallv  release  the  disc  N  so  that  the  die>  ;tr'、 
retracted  automatically  at  the  end  of  the  screw-cutt  in^ 
operation. 

Specifications    for    Automobile    Bronzes.  —  Tlie  r'' 

specifications  for  bronzes  were  accepted  at  the  recent  meeting 
in  New  York  of  the  Society  of  Automobile  Engineers  ：  Hani 
bronze,  87  to  88  per  cent,  copper  ；  9*5  to  10'5  tin  ；  15  to  4J  ") 
zinc.  Gear  bronze,  88  to  89  per  cent,  copper  ；  11  to  1 12  per 
cent,  tin  ；  015  to  0  30  per  cent,  phosphorus.  The  hard  bronze 
it  is  explained,  is  identical  with  the  United  States  Govern- 
ment bronze  G，  having  a  tensile  strength  of  approximately 
35,0001bs.  per  sq.  in.  It  is  offered  as  a  general  utility  bronze 
for  severe  working  conditions  where  heavy  pressure  and  high 
speeds  obtain,  for  light  gears,  valves,  &c.  The  gear  bronze 
is  commonly  known  as  English  gear  bronze  and  is  servireablo 
for  gears  and  worms  where  the  requirements  are  severe. 
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THE  INFLUENCE  OF  AIR  PUMPS  ON  THE  MILITARY  EFFI. 
CIENCY  OF  TURBINE-DRIVEN  WARSHIPS. 

BY  D,  B.  MORISON. 

This  paper  assumes  a  recognition  of:  (")  Military  value  ai 
speed  in  a  warship.  (/>)  Tactical  value  of  reliability  in  pro- 
duction and  maintenance  of  maximum  speed,  according  t o 
the  requirements  and  expectations  of  i  lie  coniiuauding 
officer.  In  the  equipment  of  a  steam  turbine  installation 
there  is  no  auxiliary  engine  which  has  a  more  important 
bearing  on  a  warship's  speed  than  the  air  pumps  of  the 
condensing  plant.  This  importaiice  arises  because  of  the  in- 
fluence of  vacuum  on  propelling  power,  and  because  it  is  air- 
pump  efficiency  which,  under  given  conditions,  enables  the 
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Fig.  1. 


condenser  to  produce  the  highest  vacuum  obtainable,  and  air- 
pump  sufficiency  which  enables  such  vacuum  to  be  maintained 
when  air  beyond  the  normal  quantity  is  present  in  the  con- 
densing system. 

The  degree  of  vacuum  at  which  any  turbine  will  develop 
its  maximum  power  with  maximum  economy  depends  on  the 
design  of  the  turbine,  and  the  detail  design  is  determined  by 
the  compromise  best  suited  to  any  given  range  of  conditions 
such  as  temperature  of  sea  water,  weight,  space  occupied, 
<fec.  According  to  latest  cruiser  practice,  a  vacuum  of  28^in. 
is  required  at  full  power  in  sea  water  at  55。，  and,  provided 
that  the  turbine  is  bladed  to  make  adequate  response  in 
power  to  such  a  vacuum,  then  Fig.  1  shows  the  loss  in  power 
which  results  from  a  fall  of  vacuum. 

The  source  of  power  is,  of  course,  the  boilers,  and,  there- 
fore, the  maximum  power  obtainable  depends  primarily  on 
the  quantity  of  steam  which  can  at  any  time  be  generated . 
But  if  under  conditions  of  maximum  and  constant  genera- 
tion of  steam  in  the  boilers  the  vacuum  falls  from  28iin.  to 
27 Mn.,  then  the  immediate  loss  in  power  is  about  6  per  cent., 
or,  say,  1,800  i.h.p.  in  a  cruiser  of  30,000  i.h.p.  In  war- 
ship practice  the  exhaust  steam  from  all  the  auxiliary 
engines  is  discharged  into  a  receiver,  and  at  full  power  is 
maintained  at  251bs.  pressure.  Apart  from  its  employment 
in  an  evaporator,  the  heat  in  this  steam  can  be  utilised  to  the 
best  thermal  advantage  in  raising  the  temperature  of  the 
feed  water,  and  the  most  advantageous  use  that  can  be  made 
of  any  surplus  is  for  power  production  in  the  low-pressure 
section  of  the  main  turbine.  If,  under  full  power  conditions 
and  at  28^in.  vacuum,  sufficient  exhaust  steam  is  available 
to  raise  the  temperature  of  the  feed  to  a  predetermined  limit, 

*  Paper  read  at  the  Bpring  meetings  of  the  fifty-fourth  sesBion  of  the  Institution 
of  Naval  Architects,  March  12th,  1913. 


then  at  27iin.  vacuum  there  would  be  a  surplus  of  such  steam, 
because  of  the  increased  initial  temperature  of  the  con- 
densate. If  this  surplus  were  utilised  for  power  production 
in  the  low-pressure  section  of  the  main  turbine  the  increase 
i"  power  would  be  slightly  under  1  per  cent.  Assuming,  as 
is  generally  the  case,  that  for  reasons  of  weight  and  space 
occupied  there  is  no  feed-heating  apparatus  in  a  warship, 
then  tliis  increase  in  condensate  temperature  due  to  tlie 
lower  vacuum  would  probably  raise  the  steam  generating 
efficiency  of  the  boiler  by  about  li  per  cent.  Therefore,  even 
after  adjusting  Fig.  1  to  the  most  favourable  conditions  of 
working,  the  loss  due  to  a  fall  of  lin.  of  vacuum  is  still  about 
1,400  i.h.p.  for  the  same  weight  of  fuel  consumed,  and  about 
20  tons  of  coal  per  day  are  wasted. 

The  effect  on  the  power  of  a  turbine  of  steam  pressure 
at  the  entry,  and  of  vacuum  at  the  discharge,  is  of  interest. 
If  it  were  desired  to  lower  the  steam  pressure  at  the  entrv 
to  the  turbine  to  a  point  which  would  correspond  to  the  loss 
in  power  consequent  on  a  fall  in  vacuum  from  28^in.  to  26 J, in., 
it  would  be  necessary  to  reduce  such  pressure  from,  say, 
2001bs.  to  about  llOlbs.,  other  things  being  equal.  That  is 
to  say,  the  pressure  of  steam  entering  the  turbine  would  have 
to  be  reduced  about  901bs.  in  order  to  cause  a  loss  in  power 
similar  to  that  which  results  from  an  increase  in  condenser 
pressure  of  only  lib.  The  alternative  effect  to  loss  of  power 
by  a  fall  in  vacuum  is  an  increase  in  the  quantity  of  steam 
necessary  for  the  development  of  a  given  power,  thereby 
reducing  the  radius  of  action  obtainable  from  a  given  weight 
of  fuel.  The  broad  question  of  vacuum  ou  a  turbine-driven 
warship  is,  therefore,  one  of  great  military  importance. 

The  】iighest  vacuum  that  any  given  condenser  could  main- 
tain under  given  conditions  would  be  realised  if  no  air  entered 
the  condenser.  This  airless  state  is  impossible,  as  some  air 
is  always  circulating  tlirough  the  system  from  the  boiler  to 
the  boiler,  and  may  at  any  time  be  augmented  by  insidious 
leakage  through  joints  in  the  vacuum  system .  The  primary 
function  of  an  air  pump  is  to  enable  the  condenser  to  maintain 
withiir  itself  the  nearest  approach  possible  to  the  condition  that 
would  prevail  were  the  steam  airless.  In  practice,  therefore, 
the  minimum  capacity  of  an  air  pump  is  determined  by  the 
quantity  of  air  in  suspension  and  solution  in  the  feed  water  as 
it  enters  tlie  boiler,  without  provision  for  insidious  leakage 
from  joints,  glands,  rivets,  bolts,  cocks,  valves,  and  the  like, 
which  are  included  will i in  the  vacuum  system. 


Fig.  2— Reciprocating  Air  Pumps.   Wet  and  Drt  Intkiu)EPesdent  Ststem. 


The  effect  of  insidious  air  leakage  on  the  action  of  an 
air  pump  may  be  realised  to  some  extent  by  the  fact  that 
one  cubic  inch  of  air  at  atmospheric  pressure,  subject  to  its 
relative  temperature  when  augmented  by  water  vapour,  will 
become  iu  a  coudeusex  at  28iin.  vacuum  about  50  cub.  in. 
From  this  it  is  obvious  that  if  the  designed  capacity  of  au 
air  pump  provides  for  no  air  leakage  beyond  what  enters 
the  system  with  the  steam,  then  any  such  leakage,  uo  matter 
how  small  it  may  be,  will  cause  a  fall  in  vacuum,  a  loss  ill 
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])ro|)ellin^  power,  and  a  reduct  ion  in  t  lie  speed  of  the  sliip. 
An  air  [)iunp  ol*  tins  basis  capacity  may  be  said  to  have  no 
air  margin. 

In  laiul  practice  the  electrical  engineer  is  never  wilhoul 
a  substantial  air  margin  on  a  turbine  condensing  plant.  lie 
has  learned  from  experience  tliat,  at  times,  no  matter  how 
carefully  the  plant  may  be  manufactured  and  Mie  joints  made, 
air  will  leak  into  t lie' vacuum  system,  and  that  it  is  generally 
a  most  difficult   and  tedious  process  to  locate  the  leakage. 


Fig.  3.~Rkcipkocating  Air  Pumps.  Wet  and  Dby  Interdependent  System. 
If  the  piunp  has  no  air  margin  the-  vacuum  falls,  the  cost  of 
producing  electrical  energy  rises,  and  profits  suffer.  He 
knows  that  the  only  way  of  adequately  providing  against  this 
lo&s  is  bv  the  adoption  of  such  proportions  as  will  deal  with 
air  leakage  contingencies. 

A  warship  ipresentsi  a  somewhat  difflerent  problem  by 
reason  of  limitations  of  weight,  space,  and  economy  of  steam 
under  varying  loads  and  conditions  of  service,  the  extremes 
being  maximum  power  at  full  speed  and  harbour  duty  at 
rest.  The  only  margins  allowable  in  this  problem  of  obtain- 
ing the  greatest  powe>r  from  a  given  weight  of  machinery, 


provision  is  always  made  in  the  boiler  feed  system  for  such  a 
contingency.  In  a  military  sense  the  consequences  would 
be  nil,  as  the  speed  of  the  ship  wouhl  be  unaffected.  Not 
so  with  an  air  pump.  】ireak  down  an  air  |nm 屮， and  the 
warship  at  once  becomes  a  slower  and  less  reliable  unit ,  un 
able  to  respond  to  the  speed  expectations  of  l"'r  corinnaiid 
ing  officer,  and,  in  addition,  there  are  the  rnerhanical  risks 
due  to  the  extra  water  load  to  \>e  sustained  hv  tin-  otiici 
air  pumps  which  inay  be  available  for  parallel  working 

Fortunately,  the  total  ineclianical  breakdown  ol'  an  air 
pump  is  a  rare  occurrence,  but  the  danger,  of  'om、 '-,  卜 
always  present.  Therefore,  in  view  of  the  inevit  ;i I,!.-  lo  、 
in  propelling  power  from  an  accident,  which  would  in  fnaiiv 
cases  affect  the  vacuum  system  as  a  whole,  and  of  the  con  - 
sequences wliich  iniglit  result  therefrom,  a  reasonablv 
adequate  factor  of  safety  becomes  imperative.  Next  in  im- 
portance to  a  breakdown  of  the  mechaiiisin  of  an  air  puiii|) 
comes  its  breakdown  in  adequacy  of  air-wit  hdrawiii^  capacil  v, 
should  there  be  such  a  disturbance  of  tlie  normal  air-ti^lil- 
ness  as  would  cause  the  quantity  of  air  to  exceed  that  with 
which  the  air  pump  can  deal  without  a  drop  in  vacuum.  It 
should  be  noted  that  although  sucli  a  disturbance  would 
generally  affect  only  one  section  of  the  condensing  plant,  it 
would  nevertheless  have  a  detrimental  effect  on  the  speed  of 
the  ship. 

The  vacuum  system  comprises  every  part  under  the  influ- 
ence of  vacuum,  and  what  is  accepted  as  an  air-tight  system 
is  one  in  which  every  joint,  gland,  valve,  cock,  or  other 
connection  is  capable  of  resisting  the  admission  of  any  air. 
This  condition  is  arrived  at  in  practice  by  a  process  of  tuning 
up,  which  means  exercising  the  greatest  possible  care  in  work- 
manship, going  over  all  the  joints  and  connections  witli  paint 
or  varnish,  and  carefully  examining  every  fitting,  including 
even  the  cocks  and  union  nipples  of  the  vacuum  gauges.  A 
difficult  and  tedious  task,  as  Admiralty  contractors  know  full 
well.  If  the  air  pump  capacity  of  the  ship  is  determined  on 
the  basis  of  ideal  tightness,  then  unless  such  ideal  tightuess 
is  achieved  there  can  b©  no  improvement  except  by  driving 
tlie  air  pump  in  excess  of  the  regulation  limit,  an  expedient 
which  is  admittedly  unsatisfactory.  The  all-important  ques- 
tion is  :  Will  ideal  air-tightness  be  maintained  under  tli3  severe 
conditions  of  war,  and,  if  not  maintained,  can  the  possible 
leakage  at  once  be  located  aud  stopped  ？  My  reply,  based  on 
long  experience  with  high  vacuum  plants  of  the  highest  class, 
would  be  in  the  negative,  as  I  have  found  it  futile  to  expect 
continued  maintenance  of  ideal  tightness.  Insidious  leakage 
always  commences,  and  the  invariable  opinion  of  engineers 
in  charge  of  high-vacuum  plants  is  that  air  leakage  is  sooner 
or  later  inevitable  and  generally  very  difficult  indeed  to 
locate.    If  such  is  the  position  on  land,  what  may  be  expected 


Fig. 


-Semi-rotary  System  of 
Air  Pumps. 


Fig.  5.— Condensate  Pump.  Head 
and  Pressure  System. 


Fig.  6.— Rotary  Air  Extractok 
Wateu  Tubbine  System. 


Fig.  7.— Air  Withdrawn  by  Com- 
bined Steam  and  Condensate  Jets 


and  a  given  quantity  of  fuel,  are  those  which  are  essential  to 
efficiency  and  safety  under  the  most  severe  conditions  in 
actual  warfare. 

Compare,  for  instance,  the  conditions  of  the  feed  pumps 
with  those  of  the  air  pumps  on  a  warship,  and  the  relative 
consequences  in  the  event  of  a  breakdown,  in  action,  of  a 
feed  pump  and  an  air  pump  If  a  feed  piunp  breaks  down 
entirely  there  is  merely  a  temporary  inconvenience,  as  ample 


under  the  severity  of  the  conditions  of  vibration,  shock,  and 
stress  certain  to  be  associated  with  a  naval  action  ？  Under 
peace  conditions  the  position  never  becomes  serious,  as  the 
standard  of  maintained  excellence  on  a  warship  is  extremelv 
high,  as  is  also  the  standard  of  the  per^onneL  It  is  in  war 
time  that  this  question  will  become  acute.  The  endurance 
of  every  man  lias  its  limit,  and  what  the  physical  condition  of 
the  engineering  personnel  after  a  few  days  of  war  in  deadly 
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pnrnest  will  1)0  is  a  quost  ion  llio.  reply  io  whioli  we  all  pray 
may  be  long  dofon'od.  I  would  iiero  refer  those  io  whom 
rny  fears  may  appoai*  oxa^^oiat od  or  gr(>ui"lless  to  Fig.  1.  In 
tho,  next  na val  wnv  in  wliieli  川 （"k'rii  ships  are  engaged  it 
will  be  reliability  of  performance  which  will  tell.  It  is  not 
enough  that  a  ship  has  travelled  at  her  designed  speed  ；  it  is 
rather  that  such  precautions  are  taken  that  she  will  travel 
at  t  liat  speed  when  required,  notwithstanding  trifling 
departures  from  the  normal. 

【 laving  set  forth  the  essential  contention  of  this  paper,  it 
will  be  useful  to  refer  in  a  general  way  \o  tvpcs  of  air  pumps 
which  embody  distinctive  features,  in  order  to  ascertain  to 
what  extent  an  air  margin  cau  be  provided  consistently  with 
the  exacting  requirements  of  the  problem.  The  air  puni])s  in 
the  British  Navy  are  of  the  reciprocating  type,  although  a 
rotary  one,  on  the  kinetic  principle,  was  recently  fitted  on 


Fig.  8. 

a  torpedo-boat.  In  1908  the  writer,  in  a  paper  to  this  Insti- 
1  ut  ion ,  cm  "  The  Influence  of  Air  on  Vacuum  in  Surface  Con- 
densers/' dealt  at  length  with  the  advantages  obtainable  by 
what  is  known  as  a  "  cooled  dry  air  pump." 

In  1909  the  Admiralty  adopted  the  air  pump  shown  in 
Fig.  2.  It  consists  of  twin  wet  and  dry  reciprocating  pumps 
of  the  ordinary  foot-and-bucket  valve  type  driven  by  one 
steam  cylinder  and  levers  in  the  ordinary  way.  The  wet  barrel 
withdraws  the  water  and  the  so-called  dry  barrel  the  air,  the 
feature  of  interest'  being  that  the  air  delivered  by  1  he  dry 
barrel  into  its  discharge  chamber  passes  through  a  loaded 
valve  into  the  wet  barrel  between  the  bucket  and  the  delivery 
valves,  and  is  discharged  thence  with  the  condensate  in  the 
ordinary  manner.  This  valve  is  loaded  to  41bs.  per  square 
inch,  and,  therefore,  the  load  on  the  bucket  of  the  dry  barrel 
is  lessened,  thus  favourably  influencing  the  power  required. 
The  air-withdrawing  capacity  of  the  dry  barrel  is  practically 
unaffected  by  the  reduction  in  discharge  pressure,  and  in  this 
system  the  pumps  are  not  independent. 

Fig.  3  represents  another  system  of  wet  and  dry  recipro- 
cating air  pumps.  The  wet  and  dry  barrels,  the  water-cooling 
arrangement,  and,  indeed,  all  details,  are  broadly  similar  in 


Figs.  2  and  3,  except  thai  in  Fig.  ？ >  tho  dry  pump  dolivors 
direct  to  the  atmosphoro.  Tho  wet  and  dry  barrels  are,  tlioro- 
fore,  indejH'iHlent  in  ovovy  way,  so  that  in  the  event  of  tlie 
Ijroakdown  or  rleraii^ement  of  either  pump,  tho  other  can 
wit hdraw  hot h  air  and  water  from  tlie  condenser.  The  vapour 
wit  lidrawn  from  the  condenser  with  the  air  and  discharged  ))V 
the  dry  pump  as  water  may  be  taken  from  the  discharge 
chamber  by  a  small  plunder  ]>ump  driven  from  the  lever  and 
delivered  to  the  feed  tank  or  elsewhere  as  desired. 

In  each  of  these  systems  (Figs.  2  and  3),  the  whole  of  the 
water  is  withdrawn  from  the  condenser  by  the  wet  barrel,  and 
as  the  amount  at  full  power  is  considerable  and  in  a  seaway 
erratic  in  supply,  it  follows  that  the  speed  at  wliieli  tlio 
pump?  can  be  driven  with  safety  is  governed  by  the  water 
considerations  of  the  wet  pump.  Tliis  is  termed  the  Admiralt  v 
limit  speed,  and  must  not  be  exceeded  on  a  warship  full-power 
trial. 

Fig.  4  shows  a  semi-rotary  system  whereby  the  water  is 
witlidrawn  by  a  small  rotary  pump,  working  in  combination 
with  reciprocating  pumps,  thus  rendering  both  barrels  of  tlio 
rociprocating  pumps  available  for  withdrawing  air.  When  in 
harbour,  or  when  cruising  at  low  speeds,  the  rotary  pump 
may  be  stopped  and  the  water  and  air  withdrawn  on  the  wet 
and  dry  system  as  in  Fig.  3.  Fig.  4  also  shows  a  safety  device 
placed  between  the  rotary  and  reciprocating  pumps,  so  that 
in  the  event  of  a  sudden  stoppage  of  the  rotary  pump  the 
water  would  be  automatically  and  gradually  delivered  to  the 
reciprocating  pump,  thereby  preventing  shocks.  This 
safety  device  is  of  value  in  combination  with  any  reciprocating 
water  extracting  pump,  particularly  in  a  heavy  seaway,  when 
sudden  gluts  of  water  are  inevitable. 

The  semi-rotary  system  (Fig.  4)  involves  the  use  of  a  cen- 
trifugal water-extracting  pump  driven  bv  either  a  small  steam 
turbine  or  an  electric  motor.  For  a  condenser  dealing  with 
steam  from  a  10,000  h.p.  main  turbine,  the  horse-power 
would,  even  with  a  considerable  margin,  not  exceed  10.  What 
are  the  advantages?  For  example,  take  the  air-withdrawing 
capacity  of  a  pair  of  wet  and  dry  pumps  (Fig.  2)  at  the  regu- 
lation number  of  strokes  per  minute.  The  air-withdrawing 
capacity  of  a  set  of  pumps  on  the  semi-rotary  system  with 
the  same  diameter  and  stroke  is  increased  by  about  50  per 
cent.  Moreover,  in  the  semi-rotary  system,  as  both  barrels 
draw  air  only,  and  each  barrel  is  supplied  with  a  constant 
and  uniform  quantity  of  sealing  water  per  stroke,  the  regula- 
tion number  of  strokes  per  minute  cau  be  increased  by  at 
least  50  per  cent,  without  affecting  the  margin  of  safety  and 
durability.  Therefore,  by  the  addition  of  a  small  centrifugal 
pump,  the  ultimate  air-withdrawing  capacity  is  more  than 
doubled.  Another  feature  of  advantage  is  that  even  under 
conditions  of  extreme  severity,  for  instance,  at  full  power  in 
a  heavy  seaway,  the  factor  of  safety  on  the  reciprocating  air- 
pump  mechanism  is  constant.  There  are  neither  shocks  nor 
jars  due  to  gluts  of  water  in  irregular  supplv.  the  working  of 
the  pumps  is  smooth  and  regular,  and  is  totally  unaffected  by 
variable  quantity  of  condensate.  In  harbour,  or  when  it  is 
not  necessary  to  work  the  rotary  pump,  the  operation  of  a 
change  valve  enables  the  reciprocating  pumps  to  be  converted 
from  parallel  working  as  dry  air  pumps  into  the  wet' and  drv 
system,  whereby  the  air  pump  duty  under  light  loads  is  main- 
tained with  a  minimum  consumption  of  steam. 

Fig.  5  shows  a  type  of  "  head  and  pressure  "  condensate 
pump,  which  is  very  reliable  in  practice.  There  are  two  im- 
pellers— the  first  discharges  into  an  air-separating  chamber  at 
or  about  the  normally  maintained  suction  level  of  the  second 
pump.  From  this  chamber  extends  a  vertical  stand-pipe, 
which  is  connected  at  the  top  to  the  condenser.  No  lodgment 
of  air  is  possible  in  this  pump.  It  will  work  under  a  suction 
head  of  as  little  as  from  Gin. to  9iu.，  and  is  designed  to  meet 
marine  requirements.  The  steam  economy  of  such  a  small 
turbine  as  10  b.h.p.  is  low,  so  that  an  alternative  drive  for 
this  pump  would  be  by  an  enclosed  waterproof  electric  motor, 
t hereby  favourably  influencing  the  steam  consumption.  There 
can  be  no  question  as  to  the  great  increase  in  air  capacity 
obtainable  by  this  semi-rotary  system,  and  notwithstanding  all 
that  Fig.  1  may  mean  to  a  warship,  it  might  be  legitimate  to 
reduce  the  size  of  the  reciprocating  pumps  by  an  amount 
which  would  compensate  in  part  for  the  weight  of  the  small 
centrifugals.  That,  however,  is  a  question  which  must  be  left 
to  the  decision  of  naval  experts.  Another  feature  of  this 
semi-rotary  system  is  that  it,  cau  be  fitt€d  to  existing  ships 
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with  a  niinimuin  of  disturbance  and  cost.  Whenever  t  lie 
system  is  tried  in  this  manner  the  advantages  at  lull  power, 
and  especially  in  a  seaway,  will  be  found  to  b©  very  consider- 
able when  compared  wit  li  t  hv  pure  reciprocating  system,  Ui" 
iiilicrent  defect  of  which  is  t lie  extremely  low  volumetric 
efficiency  of  the  wet  barrel  ； is  a  withdi  awer  of  both  air  and 
water. 

The  designer  of  warship  inachiiiery  when  ((川 si(l('riiig  ； my 
iu'w  development  naturally  hesitates  before  recommeiidiny  a 
radical  change,  as  there  are  so  many  requirements  which 
have  to  be  met,  but  the  semi-rotary  system  of  air  pumps  in- 
volves not  so  much  a  change  as  an  addition,  viz. ,  u  very  small 
！ notor-drivon  centrifugal  added  to  known  and  existing-  air- 
withdrawing  apparatus.  By  means  of  this  small  addition  the 
available  air  capacity  at  the  full  of  ilie  ship  is  more  tlinn 

doubled  ；  the  factor  of  safety  of  the  existing  mechanism  is 
considerably  increased,  and  the  admitted  steam  economy  for 
harbour  duty  is  retaiiKMi.  .Moreover,  the  semi-rotary  system 
is  a  step  forward  towards  the  realisation  of  tlie  complete 
rotary  system  in  that  it  enables  experience  to  be  gained  on  an 
essential  part  of  the  complete  rotary  system,  viz.,  the  rotary 
water  extract 01*.  Suppose,  for  instance,  on  a  30,000  h.p. 
cruiser  there  were  four  such  centrifugals  weighing  collectively 
with  pipes  four  tons ；  again,  suppose  a  fall  in  vacuum  by  air 
of  only  lin.  Such  a  fall  would  involve  an  effective  loss  of 
about  20  tons  of  coals  per  24  hours,  or  five  times  the  weight  of 
the  apparatus.  In  other  words,  the  entire  weight  of  1  tie 
apparatus  would  be  represented  by  the  coal  wasted  in  24 
liours  by  a  fall  of  about 丄- in.  in  vacuum,  caused  by  insufficient 
air-pump  capacity. 

Sir  Charles  Parsons'  well-known  system  of  combining  a 
steam  jet  air-withdrawing  device  with  a  reciprocating  air 
pump,  the  steam  from  the  jet  being  condensed  in  an  interme- 
diate surface  condenser,  has  frequently  been  described  in  the 
Transactions  of  this  Institution,  and  is  well  known  to  be  a 
highly  efficient  apparatus. 

Fig.  6  shows  in  diagrammatic  outline  a  rotary  air  pump 
which  withdraws  the  air  by  water  films  discharged  from  a 
t urbine  wheel.  If  sea  water  is  used  for  air-expelling  purposes 
the  water  resulting  from  the  condensation  of  the  vapour 
necessarily  withdrawn  along  with  the  air  is  lost.  Another 
feature  is  that  the  theoretical  limit  of  vacuum  is  not  the  baro- 
metric pressure  but  the  vacuum  corresponding  to  the  temper- 
ature of  the  sea  water  used  for  air-expelling  purposes. 

Fig.  7  shows  a  complete  rotary  system  whereby  the  air  is 
withdrawn  and  discharged  by  means  of  the  kinetic  energy  of 
combined  steam  and  water  jets.  It  is  in  extensive  use  on 
land,  and  has  been  sanctioned  and  is  under  construction  for 
one  of  the  light  armoured  cruisers  at  present  building.  An 
outstanding  feature  of  the  apparatus  is  that  the  air-expelling 
iiKnlium  is  the  condensate,  so  that  the  entire  heat  of  the  steam 
jet,  together  with  the  vapour  withdrawu  from  the  condenser, 
is  absorbed  and  conserved.  There  is  no  loss  of  heat  and  no 
loss  of  water  ；  in  fact,  neglecting  radiation,  the  thermal 
efficiency  the  system  is  unity,  and,  what  is  very  important, 
the  basis  limit  of  rarefaction  by  the  apparatus  is,  the  barome- 
tric pressure.  The  condensate  is  withdrawn  by  a  centrifugal 
]Hunp,  and  passes  into  a  circulating  receiver,  from  which  it 
n()、、's  to  the  feed  tank.  The  air  is  withdrawn  from  the  con- 
(l("'ser  by  a  steam  jet,  and  the  aerated  steam  is  discharged 
in* o  a  chamber  in  which  condensate  is  sprayed  by  multiple 
,j('t  "  thereby  presenting  a  large  water  surface,  by  which  tlie 
^te.mi  f loni  tlie  jet  is  condensed,  and  on  which  the  air  is,  as  it 
、vcie,  automatically  deposited.  The  resultant  highly  aerated 
、v;ite:'  is  delivered  to  an  annular  water  jet  in  the  base  of  the 
cliainber  by  wliirh  it  is  discharged.  An  ordinary  centrifugal 
1>U,,1)>  (li'aws  water  from  the  circulating  receiver  and  delivers 
it  to  the  spraying  jets  and  to  the  annular  air-expelling  jets. 
Tlie  steam  jet  is  supplied  from  the  closed  exhaust  system. 
UuMvforc  thv  apparatus  becomes  in  effect  an  exhaust 'steam 
Iced -water  heater,  but  before  heating  tlie  water  the  exhaust 
s"、ani  is  usefully  eniployd  in  withdrawing  the  air  from  the 
roiulonser.  The  centrifugal  punij)  is  driven  by  a  small  I  urbine. 
tluu'e  being  no  other  moving  niechanisni  whatever.  In  a 
oO,00()  h.p.  cruiser  1  here  would  be,  say,  four  sets  of  appara- 
tus, the  water  horse-power  of  each  set  being  about  30. 

is  well  known  that  the  steam  (*oiisuin])tioii  ]>er  horse- 
lH)\、i'r  of  small  steam  turbines  is  higli  ,'()mp;u't"l  witli  tliat  of 
； i  m'ipi'ocatiiig  on^iiu*,  sue])  ； us  is  used  for  'h'ivini:  [\w  wet  and 
dry  reciprocating  pui"ps，  but  when  exhausiing  into  tlie  usual 


closed  exhaust  system  about  70  per  cent,  of  the  work  of  which 
the  steam  us  delivered  to  the  small  turbines  was  originally 
capable,  is  still  availabl'i  for  ym  r;itmg  ]>ow<  r  ("i  the  low- 
pressure  section  of  the  main  proj>ellin^  turbine.  In  this 
connection  it  may  be  mentioned  that  the  exhaust  from  litis 
small  turbine  is  dry,  so  is  in  an  eminently  suitable  condition 
for  admission  to  the  main  turbine,  wliereas  tlie  exhaust  from 
the  reciprocating  engine  is  super-sat  in  ;it**<|  Tin-  a|>)>a rat  us 
is  fascinating,  because  it  is  completely  rotary,  ai"l，  being  so, 
it  is  uniform  witli  the  main  turbines  ；  it  is  also  very  simplf. 
As  a  remover  of  〗iighly  rarefied  air,  such,  for  example,  as  is 
associated  with  28Ain.  vacuum,  il  is  ideal.  The  air  capacity 
of  the  four  sets  referred  to  is,  at  28iin.  vacuum,  more  ilian 
double  that  of  the  ordinary  installation  of  wet  and  山. v 
reciprocating  pumps  usually  fitted  on  a  30,000  h.p.  cmisor. 
The  system  is  essentially  one  far  vacua  over  26in. ,  and  the 
higlier  the  vacuum  tlie  more  strikingly  efficient  it  is,  provided 
in  all  cases  the  condenser  is  of  suitable  design . 

In  order  to  obtain  reliable  data  a  very  exhaustive  series  of 
tests  has  been  made  on  the  reciprocating  air  pumps  (Fig.  H). 
The  design  meets  Admiralty  requirements,  and  is  in  ； i'  '',r'J 
ance  with  recognised  first-class  practice.  The  method  of  ，'、 卜 
ing  adopted  was  the  usual  one  of  withdrawing  from  a  receiver 
into  which  air  is  admitted  in  known  quantity,  and  through 
which  water  passes  in  known  quantity,  and  at  known 
temperature.  The  results  obtained  from  such  tests  are,  of 
course,  not  identical  in  a  quantitative  sense  with  what  mi^ht 
be  expected  from  a  condenser  in  actual  operation  ；  they, 
nevertheless,  permit  of  exact  comparisons  being  made. 


Fig.  9.  Fig 


The  pumps  were  arranged  to  work  on  tlie  following  sys- 
tems : (,/)  Water  withdrawn  by  wet  barrel  aud  air  i'v  'Irv 
barrel,  botli  discharging  to  atmosphere.  (/>)  Water  barrel  dis- 
charging to  atmosphere  and  air  barrel  against  pressures  be- 
low atniosj)heric.  (r)  Both  barrels  withdrawing  air  in 
parallel  as  in  semi-rotary  system. 

The  temperature  of  the  water  passing  tlirough  tlie  wet 
barrel  ranged  from  70。  to  120°，  and  that  passim:  through  tlu* 
dry  barrel  from  50°  to  90°,  thereby  covering  all  the  condi- 
tions met  with  in  practice. 

Referring  again  to  the  basis  example,  viz.,  'JS.lin.  con- 
denser vacuum  with  55°  sea  water,  and  assuniiii^  t lie  con- 
densate to  be  80°,  the  conclusions  are  as  follows  ：  The  air- 
withdrawing  capacity  of  the  dry  barrel  is  about  three  times 
greater  than  the  wet  barrel.  There  is  no  measurable  differ- 
ence in  the  quantity  of  air  withdrawn  In  rethu-iu^  tlie  dis- 
charge pressure  from  atmospheric  to,  say,  41bs.  absolute.  If 
both  barrels  are  worked  dry  in  parallel,  as  in  the  semi-rot arv 
system,  the  air  capacity  per  minute  is  one-half  greater  than 
on  the  wet  and  dry  system  at  the  same  number  of  strokes  per 
iniimte.  With  both  barrels  working  in  parallel  as  air  barrels 
at  a  number  of  strokes  per  "liimle  50  per  cent,  greater  than 
the  regulation  strokes  permissible  on  tlie  wet  ami  drv  svstem, 
the  smoothness  of  working  is  at  least  equal  to  that  obtaineil 
by  the  wet  and  diy  systom  at  tlie  rt'ufMlat i«>n  st rokos,  ami  ； it 
tliis  increased  s|X'o<l  t  he  air  withdrawing  eapacit  v  is  more  thait 
doubled  {Fig.  9.) 
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Fig.  10  is  a  section  of  the  apparatus  on  which  experiments 
were  made  on  air  withdrawal  by  the  kinetic  energy  of  steam 
and  water  jets.  The  temperature  of  the  condensate  was  again 
assumed  to  be  80°,  and  5。  were  added  for  heating  by  the 
steam  jet,  so  that  the  temperature  of  the  water  in  the  circu- 
lating tank  was  maintained  throughout  the  tests  at  85°.  The 
water  horse-power  of  the  centrifugal  pump  supplying  the  jets 
was  33.  With  no  air  separately  admitted,  and  with  water  at 
85°  passing  through  the  jets  a  vacuum  of  29"8in.  was  main- 
tained with  barometer  at  30in.  A  vacuum  of  28iin.  was 
maintained  under  the  above  conditions  with  an  air  admission 
of  50  cub.  ft.  per  minute.  A  vacuum  of  28in.  was  maintained 
under  the  above  conditions  with  an  air  admission  of 
65  cub.  ft.  per  minute.  This  result  is  beyond  the  requirements 
of  ordinary  practice,  and  was  made  to  illustrate  the  possi- 
bilities of  tlae  system. 

Having  reviewed  the  broad  question  of  air  margin  for  air 
pumps,  the  proposition  I  venture  to  submit  for  consideration 
is  as  follows :  There  is  an  ascertainable  and  minimum  quan- 
tity of  air  passing  through  a  turbine  system  to  the  boiler  as 
air  in  suspension  and  solution  in  the  feed  water,  and  from 
the  boiler  into  the  condenser  as  air  in  the  steam,  this 
quantity  being  based  on  the  assumption  that  the  joints,  &c.， 
in  the  vacuum  system  are  absolutely  airtight.  If  at  full  power 
the  capacity  of  the  air  pumps  at  the  specified  vacuum  is  based 
on  this  quantity  of  air,  the  pumps  may  be  said  to  have  no 
air  margin .  Iu  view  of  the  influence  of  vacuum  on  power  and  of 
the  influence  of  microscopic  air  leakages  on  vacuum,  is  it  or 
is  it  not  desirable  to  provide  warship  air  pumps  with  an  air 
margin  at  full  power,  and  if  so,  what  should  the  air  margin 
be,  relatively  to  the  normal  quantity  of  air  passing  through 
an  air-tight  system  per  unit  weight  of  feed  water  ？ 

In  conclusion,  I  may  say  that  my  endeavour  has  been  to 
set  forth  within  the  limits  of  a  paper  the  influence  of  an  air 
pump  on  the  military  efficiency  of  a  turbine-driven  warship. 
It  is  a  subject  which  should  appeal  alike!  to  the-  naval  con- 
structor, the  naval  engineer,  and  the'  commanding  officer. 
Its  consideration  brings  into  prominence  the  far-sighted 
policy  of  the  new  scheme  of  naval  training  whereby  all  the 
officers  in  H.M.  Navy  will  have  passed  through  an  engineer- 
ing course  and  be  able'  in  tlie  future'  to'  review  professionally 
the  many  subtle  problems  involved  in  that  wonderful  aggre- 
gation of  mechanism,  a  modern  warship. 


Military  Aviation.  ―  Major  F.  H.  Sykes,  Commandant  of 
the  military  wing  of  the  Royal  Flying  Corps,  in  a  lecture  on 
" Military  Aviation/'  recently  delivered  before  the  Aeron- 
autical Society  of  Great  Britain,  said  it  had  been  remarked 
that  the  nation  which  got  command  of  the  air  would  gain 
the  victory,  and  although  that  might  be  the  case  in  a  few 
years  Bence,  he  did  not  think  that  was  correct  at  the  present 
time.  He  thought  that  the  command  of  the  air  would  never 
be  the  same  as  the  command  of  the  sea.  or  land.  It  had  been 
suggested  that  it  would  be  better  to  develop  some  aeroplanes 
along  the  line  of  light  fast  scouting  machines,  and  it  was 
certain  that  such  machines  would  have  an  advantage.  It 
would  perhaps  be  necessary  to  develop  British  airships  along 
naturally  characteristic  lines  in  the  same  way  as  they  had 
done  in  the  matter  of  ships  in  the  Navy.  What  was  wanted 
now  was  first  of  all  for  strategical  work  a  single  seater  scout 
aeroplane  with  a  speed  of  90  miles  an  hour  and  a  landing 
speed  of  half  that  figure,  a  very  high  rate  of  climbing,  and  a 
petrol  capacity  of  about  300  miles.  Good  view  was  also 
essential.  Secondly,  they  wanted  a  two-seater  with  a  speed 
of  80  and  40  miles  per  hour,  and  a  200  miles  tankage,  carry 
a  light  weapon,  a  good  climber,  and  capable  of  landing  on 
bad  ground.  Thirdly,  a  twoseater  fighting  machine  with 
speeds  of  70  and  40  to  carry  a  gun,  ammunition,  and  light 
armour,  and  petrol  for  200  miles.  Fourthly,  a  semi-rigid  air- 
ship of  about  250,000  to  300,000  cubic  feet,  a  speed  of  55 
miles  an  hour,  and  capable  of  keeping  in  the  air  for  at  least 
six  hours  to  carry  a  crew  of  eight,  a  light  gun,  and  "  wire- 
less." He  looked  in  the  not  far  distant  future  for  scouting 
aeroplanes  of  120  miles  an  hour,  "  fighters  )J  to  carry  a  pilot' 
and  assistant  gunners  and  observer  at  100  miles  per  hour, 
weighti-carriers  to  transport  troops,  rations,  and  equipment 
10  or  12  at  a  time  a  distance  of  30  miles  and  make  five  trips 
a  day. 


INDUSTRIAL  AND  TRADE  NOTES. 

Extension  of  Narland  &  Wolff's  Works.— Tho  Belfast  Harhom 
Board  have  granted  a  lease  to  Harland  &  Wolff  of 】5  acres  addi- 
tional land,  for  the  purpose  of  extending  the  firm's  engineering 
works.  It  is  understood  the  capacity  of  the  works  will  ho  doubled, 
giving  employment  to  ahnut  3.000  additional  liands.  To  erect  and 
c(|uip  the  new  works  will  cost  about  £200,000. 

Airships  for  the  Admiralty -— Mossrs.  Vickt'rs.  Ltd..  Harrow.  lia\  »*. 
we  understand,  received  instructions  from  the  Admiralty  to  build 
the  second  I>arse\*al  airship.  This  firm  ha vo  alivady  ha<l  consider- 
able experience  in  airship  building,  and  the  Admiralty's  intention 
is  that  all  future  airships  shall  he  built  in  the  United  Kingdom. 
The  Admiralty  have  beon  waiting  for  an  approved  design  of  air- 
ship, and  now  the  Parseval  has  l>een  accepted  it  is  likoly  that  many 
similar  craft  will  be  built. 

Oil  Engines  for  Ship  Propulsion. ― At  the  r(  "'iit  annual  ino<'iin^ 
of  Swan,  Hunter,  &  、Vighani  Richardson  &  Co.,  Ltd.,  Dr.  G.  B. 
HunU'r  said  they  were  1'uilding  a  new  graving  dock  on  the  Tvjh*. 
costing  between  £507()( )()  and  £(i0，00()，  whicli  \vo\ild  1>o  opened  early 
next  year.  They  were  proceeding  further  in  the  matter  of  inter- 
nal-combustion oil  on gi nes,  and  were  oonstruoting  an  interesting 
vessel,  to  be  named  the  11  Tynemouth/'  in  which  oil  would  be  used 
to  generate  power,  which  would  be  applied  to  the  propelling  shaft 
through  electric  motors. 

Trade  Circulars  and  Catalogues. ― We  have  received  tho  followinp 
trade  circulars  and  catalogues :  Aiton  &  Co.，  Derby,  an  illustrated 
catalogue  and  price  list  of  flanged  pipes  and  accessories  ；  Ozonair, 
Ltd,  96，  Victoria  Street,  London,  S.W.,  descriptive  pamphlet  of 
their  system  of  ventilation  ；  The  General  Electric  Comi):ui.v.  07, 
Queen  Victoria  Street,  London,  E.C.,  illustrated  catalogues  and 
price  lists  of  Holophone  pendants,  telephones,  fire  alarms,  water- 
level  indicators,  &c. ;  Meldrums?  Ltd.,  Timperley,  near  Maiu  hestcr. 
descriptive  circular  of  their  forced  draught  furnaces,  niefhanif-al 
stokers,  and  refuse  destructors. 

Working  Model  of  Mather  &  PlaU's  Duplex  Gas   Engine.— We  have 

received  irom  Messrs.  Mather  &  Piatt,  Ltdv  Manoliester.  an 
interesting  working  cardboard  model  of  their  duplex  patent  valvo- 
less  gas  engiue.  The  model,  which  shows  sections  of  tlio  cylinders 
and  valve  arrangeuients,  and  is  operated  by  the  turning  of  a 
cardboard  disc,  demonstrates  the  special  features  of  the  engine 
far  more  clearly  than  could  be  done  by  any  amount  of  description. 
We  comniend  the  model  to  the  attention  of  science  teachei-.s.  as  an 
illustration  of  one  of  the  latest  developments  in  gas-engine  design, 
by  which  the  two  pistons  obtain  an  impulse  at  each  stroke,  while 
every  stroke  is  a  driving  stroke.  Wo  may  add  that  the  model  is 
issued  at  the  price  of  2s.  6d. 

German  Shipbuilders'  Loss. ― Tho  report  of  tho  mana^t'inent  of 
the  Vulkan  Shipbuilding  Company,  of  Haml)ur*i  and  Stettin,  was 
presented  at  a  meeting  of  the  directors  at  Hamhur^;  on  Saturday 
last.  It  states  that  the  vessels  completed  for  tlie  Geriuan  Navy 
in  1912  by  the  company  had  resulted  in  a  loss  to  the  company 
amounting  to  £100,000.  Orders  for  ships  of  n  large  type  from  the 
Navy  and  from  mercantile  shipowners  were  always  given  terms 
involving  a  loss  to  the  builders.  That  the  company  、vas  able  to 
pay  a  dividend  of  6  per  cent,  was  declared  to  be  due  not  to  the 
favourable  results  of  the  previous  year,  but  to  the  reserves  built 
up  in  the  past,  when  it  was  still  possible  to  obtain  orders  under 
normal  conditions. 

Casualties  in  Factories. ― According  to  a  AVhito  Paper  just  issueil 
by  the  Home  Office,  there  Ave  re  656  cases  of  industrial  poisoning 
(including  50  deaths),  1,260  fatal  accidents,  loo. 750  non-fatal  ncci- 
dents,  and  1,557  dangerous  occurrences  other  than  those  regarded 
as  accidents  in  factories  and  workshops  last  year.  These  figures, 
however,  are  only  preliminary,  and  are  liable  to  correction.  In 
1911  there  wei e  755  cases  of  industrial  poisoning,  1,182  fatal  acci- 
dents, 148,735  non-fatal  accidents,  and  966  dangerous  occurrences. 
Among  the  diseases  scheduled  under  industrial  poisoning  tho 
largest  number  of  workers ~~ namely,  587 ― were  attacked  with  load 
poisoning.  Forty-four  of  the  cases  proved  fatal.  The  breaking 
of  hoisting  appliances  was  responsible  for  1,082  dangerous  occur- 
rences. , 

French  Iron  and  Steel  Industry. ― According  to  tho  '-  Frankturtt1!' 
Zeitung,"  the  production  of  pig  iron  in  France  during  1912 
reached  4.820,000  metric  tons,  compared  with  4,426,000  metric  tons 
in  191 1  -  This  increase  of  400,000  metric  tons  is  accounted  for  by 
the  working  of  eight  new  blastfurnaces  and  the  increased  output 
of  existing  furuaces.  Of  the  159  blastfurnaces  in  France  131  ;m、 
in  operation,  compared  with  123  at  the  beginning  of  1912,  and 
114  at  tho  commencement  of  1911.  Everything  points  to  a  still 
further  increase  in  the  production  of  French  pig  iron  during 
this  and  the  next  few  years.  Iu  the  east  of  Franco  alone  12  new 
hlastfurnarevS  will  be  taken  in  hand  during  the  present  year.  The 
production  of  finished  iron  and  stool  products  has  also  considerably 
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increasod  during  tho  past  few  years.  A  noteworthy  fact  in  con 
nection  with  tin*  incroasiod  production  of  iron  and  steel  products 
(luring  1912  is  that  almost  all  the  increase  was  absorbed  by  the 
home  markets. 

Iron  and  Steel  Industry  in  New  Zealand. ― His  Majesty's  Tradn 
Commissioner  i'or  New  /eahmd  has  for\var<l(i(l  a  copy  of  the  r*'|'。i  t 
of  tho  Select  ('oinmitt(H»  of  t)\r  \r\v  /cahuul  Kous<^  of  Hcprcscnt  ;i 
iivos,  wliicli  was  appointed  to  fonsi<lcr  tho  (|i"、sti()n  the  csial) 
lishiiH^iit  of  nti  iron  and  .steel  indnst  r\'  in  i\w  Dnniinitm,  uilli 
special  roferonoo  to  tho  proposals  (»1  ;i  liOiidou  syndicaic  ior  the 
dcvolopniont  of  the  iron  ore  (l(、p(>sits  ;i t  Pai'-ipani  and  Om:ik:ik:». 
The  Committee  decided  that  it  is  desirable,  in  the  interests  of 
tho  Dominion,  to  encourage  the  production  of  iron  uixl  steel  1'rom 
native  ores.  The  proposals  of  the  syndicate  were,  ho、、f'v('r,  con 
side  red  iiii.satistMctoi'v  in  tlioir  present  form,  and  their  arfoj)tanco 
was  not  reoonuiuMidod.  The  Committer  rcroninuMulcfl  that  the 
"m'ernment  should  make  a  full  enquiry  into  the  wholo  in;itt*T 
ai>  the  oarli(*si  possible  (l;it(、，  with  n  now  to  ascortainiii|j;  the 
terms  on  which  investors  would  I  to  pro])aro<l  tn  provi(l《、  ilio  capital 
necessarv  to  develop  the  industry  on  an  a<Iequ:ito  >s(';il<*.  As  an 
alternative,  it  w  as  .su^^ost(Hl  that  tlu、  (jJovcnunoiit  should  i  ully 
enquire  iufco  tin*  ； id visahility  of  dovelopiiiK  the  indusl ry  as  ;i  State 
cnterpi'iso. 

British  Engine,  Boiler,  and  Electrical   Insurance  Company,  Ltd. ― At 

U"、  iinnual  meeting  of  this  (ompan.v,  held  at  the  Head  Office,  12， 
King  Htroot,  Manchostor,  on  Friday,  March  7th,  tho  Chiurnui n 
(Mr.  R.  Charles  Longri(lge)  mentioned  tliat  in  the  course  of  tho 
past  year  the  Royal  Insnranco  Company,  Ltd.,  lmd  acquired  a 
controlling  influence  by  tlio  purchase  of  shares,  and  in  eonsqtionco 
<>i'  ;i(l\ancin^;  yoars  】iis  latht'r,  the  first  cliairman  of  tho  coni])any, 
had  taken  this  opportunity  for  resigning  ]iis  position  on  the 
Hoard.  Mr.  Moss,  also,  who  had  been  secretary  almost  from  tho 
commencomont  of  the  company,  was  retiring  from  that  position, 
and  his  】）1;"'<、  would  bo  taken  by  M r.  J \.  F.  Tiiyloi",  who  liad  for 
many  years  represented  tlio  company  in  Glasgow,  but  these 
changes  involved  no  alteration  in  the  operations  of  tlio  company, 
jiikI  had  in  no  way  int("i'eiv(l  with  its  progrtvss.  Claims  showed  a 
considerable  increase  as  compared  with  1911,  and  this  was  (liit'fiv 
among  steam  engines,  possibly  because  trade  、vas  so  good  that 
engines  were  overburdened,  hut  that  explanation  would  not 
account  for  tlie  fact  that  in  spite  ot  a  ^roat  increase  in  the 
numbor  of  electrical  machines  insurod  the  claims  in  that  depart- 
ment had  not  increasod.  Ho  ventured  to  Iiope  that  this  impi'ov— 
ment  was  due  to  the  educational  advantages  derived  from  the 
repeated  visits  of  the  company's  inspectors,  when  they  explained 
to  attendants ― many  of  whom  knew  little  or  nothing  about  elec- 
tricity― what  should  be  done  to  keep  machines  in  good  working 
order.  While  the  amount  to  bo  paid  for  claims  、vas  about  t\w 
same,  tho  ratio  of  breakdowns  also  remained  nearly  constant, 
namely,  one  out  of  every  nine  machines  insured.  There  had  been 
a  considerable  diniinution  in  claims  for  boilers,  and  the  ^oneral 
results  spoke  well  for  the  effi('"、n('v  with  which  tho  work  of  inspec- 
tion had  l^een  carried  out.  It  was  i-osolvod  to  pay  a  dividend  ot" 
os.  per  share ^  with  a  bonus  of  3s. ,  a nd  nftor  ro-election  of  directors 
and  auditors  the  meeting  ended. 

Conference  on  Shipyard  Wages. ― A  conference  was  held  at  Carlisle 
oil  the  7th  iiist.  between  representatives  of  the  Shipbuilding 
Employers'  Federation  and  the  shipyard  trade  unions  to  discuss 
the  wage  question.  The  Standing  Committee  of  the  Shipyard 
Unions  applied  for  an  advance  of  5  per  cent,  on  piecework  and 
Is.  per  week  or  gd.  per  hour  on  time  work,  on  the  wages  rates  of 
all  the  shipyard  members  of  the  unions.  It  、vas  ai^ued  tliat  tho 
continued  good  trade  and  the  scarcity  of  workmen  justified  them 
in  asking  for  the  advance.  On  behalf  of  the  employers  it  was 
urged  that  trade  conditions  did  not  、、  ； u'rant  an  advance  of  m  u^'s. 
There  were  decided  indications,  they  said,  that  thv  iiulustry 
reached  its  highest  point.  There  were  now  very  few 
enquiries  for  new  boats,  contracts  were  difficult  to  obtain,  there 
was  keen  competition  for  the  work  that  was  in  the  market'  there 
was  a  marked  falling  off  in  freights,  and  everything  pointed  to 
:i  decline  ia  the  demand  for  new  tonnagt1.  In  these  circumstances 
they  did  noi  think  they  should  be  expected  to  ^rant  an  ach  aiuc 
of  wages,  which  would  increase  costs  still  turtlier,  unci  thus  ivii 
der  it  more  difficult  for  them  to  obtain  new  work.  Ultimately  the 
discussion  closed  on  the  understanding  that  the  employers  had 
declined,  at  that  "  preliminary  '7  conferenoej  to  admit  that  there 
"as  a  case  for  tho  advance,  and  that  the  Standing  Committee 
"ould，  in  accordance  with  the  proceduro  of  tho  national  ;w(h' 
ment,  ask  for  another  conference  within  a  fortnight  to  discuss  t hr 
matter  in  greater  detail.  After  the  conference  with  the  Standing 
Committee  the  employers  met  the  Executive  Council  of  tlie 
Boilermakers'  Society  and  discussed  with  thorn  tlie  (im>、tio'i  <.i  ;i 
5  per  cent,  advance  on  wages.  The  discussion  was  on  similar  lines, 
and  the  result  was  the  same,  the  employers  declining  to  admit 
that  an  advance  would  be  justified,  and  the  men's  repmsentatives 
hnvii)^  tho  option  of  allowing  their  application  to  lapse  or  asking 
i'or  ；、  further  eonferonce. 


PROCESS  FOR  THE  PRODUCTION  OF  TOOL  STEEL 

A  new  process  for  the  production  of  steel  of  high  qualitv  In- 
clearing  in  vacua  forms  the  subject  of  a  patent  recently 
granted  to  The  DellwikrFleischer  Company,  .— M;iri'  ii、t  「卜、''， 
Frankfurt  a.M.，  Germany.  It  is  well  known  that  molt  en 
is  much  improved  if  an  (jpjmrtunity  is  ^iven  for  t  he  gaBes  and 
particles  of  slag  in  it  to  be  separated ,  and  that  this  sf'j>;u  at  ion 
or  clearing  can  be  especially  accelerated  if  the  fluid  st«el  is  ex- 
posed to  a  vacuum.  It  is  also  very  important  t  hat  during  this 
clearing  period  the  steel  should  be  protected  againsi  .-oolm^ 
as  much  as  possible,  so  that  it  may  retain  its  fluidity  as  long 
as  possible.  For  this  reason  the  clearing  vessel  is  placed 
during  clearing  in  another  container  or  in  a  pit  which  is  itself 
exhausted.  In  this  way  a  vacuum  is  formed  around  the  vessel 
which  actually  contains  the  steel,  and  that,  as  is  well  known, 
gives  the  best  possible  protection  against  loss  of  heat. 
However,  loss  of  heat  to  some  extent  is  unavoidable,  anrl 
according  to  the  process  under  notice  in  order  to  compensate 
for  this  unavoidable  loss  of  heat,  and  especially  in  order  to 
gain  a  considerable  reserve  of  heat  for  purposes  of  regulation, 
all  the  surfaces  of  the  actual  clearing  vessels,  as  well  as  of  the 
vacuum  containers,  are  highly  heated  beforehand,  for  ex- 
ample, with  a  water-gas  flame,  preferably  to  the  melting 
point  of  the  metal.  For  this  purpose  all  the  surfaces  arr 
lined  with  heat-insulating  refractory  material,  for  example, 
chamotte. 

In  carrying  the  process  into  effect,  the  fluid  steel  is  placed 
in  one  or  more  large  containers.  The  steel  is  then  allowed  to 
rest  quietly  in  these  clearing  vesels  for  a  long  time  so  that  it 
may  clear  before  it  is  poured  out.  For  this  purpose,  iron  con- 
tainers are  employed  lined  with  refractory  material,  and  of 
such  dimensions  that  there  is  sufficient  space  in  them  for  the 
clearing  vessels.  These  containers  (which  are  suitably  sunk 
in  pits)  have  a  turned  flange  upon  their  upper  edge  upon  which 
a  similarly  flanged  cover  is  fastened  in  air-tight  fashion  by 
means  of  packing  material.  If  now  the  clearing  vessel,  after 
having  its  surfaces  highly  heated,  preferably  to  the  tempera- 
ture of  fusion  of  the  steel,  filled  with  fluid  steel  and  loosely 
covered  with  a  cover  of  chamotte,  is  put  into  such  a  pit  con- 
tainer, the  interior  surfaces  of  which  are  similarly  highly 
heated,  and  the  cover  of  this  latter  then  fastened  on  air-tight, 
and  the  pit  exhausted,  some  very  important  advantages  are 
simultaneously  obtained.  In  the  first  place,  tlie  vacuum 
powerfully  assists  the  separation  of  gas,  so  that  the  clearing 
process  is  not  only  improved  in  quality,  but  the  time  taken 
by  it  is  diminished.  But  besides  this  the  large  interior  sur- 
face of  the  vacuum  chamber,  together  with  the  surfaces  of 
the  clearing  container,  constitute  a  heat  storer  of  very  great 
capacity,  and  also  the  vacuum  around  the  clearing  vessel 
diminishes  the  loss  of  heat  by  conduction  so  considerably  that 
there  is  no  fear  of  the  steel  becoming  viscous,  even  if  the  clear- 
ing vessel  is  in  the  exhausted  pit  for  hours.  Moreover  the 
us©  of  the  exhausted  pit  enables  the  clearing  process  to  be 
thoroughly  completed  without  disturbance.  In  particular  tlie 
clearing  process  is  a  process  of  refining  as  well  suited  as  it  is 
cheap  for  ordinary  Bessemer  or  Martin  steel,  because  it  most 
efficiently  and  thoroughly  effects  the  separation  of  the  gases 
from  fluid  steel  and  molten  iron,  which  now,  as  is  well  known, 
diminish  the  quality  of  the  product.  For  the  melting  of  st^el 
in  a  Martin  furnace  it  is  desirable  that  a  gas  flame  of  high 
temperature  of  combustion  free  from  ashes  and  sulphur  should 
be  used,  and  for  this  purpose  water  gas  is  particularly  to  be 
recommended  for  the  preliminary  treatment  of  the  material 
which  is  to  be  treated,  as  well  as  for  heating  the  refractory 
surfaces. 
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NEW  PATENTS. 

Specifications  of  the  following  arc  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Enfjt7ieer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Vrulves  for  internal-combustion  engines.    Sears.  25451. 
Creating  motive  po、v(、r  by  hydraulic  and  atmospheric  pressures 
combined.    Legi'aml.  25572. 

1912. 

\a  n:\\)\v-s\)vn\  gear.    litMvden  A'  Kavi'ii.  1104. 
Miuuilact uic  <»t  tim^sten.    Johnson.  .1161. 

I^'cliniiiuu-y  li(';it('r  in  comu'ction  with  f ui-iiaces  tor  the  reduction 

of  zinc  ores.    Hoitzheim.  1338. 
iMannl'acture  oi'  double  lielical  metallic  tubing.    Davit's  A*  Judge. 

1611. 

Turbine  installation  for  ships.  Stettiner  Muscbinenbau  Akt.-Ges. 
Vulcan.  1668. 

Apparatus  for  tl"'  s(>ft(、iiing  a nd  purification  ot  water.  W'ator 

Softeners,  Ltd.  3674. 
( 'arbtiretter  for  petrol  or  oil  engines.    Girling.  (； 
Steam  engines.    Ferguson.  3717. 

C'arburetters  for  intcrnal-conibustioii  engines.  M rgevet  A*  J'k  Uci'. 
3757. 

I'noumatic  driven  hand-actuated  tools,    th'eig.  3770. 
Fuol  feed  apparatus  for  oil  engines.    Johnston.  37S4. 
Automatic  couplings  for  raihvny  vehicles.    Allison.  'As.^T. 
Big  ends  of  multi-t yclincler  radial  rotai'y  fluid  pressure  engines. 
Peet.  3868. 

Apparatus    for  indicating   the   direction   of    rotation  of  sliat'ts. 

Keppie  &  Maddick.  3878. 
Device  i'or  ^oNerning  stea ni  turbines.    \' oroini^te  Da nipt'tmln nm 

Ges.  3931. 
Lubricators.    Preston.  3954. 

Self-starting  apparatus  for  interna l-c<nnbustion    engines    of  the 

multi-cylinder  type.    Ashford.  4099. 
Silencer  tor  internal-combustion  engines.  Dnw.son  &  l)a、vso".  11"". 
T、、'o-sti'oke  cycle  internal-combustion  pumps.     Akt.-Ges.     Brown ? 

Boveri,  et  Cie.  4158. 
Kurnaces.    Sillery.  4163. 

Two-cycle  internal-oombustion  engines.     Nordstrom.  4168. 
I  .iilnicating  appai-a  tus.    Mix  ranville.    I 'J 

l>r。r。ss  for  the  manufacture  of  briquettes  from  coal  waste.  Klivni 

and  Efrem.  4377. 
A  oroplanes.    Austin.  4378. 

Two-stroke  cycle  internal  combustion  engines.    Marks.  4459. 
Internal  feed-water  heater  and  purifier.    Green.  4727. 
Watei'-tube  boilers.    Stirling  Boiler   Company,  and  Constaiitine. 
4753. 

Method  of  preventing  the  formation   of   boiler    scale.  Bi'azda, 

Schuckher,  &  RicMer.  5246. 
Smoke-consuming  furnaces.    Ko\vitzkt\  0(>74. 
rrwo-struke  cycle  internal-combustion  engines.    Kemp.  7103. 
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Effect  of  Cross  Water  Pipes  on  Circulation  in  Lancashire  Boilers. 

We  give  on  another  page  a  letter  from  a  correspondent  who 
invites  an  expression  of  opinion  from  those  of  our  readers  who 
have  experience  as  to  the  advantages  or  otherwise  of  the  cross 
water  pipes,  more  commonly  known  as  Gallowav  tubes,  which 
are  often  inserted  in  the  furnace  tubes  of  Lancashire  and  other 
cylindrical  boilers.  The  matter  is  one  on  which  there  is  con- 
siderable diversity  of  view  amongst  boilermakers,  steam  users, 
and  engineers  in  charge,  and  for  this  reason  it  may  perhaps 
be  of  advantage  if  we  discuss  the  matter  a  little  ourselves. 
The  introduction  of  cross  water  pipes  in  the  flues  o\  Lam-a- 
sh ire  boilers  may  he  said  to  date  back  to  the  invention  of  the 
Galloway  boiler  in  1849，  which  soon  became  popular  and 
which,  with  its  array  of  vertical  pipes  and  extension  of  heat- 
ing surface,  was  certainly  calculated  to  convey  a  good  impres- 
sion as  to  its  water  circulating  efficiency,  though,  】ike  man v 
other  engineering  views,  it  rested  more  upon  general  impression 
than  actual  experiment,  for  we  are  not  aware  that  any  reliable 
tests  were  made.  However,  the  boiler  became  a  favourite  and 
remained  so  until  the  advances  in  pressures  passed  beyond  tho 
limits  for  which  the  construction  of  its  oval  flue  tube  rendered 
it  suitable  and"  which  may  be  put  down  roughly  at  about 
I  'JOlbs.  to  the  incli,  while  the  popular  belie*'  as  to  the  efficiency 
of  the  tubes  led  to  these  taper  water  pipes  being  in  sorted  to  a 
large  extent  in  the  plain  flue  tubes  of  existing  Lancashire 
boilers.  In  this  way  the  fashion  was  set,  and  eventually,  when 
the  patent  rights  in  connection  with  the  taper  water  j)ipes 
lapsed,  it  became  a  practice  for  makers,  when  constructing  a 
new  Lancashire  boiler,  to  insert  a  few  cross  water  pipes,  about 
four  to  six,  in  each  flue  tube,  the  tubes,  however,  being,  as  a 
rule,  parallel  for  simplicity  of  const  ruction.  Prolonged 
experience  in  the  working  of  these  water  pipes,  coupled  with 
the  observations  of  boiler  inspectors  on  the  frequency  with 
which  these  pipes  often  became  choked  with  scale  if  the  feed- 
water  happened  to  be  diiiv,  led  to  doubts  being  entertained 
respecting  their  reputed  merits,  thougli  we  are  not  aware  that 
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any  reliable  tests  of  them  were  conducted  until  the  Manchester 
Steam  Users'  Association  took  up  the  matter  and  published 
some  observations  of  actual  tests  on  temperature  differences  in 
mill  boilers  when  getting  up  steam,  along  with  its  report  on 
a  series  of  red  hot  furnace  crown  experiments  in  the  year 
1890.    These  observations  are  of  especial  interest,  in  view  of 
the  questions  raised  in  our  correspondent's  letter,  and,  as  the 
vounger  generation  of  engineers  will  hardly  be  cognisant  with 
the  information,  as  the  report  is  somewhat  rare,  il  may  be  well 
to  repeat  some  of  the  facts  then  brought  out.   The  experiments 
were  made  with  several  boilers,  both  of  the  Lancashire  and 
Galloway  type,  in  ordinary  practice  and  under  various  con- 
ditions.     One  of  the  Lancashire  boilers  had  no  cross  water 
pipes  in  the  internal  flues;  the  other  had  four  cross  pipes  in 
each,  while  the  Galloway  boilers  had  33  conical  water  pipes  in 
two  cases  and  in  a  third  case  30.    The  boilers  were  set  in  the 
usual  way,  Le.y  the  gases  after  leaving  the  flue  tubes  at  the 
back  end  passed  under  the  bottom  of  the  boiler  and,  lastly, 
along  the  sides,  except  in  the  case  of  one  Galloway  boiler,  in 
wliicli  Hie  flames,  after  leaving  the  back  end,  passed  down  tlie 
sides  and,  lastly,  under  the  bottom .    It  is  impossible  liere  to 
give  particulars  of  the  various  tests,  suffice  it  that  some  half- 
score  were  made  and  careful  records  were  taken  at  short 
intervals  of  the  temperatures  at  the  surface,  as  well  as  the 
bottom  of  the  boiler,  and  of  the  time  taken  to  acquire  them. 
The  observations  at  the  surface  were  deduced,  after  a  tempe- 
rature of  212°  Fah.  was  reached,  from  the  actual  steam  pres- 
sure existing  by  the  aid  of  a  steam  table.  The  temperatures  of 
the  lower  parts  of  the  boilers  were  determined  by  means  of  a 
thermometer  inserted  in  the  stream  of  water  drawn  off  at 
intervals  from  the  test  tap,  but  these  temperatures  could  of 
course  not  be  carried  beyond  the  atmospheric  boiling  point, 
212°  Fab.    The  records  were  instructive  not  only  as  regards 
the  efficiency  of  boilers  with  and  without  cross  water  pipes,  but 
also  as  to  the  slowness  with  which  the  water  in  mill  boilers 
gets  heated  up  to  steam  temperature,  and  therefore  of  tlie 
importance  of  raising  steam  slowly  to  avoid  the  stresses  result- 
ing from  temperature'  differences  between  the  upper  and  lower 
parts  of  the  boiler.    In  making  the  tests  every  effort  was  made 
to  avoid  prejudice.    The  firemen  were  not  cognisant  of  other 
tests  or  of  their  special  object,  but  were  instructed  to  fire 
gently  and  get  up  steam  gradually  just  as  if  no  observations 
were  being  made.    While  this  avoided  prejudice,  it  prevented 
of  course  exact  uniformity,  and  thus  accounts  for  the  slight 
disparities  in  the  results  which  were  noted,  though  it  did  not 
affect  their  general  tenor.      The  tests  wore  made  with  the 
boilers  filled  to  the  usual  working  level  with  cold  water  (about 
60°  Fah.),  tepid  water  (about  90°  Fall.),  and  hot  water  from 
the  economiser  (about  150°  Fah.).      These  figures  are  only 
approximate,  but  they  are  sufficiently  accurate  for  purpose 
of  general  comparison .    Coming  to  the  results  recorded,  it  was 
found — starting  with  cold  water —— that  when  the  surface 
temperature  reached  212°  Fah.  tlie  temperature  at  the  bottom 
in  the  case  of  the  Lancashire  boiler  fitted  with  four  cross  water 
pipes  in  each  flue  was  only  72°,  i.e.t  a  temperature  difference 
of  140°,  while  in  the  case  of  the  Lancashire  boiler  without  cross 
water  pipes  the  bottom  temperature  was  96。，  or  a  difference 
of  116°，  whereas  if  the  cross  water  pipes  had  been  effective  in 
promoting  circulation  these  figures  should  rather  have  been 
reversed.    Reasoning  solely  from  them  it  miglit  appear  tltat 
the  boiler  without  pipes  promoted  circulation  better  than  tlie 
one  witli  pipes,  but  we  would  not  draw  so  sweeping  a  con- 
<lusioii，    since   the   circumstances   of   the   tests   were  not 
exact  enough  for  this,  but  the  pipes  certainly  did  not  show 
any  advantage,  while  a  comparison  of  these  two  results  with 
those  obtained  with  the  Galloway  boilers  did  not  show  the 


latter  to  possess  any  superiority,  for  the  temperature  diffe- 
rences between  the  surface  and  bottom  of  the  boiler,  when  the 
former  reached  212°  Fall.,  were  respectively  134°,  141°,  and 
142°  Fah.    In  each  case  these  were  greater  than  the  diffe- 
rences observed  with  the  Lancashire  boilers,  and  therefore 
measured  by  them  were  less  effective  from  the  circulation  point 
of  view,  while  this  was  also  borne  out  in  the  tests  made  witli 
the  boilers  starting  with  hot  water,  for  when  212°  was  reached 
at  the  surface  the  difference  between  it  and  the  bottom  tempe 
rat u re  was  only  30°  in  tlie  Lancashire  boiler  with  cross  water 
pipes,  while  it  was  57°  and  64°  in  the  case  of  two  Galloway 
boilers.    Continuing  the  observations  at  higher  temperatures 
beyond  212°  and  until  tlie  surface  water  readied  from  300°  to 
320。  (it  differed  slightly  in  different  tests)  the  comparison 
between  the  Lancashire  boilers  and  the  Galloways  showed  that 
the  latter,  notwithstanding  its  large  number  of  water  pipes, 
was  from  the  circulation  point  of  view  less  efficient,  inasmuch 
as  the  temperature  difference  between  the  surface  water  and 
that  at  the  bottom  was  greater.    As  showing  the  slowness 
with  which  circulation  generally  takes  place  in  mill  boilers  it 
is  instructive  to  note  that  by  the  time  the  water  at  the 
bottom  of  the  boiler  had  reached  212°  steam  existed  above  tlie 
water  level,  in  three  cases  above  701bs.  pressure  and  in  two 
cases  t'o  above  801bs.  pressure,  the  time  occupied  in  reaching 
these  results  ranging  roughly  from  two  to  over  four  hours, 
while  the  greatest  temperature  difference  recorded  between 
surface  and  bottom  was  236°.    The  late  Mr.  L.  E.  Fletcher, 
then  chief  engineer  of  the  Manchester  Steam  Users'  Associa- 
tion, concludes  his  report  of  tlie  tests  with  tlie  following 
observations.    "  It  would  not  be  fair  to  draw  a  min vie  com- 
parison between  the  results  obtained  from  the  different  boilers 
unless  the  temperatures  of  the  water  at  the  commencement  of 
the  experiments,  the  strength  of  the  draught,  the  intensity  of 
the  fire,  and  all  the  conditions  under  which  the  boilers  were 
worked  were  the  same  in  every  particular,  but  the  following 
broad  deductions  may,  it  is  thought,  be  drawn  :  firstly,  that 
in  ordinary  mill  boilers  the  temperature  when  getting  up 
steam  is  much  higher  at  the  top  of  the  water  than  at  the 
bottom  ；  secondly,  that  this  inequality  is  practically  the  same 
whether  in  a  Lancashire  boiler  witli  four  cross  water  pipes  in 
each  flue  tube  or  in  a  Lancashire  boiler  without  any  cross  water 
pipes  at  all,  or  in  a  Galloway  boiler  with  33  conical  water 
pipes  and  two  pockets,  or  with  30  conical  water  pipes  and  two 
pockets;  thirdly,  that  it  appears  that  water  pipes  are  not  as 
efficient  in  promoting  circulation  of  water  throughout  the 
boiler  as  the  public  has  generally  supposed.    The  M.S.XJA. 
lias  been  very  cautious  in  recommending  the  adoption  of  water 
pipes,  and  these  experiments  would  appear  to  justify  the 
caution  it  has  exercised.''    We  do  not  know  that  we  can  add 
much  to  this  conclusion.    No  evidence  has  since  been  adduced 
to  show  that  it  should  be  modified,  and  though  cross  water 
pipes  may  add  a  little  to  the  resistance  of  a  circular  flue 
against  complete  collapse,  they  interfere  with  the  work  of 
inspection,  while,  if  the  feed -water  is  dirty,  the  p^ipes  are 
liable  to  get  choked  and  overheated.    In  a  word,  cross  water 
pipes  in  a  Lancashire  boiler  only  add  to  cost  and  have  no 
special  advantage. 

A  Large  Coalfield  in  China. 一 The  Chinese  province  of  Sliansi  is 
practically  one  enormous  coalfield,  says  the  American  Consul- 
General  at  Tientsin,  in  whicli  the  estimated  quantity  of  coal 
is  630,000,000,000.  A  large  portion  of  the  province  of  Houan, 
north  of  the  Yellow  River,  is  equally  productive.  Native 
mines  are  never  worked  to  any  great  depth,  says  the  Consul, 
because  of  the  water,  with  which  the  native  miners  cannot 
cope  owing  to  their  primitive  maoliinerv.  Mining  in  Honan 
is  a  comparatively  easy  operation,  however,  as  there  are  no  verv 
hard  rock  strata  to  pierce. 
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MANCHESTER  ASSOCIATION  OF  ENGINEERS. 

The  Annual  Creneral  Meeting  of  the  M anchester  Associa- 
tion of  Engineers  was  held  on  Saturday  last,  the  15tli  iiisl'. 
KVom  the  Annual  Report  of  Council  presented  by  the  Secre- 
tary (Me.  J^ra 1 1 k  J  lazeltuii),  the  Association  appears  to  1'。  in 
;i  very  flourishing  and  progressive  condit  ion.  The  past  year 
lias  been  notable  lor  considerable  increase  in  the  menibership 
and  in  the  finances,  the  total  iiurnber  of  A I  embers  on  t-lie  roll 
now  ainountiiig  to  G10  and  the  cash  balance  to  £6,296.  The 
})resident  elected  for  t lie  current  year  is  Dr.  Edward  llopkin- 
画， M.A.,  director  of  Messrs.  Mather  &  Piatt,  Ltd.,  Man- 
chester. On  the  conclusion  oi'  the  formal  business  an 
interesting  paper  was  read  by  Mr.  A.  V.  Roe  on  "  Flying 
JV1  acliines.''  It  was,  he  said,  only  seven  yeai^s  ago  that  flying 
was  considered  impossible.  At  that  time  reports  were 
coming  over  from  America  slaiiug  that  tlie  Wright  Bros, 
had  flown  20  miles,  but  only  a  few  people,  who  Jiad  been 
following  the  Wright  Bros.'  gliding  experiments,  believed 
these  reports  or  understood  their  true  meaning.  At  the 
commencenient  ol'  the  19th  century  there  arose  a  great  studeut 
of  flight.  Sir  George  Cay  ley,  whose  writings  might  be  read 
with  beneiit  by  many  eveu  at  the  present  day.  He  had  very 
clear  notions  of  what  was  required  and  how  it  had  to  be 
done.  In  1809  he  made  a  machiue  of  300  i>q.  ft.  surface 
wliich  apparently  was  quite  stable  iu  the  air  and  would  lift  a 
ma,u  a  few  yards  on  naming  forward  at  lull  speed.  But  Sir 
George  was  in  advauce  of  his  time,  there  being  na  suitable 
engine  to  help  him.  Some  years  previous  to  the  flights  by 
th©  Bros.  Wright,  Lilientlial,  a  German,  had  made 
hundreds  of  gliding  flights  from  a  hill.  Sometimes  a  puff 
of  wind  would  lift  liim  up  higher  thau  the  point  from  which 
lie  started.  Lilienthal  was  eventually  upset  during  one  of 
his  glides  and  killed.  Pilcher,  an  Englishman,  made  many 
glides,  taking  up  Lilienthal's  work,  but,  unfortunately,  lie 
met  with  the  same  fate  as  Lilienthal.  Prof.  Laiigley  was 
a  pioneer  who  showed  a  knowledge  of  flying  in  advance  of  his 
time.  A  steam-driven  model  of  his  design  flew  about  half  a 
mile  some  17  years  ago.  The  planes  were  about  6  to  1 
aspect-ratio,  and  the  wings  were  arranged  in  tandem,  a  type 
of  machiu©  called  a  Taudeui  Monoplane."  Langley  spent 
many  thousands  of  pounds  iu  constructing  a  full  sized 
macliiue.  He  started  it  from  a  shoot-off  over  water,  but 
naturally  the  result  was  disaster,  though  the  pilot  got 
nothing  worse  than  a  ducking.  It  was  rather  too  much  to 
expect  a  successful  flight  at  the  first  attempt,  especially  in 
those  early  days.  Since  then  pioneers  have,  more  cautiously, 
started  from  land.  Phillips,  another  Englishman,  carried 
the  aspect-ratio  idea  to  extremes,  but  b©  introduced  an  entry 
edge  to  planes  known  as  the  Phillips  entry. 

The  Wright  Bros,  began  gliding  experiments  in  1900, 
only  13  years  ago.  Starting  from  the  top  of  a  gradual  slope, 
they  would  float  down  against  a  wind  of  about  20  miles  per 
hour.  When  they  had  mastered  the  art  of  balancing  in  this 
"way,  they  made  an  especially  light  engine  in  their  cycle 
factory,  and  by  means  of  it,  iu  1905，  made  their  world-famous 
flight  of  20  miles,  which  was  discredited  by  most  people, 
except  by  those  who  had  been  following  their  work.  The 
success  of  the  Brothers  Wright,  together  with  the  introduc- 
tion of  the  lighter  aud  more  suitable  fuel  of  petrol,  with 
correspondingly  improved  engines,  acted  as  incentives  to 
many  workers,  whilst  the  early  flights  of  Santos  Dumont,  in 
1906，  on  his  exceedingly  lightly  constructed  aeroplane,  acted 
as  a  further  stimulus.  At  this  period  the  lecturer  was 
experimentiug  with  models,  several  of  which  he  described  and 
illustrated  by  means  of  lauteru  slides.  One  of  these  models 
eventually  won  the  first  prize  in  the  " 】）ail*y  Mail  "  aviation 
competition  in  April,  1907,  for  the  longest  flight.  There 
were  over  200  entries,  but  only  four  competitors  succeeded  in 
making  their  models  fly.  The  Koe  biplane  fitted  with  a 
1M  h.p.  Antoinette  engine  was,  he  said,  the  first  machine  to 
fly  in  England,  in  June,  1908. 

In  the  early  days  of  flying  difficulties  were  experienced 
in  finding  a  suitable  engine  of  light  weight  and  the  author 
referred  to  one  of  these  early  machines  which  was  driven  by 
an  ordinary  motor  cycle  engine  of  only  9  h.p.  This  motor, 
together  with  its  drive,  was  nearly  as  heavy  as  the  preseut-day 
r)01i.p.  Gnome  engine,  so  it  would  be  readily  understood  how 
so  light  and  powerful  an  engine  as  the  Gnome  had  helped 


aviation.  Mauy  aeroplanes  were  built  iu  tlie  early  days  ami 
iitted  with  so-called  aeroplane  engines,  but  most  of  them 
failed  to  fly  until  a  Gnome  was  used. 

There  was,  he  said,  a  great  scarcity,  both  iu  England  awl 
abroad,  of  really  good  aeroplane  engines.  At  present  most 
engines  only  made  about  1 ,000  revs,  per  miuute.  Recently, 
some  motor-car  and  cycle  records  liad  been  broken  by  engines 
giving  4,000  revs,  per  minute  and  developing  enormous  power 
for  their  size.  One  might  naturally  suppose  that  the  life  of 
such  an  engine  would  be  short,  and  that  il  would  pull  itself 
to  pieces,  but  on  the  contrary,  the  opposite  was  the  ca»e, 
provided  that  the  engine  was  well  designed  and  well  made. 
It  was  essential  that  the  reciprocating  parts  be  properly 
balanced.  These  higli-speed  engines  ran  wit  h  an  e、("i  |  un- 
like a  turbine,  and  there  was  a  steadier  and  more  unifm -，' i 
pressure  iu  the  cylinders.  A  propeller  driven  by  an  engine 
of  such  high  speed  would  require  gearing  down  to  about 
1,000  revs,  per  minute.  This  again  was  an  advantage,  as 
there  were  more  explosions  to  each  revolution  of  the 
propeller. 

In  the  Gnome  engine  the  cylinders  revolved  and  acted  as 
a  flywheel,  an  arrangement  which  was  found  to  be  very 
effective  on  the  whole,  but  it  had  its  disadvantages,  tliougli 
this  engine  had  proved  and  was  proving  enormously  success* 
lul.  There  was  no  doubt  that  iu  the  near  future  the  engine 
with  stationary  cylinders  would  prove  more  successful,  as  this 
type  was  more  economical  to  nin,  the  cylinders  were  less 
liable  to  blow  off,  and  should  tliey  do  so,  there  was  less  likeli- 
hood of  serious  consequences. 

Bleriot's  flight  across  the  Channel  was  perhaps  one  ui'  t  lio 
most  seusational  feats  iu  aviation.  It  awakened  the  world  t(j 
the  possibilities  of  flight.  Bleriot  had  specialised  in  mono- 
planes. He  once  built  a  biplane  but  did  not  try  it.  One 
might  naturally  ask,  "  Why  make  biplanes  if  monoplanes  fly 
so  well?"  But  as  in  everything  else,  it  was  a  case  of  balanc- 
ing up  a  number  of  advantages  and  disadvantages.  The 
advantages  of  monoplanes  were  ：  (1)  Slightly  greater  effici- 
ency per  square  foot  of  surface;  and  (2)  simplicity.  The 
disadvantages  were  :  (1)  Aspect-ratio  not  so  good  as  that 
obtained  on  the  biplane  or  multiplane  ；  (2)  wings  blotted  out 
a  wider  range  of  vision  ；  (3)  angle  of  bracing  more  acute, 
wliich  was  not  so  effective.  The  advantages  of  biplanes  were  ： 
(1)  As  the  bracing  angles  were  less  acute  and  the  load  spread 
over  a  larger  surface,  a  lighter  construction  could  be 
employed  ；  (2)  good  aspect-ratio  could  also  be  employed  ； 
(3)  view  better;  (4)  in  the  case  of  accident,  the  pilot 
and  passenger  were  better  protected,  especially  in  tlie  tractor 
type,  i.e.y  with  the  engine  in  front  ；  and  (5)  rising  and  falling 
vertical  wind  pockets  had  less  effect.  Tlie  disadvantages 
were  :  Slightly  more  complicated,  and  nob  quite  so  efficient 
per  square  foot  of  surface.  This  inefficiency  was  due  to  the 
effect  of  the  planes  on  one  another,  principally  that  the  lower 
disturbed  the  air  to  the  upper.  This  loss  could  be  slightly 
obviated  by  "  staggering  n  the  planes,  i.e.,  placing  the  upper 
planes  a  little  in  advance  of  the  lower.  It  was  also  reduced 
by  making  the  distance  of  the  planes  apart  about  1*2  of 
the  chord. 

In  concluding  liis  paper,  the  lecturer  gave  tlie  comfort  mi: 
assurance  that  flying  was  becoming  less  risky  each  year.  At 
first  one  aviator  was  killed  for  about  every  500  mil's  flown. 
The  mileage  quickly  rose  to  5,000，  then  50,000,  and  to-day 
there  was  about  oue  person  killed  for  about  100,000  miles 
flown. 

A  vote  of  thanks  to  the  retiring  president,  M r.  Clia rU- 
Hay,  of  Messrs.  Mirrlees,  Bickert-on,  &  Day,  Ltd.,  Stockport, 
concluded  the  proceedings. 

Rolling  Mill  Speeds. ― A  lecture  、、- a.、  delivered  at  "  reoeiit 
meeting  of  the  Sheffield  Society  of  Engineers  and  Metal- 
lurgists, by  Mr.  C.  E.  Larard,  who  dealt  with  the  subject  ol* 
li  Phenomena  of  Elastic  and  Plastic  Strains. The  author 
gave  much  information  as  to  the  behaviour  of  steels  uuder 
applied  torsional  stresses  of  increasing  magnitude.  With 
the  aid  of  the  cinematograph  he  showed  these  materials 
twisting  up  under  the  strains  until  they  were  eventually 
fractured,  and  the  "flow"  of  the  metal  owing  to  the  strain 
could  be  followed  from  the  beginning  of  the  test  to  the  end. 
He  expressed  the  opinion  that  the  advantages  of  the 
cinematograph  as  an  instrument  of  research  had  not  yet  been 
fully  realised. 
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COMPARATIVE  TESTS  OF  LOCOMOTIVE  BOILERS 

l-'rr tki)  with  Jacobs-Shu pkht  and  Eadial  Stay  FiuKiioxi:s. 

For  the  purpose  of  determining  the  relative  merits  of  the 
Jacobs-Shupert  form  of  firebox  as  compared  with  one  of  the 
ordinary  radial  stay  design,  a  series  of  tests  were  undertaken 
by  Prof.  W.  F.  M.  Goss，  the  results  of  which  have  recent  \y 


surface.  In  carrying  out  the  tests,  these  compartments  were 
separately  fed  with  weighed  water.  In  addition  to  estab- 
lishing the  relative  value  of  a  unit  area  of  firebox  beating 
surface  as  compared  with  that  of  a  unit  area  of  tube  heating 
(surface,  these  tests  were  meant  to  disclose  the  difference,  it 
any,  in  the  heat  absorbing  capacities  of  the  two  fireboxes 
tested. 

The  regular  flue  sheet  was  employed  in  the  test  series 


Kl".   1  — LoNGlTl  DINAL  SiXTION  <>K  JACOUS-SHUPKItT  ]J(iII,];i{- 


Iieen  published  in  the  form  of  an  exhaustive  report,  issued  by 
The  Jacobs- Shupert  United  States  Firebox  Company,  Coates- 
ville,  Penn.,  U.S.A.  For  the  purpose  of  the  tests  two  boilers 
were  employed  of  precisely  the  same  dimensions,  and  differing 
only  in  the  style  of  the  firebox ― one  being  fitted  with  tlie 
Jacobs-Shupert,  and  the  other  with  the  radial  stay  firebox. 
These  are  shown  in  the  accompanying  sectional  views,  Figs.  1 
and  2，  the  dimensions  being  as  follows : — 


Jacobs-Shupert. 


Type  of  boiler  

Diameter  of  shell   

Number  of  2Jin.  tubes     . . 

Length  of  tubes   

Length  of  firebox   

Width  of  firebox   

Grate  area   

Heating  suriacr 

Firebox   

Tubes   
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Distribution  of  heating  sur- 
face in  tests,  Series  A — 

Firebox  end   

Barrel  end   , 
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" B，"  which  necessitated  the  removal  of  the  partitions.  These 
tests  were  made  for  the  purpose  of  establishing  the  evapora- 
tive efficiency  and  capacity  of  each  boiler,  under  different 
rates  of  power.  Advantage  was  also  taken  of  the  opportunity 
to  obtain  information  concerning  the  circulation  of  water 
within  the  two  boilers. 

Series  "  C  "  comprised  low  witer  tests  of  both  boilers, 
Sortie  particulars  and  illustrations  relating  to  these  tests 
appeared  in  our  issue  of  July  19th  last,  see  p.  79，  Vol.  XXX. 

A  temporary  laboratory  was  constructed  for  making  the 
tests  series  "  A  "  and  "  B，"  in  which  the  two  boilers  were 
arranged  side  by  side  and  each  equipped  for  testing  independ- 
ently of  the  other.  Fig.  3  shows  the  testing  equipment  of  the 
Jacobs-Shupert  boiler,  the  same  arrangement  being  employed 
for  the  radial  stay  boiler.  The  arrangement  of  the  boilers 
it  will  be  seen  from  Fig.  3  were  such  as  to  accord  as  closely 
3s  possible  to  ordinary  service  conditions.  The  boilers  and 
steam  piping  were  well  lapped  with  asbestos. 

Tests  Seiues  (( A." 

Relative  Value  of  Firebox  and  Tube  Heating  Surface. —— The 
firebox  ends  of  the  boilers  were  partitioned  off  from  the 
barrel  ends  as  indicated  above -  The  two  compartments  in 
each  boiler  were  connected  only  through  the  medium  of  the 
steam  piping,  and  while  both  in  each  case  received  heat  from 
a  common  source,  i.e、  the  firebox,  each  was  fed  from  a  separ- 
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Fig. 
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The  tests  were  divided  into  three  groups  designated  as 
series  A，"  series  "  B，"  and  series  "C，"  respectively.  Tests 
" A  ，  were  jnadi'  io  ； isceriaiii  tlie  relative  amount  of  lieat 
alfstu  hed  l>y  tlu-  fireboxes,  and  In.  t  In*  t  ulics  nl'  the  two  boilers 
under  similar  operating  conditions.  To  enable  these  tests  to 
be  undertaken  the  boilers  were  each  constructed  with  a  par- 
tition separating  the  water  space  into  two  compartments,  one 
of  which  included  the  firebox  surface  and  the  other  the  tube 


ate  supply  of  weighed  water,  aud  the  output  of  steam  from 
oni-li  end  was  dealt  with  as  though  coming*  from  separate 
boilers.  The  location  of  the  partitions  were  such  as  to  cause 
I  1r>  heat  t  ransmittod  t  hroui^li  t \\v  l>,"'k  t  ul»e  shevt  to  be 
^fl'ectixe  in  ]tru(hn*in^  evaporation  in  l  he  barrel  ends  of  tlio 
boilers.  While  in  Ihe  obstM  ved  data  the  actual  quantities  of 
wat^r  fed  to  each  eud  of  oach  boiler  are  recorded,  a  correc- 
tion has  been  applied  in  the  reduced  values  whereby  the  fire- 
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box  is  credited  with  as  much  greater  evaporation  as  t  he  rear 
tube  sheet  surface  added  to  the  remaining  firebox  heating 
surface  represents  an  increase  in  the  total  ；  this  quantity  be- 
ing deducted  from  the  evaporal  ion  ("hci'wise  credited  to  the 
barrel  e、ids  of  the  boilers. 

I  ii  the  operation  of  tli(、  boilers  constructed  and  e(juij)pt''l 
as  described,  a  series  of  coiulit  ions  appeared  which,  whilf1 
unexpected,  were  interesting.  It  was  found  ； iHer  start in<j; 
fires  under  cold  boilers  that  the  firebox  ends  of  the  boiler 
would  begin  to  make  steam,  while  the  barrel  remained  com- 
paratively cold.      The  su-arn  thus  generated  by  tbe  firebox 


soon  made  it  necessary  to  blow  off  water  from  tlie  barrel  and 
to  feed  water  to  the  firchox  end.  This  action  op('r;i;,''l  ;M**atlv 
to  prolong  the  process  of  getting  the  boiler  into  action.  Af，'  r 
the  barrel  began  to  make  steam  both  compart  rnoniH  j>er- 
formed  nornially,  as  two  boilers  of  a  single  battery,  tin* 
quality  of  steam  delivered  from  each  being  practicMll v  of  tli'' 
same  value.  It  is  obvious  iliat  the  action  山' ha. I 
nothing  to  do  with  t  he  fliHV'n?iH'('s  in  1 1"' 山' sii/ii  of  t  he  two 
boilers,  but  was  a  result  cf  the  manner  in  whirli  tlicv  were 
lit  ted  up  for  the  test  in  hand.  The  action  occurred  in  ion- 
nection  with  both  boilers.      It  was  completely  overcome  by 
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Fi<;.  3.— Piping  AuiiANftKMKNT  roil  Hoilkus,  as  Tested. 


passed  through  the  piping  to  the  cooler  steam  space  of  the 
barrel,  where  much  of  it  condensed.  As  a  result,  the  water 
level  of  the  barrel  would  gradually  rise  and  the  water  level  m 
the  firebox  end  would  fall.      The  progress  of  these  changes 


adding  a  2in.  emergency  pipe  connecting  a  washout  hole  in 
the  bottom  of  the  barrel  with  a  washout  hole  in  the  water  leg 
of  the  firebox.  This  connection  permitted,  during  the  pro- 
cess of  warming  up,  the  firebox  end  to  be  supplied  with  water 
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from  the  barrel  end,  and  it  established  a  channel  for  circula- 
tion which  was  found  to  be  necessary  to  normal  action.  The 
pipe  in  question  was  provided  with  two  valves  and  a  drain 
betweeu  so  that  the  circulation  could  be  effectually  stopped 
after  both  parts  of  the  boiler  were  gotten  into  action . 

Results  of  Tests,  Scries  "A,"  Oil  as  Fuel— Numerical  values 
which  are  of  especial  interest  in  connection  with  this 
series  of  tests  are  presented  in  Table  I.，  and  a  diagram  show- 
ing" the  percentage  of  the  total  heat  absorbed  by  the  firebox 
in  Kig.  4.  The  paints  plotted  in  this  diagram  include  all  re- 
sults as  obtained  from  botli  the  Jacobs-Shupert  boiler  and  the 
radial  stay  boiler.  Referring  to  Table  I.，  it  will  be  seen  that 
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Fig.  4.— Ratio  of  Evaporation  in  FraEBOX  to  Oil  Bcrned  Per  Hour 

each  pound  of  oil  burned  resulted  in  the  evaporation  of  from 
15'91bs.  to  13'21bs.  of  water,  the  amount  diminishing  as  the 
rat©  of  power  is  increased.  The  thermal  efficiency  of  the 
Jacobs-Shupert  boiler  under  low  rates  of  power  may  exceed 
80  per  cent"  and  even  under  high  rates  of  power  it  is  above 
70  per  cent.  It  appears  that  when  the  Jacobs-Shupert  boiler 
is  made  to  evaporate  20,0001bs.  of  water  an  hour,  it  will 
generate  14'141bs.  of  steam  for  each  pound  of  oil  burned  ； 
also,  from  the  coal  tests,  that  at  the  same  rate  of  power,  it 
will  generate  8'31bs.  of  steam  for  each  pound  of  Dundon  coal 
burned,  so  that  a  comparison  of  the  results  of  the  coal  and 
oil  tests  indicates  that  lib.  of  oil  in  locomotive  service  is 
equal  to  l'71bs.  of  high-grade  bituminous  coal 

With  reference  to  the  distribution  of  work  between  the 
firebox  and  the  tubes,  Fig.  4  shows  that  the  fraction  of  the 
total  heat  transmitted  which  is  taken  up  by  the  firebox  is 
greatest  when  the  rate  of  power  is  low.    Thus  when  only 
8001bs.  of  oil  are  being  fired  per  hour,  54  per  cent,  of  the 
total  evaporation  is  from  the  firebox  surface,  whereas  when 
2,2001bs.  of  oil  are  fixed  per  hour,  40  per  cent,  of  the  total 
transmission  is  through  the  firebox.    This  statement  shows 
that  the  proportion  of  the  whole  work  done  by  the  firebox  is 
uot  only  surprisingly  large  at  its  maximum,  but  that  it  con- 
tinues to  be  large  under  all  conditions  of  operation.  Trans- 
lating the  facts  presented  by  these  values  given  into  measures 
which  are  more  readily  recognised,  and  expressing  them  in 
round  numbers,  it  may  be  said  that  when  served  witli 
2,2001bs.  of  oil  per  hour,  the  Jacobs-Shupert  boiler 
will  evaporate  40,0001bs.  of  water  per  hour.  Of 
this  amount  16,0001bs.  will  be  evaporated  by 
the  firebox  and  24,0001bs.  by  the  barrel  ；  the 
whole  boiler  will  develop  1,200  h.p.,  of  which 
amount  nearly  500  h.p.  will  be  developed  by  the 
firebox  ；  the  average  rate  of  evaporation  per 
foot  of  heating  surface  per  hour  for  the  whole 
boiler  will  be  9*781bs.  ；  the   average  rate  of 
evaporation  per  foot  of  heating  surface  per  hour 
for  the  firebox  will  be  49*591bs.,  and  for  the 
barrel  6'471bs.  ；  and  the  ratio  of  heat  absorbed 
per  foot  of  tube  heating  surface  is  as  7*6  to  1. 

While  the  tests  show  the  efficiency  of  the 
boilers  when   fired  with   oil  to  be  high,  and 
while  the  results  are   very  consistent,  they 
cannot  be  accepted  as  constituting  a  basis  of 
comparison  which  admits  of  a  high  degree  of  refinement. 
This  fact  arises  from  difficulties  encounted  in  the  mainten- 
ance of  a  satisfactory  fire.  The  burning  of  oil  in  large  quanti- 
ties within  the  firebox  of  a  locomotive  boiler  presents  a 
problem  which  has  not  yet  been  perfectly  y solved.    In  the 
case  of  the  boilers  experimented  upon,  the  burnei%  the  brick- 


work, and  all  other  provisions  affecting  combustion  were 
made  to  agree  with  the  practice  of  large  railway  corporations 
having  hundreds  of  locomotives  oil-fired.  It  is  believed  that 
the  results  obtained  at  the  testing  plant  were  probably  as 
satisfactory  as  any  which  are  obtained  upon  the  road,  but  it 
was  impossible  in  the  maintenance  of  the  fire  to  prevent 
deposits  of  soot  upon  the  heating  surface. 

The  practice  of  thoroughly  cleaning  the  heating  surfaces 
before  starting  fires,  and  of  afterwards  doing  nothing  to 
them  during  the  progress  of  the  test,  resulted  in  abuormallv 
high  smoke-box  temperatures  and  in  the  accumulation  of 
considerable  quantities  of  soot,  which  was  required  to  be  re- 
moved at  the  end  of  the  test.  All  results 
obtained  under  this  practice  were  finally  dis- 
carded. Later  recourse  was  had  to  sanding  the 
tubes,  a  practice  common  on  railroads.  At 
regular  intervals  during  the  progress  of  the  test 
a  scoopful  of  sharp  sand  was  carefully  dis- 
tributed through  the  door  into  various  portions 
of  the  furnace  in  such  a  manner  that  the 
particles  would  be  taken  up  by  the  draught 
and  carried  through  the  tubes,  cleaning  them 
as  by  a  sand-blast  process.  While  this  practice 
gave  cleaner  tubes,  it  did  not  clean  the  firebox, 
and  an  attempt  was  made  to  reach  this  portion 
of  the  heating  surface  by  using  an  air-blast  with 
sand. 

As  a  result  of  these  efforts  systematically 
applied,  the  results  obtained  are  fairly 
consistent,  but  since  it  is  known  that  the 
performance  of  the  boiler  was  more  or  less  affected 
by  the  presence  of  soot,  and  since  it  can  never  be  certain  that 
the  extent  of  this  defect  was  constant  for  all  the  tests  made  of 
record,  the  results  cannot  be  accepted  as  coustituting  a 
measure  of  the  relative  performance  of  the  two  fireboxes, 
which  is  satisfactory  from  a  scientific  point  of  view.  For 
this  reason,  also,  no  attempt  was  made  to  elaborate,  through 
a  complete  heat  balance,  the  computations  of  the  oil-fired 
tests. 

Results  of  Tests,  Series  "A,"  Coal  as  Fuel. ― The  more 
essential  facts  developed  by  these  tests  are  set  forth,  in 
Table  II.  This  table  includes  the  results  of  twelve  teste, 
six  upon  the  Jacobs-Shupert  boiler  and  six  upou  the  radial 
stay  boiler.  For  each  boiler  two  tests  were  made  with  Scalp- 
Level  coal  and  four  with  Dundon  coal.  The  Scalp-Level  coal 
burns  with  a  short  flame.  Its  analysis  (coal  as  fired)  is  as 
follows  : — 

Per  cent . 

Fixed  carbon    75  90 

Volatile  matter    16"45 

Moisture    2'15 

Ash   350 

The  Dundon  coal  is  a  long-flame  gas  coal.  Its  analysis  (coal 
as  fired)  is  as  follows  ： ― 


Fig.  5.— Katio  of  Evapokation  in  Fibebox  to  Coal  Bv 


Per  Hovii. 


Per  cent. 

Fixed  carbon    49  54 

Volatile  matter    34:34 

Moisture    3'3S 

Ash    12-74 

The  results  show  that  under  low  rates  of  power  eitlter 
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boiler  will  give  an  evaporation  of  more  t'liaii  lOlbs.  of  water 
j)er  pound  of  coal.  For  the  whole  series  of  tests  the  evapora- 
tion is  normally  above  81bs.  of  water  per  pound  of  coal.  A 
comparison  of  the  performance  of  the  whole  boiler  when 
delivering  a  definite  amount  of  power,  shows  t  hat  t  lie  theniuil 
efficiency  is  from  8  io  10  per  cenl .  less  when  coal  is  fired  t  h;ui 
when  oil  is  used  as  fuel . 

The  percentage  of  t'lie  total  heal  absorbed  by  the  boiler, 
which  is  taken  up  by  the  firebox  wlien  the  fuel  is  coal,  is 
shown  diagramniatically  by  Vig.  H.  Tlie  points  plotted  upon 
this  diagram  fall  into  two  series  of  groups.  The  first  located 
by  heavy  circles  represents  all  results  obtained  with  Dundon 
coal,  both  from  the  Jacobs-Shupert  boiler  and  the  radial-st  ay 
boiler.  The  second,  located  by  smaller  circles,  represents  re- 
sults obtained  with  the  Scalp-Level  coal.  Neither  boiler  was 
equipped  with  the  brick  arch  during  these  tests.  It  is  interest- 
ing to  note  that  the  short-flame  coal  is  at  a  distinct  disadvan- 
tage as  compared  with  the  long-flame  coal  in  giving  up  heat 
to  the  firebox.  When  Dundon  coal  is  used  as  fuel,  the  per- 
centage of  the  total  lieat  absorbed  by  the  firebox  varies  from 
a  little  less  than  50  to  a  little  more  than  30，  depending  upon 
the  rate  of  power,  the  percentage  diminishing  as  the  power 
is  increased.  When  Scalp-Level  coal  is  used  the  percentage 
is  about  8  less  than  when  Dundon  coal  is  used . 

If  it  be  assumed  that  the  Jacobs-Shupert  boiler  evapo- 
rates 20，0001bs.  of  water  per  hour,  the  percentage  of  the 
total  heat  absorbed  by  the  boiler,  which  is  taken  up  by  the 
firebox,  is  as  follows  : —— 

Per  cent. 

When  oil  is  used  as  fuel    42 

When  long-flame  bituminous  coal  is  used  as 

fuel    42 

When  short-flame  coal  is  used  as  fuel    35 

This  has  suggested  the  possibility  of  the  existence  of  some 
relation  between  the  percentage  of  total  heat  which  is 
absorbed  by  the  firebox  and  the  character  of  the  fuel.  For 
example,  it  is  thought  possible'  that  the  substitution  of  anthra- 
cite for  bituminous  coal  would  operate  to  reduce  the  total 
work  done  by  the  firebox  below  35  per  cent.  The  explana- 
tion is  perhaps  due  to  a  changed  condition  in  the  tubes 
rather  than  in  the  firebox.  It  may  b©  that  the  freer  burn- 
ing coal  deposits  less  soot  in  the  tubes  and  permits  them  to 
absorb  a  larger  proportion  of  the  total  heat  delivered. 

It  will  be  of  interest  to  note  that  with  Dundon  coal  when 
the  rate  of  combustion  equals  4，3411bs.  per  hour,  which  is 
near  the  highest  reached  in  firing  the  partitioned  boilers, 
the  Jacobs-Shupert  boiler  will  evaporate  35，4051bs.  of  water 
per  hour,  of  which  amount  ll,9821bs.  will  be  evaporated 
from  the  firebox  and  23,4231bs.  from  the  tubes  ；  the  whole 
boiler  will  develop  1,026  h.p.,  of  which  amount  304  h.p.  will 
be  developed  by  the  firebox  ；  the  average  rate  of  evaporation 
per  foot  of  heating  surface  per  hour  for  the  whole  boiler  will 
be  ll'771bs.  ；  the  average  rate  of  evaporation  per  foot  of  heat- 
ing surface  per  hour  for  the  firebox  will  be  51'921bs.,  and  for 
t'he  barrel  8*431bs.  ；  and  the  rate  of  heat  absorbed  per  foot 
of  heating  surface  by  the  firebox  to  that  absorbed  per  foot  of 
tube  heating  surface  is  as  6.15  to  1. 

Comparison    of    the    Performance  of  the  Two  Fireboxes. ― 

The  Jacobs-Shupert  firebox  and  the  radial-stay  firebox  were 
designed  and  constructed  to  have  the  same  over-all  dimen- 
sions. The  heating  surface  of  both  fireboxes,  as  measured 
by  their  projected  areas,  is  substantially  the  same  and  is 
equal  to  206*7ft.  The  curved  form  of  the  sections  of  the 
Jacobs-Shupert  firebox,  however,  gives  a  developed  area 
which  is  greater  than  that  of  the  plain  surface  of  the  radial 
stay  firebox.  The  developed  area  of  the  surface  of  the  Jacobs- 
Shupert  firebox  is  '230.8ft. ，  an  increase  over  the  surface  of 
the  radial-stay  firebox  of  11  per  cent.  This  increase  in  the 
heating  surface  of  the  Jacobs-Shupert  firebox  is  an  incident  in 
the  development  of  its  design.  The  purpose  of  giving  the 
sections  of  the  firebox  the  si i ape  they  have  was  not  primarily 
that  greater  heating  surface  may  be  secured,  but  that  a  satis- 
factory structure  might  result .  Nevertheless,  a  question  as 
to  the  effect'  of  this  increase  in  lieating  surface  upon  the 
amount  of  heat  absorbed  by  the  firebox,  is  one  of  some  im- 
portance, and  its  determination  constitutes  one  of  the  ques- 
tions for  which  this  series  of  tests  was  instituted.  The  results 
upon  this  point,  as  briefly  reviewed  in  Tables  I.  and  II.,  are 
not  conclusive. 
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While  results  of  individual  tests  may  be  selected  wliich 
will  show  a  considerably  Iiiglier  percentage  of  tlie  total  heat 
absorbed  to  have  been  taken  up  by  the  Jaoobs-Shupert  fire- 
box than  by  the  radial -stay  firebox,  their  effect  is  neutralised 
by  the  possibility  of  other  comparisons  involving  results  be- 
lieved  to  be  equally  reliable.  The  tact  as  developed  by  the 
results  of  20  tests  seems  to  indicate  that  the  difference  in 
absorbing  capacity  of  the  two  fireboxes  tested  is  not  sufficient 
to  be  established  by  carefully  conduced  boiler  tests.  Heat 
transmitted  by  a  locomotive  firebox  is  chiefly  the  result  of 
conduction  and  convection  ；  radiation  probably  plays  but  a 
small  part.  Transmission  by  conduction  is  a  function  of 
differences  in  temperature.  If  in  the  case  in  hand,  a  plane 
in  the  water  space  above  the  crown-sheet  is  considered  as 
receiving  the  heat,  and  a  parallel  plane  in  the  firebox  below 
the  crown-sheet  as  the  source  of  heat  supply,  the  amount  of 
heat  transmitted  will  theoretically  be  independent  of  the 
form  of  the  metallic  crown-sheet  between.  Again,  the  con- 
vection currents  have  a  clear  sweep  over  certain  exposed  por- 
tions of  the  firebox  sections,  but  do  not  reach  other  portions 
which  are  between  the  sections.  It  is  not  unlikely  that  con- 
siderations such  as  these  account  for  the  results  which  have 
been  obtained. 

(To  be  continued.) 


SCHMIDTS  STEAM  ENGINE  CYLINDER. 

A  design  of  cylinder  for  steam  engfines,  the  invention  oi  M 
Schmidt,  Hirschberg,  Silesia,  Germany,  is  shown  in  the 
accompanying  sectional  views.  In  this  design  the  cylinder 
heads  A  and  B  are  hollow,  in  order  tliat  they  may  be  heated 
by  means  of  steam.  The  chamber  of  the  back  head  A  is  pro- 
vided with  an  admission  port  C，  through  which  the  live  M»'am 
enters.  From  the  chamber  of  the  back  head  A  the  steam 
flows  to  the  back  distributing  valve  D，  wliich,  like  the  front 
valve  E，  is  operated  by  suitable  mechanism  not  shown.  A 
pipe  F  leads  from  this  back  valve  I)  to  the  chamber  in  the 
front  head  B.  This  chamber  is  in  cornniuiiication  wit li  t he 
casing  of  Hie  i'ront  distributing  valve  E.    Tlu'  ste;un  I herci'drt- 


Fig.  1.  Fig.  2. 

Schmidt's  Steam  Engine  Cyijndeb. 

follows  successively  through  the  back  head,  back  valve,  con- 
necting pipe,  front  head  and  front  valve.  In  this  way  the  two 
heads  of  the  steam  cylinder  are  heated  by  the  current  of  live 
steam,  and  the  front  one,  which  receives  the  steam  last,  is 
lieated  somewhat  less  than  the  back  one,  which,  it  is  claimed, 
is  advantageous  because  a  smaller  amount  of  heat  is  tran> - 
mitted  to  the  frame  of  tlie  engine  wliich  is  connected  with  tlie 
front  head.  Further,  only  one  strain  admission  pipe  is  neces- 
sary and  it  is  not  necessary  to  have  a  forked  pipe,  whereby 
space  and  expense  are  saved .  The  stop  valve  mav  also  easily 
be  constructed  in  the  chamber  in  the  back  head  A，  as  shown 
in  Fig.  2,  so  that  its  spindle  L  lies  in  the  axis  of  the  cylinder 
and  projects  towards  the  rear  from  the  liead. 


Explosion  on  a  French  Submarine. ― While  the  French  sub- 
marine " Foucaulty  "  was  undergoing  trials  off  Cherbourg 
during  the  past  week  lier  engine  exploded  after  working  satis- 
factorily for  two  hours.  Seven  men  were  injured,  t wo 
seriously. 

Lift  Accident. ―  A  serious  lift  accident  excurred  rerentlv 
on  the  premises  of  the  English  Record  Company, 
Tottenham  Court  Road,  London.  Five  persons  were 
injured,  aud  were  taken  to  the  Middlesex  Hospital.  The  lift 
was  used  for  goods,  and  a  number  of  people  made  use  of 
it  on  returning  from  luncli.  The  cable  snapped  while  the 
lift  was  in  motion,  and  it  fell  some  distauce  to  the  bottom. 
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THE  CORROSION  OF  DISTILLING  CONDENSER  TUBES.* 

by  arnold  philip,  h.sc,  a.m.i.e.e. ,  a.k.s.m. 
(admikalty  chemist.) 

Distilling  apparatus  is  largely  used  both  on  merchant 
steamers  and  on  ships  of  the  Royal  Navy  for  the  purpose 
of  preparing  fresh  water,  not  only  for  washing  and  cooking 
purposes,  but  also  for  supplying  the  make-up  feed  water  for 
the  steam  boilers.  The  distilling  apparatus  consists  in  general 
(" two  parts.  Firstly,  a  cylindrical  boiler  or  evaporator  which 
is  fed  with  sea  water  either  by  hand  or  automatically.  In 
this  sea  -water  a  steam  heating  coil  is  either  partially  or  totally 
immersed.  Through  this  steam  heating  coil  a  current  of 
high-pressure  boiler  steam  (primary  steam)  is  passed  at  a 
temperature  of  from  240°  to  nearly  400°  Fah.  The  raising  of 
the  sea  water  surrounding  the  coils  to  this  temperature  causes 
it  to  boil,  and  the  steam  (known  as  secondary  steam)  which 
is  thus  evolved  from  it  passes  over  into  the  second  part  of  the 
di.stilling  plant.  This  is  known  as  the  distilling  con(leiis("'， 
and  is  in  general  very  similar  in  construction  to  the  forms  of 
main  and  auxiliary  condensers  used  on  steamships. 

There  are,  however,  one  or  two  differences  between  the 
construction  of  the  distilling  condenser  and  the  auxiliary  and 
main  condensers  as  now  generally  used  in  H.M.  service  which 
should  be  noted.  In  the  distilling  condenser  the  steam  passes 
through  the  condenser  tubes  and  the  cooling  water  circulates 
outside  them.  This  is  the  reverse  of  the  usual  practice  in 
main  and  auxiliary  condensers.  Secondly,  the  tubes  in  the 
distilling  condenser  are  usually  vertical  and  expanded  into 
the  tube  plates,  whilst  in  the  main  and  auxiliary  condensers 
they  are  horizontal  and  pass  through  watertight  glands  iu  the 
tube  plates .  f 

It  is  interesting  to  remark  here  that,  whether  on  account 
of  the  fact  that  the  distilling  condenser  tubes  are  vertical,  or 
whether  because  they  are  expanded  at  their  ends  into  metallic 
contact  with  the  tube  plates,  or  whether  because  the  sea 
water  circulates  outside  the  tubes  inside  a  steel  casing  instead 
of  inside  the  tubes,  no  case  is  known  to  the  author  of  corro- 
sion trouble  occurring  to  the  tubes  in  these  condensers  on 
their  sea-water  side.  This  statement  that  corrosion  is  absent 
on  the  sea-water  side  of  condenser  tubes  in  a  distilling  con- 
denser merely  represents  the  author's  personal  experience  and 
the  results  of  the  enquiries  he  lias  been  able  to  make,  and  to 
this  extent  it  appears  to  confirm  the  views  already  expressed 
by  him  in  previous  communications  to  the  effect  that  by  far 
t  he  greater  part  of  the  trouble  with  the  corrosion  of  condenser 
tubes  with  sea  water  is  due  to  the  presence  of  carbon  or  other 
electrically  conducting  relatively  electro-negative  body  de- 
posited along  the  inside  of  the  tubes  at  the  bottom,  and  that 
on  the  other  hand  practically  all  the  other  less  important 
corrosive  actions  cau  be  stopped  by  the  use  of  masses  of  pro- 
perly conuected  iron  and  sieel  or  perhaps  aluminium  and 
zinc  as  protective  metals. 

Notwithstanding  this  freedom  from  corrosion  of  the  tubes 
of  distilling  condensers  upon  their  outer  or  sea-water  surfaces, 
very  great  difficulties  have  been  experienced  from  the  corro- 
sion of  these  tubes  upon  their  inner  or  steam  surfaces.  From 
time  to  time  in  the  past,  what  in  the  aggregate  is  a  large 
number  of  cases  have  occurred  in  which  very  serious  corrosion 
has  taken  place  on  the  steam  side  of  the  condenser  tubes  of 
sea-water  distilling  apparatus.  The  trouble  usually  first 
】nade  its  appearance  by  the  presence  of  what  was  believed  to 
be  priming  in  the  distilling  evaporator.  This  was  indicated 
by  the  fact  that  the  water  from  the  distilling  condenser  gave 
a  precipitate  or  cloudiness  when  tested  with  silver  nitrate 
solution.  More  marked  symptoms  of  corrosive  action  were 
indicated  by  the  distilled  water  possessing  a  disagreeably 
metallic  taste,  and  reports  from  various  ships  showed  that 
soap  used  with  such  water  sometimes  gave  a  light  bluish- 
green  curd.  In  one  case  the  distilled  water,  after  boiling  in 
the  ship's  "  copper,"  was  used  for  making  tea,  and  gave  a 

*  Paper  read  before  the  Institute  of  Metals,  March,  1913. 
tit  should  be  stated  that  distillirifi  condensers  of  other  patterns  in  wliit  li  Uie 
cooling  water  passes  through  the  tubes  and  also  in  which  the  tubes  are  borizontftl 
are  used,  but  the  type  most  generally  employed  until  recently  is  that  here  described, 
and  the  remarks  as  to  corrosion  on  the  sea- water  side  of  distilliu^  condcuser  tubes 
must  be  understood  to  apjily  to  this  form  of  condenser  only. 


black  coloured  infusion,  whilst  the  ship's  "  copper  "  (actually 
made  of  iron)  became  coated  internally  with  metallic  copper. 
In  short  the  distilled  water  contained  copper,  and  on 
examining  the  distilling  condenser  tubes  they  were  found 
to  be  markedly  corroded  on  their  steam  side.  The  corrosion 
was  so  active  that  the  distilled  water  in  once  passing  through 
the  tubes  dissolved  sufficient  copper  from  them  to  produce  the 
troubles  referred  to.  The  cause  of  the  presence  of  the  copper 
was  at  first,  as  stated  above,  attributed  to  the  priming  of  the 
sea  water  in  the  evaporators,  and  the  action  of  the  sea  salt 
thus  passing  over  into  the  distilling  condenser  tubes  was 
looked  upon  as  causing  the  solution  of  the  copper.  This  view 
appeared  to  be  confirmed  by  the  fact  that  the  usual  silver 
nitrate  test  of  the  distilled  water  seemed  always  to  demon- 
strate the  presence  of  salt. 

Early  endeavours  to  reduce  the  effects  of  the  supposed 
priming  were  made  by  coating  the  insides  of  all  the  condenser 
tubes  and  other  steam  pipes  with  tin,  whilst  steel  and  zinc 
vapour  baffle  plates  and  protector  blocks  were  placed  in  the 
head  of  the  evaporator  and  in  the  vapour  pipe  connecting 
the  head  of  the  evaporator  with  the  distilling  condenser. 
Both  these  remedies  were  found  to  effect  a  temporary  cure, 
but  unfortunately  after  a  while  the  same  troubles  reappeared. 
The  degree  to  which  these  difficulties,  due  to  the  corrosion 
of  the  tubes  and  the  presence  of  copper  in  the  distilled  water, 
were  noticed  was  found  to  vary  a  good  deal  in  different  ships, 
and  even  in  the  same  ship  marked  fluctuation  occurred  from 
time  to  time. 

The  author's  first  examination  of  a  case  in  which  corrosion 
of  distilling  condenser  tubes  had  been  observed  was  in  August, 
1904，  and  on  looking  through  previous  correspondence  upon 
this  and  other  similar  corrosions  he  found,  in  a  letter  written 
by  an  engineer  officer  in  1903,  the  suggestion  that  as  part 
of  the  heating  surface  of  the  primary  steam  coils  in  a  par- 
ticular evaporator  was  under  normal  conditions  of  working 
left  above  the  sea-water  level,  it  was  possible  that  this  getting 
quickly  coated  with  scale  and  consequently  overheated  might 
evolve  hydrochloric  acid  from  the  magnesium  salts  found 
in  the  deposit,  and  that  it  was  the  acid  thus  evolved  which 
caused  the  corrosion  observed  in  the  distilling  condersers. 

This  observation  appeared  to  be  a  very  probable  explana- 
tion of  the  corrosive  troubles  which  had  been  noticed,  and 
steps  were  at  once  taken  to  fully  examine  the  particular  case 
then  under  question  from  this  point  of  view.  It  was  found 
that  generally  evaporators  may  be  divided  into  two  classes, 
namely,  those  containing  drowned  heating  coils  (i.e.,  in  which 
the  primary  steam  coils  are  completely  immersed  in  the  sea 
water  or  brine  which  they  are  used  for  heating),  and  those 
in  which  the  primary  steam  coils  are  only  partially  covered 
with  water. 

Experiments  】nade  on  board  a  ship  which  was  fitted  with 
evaporators  both  of  the  drowned  coil  type  aud  the  partially 
exposed  coil  type  showed  that  wheu  connected  to  the  dis- 
tilling condeuser  the  drowned  coil  type  evaporator  always 
】nade  water  practically  quite  free  from  copper,  whilst  the 
evaporator  with  the  exposed  heating  coils  when  counected 
to  the  same  condenser  gave  water  which  contained  copper. 
The  brine  from  both  types  of  evaporator  was  then  examined, 
and  it  was  found  that  from  the  drowned  coil  type  it  had  a 
very  faintly  alkaline  reaction  to  phenolphthalein,  whilst  the 
brine  from  the  evaporator  haviug  the  partially  exposed  heat- 
ing coil  possessed  a  very  strongly  alkaline  reaction  to  the  same 
indicator. 

On  opening  up  an  evaporiitor  and  examining  tlie  iiisi'lc 
surfaces  of  Hie  walls  of  its  casing,  it  is  usually  found  that  tlie 
lower  portion,  which  roniains  the  sea  wat^r  or  brine  wliirli 
is  undergoing  evaporation,  is  coated  all  over  with  a  brilliant 
white  incrustation,  and  this  white  incrustation  extends  up- 
wards above  the  level  of  the  brine,  as  far,  iu  fact,  as  the  water 
can  splash  wheu  boiling.  Above  this  region,  however,  the 
inside  surfaces  of  the  head  of  the  evaporator  (if  it  is  not  of 
the  drowned  coil  variety)  are  usually  much  corroded  and 
coloured  a  deep  orange-brown.  The  tops  of  the  steam  coil, 
as  far  as  they  project  above  the  surface  of  the  brine,  are 
also  thickly  coated  with  white  incrustation.  Chemical 
analysis  shows  this  incrustation  to  be  a  mixture  of  calcium 
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sulpliate  aud  basic  sulphate  and  chlorides  of  magnesia,  to- 
gether with  a  considerable  proportion  (2'35  per  cent.)  of  ni;i^- 
nesium  hydrate.  This  incrustation  is  normally  heated  up  to 
practically  the  same  temperature  as  that  of  the  primary 
steam,  i.e.,  to  a  temperature  considerably  over  that  of  the 
boiling  brine,  and  it  is  at  the  same  time  constantly  splashed 
with  the  boiling  brine  itself.  Under  these  conditions  the 
magnesium  chloride  present  is  decomposed,  hydrochloric  acid  is 
evolved  with  the  steam,  and  a  strongly  alkaline  incrustation 
and  also  an  alkaline  brine  are  formed. 

The  chemical  tests  on  the  white  incrustation  and  the 
alkalinity  of  the  brine  itself  clearly  show  that  some  acid  must 
have  been  driven  off  by  the  process  of  treating  the  sea  water 
in  the  evaporator.  Sea  water  is  itself  quite  neutral  to  pbenol- 
pbthalein  to  commence  with,  and  the  amount  of  alkaline  base 
found  to  be  separated  was  much  greater  than  could  be  ex- 
plained by  any  other  hypothesis  than  that  hydrochloric  acid 
had  been  driven  off. 

In  order,  however,  to  demonstrate  beyond  dispute  that 
hydrochloric  acid  was  actually  evolved,  it  was  considered 
desirable  to  prove  its  presence  in  the  distilled  water.  This 
was  a  matter  of  some  little  difficulty,  on  account  of  the 
very  small  amount  in  which  the  acid  was  present,  namely, 
from  0*1  to  0-05  or  less  parts  of  HC1  per  100,000.  To  deter- 
mine the  acidity  of  such  a  weak  solution  by  direct  titration  is 
not  a  satisfactory  procedure.  Hydrochloric  acid  is  so  volatile 
that  it  is  not  possible  to  concentrate  it  by  evaporation.  The 
distilled  water,  besides  containing  hydrochloric  acid,  also  con- 
tains sodium  chloride  due  to  slight  priming,  and  also  chlorides 
of  copper,  tin,  and  zinc,  formed  by  the  acid  water  flowing 
through  the  condenser  tubes.  The  quantities  of  these 
】iietallic  chlorides  which  are  present  in  the  water  are  of 
about  the  same  order  of  magnitude  as  the  amount  of  hydro- 
chloric acid  itself.  As  these  salts  lose  HC1  on  evaporating  to 
dryness,  the  method  of  determining  the  difference  between 
the  total  chlorine  present  in  the  water  and  then  the  chlorine 
present  in  the  solid  residue  after  distillation  to  dryness  does 
not  give  the  correct  amount  of  free  hydrochloric  acid  present. 

The  method  of  test  which  was  finally  adopted  was  to  add 
sufficient  of  a  saturated  solution  of  pure  sulphate  of  silver 
(7*72  grams  per  litre)  to  the  water.  This  causes  a  precipitate 
of  silver  chloride  to  be  formed,  and  free  sulphuric  acid  equi- 
valent to  the  amount  of  free  hydrochloric  acid  present  is 
liberated  ；  after  heating  to  coagulate  any  silver  chloride 
formed,  it  is  filtered  off  and  a  large  bulk  of  the  water  thus 
treated  is  evaporated  down  to  a  small  bulk.  This  then  con- 
tains all  the  free  sulphuric  acid.  To  demonstrate  that  it  was 
free  sulphuric  acid  a  portion  of  it  was  dropped  on  a  piece 
of  lump  sugar,  and  this  was  heated  for  an  hour  in  a  water 
oven  at  210°  Fall.  The  presence  of  the  sulphuric  acid  was 
demonstrated  by  the  blackening  of  the  sugar  as  the  acid 
became  concentrated,  whilst  a  similar  piece  of  sugar  treated 
as  a  control  with  a  residue  from  ordinary  distilled  water  to 
which  the  same  amount  of  the  silver  sulphate  solution  had 
been  added  gave  no  blackening.  In  order  to  be  certain  that  the 
silver  sulphate  was  itself  quite  free  from  acid  before  use  it  wa3 
washed  by  boiling  up  with  successive  small  quantities  of  dis- 
tilled water,  and  the  washed  salt  was  employed  for  making 
up  the  silver  sulphate  solution  used  in  the  experiments.  The 
actual  determination  of  the  amount  of  the  free  acid  present 
was  carried  out  by  a  titration  on  the  concentrated  residue, 
obtained  from  a  further  portion  of  the  water  under  examina- 
tion, after  it  had  been  treated  with  the  pure  silver  sulphate 
solution  as  described  above. 

Tests  carried  out  in  this  manner  showed  that  the  water 
obtained  from  distilling  plant  which  caused  corrosion  of  the 
condenser  tubes,  and  which  contained  copper,  invariably  also 
contained  free  hydrochloric  acid.  The  amount  of  copper 
present  in  such  waters  is  conveniently  estimated  by  a  calori- 
metric  test,  using  potassium  ferrocyanide  in  comparison  with 
standard  solutions  of  a  copper  salt. 

The  results  of  some  actual  tests  made  upon  samples  of 
water  obtained  from  two  distilling  plants,  in  which  one  had 
an  evaporator  with  the  upper  portion  of  its  primary  steam 
coils  above  the  surface  of  the  boiling  brine,  whilst  the  other 


had  its  stearn  coils  drowned  (that  is  to  say,  completely 
immersed  beneath  the  surface  of  the  brine),  are  here  given  ： 一 
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At  the  date  at  which  these  results  were  obtained,  1904,  the 
method  of  determining  quantitatively  the  amount  of  free 
hydrochloric  acid  present  liad  not  been  worked  out,  but  tests 
for  free  hydrochloric  acid  made  upon  other  samples  of  dis- 
tilled water  by  the  silver  sulphate  method  a  few  months  later 
showed,  as  has  been  stated  above,  that  this  acid  in  the  free 
state  is  always  present  in  the  distilled  water  obtained  from  an 
evaporator  iu  which  the  primary  steaiu  coils  are  exposed  in 
the  secondary  steam  space  above  the  brine. 

From  the  results  given  above,  however,  it  is  apparent  that 
the  rate  at  which  an  evaporator  is  worked,  or,  iu  other  words, 
the  temperature  of  the  primary  steam,  caused  the  amount  of 
copper  in  the  distilled  water,  and  therefore  of  the  hydro- 
chloric acid  formed  in  the  evaporator,  to  vary.  The  more 
the  evaporator  is  pressed,  the  greater  the  amount  of  hydro- 
chloric acid  formed  in  a  given  time.  There  is  further  some 
evidence  to  show  that  the  evolution  of  hydrochloric  acid  from 
the  salts  in  sea  water  may  not  ouly  be  caused  by  the  heating 
of  the  saline  incrustation  on  the  heated  steam  coils,  but  that 
this  acid  may  also,  but  to  a  much  smaller  extent,  be  given  off 
from  the  incrustations  formed  on  the  lower  sides  of  the 
evaporator  shell,  aud  also  possibly  even  from  the  brine  itself, 
and  in  a  given  form  of  evaporator  the  formation  of  free 
hydrochloric  acid  is  favoured  by  the  high  temperature  of  the 
primary  steam  coils  and  the  strong  concentration  of  the 
brine.  To  obtain  the  least  quantity  of  hydrochloric  acid 
from  a  given  evaporator,  it  is  therefore  necessary  to  avoid 
too  great  a  concentration  of  the  brine  by  suitable  adjustment 
of  the  sea-water  feed  and  brine  cocks,  and  also,  and  uiost 
effectively,  to  reduce  the  rate  of  evaporation  as  much  as  pos- 
sible. Both  of  these  methods  of  remedying  the  trouble  are, 
however,  faulty,  for  they  both  tend  to  render  the  evaporator 
inefficient.  The  best  remedy  is  to  only  use  evaporators  with 
drowned  steam  coils. 

The  passage  of  copper  into  the  boilers  with  the  feed  water 
is,  of  course,  most  undesirable  from  the  point  of  view  of  boiler 
corrosion,  and  it  has  been  proposed  to  avoid  this  by  passing 
the  distilled  water  through  a  scrubber  of  large  granulated 
zinc  or  small  zinc  blocks.  The  feed  tank  into  which  the  water 
from  the  distilling  condensers  is  pumped  is  usually  fitted  with 
zinc  protectors  attached  to  its  walls.  In  the  abseuce  of  ziii'' 
scrubbers,  if  owing  to  defects  in  the  evaporators  the  presence 
of  copper  in  feed  water  is  unavoidable,  its  Larmful  effects  may 
be  best  minimised  by  keeping  the  water  alkaline  with  lime, 
for  this  causes  the  objectionable  soluble  copper  salt  to  be  con- 
verted into  the  comparatively  harmless  insoluble  precipitate 
of  cupric  hydrate,  but  this  palliative  with  boilers  runuiug  at 
high  pressures,  and  in  the  presence  of  organic  oils,  must  be 
regarded  with  distrust. 

From  what  has  been  stated  above,  it  is  evident  that  the 
measure  taken  to  prevent  the  presence  of  copper  in  the  dis- 
tilled water,  by  tinning  the  condenser  tubes,  causes  the  tem- 
porary disappearance  of  the  copper,  because  tin  instead  of 
copper  is  dissolved  from  the  inner  surfaces  of  the  condenser 
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tubes,  and  this  metal  is  not  readily  detected  in  the  distilled 
water,  whilst  directly  the  tin  has  been  removed  by  the  acid 
water  the  copper  will  once  more  make  its  appearance  The 
use  of  steel  or  zinc  baffle  plates  in  the  head  of  the  evaporator, 
and  zinc  protector  blocks  in  the  vapour  pipe,  also  cause  a 
i^niporary  removal  or  diniinut ion  of  the  amount  of  copper  in 
the  distilled  water,  due  to  the  fact  that  the  baffles,  & ('.， 
remove,  or  partly  remove,  the  hydrochloric  aci'l  from  the 
evaporator  steam,  but  as  the  plates  become  rapidly  corroded, 
tliey  become  inefficient  and  the  trouble  again  appears. 

The  serious  nature  of  the  corrosion  which  may  occur,  due 
to  the  acid  evaporator  steam,  is  well  shown  from  the  follow- 
ing extract  from  a  description  by  an  engineer  officer  of  wliat 
occurred  in  a  ship  using  evaporators  with  steam  coils  which 
were  not  drowned  :  "  The  brass  valves  and  valve  seatings  wear 
in  the  most  excessive  manner,  in  fact  it  appears  as  though  one 
or  more  constituents  of  the  metal  were  eaten  out  of  it  alto- 
gether, and  only  a  hard  mass  left;  this  remark  applies  par- 
ticularly to  the  vapour  valves,  through  which  the  secondary 
(gained)  steam  passes.  .  .  •  It  is  no  new  thing,  but  has 
been  going  on  for  the  past  three  years.  The  fresh  water 
made  always  has  a  metallic  taste,  and  when  worked  with 
soap  turns  a  very  slightly  pale  greenish  colour;  but  the  fresh 
water  made  by  a  second  evaporator  which  has  drowned  coils 
is  perfectly  fresh,  tasteless,  and  good,  and  gives  no  colour 
witli  soapy  water,  although  the  steam  is  condensed  in  the 
distilling  condenser  as  the  unsatisfactory  water  from 
the  other  evaporator." 


STRESSES  IN  STAYED  CYLINDRICAL  SHELLS.* 

BY  C.  E.  STROMEYER. 

Makers  of  donkey  boilers  and  similar  vessels  sometimes  hope 
to  increase  the  resisting  power  of  the  inner  cylinders  by  secur- 
ing them  to  the  outer  ones  by  means  of  stay  bolts,  but  there  is 
as  yet  no  precise  method  of  estimating  the  stresses  which  such 
an  alteration  will  produce,  and  I  have  therefore  attempted  in 
the  following  brief  enquiry  to  show  how  these  estimates  can 
be  made.  Imagine  an  annular  space  consisting  of  a  small 
cylinder  placed  inside  a  larger  one,  with  a  number  of  holes 
drilled  through  both  shells,  and  suppose,  that  bars  have  been 
inserted  into  these  holes,  which  bars  are  assumed  to  be  per- 
fectly free  to  move,  and  yet  will  not  allow  water  to  pass  ；  then, 
on  applying  a  pressure  in  the  annular  space,  the  two  plates 
will  separate  from  each  other  by  an  amount  which  can  be 
estimated.  If  nuts  are'  then  screwed  on  to  the  ends  of  the 
stays,  and  these  are  subjected  to  tension  stresses,  the  two 
shells  will  be  drawn  closer  together,  and  the  bolts  will 
elongate.  Clearly,  the  screwing  up  of  the  bolts  has  the  same 
effect  on  the  shells  as  reducing  the  internal  pressure,  so  that 
in  our  enquiry  we  may  split  up  the  available  pressure  into  two 
partial  ones,  one  producing  circumferential  stresses  and 
changes  of  diameters  of  the  shells,  the  other  producing  tension 
stresses  and  elongations  of  tlie  stays. 

The  subdivision  of  the  available  pressure  into  partial  ones, 
of  which  each  one  produces  definite  stresses  and  changes  of 
form,  is  the  principle  on  which  the  following  enquiry  is  based. 
It  will  be  best  understood  by  a  reference  to  Figs.  1 
and  2，  in  which  the  black  lines  A  B  represent  part 
of  the  outer  cylinder  and  C  D  part  of  the  inner 
cylinder.  In  Fig.  1，  let  E  F  be  part  of  a  section  of 
an  imaginary  shell  interposed  between  the  inner  and 
outer  shells,  all  the  stays  being  severed,  as  shown.  In  Fig.  2 
the  stays  are  not  severed,  but  the  plates  are  cut  up  into 
rectangles;  A  B  being  equal  to  the  circumferential  pitch  of 
stays  in  the  outer  shell,  and  C  D  the  pitch  in  the  inner  shell. 
The  vertical  pitch  between  the  rows  of  stays  is  h.  Assume 
that  the  rectangular  plates  h  x  A  B，  and  hxC  D,  are  water- 
tight but  frictionless  fitting  square  pistons  in  the  casing  shown 
in  Fig.  2,  and  that  the  stay  is  also  a  water-tight  frictionless 
fit  in  a  hole  in  the  centre  of  tlie  casing. 

In  Fig.  1  ，  let  rr  and  rl  be  the  radii  respectively  of  the  outer 
and  inner  shells,  then  the  length  of  the  stays  is  r2  —  r,.  Let 
'u  be  the  number  of  stays  in  each  circumferential  row,  then  the 

angle  a,  Fig.  1，  is  ^―^  and  the  pitches  A  B  and  C  D，  Fig.  2, 


are  respectively —— 
2  .  r,  .  sin  (-)  and  2 


•  Paper  read  at  the  spring  meetings  of  Le  fifty-fourth  session  of  the  Institution 
Of  Naval  Architects,  March  14th,  1913. 


The  partial  pressures  pi  and  p2  exist  as  shown  in  Fig. 】 ， 
and  the  partial  pressures  /、  and  p4  exist  as  shown  in  Fig.  2. 
The  two  latter  pressures  are  obviously  related  as  follows  ： ― 

y4  x  A  B  =  p3  x  C  D,  or  — = 丄，  一〜, 

otherwise  the  plates  and  stays  would  move  in  one  direction  or 
the  other.  Let  t2  and  /A  be  respectively  the  thicknesses  of 
plates  of  the  outer  and  inner  shells,  and  let  n  be  the  effective 
sectional  area  of  the  bolt  stay  ；  then  if  E  is  the  modulus  of 
elasticity,  we  have  in  Fig.  2  an  increase  of  length  r0  ―  rl  of 
stay  bolt  equal  to ~ 


E  ,  a 

f)?i  (/*.,  —  r,)  7* .  2  .  /i  . 國 
~E  .  a 


(*)  = 

In  Fig.  1，  ihe  increase  of  the  radius  r.,  is 

-      E  .  L. 
and  the  decrease  of  the  radius  r,  is —— 


n  / 
S, - 


P>  (riY 


F 。！"  2  .  sin^)  write  w  =  angular  pitch  of  stays,  which  is 

nearly  equal  to  a.  In  order  to  solve  the  above  in  terms  of 
p3,  introduce  values  for— 


r2 


then —— 


S  =  €  (Sx  +  82)  =p3  (/.>— fj)  —  m  h  .  r 


■ri)  m  .  k+a 


(r 


'丄 ; 


p  .  a 


u  .  r 


《V 


m 


. h 


Here  i\  .  m  .  //  is  the  area  of  the  portion  of  the  inner  plate 
which  is  supported  by  the  stay  bolt  of  tlie  sectional  area  n . 


Fig.  1. 

Having  found  j>:t、  tlie  values  of  p4y  p2，  and  pi  are  easilv 
determined. 

An  annular  superheater,  of  a  type  which  was  quite  common 
in  steamers  about  30  years  ago,  may  serve  as  au  example. 
Height  of  superheater,  14ft.  The  respective  diameters  of  the 
two  cylinders  are  72in.  and  108in.,  so  that  rx  =36in.  and 
r2  =  54in.  The  two  circumferences  are  held  together  by  rows 
of  bolt  stays,  pitched  14in.  apart.  Each  row  has  24  stays. 
Therefore — 


(寻 


24 

and  the  circumferential  pitches  in  the  outer  and  inner  shells 
are  respectively  14'liu.  and  9'4in.  Tlie  thicknesses  of  the 
plates  of  the  outer  and  inner  shells  are  §in.  and  the  bolt  stays 
are  1  |in.  effective  diameter,  so  that  the  effective  area  a 
is  1  sq.  in. 
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Seeing  tliai  the  inner  cylinder,  if  14ft'.  liigli  and  unstayed, 
would  be  permitted  to  work  at  a  pressure  of  35 lbs.  |>er  square 
inch,  and  seeing  that  Hat  |>l,""s  wi( li  stays  phrli('(l  I  I in.  by 
9*4iii.  as  above,  would  be  allowed  a  working  pressure  of  Sf)||>s., 
it  is  probable  that  a  stayed  superheater  of  t lie  above  dimen- 
sions would  be  approved  of  for  a  working  pressure  of 
351bs.  -I  851bs.  -  1201bs.  per  square  inch  ；  unless  tlie 
length  be  taken  to  be  equal  to  the  pitch  ot*  the  rows  of  stays 
(14iii.)，  under  which  supposition  a  pressure  of  1  lolbs.  +  85 lbs. 

2001bs.  per  square  inch  might  be  pennitted.  It  will  here  be 
assumed  that  二  1201bs. ;  then,  according  to  il»e  above 
formula,  the  partial  pressures  are ~ 

36  [18  .  0-261  .  14  +1  .  (86-4  +57. 6)]=  120  .  1  (4,666  + 
2,073). 

p3  =  120  .  6,739  :  7,533  =  120  .  0-893=  107- libs,  per  square 
inch. 

p{  =p;j  36  :  54  =  107*1  •  §  =71  "lbs.  per  square  inch. 
p.,=p  —  pi  =  120  —  71  -4=48-61b.s.  per  square  inch. 
pt  =  p  -  p;{=  120  —  107  •  1=  12  -91bs.  per  square  inch. 

The  stress  in  the  stay  bolt  is  S  -  x  14  x  9*4  ：  1  二  107.1  .  131.6 
= 14,0941bs.,  or  6'3  tons  per  square  inch.  The  tension  stress 
in  tbe  outer  shell  is  S2  -48-6  x  54  X  "  =  4,1991bs.,  or  nearly 
'」 tons  per  square  inch.  The  compression  stress  in  the  inner 
shell  is  S,  -  1 2'9  x  36  x  f  =  7431l>s.T  or  about  I  ton  per  square 


It  will  ilius  be  seen  thai  the  tilting  of  bolt  stays  very 
in at-eri ally  reduces  the  circumferential  stresses  iu  the  two 
cylindrical  plates,  but  it  must  not  be'  overlooked  that  the  pull 
of  these  stays  sets  up  the  same  class  of  bending  stresses  as  in 


When  large  departures  from  any  previou.s  design  are  to  be 
made,  the  changes  in  the  partial  pressures  and  in  the  stresses 
can  be  roughly  estimated  hy  a  similar  proi'ess  to  tlie  above, 
and  subsequently  more  exact  values  can  be  obtained  by  using 
the  formulas  which,  unfortunately,  are  rather  too  coinplicated 

for  the  direct  fixing  of 
the  scantlings  and  stayed 
,，  boilers.  For  instance,  in 
the  above  exampletbecus- 
tomary  bending  stresses 
in  platos  and  tension 
stresses  in  stays  will  not 
be  exceeded,  while  tbe 
circumferential  com- 
pression stress  will  be 
reduced  to  nothing  if  the 
cylindrical  plates  are 
made  |in.  thick,  and  the 
stays  ^in.  diain.  With  iliis  thickness  of  plates,  but  with  the 
stays  removed,  the  permissible  working  pressure  of  the 
internal  cylinder  would  be  681bs.  It  cannot,  therefore,  be 
said  that  stays  are  worse  than  useless  ；  in  any  case,  they  may 
be  of  service  as  safeguards  against  collapsing  of  overheated 
plates,  and  they  may  help  to  keep  distorted  furnaces  in  shape. 
Generally,  however,  it  will  be  found  that  the  fitting  of  stavs 
to  weak  furnaces  of  donkey  boilers  intensifies  rather  than 
dimiiiislies  tlie  stresses  to  which  they  are  subjected.  Estimates 
of  the  stresses  iu  existing  stayed  donkey  boilers  should  prove 
of  interest,  for  in  most  cases  they  would  reveal  that  the  stays 
are  subjected  to  higher  stresses  than  10，0001bs.  per  square  iii'  li 


Fio.  2. 


Stresses  in  Stayed  Cylindrical  Shells.     Changes  of  Partial  Pressures  and  Stresses  due  to  Small  Chawjr^  of  Dimensions. 


Dimension  Changes. 

JtcHultiiig  Partial  Pressure  Changes. 

Resulting  Stress  Clian^ivs. 

Stays. 

Inner  81u-H. 

Outer  Shell. 

Pa 

Pi 

Pi 

Tension. 

Bending. 

C'pression. 

Bending.  Tension. 

+  10  per  cent,  stay  diameter   

+  10  per  cent,  outer  radius,  r2   

+  10  per  cent,  circumferential  and  I 

+  10  per  cent,  vertical  pitches         J … • 

Per  cwit. 
― 3.4 
+  5.8 
+  『1.3 

+  "lo.2 

Per  cent. 
- 3-4 
+  5.8 
- 7-9 

+  13.2 

Per  cent. 
+  28.3 
- 47-!> 
- 11.2 

-126 -3 

Per  cent. 
+  5-0 
- 8-5 
+  22-0 

-  22.3 

Per  cunt. 
一  3.4 
一  12- (i 

- 7-9 

+  39.4 

Per  cent. 
― 20-2 

+    5.8  . 
十  1.3 

+  39" 

Per  cent. 

+ 

― 47.!, 
-  11.2 

-120.：5 

Pc-r  cent.    Per  cent. 

20.2  4..', 
+    5.8      ―  8.5 
― 7.9      +  1.3 

+  39.4      ―  22.3 

flat  plates.  Thus,  in  the  case  of  the  outer  shell,  we  have 
i^in.  plates  and  14  x  14*lin.  pitches,  for  which  the  per- 
missible pressure  would  be  6 libs,  per  square  inch  if  dealt  with 
as  being  a  flat  plate.  But  the  partial  pressure  pi  is  71  *41bsM 
which  creates  a  bending  stress  in  the  outer  shell,  which  is 
17  per  cent,  higher  than  that  due  to  the  permissible  pressure 
of  6 libs.  As  the  circumferential  stress  S2  intensifies  the 
maximum  bending  stress  near  the  stay  holes  by  about  2  tons 
per  square  inch,  a  rather  high  total  stress  is  the  result,  and  for 
a  working  pressure  of  2001bs.  the  resulting  stress  might  be 
deemed  excessive.  The  permissible  pressure  on  flat  plates, 
stayed  like  the  inner  sliell,  is,  as  previously  stated,  851bs.  per 
square  inch,  whereas  the  partial  pressure  p3,  which  produces 
bending  stresses  in  this  shell,  works  out  at  107'llbs.  per  square 
incli,  or  26  per  cent,  higher  than  permitted  by  rules.  In  this 
case  only  ^  ton  has  to  be  added  tor  the  circumferential  stress, 
but  llie  total  stress  is  certainly  higher  tlian  intended. 

The  severe  tension  stresses  in  the  bolt  stavs  and  the  severe 
bending  stresses  in  both  shells  are  due  to  the  comparatively 
high  partial  pressures  p3  and  /'4.  Modifications  of  the  boiler 
scantlings  and  dimensions  will  alter  these  stresses.  Tims,  if 
the  thicknesses  t x  and  f,、  were  to  be  increased  by  10  per  cent., 
〃' and  pA  would  be  reduced  by  3'4  per  cent.  The  stresses  m 
the  stay  bolts  would  be  reduced  by  the  same  amount,  and  tlie 
bending  stresses  in  the  plates  bv  20' 2  per  cent.  If  the 
diameter  of  the  stay  bolt  were  to  be  increased  10  }>er  conl 
resulting  in  an  increase  of  21  per  cent -  in  its  sectional  an';i、 
'/，  Uien  p:t  and  〃4，  as  well  as  the  bending  stresses  produced  hy 
tliem  in  the  plates,  would  be  increased  5'77  per  cent . ,  aiul  tlie 
stress  in  the  stay  bolt  would  be  reduced  12*6  per  rent .  These 
deductions  and  a  few  others  are  summarised  in  the  t'ollowinii 
table.  They  refer,  of  course,  onlv  to  this  particular  supt'r 
heater,  having  shells  of  108in.  and  72in.  diam. 


without  failing,  that  the  partial  pressure  yz  on  tlie  inner 
cylinder  is  sometimes  higlier  than  the  actual  pressure  />t, 
resulting  in  circumferential  tension  stresses,  and  that  botli 
p$  and  p4  are  something  much  higher  than  would  be  allowed 
ou  stayed  flat  plates.  Nevertheless,  as  there  are  only  three 
records  amongst  the  Board  of  Trade  reports  of  the  explosions 
of  boilers  stayed  in  this  manner,  of  whirh  two  were  clue  to 
unknown  over-pressures,  it  would  not  be  advisable  to  fondemu 
it  merely  because  the  stresses  in  these  slays  and  plates  are 
higlier  than  those  sanctioned  in  other  parts  of  boilers. 


SOME  POINTS  IN  SWITCHGEAR  DESIGN. 

In  a  paper  recently  read  before  the  Arc  Works  Engineering 
Society  Mr.  A.  G.  Collis  pointed  out  some  misconceptions  of 
terms  in  switchgear  work  and  their  results.  The  first  inst.uiot* 
of  a  misconception  was,  he  remarked,  involved  in  the  term 
' Reverse-current  device  for  alternating-curreiit  circuits." 
For  alternating-current  work  the  title  was  quite  wrong.  A 
current  which  at  every  instant  flowed  in  the  opposite  direction 
to  the  generated  electromotive  force  was  reversed  or  180。  out 
of  phase.  If  the  current  lagged  or  led  by  90，，  then  during 
half  its  cycle  it  was  flowing  in  the  direction  of  the  electro- 
motive force  and  in  the  other  half  opposing  the  electromotive 
force.  This  then  would  be  a  reverse  current,  but  would  not 
be  so  designated  if  the  conception  of  "  reversal  of  energy  "  was 
applied.  It  was  doubtful  if  reverse  alteriiating-curreiU  relays 
were  satisfactory.  Manufacturers  ran  a  risk  of  heavv 
penalties  in  the" event  of  the  apparatus  tailing,  unless  well- 
defined  terms  were  used  in  the  contract.  The  author  gave  the 
following  as  an  example  :  A  1,500  kw.  set  was  being  paralleled 
with  a  5.000  kw.  set  on  a  load  of  7,000  kw.  Owing  to  a  slight 
reverse  current ,  the  ."),000  kw.  set  droppeil  off  the  bars,  and 


312 


THE    MECHANICAL  ENGINEER. 


[March  21,  1913 


the  other  set  was  burnt  out.  Owing  to  the  indiscriminate  use 
of  terms  in  the  contract,  the  suppliers  suffered  a  loss  of  £4,000. 
In  one  large  power  station  the  reverse  relays  were  found  to  be 
affected  by  wattless  currents  flowing  between  the  machines, 
and  they  were  now  disused.  Tlie  choker  synchronising  gear 
adopted  some  years  ago  by  Crompton  &  Co.  was  very  good,  and 
it  was  difficult  to  understand  the  reasons  for  its  discontinuance. 

" Gas-tight  Switches  "  was  another  case  of  the  misuse  of  a 
term,  as  most  switches  so  described  were  not  really  gas  tight, 
and  in  mining  work  were  often  dangerous.  Explosion-proof 
switches,  fitted  with  wide  flanges  were  also  dangerous.  As  the 
force  of  the  explosion  of  fire-damp  was  about  2001bs.  per 
square  inch,  the  casing  of  the  switch  must  be  strong.  For 
real  safety  the  arc  must  open  under  oil.  Switches  constructed 
on  the  Davy  lamp  principle  were,  in  his  opinion,  not  satis- 
factory unless  the  dust  which  accumulated  on  the  gauze  was 
periodically  removed.  Some  of  the  material  which  goes  down 
into  pits,  especially  that  of  foreign  origin,  was  worthy  of  the 
rubbish  heap  only. 

Perhaps  the  specific  rating  of  switches  was  one  of  the  most 
absurd  things  in  the  electrical  industry.  Generally  a  specifi- 
cation included  a  condition  that  a  switch  must  be  capable  of 
breaking  a  given  kilowatt  capacity  without  any  allusion  to  the 
condition  of  service.  This  statement  by  itself  was  of  no  use, 
and  did  not  protect  the  buyer.  The  question  of  power  factor 
was  of  great  importance.  A  switch  that  would  break 
10,000  kw.  at  unity  power  factor  would  not  rupture  half  this 
if  the  power  factor  was  only  0'7，  because  when  the  current 
was  zero  there  was  an  electromotive  force  tending  to  restore 
the  circuit.  There  was  also  the  question  of  internal  and 
external  reactances.  In  order  to  limit  the  flow  of  energy  into 
a  shcrt-circuit,  reactances  were  introduced  into  either  the 
generator  or  transmission  circuits.  Internal  reactance 
decreased  the  strain  on  the  end  turns  of  generators  and 
external  reactance'  introduced  additional  strains  in  the  end- 
turn  windings.  Their  use,  in  the  author  s  opinion,  was  not 
advisable,  as  the  safeguards  might  themselves  introduce 
greater  evils  than  those  they  were  intended  to  eliminate.  The 
conditions  were  less  severe  if  a  switch  opened  on  the  downward 
portion  of  a  wav©?  instead  of  on  a  rising  wave.  A  switch 
should  also  be  quick  acting,  so  as  to  open  a  circuit  during 
one  to  three  current  waves,  instead  of  seven  to  nine  or  more 
waves.  Resonance  effects  were  not  frequent,  but  must  be 
guarded  against,  and  discrimination  must  be  shown  in 
earthing  the,  neutral  points  of  a  system  by  means  of  a  choking 
coil  or  resistance. 


COCKBURN'S  DUPLEX  SPRING  SAFETY  VALVE. 

The  accompanying  sectional  view  shows  a  design  of  spring 
safety  valve  of  the  duplex  type,  the  invention  of  Mr.  D. 
Cockburn  and  Mr.  D.  MacNicoll,  of  Cockburns,  Lid. , 
Cardonald,  near  Glasgow.  In  this  arrangement,  one  valve  is 
loaded  to  a  lesser  extent  than  the  other,  and  annular  spaces 
are  formed  around  both  valve  seats,  passages  being  provided 
which  establish  constant  communication  between  these  spaces 
and  chambers  fitted  with  pistons  operatively  connected  to 
the  valves  proper,  the  arrangement  being  such  that  under 
normal  conditions  the  lighter  loaded  valve  is  first  raised,  on 
the  pressure  reaching  a  predetermined  amount,  so  as  to  permit 
pressure  to  act  on  the  piston  of  the  heavier  loaded  valve  and 
lift  this  valve  to  any  desired  extent  ；  while  in  the  event  of 
the  lighter  loaded  valve  not  being  lifted  first,  by  reason  of 
friction  or  other  causes,  the  heavier  loaded  valve  will  be  lifted 
and  permit  pressure  to  pass  to  the  piston  of  the  lighter  loaded 
valve  and  thus  lift  the  last  mentioned  valve  to  any  desired 
extent. 

Referring  to  the  illustration,  the  safety  valve  comprises  a 
casing  having  inlet  spaces  B  and  C  divided  by  a  rib  and  outlet 
spaces  E  and  F  divided  by  a  rib  and  leading  to  a  chamber  h， 
communication  with  the  atmosphere.  The  valves  H  and  J 
proper  normally  rest  on  seats,  these  seats  being  provided  with 
annular  spaces  L  and  M.  The  valve  spindles  project  upwardly 
through  the  ends  of  cylindrical  chambers  P  and  Q,  and  have 
attached  thereto  pistons  R  and  S.  The  walls  of  the  chambers 
P  and  Q  are  formed  with  annular  spaces  T  and  U  associated 
with  one  or  more  perforations  V  and  W  which  communicate, 
respectively,  with  the  annular  space  L  and  chamber  Q,  and 
with  'the  annular  space  M  and  chamber  P，  each  of  these 
passages  being  afforded  by  means  of  a  pipe  within  which  is 


fitted  a  screw-threaded  spindle  for  the  purpose  of  retarding  or 
baffling  the  flow  of  fluid  pressure  through  the  passages. 

Springs  rest  on  the  pistons  R  and  S，  at  the  sides  remote 
from  the  valves  II  and  J，  these  springs  being  arranged  within 
casings  provided  at  their  upper  ends  with  covers  fitted  with 
bushes  which  are  screw-threaded  internally  to  receive  compres- 
sion screws  K  and  N，  these  screws  being  adapted  to  press  on 
washers  resting  on  the  springs,  so  as  to  vary  the  load  on  the 
valves  H  and  J.  The  valve  spindles  are  extended  through  the 
compression  screws  K  and  N  and  at  the  top  are  provided  with 
slots  through  which  are  passed  cotters  fitted  to  caps,  whereby 
the  valve  spindles,  and  thereby  the  valves  H  and  J,  may 
be  raised  on  actuation  of  manually  controlled  arms. 

The  action  of  the  valve  is  as  follows  :  Assuming  the  valve 
H  to  be  tlie  lighter  loaded  valve,  when  a  predetermined  pres- 
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Cockbubn's  Duplex  Spring  Safety  Valve. 

sure  is  reached  on  the  inlet  side  B，  the  valve  H  is  raised  off  its 
seat  and  admits  fluid  pressure  to  the  annular  space  L.  The 
fluid  pressure  then  flows  through  the  passage  E  to  the  chamber 
Q  and  acts  on  the  underside  of  the  piston  S，  thereby  raising 
the  valve  J  off  its  seat  and  permitting  free  egress  of  fluid 
pressure  from  the  inlet  C  to  the  outlet  F.  Just  as  the  valve 
J  is  being  raised,  and  before  it  has  permitted  communication 
between  the  inlet  C  and  the  outlet  F,  there  is  a  momentary 
tendency  of  the  fluid  pressure  to  pass  to  the  chamber  P  aud 
thus  cause  the  valve  H  to  be  raised  off  its  seat,  but  this  is 
prevented  by  means  of  the  aforesaid  retarding  or  baffling 
device.  Any  fluid  pressure  passing  the  piston  R  or  piston  S 
flows  into  the  annular  space  T  or  U  and  thence  through  the 
perforation  or  perforations  V  or  W  into  the  outlet  space  E 
or  F.  In  the  event  of  the  valve  H  not  being  raised  off  its 
seat,  by  reason  of  friction  or  other  causes,  then  the  valve  J 
will  be  acted  upon  first  and  the  valve  H  then  raised  in  a 
manner  similarly  to  the  valve  J,  as  above  described. 


West  of  Scotland  Iron  and  Steel  Institute. ― The  sixth  meet- 
ing of  the  session  of  the  West  of  Scot  laud  Iron  and  Steel 
Institute  was  held  on  the  14th  inst.  at  Glasgow,  Mr.  Walter 
Dixon,  president,  in  the  chair.  A  paper  bv  Prof.  A. 
Campion,  F.I.C"  and  Prof.  J.  G.  Loiigbottoni,  A.R.C.S., 
M.I.Mech.E.,  on  "  The  Relative  Properties  of  Acid  and  Basic 
Open-hearth  Steel M  was  read.  Following  this,  Mr.  E.  de 
Bruyn  gave  a  lecture  on  "  Recording  Instruments  and  their 
Application  to  Modern  Works  Control. M 
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SOME  EFFECTS  OF  SUPERHEATING  AND  FEED-WATER 
HEATING  ON  LOCOMOTIVE  WORKING.* 


h\  V.  H.  TREVITHICK  AND 


o\\  AN. 


T 1 1 k  tendency  in  recent  years  to  increase  train  loads  and  a、  "r 
age  speeds  has,  in  the  main,  resulted  in  larger  locomotives. 
】{y  putting  proportionately  m ore  weight  into  tlie  boiler,  I  In* 
evaporative  capacity  lias  been  increased,  and,  since  boiler 
capacity  limits  the  tractive  effort'  at  anything  above  low 
speeds,  this  lias  been  quite  a  logical  development.  The  sam" 
provision,  at  equal  loads,  results  in  increased  economy,  .since 
the  rate  of  firing  is  brought  down  to  a  point  wliere  the  boiler 
efficiency  is  greater.  This  will  be  evident  on  reference  to 
Fig.  1,  reproduced  from  Mr.  Lawford  II.  Fry's  paper  on 
" ('ombustion  and  Heat  Balances  in  Locomotives." 十  This 
represents  the  series  200  of  the  St.  Louis  tests  on  the  Penn- 
sylvania Railroad  Testing  Plant,|  and  has  been  selected  as 
illustrating  the  performance  of  a  brick  arch  boiler,  with  coal 
approximating  to  some  English  qualities,  though  reported  1" 
he  somewhat  friable,  and  as  covering  a  wide  range  of  working. 
The  proportion  of  the  total  lieat  utilised  in  steam  production 
will  be  seen  to  fall  as  the  rate  of  firing  increases  ；  the  losses 
increase  rapidly.  Clearly,  improvement  will  be  effected  if 
capacity  sufficient  for  the  production  of  equal  or  equivalent 
output  at  reduced  rates  of  firing  can  be  arranged  for.    Fig.  1 


Fig. ]. 


per  square    foot   of  grate   surface   per  hour 

-Relative  Amount  of  Heat  Utilised  and  Lost  at  Dlffebent  Rates 

From  Proc,  Mar.,  190H,  p.  275. 


of  Firing  ；  St.  Lofis  Tksts  (Series  200). 

shows  the  nature  of  the  losses.  That  by  radiation  is  small. 
It  is  practically  unavoidable,  and,  comparatively  speaking, 
little  would  be  gained  by  its  elimination,  if  such  were  possible. 
The  loss  by  CO  is  also  negligible.  The  remaining  losses  are 
important,  and  consist  in  heat  carried  away  in  the  gases  ox 
combustion  passing  out  of  the  chimney,  and  in  heat  lost  in 
unburnt  or  partially-burnt  fuel. 

Fig.  1  is  rearranged  in  Fig.  2  in  the  form  of  a  diagram  of 
heat  available,  taking  14,500  B.Tli.U.  as  a  typical  calorific 
value  for  the  coal.  The  line'  a  represents  the  total  heat  avail- 
able in  the  fuel  at  any  rate  of  firing  per  square  foot  of  grate 
area  per  hour.  This  diagram  is  merely  typical .  A  comparison 
of  numerous  published  results  shows  that  it  may  fairly  be  taken 
to  be  so.  As  it  is  intended  to  pay  attention  now  only  to  the 
larger  and  more  easily  preventable  losses,  the  losses  by  CO 
and  by  radiation  have  been  combined  in  Fig.  2. 

In  locomotive  operation,  engine  output,  steam  output,  raie 
of  firing,  draught,  smokebox  temperature,  and  other  factors  are 
interdependent.  Engine  output  for  a  large  part  of  the  range 
of  working  is  limited  by  boiler  output,  which  is  dependent 
upon  the  rate  of  firing.  This,  in  its  turn,  depends  on  draught, 
which,  other  conditions  being  unaltered,  is  a  function  of  the 
steam  exhausted.  Fig.  3  (considered  in  conjunction  with  Fig. 
2)  shows  the  relation  of  draught  to  the  phenomena  accompany 
iug  increased  output.  The  upper  and  lower  lines  show, 
respectively,  the  vacuum  recorded  in  the  smokebox  at  tlie 
back  of  the  diaphragm,  and  the  effective  draught ~ that  is,  the 
difference  between  this  and  the  vacuum  measured  in  the  fire- 
box. The  vacuum  in  front  of  the  diaphragm  in  American 
engines  is  often  twice  as  intense  as  that  behind  it. 

*  Paper  read  before  the  Institution  of  Mechanical  Engineers,  Marcli  14th,  1913. 
t  Proceedings.  I.Mech.E.,  1908.  Part  2,  page  275. 

%  "  Locomotive  Tests  and  Kxhihits,"  pulilished  1W5  by  the  Pennsylvania  ltnil- 
road  Company. 


The  net  loss  of  heat  in  the  waste  gases  is  dependent  upon 
their  quantity  and  specific  heat  and  the  smokebox  tempera- 
ture. In  quantity  the  waste  gases  increase  with  lite  rate  of 
firing,  t  liou^h  the  amount  of  gas  per  pound  of  fuel  burned 
tends  to  dirriinisli.  The  manner  in  wliicli  smoke  Ixjx  t''m 
peratures  increase  with  the  rate  of  firing  is  shown  in  Fij/v  I 
and  '「)•  Sucli  diagrams  are  given  as  straight  line  curves  in  t  Im- 
St.  Louis  report,  but,  this  is  really  incidental  to  \Au\\\w^  \>, 
too  small  a  scale.  The  St.  Louis  tests  on  moiJer'i  lar^c 
boilered  engines  show  lower  temperatures  tlian  tlie  Punlur* 


Fio.  2.— Heat  Utilised  and  Lost  at  Different  Katks  of  Firing  :  Baskp  on 
St.  Louis  Tests  (Series  200). 

tests  represented  in  Figs.  4  and  5.  The  specific  heat  of  the 
waste  gases  increases  with  smokebox  temperatures.*  As  a  net 
result  of  the  combination  of  these  three  factors,  the  proportion 
of  the  loss  in  the  waste  gases  to  the  heat  available  in  the  coal 
gradually  falls,  but  in  amount  increases  with  the  rate  of  firing. 

Of  the  loss  by  unburnt  fuel,  part,  occurring  at  the  grate, 
is  not  usually  preventable,  except  such  as  arises  from  inexpert 
firing.  The  larger  portion  of  this  loss  is  involved  witli  engine 
output  and  draught.  The  greatest  loss  is  traceable  to  the 
quality  and  quantity  of  tlie  smokebox  cinders,  and  of  those 
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-Relation  of  Draught  to  Rate  of  Fuu、"  ；  St.  Louis  Tksts  t Series  900). 


passing  out  of  the  chimney.  Both  these  increase  with  rate  of 
firing.  Fig.  6  shows  how  rapidly  the  quantity  of  these  cinders 
increases  at  the  higher  rates  of  firing.  Other  classes  of  coal 
may  show  losses  on  an  even  heavier  9cale.  The  smokebox 
cinders,  and  those  passing  out  of  the  stack,  have  been  com- 
bined in  Fig.  6.  It  is  not  possible  to  state  definitely  what 
effect  the  rate  of  firing  has  on  tlie  relative  amounts  of  these 
two  cinders  losses,  but  it  appears  probable  that  so  long  as  tl"' 
smokebox  capacity  is  not  taxed,  the  smokebox  cinders  are 
greater  in  amount  than  those  passing  out  of  the  chimney  when 

•  rroceediugs.  I  Mcch.K  .  19(W.  Part  .2,  pa^e  J*M. 
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work  is  light ,  ； mil  t  liat  \vli(— '11  the  engine  is  forced,  t  hose 
oniitted  from  tlie  clumney  exceed  those  retained  in  the  suiok e- 
box.  This  opinion  is  supported  by  Dr.  Goss,  and  by  ligures 
given  in  a  paper  read  before  the  Western  Railway  Club  in 
] 898  by  Mr.  W.  Garstang.  In  general,  it  may  be  taken  that, 
a t  fair  engine  rating,  the  loss  by  cinders  ejected  is  large,  and 
on  ordinary  runs  exceeds  the  amount  which  accumulates  in 
the  smokebox,  the  proportion  of  cinders  ejected  to  cinders  in 
the  smokebox  being  often  two  or  more  to  one,  in  smokeboxes 
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LB.  OF  COAL    PGR   SQUAflE   FOOT    OF  GRATE   SURFACE   PER  HOUR 

Fi<;.  4  ― Delation  of  Smokkuox  Tempkhature  and  Duau*;ht  to  IIatk  oi" 
Fiuinc;  ；  Values  from  Goss's  "  Locomotivk  rKUi  oUMANCK  " ("】"'a/'il 
block"  coal). 

lilted  with  netting.  This  factor  is,  however,  largely  depen- 
dent upon  the  quality  of  the  coal,  as  is  also  the  quality  of  the 
cinders.  . 

Fig.  7  gives  an  idea  of  the  way  in  which  the  calorific  value 
of  these  cinders  increases  with  rate  of  firing.  The  curves  are 
for  three  different  kinds  of  coal.  Their  value  is  thus  high, 
being  shown  to  be  about  90  per  cent,  of  the  original  value  of 
the  coal  at  the  highest  rates  of  working.  In  the  St.  Louis 
tests  the  highest  calorific  value  found  for  smokebox  cinders  was 
95  per  cent,  of  the  value  of  the  original  coal,  and  for  the 
cinders  ejected  87'6  per  cent,  of  the  coal  value.  The  average 
for  all  tests  was  for  smokebox  cinders  80*7  per  ceut.,  and  for 
cinders  ejected  through  the  chimney  72*5  per  cent,  of  tlie 
original  value  of  the  ooal.  Determinatioiis,  made  in  connec- 
tion with  Egyptian  State  Railways  passenger  engines  using 
Welsh  coal,  have  shown  a  calorific  value,  for  smokebox  cinders, 
equal  to  86  per  cent,  of  tlie>  original  coal  value.  Usually  the 
cinders  ejected  have  a  rather  lower  value  than  those  retained 
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Ki<;.  5.— KiiLATioN  or  Smokebox  TmriatATiuti':  to  lixiv:  oi'  Fiuing  ；  V.\ lvi.s 
ihom  Goss's  "High  St  ]  cam  Phessuuks  in  Locomotivi;  Si;io  hi; " 
( You^hioghuny  coal). 

iii  Hie  smokebox,  though  circiuiKstaiices  may  arise  where  the 
re  verse  is  found  to  be  the  cvist1. - 

Reduction  of  Boiler  Losses. ― The  facts  exhibited  in  Figs.  1  to  7， 
w  hi  eh  show  so  rapid  an  increase  in  the  boiler  losses  at  the 
higher  rates  of  firing,  empliasize  the  statement  already  made 
that  improvement  will  be  realised  if  the  necessary  outpul  can 
by  some  means  be  secured  at  a  reduced  rate  of  firing.  AVitbin 
limits,  increase  in  boiler  capacity  is  thus  as  logical  frcmi  tins 
point  of  view  as  it  is  when  made  in  order  to  meet  demands 
for  more  power.  This  solution,  however,  lias  cerh?in  draw- 
l);n-ks.  With  the  enlargement,  radiation  and  grate  losses 
increase,  the  latter  becoming  impoi'taiit  in  inteniiittent  work. 
An  increase  in  total  engine  weiglit  is  also  involved,  an(l，  as 
l)erinanent  way  considerations  limit  this,  the  time  will  come, 
and  has  now  been  reached  in  rases,  when  im proveinenl s  must 
be  sought,  involving  an  increase  of  weight  on  a  reduced  scale. 
The  logical  alternative  to  the  increase  of  boiler  capacity  is  to 
relieve  the  boiler  of  part  of  its  work,  by  the  adoption  of  some 
supplementary  process,  which;  however,  to  be  successful,  must 
necessitate  a  comparatively  small  increase  in  weight.  Two 

*  Dr.  Goss's  report  on  '•  Superhoatefl  Stoa ni  in  Locomotive  Sprvioe." 


processes  wliicli  meet  this  requirement  are  feed-water  heating 
and  steam  superheating. 

Feed -water  Heating. ― In  feed-water  heating  pari  of  the  boiler 

work  is  accomplished  before  the  water  passes  the  clack.  For 
feed-heating  agents,  providing  a  direct  saving  of  otherwise 
waste  heat,  there  are  available  the  exhaust  steam  discharged 
from  tlie  cylinders,  and  tlie  waste  gases  passing  out  of  tlie 
cliiinney.  Feed-lieating  can  be  accomplished  by  either  of 
these,  alone  or  together  in  series.  If  used  in  series,  heating 
by  the  waste  gases  must  be  accomplished  last.  As  the  process 
may  be  arranged  to  result  in  temperatures  being  reached  at 
wliicli  even  the  so-called  hot-water  injectors  will  not  work,  its 
successful  adoption  involves  a  reconsideration  of  the  feeding 
system  generally. 

The  ordinary  injector  will  not  pick  up  water  above  about 
120°  to  125°  Fah.,  and  the  feed  cannot,  therefore,  be  effectively 
heated  before  it  readies  the  injector,  while  the  admixture  in 
that  apparatus  of  live  steam  with  the  feed  so  raises  the  tem- 
perature of  the  latter  that  full  advantage  cannot  be  taken  of 
subsequent  heating  by  either  of  the  agents  available.  An 
injector  may  feed  into  a  boiler  at  1801bs.  per  square  inch  pres- 
sure, about .ll"21bs.  of  water  for  every  lib.  of  steam  used.  If 
the  supply  be  at  65°  Fah.  tlie  delivery  will  be  about  160  5°  Fall. 
This  increase  is  not  an  economic  gain.  Delivery  falls  off  as 
t he  boiler  pressure  rises,  and  the  temperature  of  delivery  is 
liigher  at  the  higher  pressures.  Subsequent  feed-lieating  is  of 
less  advantage  now  than  it  would  have  been  wlien  pressures 
were  lower. 

For  each  lib.  of  steam  used  in  the  cylinders  (1  +  a  fraction) 
must  be  produced  in  the  boiler,  from  the  temperature  of  the 
injector  discharge,  in  order  to  supply  both  the  engine  and 
injector.  The  B.Tli.U.  thus  to  be  produced  are  given  for 
various  pressures  in  Fig.  8，  by  Curve  No.  1，  which  is  based 
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l-'jii.       Helation  or  \Veight  or  Cindeks  Passing  tuuough  the  Boiceii  \  1 
Tubes  to  Katl  or  Firing;  ；  Values  from  Goss's  "  High  Steam 
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on  data  published  by  Mr.  S.  L.  Kneass.*  If,  subsequent  to 
delivery  from  the  injector,  the  feed  be  heated  by  the  cylinder 
exliaust  to  210。  Fah.,  the  boiler  work  is  reduced,  as  deauted 
by  Curve  No.  2.  The  work  needed  increases  with  the  boiler 
p  res  sure.  Heat  can  further  be  transmitted  from  the  waste 
gases,  and  an  average  feed  temperature  of  280°  Fah.  to  290° 
Kali,  obtained,  but  compensation  can  in  no  way  be  secured  for 
heating  during  part  of  the  process  with  live  steam. 

At  modern  pressures  the  ordinary  exhaust  injector  shows 
a  thermal  saving  over  the  live-steam  injector  of  some  9  per 
cent.  The  supplementary  portion  of  the  exhaust  injector  is 
handicapped  by  the  water  fed  to  it  being  already  at  a  liigli 
temperature  (about  180°  Fah.).  Its  steam  consumption  is  thus 
high,  and  the  final  temperature  of  discharge  is  about  280°  Fah. 
Additional  feed  heating  is  thus  impracticable,  even  by  the 
waste  gases.  The  only  gain  procurable  with  this  injector  is 
that  due  to  the  use  of  part  of  the  exliaust  steam.  This  liow- 
ever,  may  exceed  the  thermal  ^ain  of  9  j>er  cent,  or  so.  In  a 
more  recent  form  of  exliaust -steam  injector  the  eflioienov  of  the 
exhaust  steam  jet  lias  been  improved,  and  much  less  supple- 
mentary live  steam  is  needed.    Though  the  thermal  position 

*    Trftctico  and  Theory  of  tlie  ltii*v  'or."   « Wiloy.t 
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is  the  same  with  both  types,  the  discharge  temperature  is  thus 
lower  with  the  later  pattern.  Tlie  final  temperature  witli  t  lie 
later  type  is  195°  Fah.*  compared  with  280°  Fah.  witli  1  lie 
earlier,  and  further  feed-lieatin^  is  practicable'. 

The  pump  offers  advantage®  over  tlie  injector  in  connect  ion 
with  feed-heating,  since,  with  it,  the  feed  temperature  is  nol 
increased  in  the  process  of  raising  t lie  pressure,  and  the  i em 
])erature  liead  is  sufficient  for  the  effe<*tive  transfer  of  heat  "> 
(he  pump  delivery,  successively  from  tlie  exliausi  s""mi  and  I  lie 
wast e  gases.    On  account  of  the  sudden  demands  which  a  lorn- 


no.i  y 

I 

(3)  PUMP 


(4 1  PUMP  FfED 
HEATING  BY  PfMP  EXHAUST 


LB.  OF  COAL  PEP.  SQUARE  FOOT  OF  GRATE  SURFACE  PER  HOUR 

Via,  7.— Ukxation  of  Calorific  Value  of  Cinders  Passing  thuough  thi: 
Boii.er  Tdbks  to  Rate  of  Firing  ；  Values  from  Gosk's  :  No.  1,  "  Superheated 
Stkam  in  LorOMOTiVK  Service  "  (PocahontaH  con])  ；  No.  2,  ditto  (Yoii^Jiio^licio 
oonl)  ；  No.  3，  "  Locomotive  Spatiks  "  ("  Hrazil  block  "  coal). 

motive  feed  pump  is  called  upon  to  meet,  such  an  appliance 
should  be  arranged  to  work  with  water  at  moderately  low  tem- 
peratures, and  the  greater  part  of  the  feed-heating  process 
should  be  carried  out  between  the  pump  and  the  boiler  clack. 

Independent  steam  pumps  suitable  for  locomotive  work 
will  deliver  lOOlbs.  of  water  for  about  l'51bs.  of  steam,  working 
at  and  against  1801bs.  pressure.  Curve  No.  3，  Fig.  8，  shows 
the  B.Th.U.  to  be  provided  by  the  boiler  for  each  lib.  of 
steam  delivered  to  the  cylinders,  using  pump  supply  and  feed 
at  65°  Fah.  Curve  No.  4  shows  the  work  required  if  the 
pump  exhaust  be  utilised  for  feed  heating,  about  the  same 

amount  being  required  at  all 
pressures.  The  pump  and  injec- 
tor are  then  on  an  equal  footing 
at  moderate  pressures.  Heat- 
ing, further,  by  the  main  cylin- 
der exhaust  at  210°  Fah.  reduces 
the  boiler  work  to  the  amounts 
shown  by  Curve  No.  5.  This 
system  has  a  considerable  ad- 
vantage over  the  injector  feed 
combined  with  heating  to  210° 
Fah .  (see  Curve  No.  2),  and 
this  is  maintained  if  the  feed- 
heating  be  carried  still  further. 

Superheating. ― In  superheat- 
ing, a  final  benefit  may  be  due 
to  different  causes  according  to 
the  system.  In  one  system 
the  heat  in  the  waste  gases  dis- 
charged from  the  boiler  is  util- 
ised to  raise  the  temperature 
of  the  steam.  In  another  a 
directly-fired  superheater  is 
employed,  commonly  incor- 
porated for  convenience  in  the 
boiler,  in  order  that  one  grate 
may  serve  both.  Hybrid  sys- 
tems have  also  been  tried,  in 
which  either  the  ordinary  boiler 
tube  length  has  been  curtailed 
and  a  superheater  added  in  the 
space  thus  provided,  or  a  large 
supply  of  "  live  "  gas  has  been  conducted  to  a  smokebox  heater 
t  hrough  a  special  flue.  Most  of  these  latter  systems  have  been 
abandoned.  They  lower  the  efficiency  of  steam  generation, 
and  this  is  not  sufficiently  recouped  in  the  engine  for  t\n\<o 
arrangements  to  compare  favourably  witli  others. 

Contrary  to  general  experience  in  other  branches  of  steam 
engineering,  and  also  in  conflict  wit'li  testimony  from  inanv 
railways,  it  has  been  maintained  that  waste-gas  superheat  in Lr 
effects  little  or  uo  benefit  in  locomotive  work.  This  system 
combines  improvements  in  two  directions,  namoly,  in  the  elli- 
ciency  of  steam  generation  and  in  the  engine's  consumption. 
The  gain  in  generation  has  been  commonly  ignored  or  actually 


 y. 


workinq  pressure— lb.  per  sq.  in, (gauge) 
Fig.  8. 

Saturated  Steam  Boiler  Output 
in  B.Th.U.  necessary  with  various 
conditions  op  feed,  for  each  lb. 
ov  Steam  used  in  the  Cylinders. 


denied  so  far  as  locomotive  work  is  concerned,  while  the  en^iiH- 
gain  has  been  fairly  generally  admitted.  A  true  waste-gas 
superheater  forms  an  adjunct  to  the  ordinary  boiler.  It 
installation  should  not  disturb  the  heating  capacity  of  tlie 
boiler,  nor  alter  its  efficiency.  About  the  Rauie  i>ro[>ortion  of 
the  heat  of  combustion  is  taken  up  by  the  water-heating  fair- 
face  as  where  no  superheater  is  fitted,  and  to  the  steam  thus 
produced  is  added  further  heat  abstracted  from  the  wa^te 
gases.  The  overall  efficiency  of  the  generator  is  improved, 
the  proportion  of  heat  available  in  the  coal,  put  to  use,  being 
increased.  Directly-fired  superheater  locomotives,  using 
superheat  from  100°  Fah.  upwards,  which  can  lay  claim  to  no 
improvement  in  the  efficiency  of  steam  generation,  but  rather 
suffer  in  an  adverse  sense,  admittedly  prove  satisfactory  in 
service.  There  appears,  therefore,  to  be  no  valid  reason  wliv 
the  waste-gas  heating  system,  with  which  superheat  of  about 
90°  Fah.  can  be  obtained,  should  not  likewise  give  good  results. 
The  difference  between  the  temperatures  just  cited  is  niorf* 
than  made  up  by  the  higher  overall  efficiency  of  the  combined 
waste-gas  heater  and  boiler.  The  temperatures  claimed  for 
waste-gas  superheaters  are  sometimes  too  high.  Something 
over  the  figure  just  quoted  is,  however,  perfectly  practicable. 

It  is  difficult  to  determine  the  economical  position  of 
directly-fired  superheater  installations  of  the  moderate  degree 
or  high  degree  types,  as  applied  in  locomotive  service.  For 
the  generator  efficiency  to  be  undiminished,  no  more  heat  must 
be  lost  from  a  superheater  boiler  than  in  the  ordinary  boiler. 
In  some  installations  the  average  amount  of  heat  absorbed 
through  the  smoke-tube  superheater  surface  may  about  equal, 


SUPERHEAT  — DEG,  FAHR. 

Fio.  9.— Relation  of  Steam  Consumption  and  Superhkat  ；  Values  from 
Benjamin  &  Endsley.    (Am.  Ry.  Master  Mechanics'  Convention,  1911). 

as  far  as  can  be  gathered,  the  average  amount  transmitted 
through  the  water-heating  tube  surface.  This  may  be  so  in 
the  double-loop  high-degree  type  in  which  high  steam  velocities 
are  used,  and  the  ends  of  the  loops  are  brought  fairly  near 
the  firebox.  Locally,  transmission  is  then  very  great  and  the 
average  is  high.  With  the  single-loop  types  giving  moderate 
degrees  of  superheat,  the  elements  are  often  short  and  the 
speeds  low.  The  transmission,  at  the.  best,  is  then  compara- 
tively low,  and,  on  tlie  average,  lower  than  that  of  the  water- 
heating  tube  surface.  As  regards  efficiency  of  steam  genera- 
tion, therefore,  the  combination  of  the  waste-gas  superheater 
and  boiler  ranks  first.  Probably  the  ordinary  boiler  ranks 
second  and  tlie  high-degree  smoke-tube  superheater  boiler 
third,  but  this  does  not  appear  yet  to  have  been  definitely 
determined  ；  it  is  possible  their  relative  positions  are  not  the 
same  at  all  powers.  Last  of  all  stands  the  moderate  degree 
smoke-tube  superheater  boiler. 

Though  the  above  aspect  of  superheating  is  often  treated 
with  indifference,  it  is  generally  conceded  that  there  is  more 
or  less  saving  in  steam  at  all  degrees  of  superheat.  Even  witli 
no  superheat  the  use  of  a  heater  may  reduce  the  feed  necessary, 
if  the  sieam  normally  sent  over  is  wet.  Part  of  the  economy 
shown  on  road  tests  undoubtedly  arises  from  this.  With  anv 
temperature  above  that  corresponding  to  dry  steam,  there  is 
an  improvement  in  the  engine.  In  stationary  work  this  is  not 
disputed,  and  the  result  is  similar  in  locomotive  working. 
This  has  been  determined  in  road  tests,  and  also  on  te^tins; 
plants.  】）r.  Goss  and  others  responsible  tor  the  work  at  Pur- 
due have  concluded  that  steam  ronsuniption  falls  witli  in('!，',i、 
ing  superheat,  as  shown  in  Fig.  9.  This  determination  is 
naturally  only  approximat-e.  The  (lata  issued  from  Purtlue 
constitute  the  only  records  yet  published,  showing  the  effect 
of  progressive  superheat  on  steam  consiunpt ion  in  locomotive 
service.  As  regards  coal  consumption,  however,  they  do  not 
fairly  indicate  the  possibilities  of  mtxlerate  superheating 
(though  it  is  sometimes  held  they  do),  since  they  do  not 
embrace  investigations  with  the  more  efficient  installations  of 
that  class. 

(To  be  contxnurd.) 
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IMPROVEMENTS  IN  WATER  TUBE  BOILERS. 

We  illustrate  herewith  a  design  of  water-tube  boiler  of  the 
type  comprising  a  plurality  of  upper  steam  and  water  drums 
and  lower  water  drums  connected  together  by  approximately 
v"rt"'al  tubes,  one  of  the  lower  drums  being  separated  into 
compartments  by  an  imperforate  partition  arranged  longi- 
tudinally thereof,  which  has  recently  been  patented  by  the 
Stirling  Boiler  Company,  Ltd.,  58，  Victoria  Street,  West- 
minster, in  conjunction  with  Mr.  E.  G.  Constantine.  The 
imperforate  longitudinal  diapliragm  or  partition  is  fitted  in 
the  lower  water  drum  adjacent  to  that  nearest  to  the  furnace 
grate,  and  is  so  arranged  that  the  water  is  constrained  to  flow 
upwards  in  the  rear  tubes  of  the  bank  and  down  the  front 
tubes,  thus  lengthening  the  path  of  travel  of  the  water  before 
it  is  carried  to  that  portion  of  the  boiler  immediately  over  the 


IMPKOVEMENTS  JN  W'ATER-TUBIi  BOILERS. 

furnace  grate,  Referring  to  the.  illustration,  A，  B，  and  C 
denote  the  upper  steam  and  water  drums,  and  D,  E，  aud  F 
denote  the  lower  water  drums.  In  the  drum  E  is  fitted  the 
imperforate  partition  or  diaphragm  G  which  is  so  arranged  as 
to  cause  the  water  flowing  from  the  drum  F  to  travel  upwards 
through  the  tubes  connecting  the  rear  water  space  J  in  the 
drum  E  with  the  drum  B,  and  downwards  through  the  tubes 
connecting  drum  B  with-  the'  f  ront  water  space  K  in  the  drum 
E，  thence  into  the  drum  D，  instead  of  flowing  in  known 
manner  direct  from  the  drum  F  to  the  drum  D.  This 
diapliragm  G,  in  】ieu  of  being  made  flat,  may  be  made  curved 
and  may  be  hinged  so  as  to  hang  clear  of  the'  manhole  and 
permit  the  drum  to  be  inspected  on  both  sides.  A  baffle  (not 
shown)  may  be  arranged  in  the  central  bank  of  tubes  to  form 
an  extended  path  for  the  hot  gases. 


THE  TESTING  LABORATORY  AND  THE  CONSTRUCTING 
ENGINEER. 

Tn  the  course  of  a  paper  on  this  subject,  read  before  tlie 
American  Society  of  Mechanical  Engineers,  Mr.  II.  W.  Hay- 
ward  said  that  the  many  grades  of  materials  now  obtainable 
made  it  necessary  to  have  definite  specifications  for  every- 
thing. These  specifications  must  be  fair  to  both  dealer  and 
purchaser,  and  no  more  rigid  than  was  necessary  to  obtain 
the  quality  of  material  required.  Unnecessarily  rigid  speci- 
fications were  apt  to  car,"  friction  and  usually  boost  the  price 
excessively  ；  and  often  they  were  not  lived  up  to.  A  set  of 
spt'cifications  should  be  so  drawn  as  to  ensure  the  delivery 
oFlhe  exact  quality  of  material  desired  and  leave  the  mar.u- 
facturer  as  much  leeway  as  possible.  The  engineer  should 
U'  familiar  with  the  processes  of  Hianufacture  in  order  to  select 
the  tests  that  were  inade  with  the  special  object  of  determin- 
ing the  care  used  in  their  manufacture,  and  the  manufacturer 
should  be  familiar  with  the  uses  to  wliicli  the  materials  were 
to  be  put.  The  two  (，ould  be  brought  together  by  connnon 
interest  in  a  testing  laboratory  where  the  qualities  of  tlie 


materials  ctnilfl  he  dotermined,  and  t est s  made  ujxjii  full-sized 
Hpeciniens. 

There  were  several  kinds  of  laboratories  for  physical  tests 
of  structural  materials— single  testing  machines  in  works  : 
works  laboratory,  special  and  complete  ；  testing  company's 
laboratory  ；  government  ；  and  technical  schools.  A  single 
testing  machine  in  a  manufacturing  plant  was  usually 
operated  by  an  unskilled  man,  and  showed  as  a  rule  only  one 
quality  of  the  material  tested.  Works  laboratories  varied 
considerably  in  scope  and  capacity,  some  of  them  being  very 
complete  as  regards  the  special  requirements  of  tlieir  respec- 
tive works.  While  being  of  great  assistance  in  controlling 
the  processes  and  quality  of  the  materials  produced,  they  did 
little  work  in  any  other  direction.  The  men  operating  them 
were  usually  not  of  a  high  order  of  intelligence,  and  even 
the  men  in  charge  were  sometimes  rather  narrow  in  their 
views  and  considered  the  makers'  standpoint  only .  A  few 
large  companies  maintained  laboratories  conducted  by  most 
skilful  and  capable  men  who  carried  on  work  along  all  lines 
''oniiected  with  the  industry,  and  obtained  valuable  data, 
many  of  which  were  jmblislirfl  for  general  inforination. 
Private  ieyting  coinpan ies  (lul  splendid  work  for  their  clients. 
Tlie  U.S.  Govennnent.  had  (extensive  testing  laboratories 
*'(|uij}j)ed  witli  all  necessary  apparatus,  and  was  doing  very 
elaborate  research  and  service  work.  The  work  was  carried  on, 
however,  very  slowly,  and  no  results  were  published  until  the 
investigation  was  complete  in  every  detail.  The  work  was 
done  primarily  for  tlie  Government,  and  private  individuals 
must  untangle  a  great  deal  of  red  tape  before  anything  could 
be  done  for  them.  The  Bureau  of  Standards  should  furnish 
the  profession  with  a  standard  method  for  testing  the 
accuracy  of  testing  machines. 

The  laboratories  of  technical  schools  filled  in  a  wide  gap. 
In  them  an  equipment  of  great  variety  was  usually  provided 
to  satisfy  the  requirements  of  tuition,  thesis  work,  and  re- 
search. In  addition,  technical  school  laboratories  must  be 
prepared  to  carry  ou  commercial  tests  at  all  times,  and  】iiucli 
could  be  done  in  this  connection  if  engineers  could  be  per- 
suaded to  put  more  of  their  questions  up  to  technical  school 
laboratories  at  the  proper  time  for  thesis  work. 

The  specimens  for  the  tests  to  determine  if  a  material 
passed  specification  must  be  properly  selected,  must  be  of 
the  required  size  and  shape,  and  taken  from  the  proper  place. 
As  a  matter  of  fact,  specimens  were  often  submitted  in  an 
entirely  unsatisfactory  manner,  just  8in.  long  when  it 

was  required  to  determine  the  elongation  in  8in.，  no  extra 
length  being  left  for  the  grips  of  the  testing  machine.  For 
testing  properly  the  ratio  of  diameter  to  length,  sufficient 
metal  for  unrestricted  flow  should  be  maiutained,  if  elonga- 
tion tests  were  to  be  considered  and  correct  values  obtained. 

The  condition  of  testing  machines  must  be  thoroughly 
watched.  The  weighing  system  was  often  out  of  order  and 
the  heads  might  be  out  of  line  :  the  latter  had  a  great  effect 
on  short,  brittle  specimens,  such  as  cast  iron,  where  the  ert'en- 
tric  load  caused  a  much  lower  stren^tli  to  be  recorded  than 
was  the  actual  case.  The  screws  for  the  buffers  should  also 
be  watched. 

On  the  whole,  specimens  should  be  tested  in  a  manner  to 
bring  out  the  care  in  the  manufacture  of  the  material,  and 
to  show  anv  inferior  quality  from  any  source.  No  unneces- 
sary tests  should  be  specified.  Some  tests  usually  left  out  of 
specifications  were,  in  the  opinion  of  nuuty  engineers  and 
manufacturers,  】uoi'e  valuable  than  manv  of  those  that  were 
included,  t.t/.,  reduction  of  area  in  ductile  materials,  espet-iallv 
for  higli  grade  steel  or  wrought  iron,  instead  of  elongation 
onlv.  Twist  tests  for  copper  wire  belonged  to  the  same  class. 
The  tests  specified  】mist  be  as  simple  as  possible,  so  that  they 
might  be  carried  out  in  anv  fairly  equipped  laboratory  at  a 
mininium  expense.  Quantitative  tests  for  the  specifications 
of  nianufactured  parts,  cohunns,  girders,  slabs,  pieces  of 
machines,  &c.y  were  a  imich  more  diflicult  problem  than  the 
qualitative  tests  of  materials  t'rotn  、、- hirh  tliev  were  fabri- 
cated, and  could  be  made  onlv  bv  laboratories  well  ctjxiipped 
wit h  apparatus  aud  foire.  These  tests  must  approximate 
working  conditions  as  nearly  as  possible,  and  must  furnisli 
data  for  the  design  of  the  parts. 

Tt  was  ciu'ouraging  to  note    that    many    engineers  and 
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manufacturers  were  taking  up  with  great  enthusiasm  the 
question  of  testing  parts  of  machines  and  structures  or  even 
complete  machines,  and  were  successfully  standardising  their 
products.  Many  engineering  firms,  with  the  help  of  testing 
laboratories,  were  getting  up  specifications  covering  the  com- 
plete line  of  materials  used  by  them,  effecting  thereby  a  great 
saving  in  trouble  and  monoy.  M uch,  however,  remained  to 
be  done. 

Many  terms  used  in  conne<-t  ion  with  st  v\a  \  ural  materials 
were  in  a  rather  mixed  state,  such  as  elastic  limit,  yield  point, 
strain,  &('.  Quantities  that  could  not  be  obtained  exactly,  '  .'/.， 
clastic  limit  or  yield  point  of  copper  or  bronze,  sliould  not 
be  specified.  New  qualities  of  materials  were  being  con- 
tinually brought  out  which  re<[uired  special  tests.  This  was 
especially  true  with  regard  to  the  compound  steels  and  alloys 
which  were  l»oing  used  for  shafts,  gears,  and  otber  parts  of 
runniiicr  jnacliinery.  To  determine  their  value  sucli  metals 
must'  be  tested  for  repeated  stress  and  sliork  resistance.  The 
variation  in  quality  due  to  treatment  in  these  liigh-grade 
steels  and  in  many  alloys  marie  chemical  tests,  though  of 
value  in  some  cases,  almost  useless  in  others. 

The  author  gave  the  following  interesting  information  : 
Ductile  material  elongated  when  twisted  ；  modulus  of  elas- 
ticity of  piece  of  high  carbon  steel  was  the  same  as  for  soft, 
within  the  elastic  limit  ；  a  crystalline  fracture  on  soft  rivet 
steel  could  be  obtained  by  gradual  tension  ；  steel  of  great 
strength  might  be  very  ductile  ；  fibre  rope  could  be  made  to 
break  in  the  centre  if  held  by  eye  splices  properly  made  and 
wet  ；  steel  or  copper  cable  could  be  broken  if  held  in  cast 
sockets  ；  best  rivet  steel  could  bo  nicked  and  bent  without 
cracking  open. 


METAL  FILAMENT  LAMPS.* 

BY  ALEXANDER  SIEMENS. 

Dr.  M.  v.  Pi kan i  published  in  "  TTelios  (No.  46  of  1912)  an 
article  on  the  development  of  modern  glow-lamps,  which  starts 
by  repeating  the  fundamental  necessity  of  every  technical 
development  being  guided  by  the  requirements  of  the  con- 
sumer. Foremost  among  these  is  economy  in  the  true  sense  o( 
the  word  ；  that  is,  low  first  cost  combined  with  low  cost  of 
maintenance.  In  the  case  of  glow-lamps  this  means  low  first 
cost,  long  life,  and  a  small  consumption  of  current  ；  but,  in 
addition,  such  a  lamp  should  be  adaptable  to  existing  electrical 
conditions  (varying  voltages)  and  to  existing  local  conditions, 
which  determine  its  shape  and  size :  and,  lastly,  that  it  should 
not  be  too  sensitive  to  rough  treatment. 

All  these  requirements,  except  one,  are  fulfilled  by  the 
carbon  filament  lamp  ；  but  its  high  consumption  of  current 
(3*5  watt's  per  candle)  at  one  time  endangered  the  superiority 
of  electric  illumination  over  gas  lighting,  which,  stimulated 
by  competition,  had  become  so  economic  that  the  extension 
of  electric  lighting  was  visibly  checked.  Curiously  enough, 
the  same  man  whose  invention  of  tlie  "  mantle  ，，  converted  gas 
into  such  a  formidable  competitor  of  electricity,  was  the  first 
to  manufacture  a  glow-lamp  with  an  osmium  filament  using 
only  half  tlie  watts  per  candle,  compared  with  the  carbon 
filament  lamp.  Unfortunately,  this  first  metal  filament  fell 
short  of  the  carbon  filament  in  other  respects  ：  it  was  exceed- 
ingly brittle,  it  became  soft  at  a  comparatively  low  tempe- 
rature, so  tliat  a  lamp  with  horseshoe  filaments  could  only  be 
used  in  a  vertical  position  with  the  filaments  hanging  down- 
wards, because  they  could  not  be  stayed  in  any  other  position, 
as  they  shorten  perceptibly  when  heated.  Finally,  it  coulcl 
only  be  manufactured  for  low  voltages. 

The  further  development  of  the  osmium  lamp  was  inter- 
rupted by  the  appearance  of  the  Nernst  "  lamp,  invented  by 
Prof.  Nernst,  of  Gbttingen.  By  employing  a  conductor  of  the 
second  class  he  succeeded  in  producing  light  by  means  of  short , 
comparatively  thick,  rods  capable  of  supporting  themselves 
and  as  economical  in  current  as  the  osmium  lamps,  although 
the  loss  of  heat  by  conduction  is  considerable  owing  to  the  rods 
glowing  in  air.  But  there  are  drawbacks,  the  principal 
one  being  that  the  cold  filament  does  not  conduct  electricity, 
so  that  some  special  provision  has  to  be  made  in  eacli  lamp 
to  heat  up  its  filament  ；  another  drawback  is  the  property  of 
the  filament  that  its  resistance  rapidly  decreases  with  increase 

*  Paper  road  before  the  Institute  of  Metals,  March  1913. 


of  temperature.  On  this  account  it  is  necessary  to  insert  a 
resistance  in  series  with  each  lamp  to  guard  against  the  effect 
of  variations  of  voltage. 

A  decided  step  forward  was  the  introduction  of  the  tan- 
talum lamp  announced  by  Dr.  W.  von  Boltr>n  aitd  Dr.  O. 
Feuerlein  in  the  "  Elektrotechnische  Verein "  (Berlin)-, 
January  L7th,  1905— E.T.Z.,  Heft  4,  1905.  They  described 
t  lie  research  work  whicli  liad  been  carried  on  in  the  laboratory 
of  the  glow-lamp  works  of  Siemens  and  Halske,  in  Charlott^n- 
l)ui'g，  to  discover  methods  of  producing  the  rare  metals  in  a 
commercially  possible  manner,  and  tlien  to  trv  one  after  the 
other  as  filaments  of  glow-lamps.  Beginning  with  vanadium 
and  niobium,  Dr.  von  Bolton  found  their  melting  point  too 
low  for  obtaining  resxilts  superior  to  carbon  filaments.  f  n 
tliese  cases  he  liad  followed  the  same  method  of  working  tli"i 
】）r.  Auer  liad  adopted  for  the  production  of  osmium;  tlie 
metallic  oxide  had  been  mixed  with  a  suitable  reducing  agent, 
squirted  into  thread-form,  and  heated  in  a  high  vacuum. 
Proceeding  to  experimenting  with  tantalm'i    in  t  lit- 、'山 
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manner,  he  obtained  a  minute  globule  of  metallic  tantalum 
which  proved  to  be  tougli  and  malleable.  Thereupon  lie 
melted  metallic  tantalum  powder,  produced  by  the  methods  oi 
Berzelius  and  Rose  in  vacuo,  and  obtained  pure  metallic  tan- 
talum which  can  he  liammered  aiul  drawn  into  wire  suit  ahU- 
for  filaments. 

As  tantalum  has  a  very  much  lower  specific  resistance  than 
carbon,  the  filaments  of  tantalum  lamps,  at  equal  voltage  and 
equal  candle-power,  have  to  be  two  and  a  lialf  times  tlie  length 
and  one  quarter  the  diameter  of  equivalent  carbon  filaments; 
e.ff.}  at  110  volts  and  25  c.p.  the  length  of  a  tantalum  filament 
is  645  mm.  and  its  diameter  0  047  mm.  against  a  carbon 
filament  250  mm.  long  and  0'18  mm.  diam.  Moreover,  tlie 
softening  of  the  wire  at  the  working  temperature  made  it 
impossible  to  imitate  the  double  or  treble  loop  of  a  carbon 
filament.  After  a  good  many  trials,  a  satisfactory  solution  of 
this  problem  was  found  by  winding  the  filament  zigzag  fashion 
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between  two  star-shaped  supports.  In  this  way  detrimental 
alterations  in  the  position  of  metallic  filaments  are  successfully 
prevented.  Further  data  about  tantalum  will  be  found  in  a 
Friday-evening  discourse  delivered  by  the  author  at  the  Royal 
Institution  on  April  23rd,  1909，  and  about  the  history  of 
metal  filament  lamps  in  three  articles  of  "  The  Engineer  "  in 
December,  1906. 

As  the  tantalum  filament  had  all  the  good  qualities  of  the 
carbon  filament,  but  consumed  only  about  half  the  current  for 
the  production  of  the  same  illumination,  it  found  a  ready 
application  everywhere,  103  million  tantalum  lamps  being  put 
on  the  market  during  the  seven  years  since  January,  1905. 
Even  this  great  success  did  not  stop  the  endeavours  to  utilise 
metals  with  even  higher  melting  points  than  tantalum.  One 
of  these  is  tungsten,  melting  at  aboul  3,0003  C.，  but  it  was 


318 


THE    MECHANICAL  ENGINEER, 


[March  21,  1913 


generally  known  to  be  too  brittle  to  be  drawn  into  wire.  To 
overcome  (  his  difficulty,  Just  and  Hanaemann  heated  a  carbon 
filament  in  an  atmosphere  of  chloride  of  tungsten  whereby  it 
was  covered  by  metallic  tungsten.  Afterwards  the  carbon 
foundation  was  removed  by  heating  in  the  presence  of 
hydrogen.  Auer  produced  tungsten  filament  lamps,  calling 
them  osram  lamps,  by  mixing  metallic  powder  with  organic 
materials  to  a  paste  which  could  be  squirted  into  threads,  the 
additions  being  removed  by  heating  in  hydrogen.  A  third 
method  was  proposed  by  Kuzel,  of  Baden,  near  Vienna,  who 
converted  metallic  tungsten  ink)  the  colloidal  state  and  then 
squirted  it  into  threads  which  were  treated  as  stated  above. 
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Fig.  3  — Alteration  of  Candle-poweb  and  of  Watts  per  Candlk  with 
Time.    Wotan  Lamps  of  1,000  Candle-poweh,  110  Volts  (0.85  W.P./C)- 

Differing  from  these  squirting  methods  was  a  process 
employed  by  Siemens  and  Halske,  who  mixed  metallic  powder 
of  tungsten  with  at  first  about  10  per  cent,  (later  on  2-3  per 
cent.)  of  nickel,  and  pressed  the  mixture  into  the  shape  of  rods 
which  were  heated  in  an  atmosphere  of  liydrogen  up  to  near 
the  melting  point  of  nickel.  These  rods  were  malleable,  and 
could  be  drawn  down  to  serve  as  lamp  filaments,  and  their 
strength  exceeded  that  of  the  tantalum  filament.  These 
filaments  when  heated  expelled  the  nickel  which  would  havo 
blackened  their  globes.  They  had,  therefore,  to  be  heated  in 
special  containers  until  they  had  lost  all  their  nickel  before 
being  placed  in  the  usual  globes.  It  was  found,  however,  that 
their  life  was  quite  uncertain. 

While  the  process  was  being  improved,  a  decisive  step  for- 
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ward  was  introduced  by  the  General  Electric 
(U.S.A.),  who  patented  in  1909  a  process  far  making  ductile 
tungsten,  which  is  described  in  the  British  patents  23499/09 
and  8031/10，  and  of  wliicli  the  following  is  the  fuiidamenlal 
fact  on  wliicli  the  change  in  the  properties  of  tungsten  is 
based,  viz.  ：  that  "  by  repeated  mechanical  working,  the 
tungsten  being  heated  during  the  earlier  stage  of  the  opera- 
tions, a  condition  is  re  ached  where  the  metal  acquires  such 
physical  or  molecular  c'haracteristics  that  f mother  working 
may,  if  desired,  be  continued  at  room  temperatures." 

A  very  full  description  of  the  process  will  be  found  in  the 


li  Zeitschrift  fiir  angewandie  CI 議 ie，"  Vol.  XXV.,  Heft  37 
(September  13th，  1912),  in  an  article  on  the  production  of 
ductile  tungsten  by  Otto  Ruff.  He  first  describes  the  chemical 
processes  necessary  for  the  production  of  pure  metallic 
tungsten  powder.  This  is  pressed  into  rods  13  cm.  long  and 
4  sq.  mm.  in  section  by  a  pressure  of  about  5,000  kg.  per 
square  centimetre  (equal  to  about  32  tons  per  square  inch). 
In  order  to  consolidate  these  rods,  they  are  at  first  heated  in 
an  atmosphere  of  hydrogen  to  about  1,300°  C.，  and  afterwards, 
by  passing  an  electric  current  through  them,  to  a  white  heat 
until  the  rod  is  firm  enough  to  be  hammered  in  a  swaging 
machine.  The  treatment  of  heating  the  rod  and  passing  it 
through  a  swaging  machine  is  repeated  until  the  dimensions 
are  sufficiently  reduced  to  commence  rolling  and  drawing 
through  diamond  dies  in  the  same  manner  as  other  metal  wires 
are  treated. 

Mr.  Ruff  concludes  his  article  by  saying  that  the  finished 
tungsten  wire  is  silver  white  and  possesses  a  very  high  break- 
ing straiu,  attaining  up  to  420-460  kg.  per  square  millimetre 
(266-292  tons  per  square  inch)  ；  it  is  ductile,  tough,  very 
elastic,  and  non-magnetic.  In  the  air,  at  ordinary  tempe- 
ratures, it  does  not  claange,  but  it  oxidises  on  the  surface  when 
liealed  to  redness.  Pure  hydrochloric  acid,  nitric  acid,  or 
fluoric  acid  hardly  attack  it,  perhaps  on  account  of  the  fornia- 
tiou  of  a  film  of  oxide,  bub  it  is  dissolved  slowly  by  a  mixture 
of  hydrochloric  and  nitric  acids,  and  very  quickly  by  a  mixture 
of  strong  fluoric  acid  and  nitric  acid.  Undiluted  sulphuric 
acid  attacks  it  only  at  high  temperatures;  for  instance,  Rude'* 
reports*  that  at  200°  only  1*1  per  cent,  was  dissolved  in  eight 
hours.  Tungsten  wire  is  not  attacked  by  hydrated  alkali? 
but  is  oxidised  by  molten  alkalies  such  as  nitrite  of  potash,  or 
nitrate  of  potash  and  chlorate  of  potash. 
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Fig.  5.— Alteration  of  Candle-power— Wotan  Lamps,  stabting  with 
1+1  W.P.C,  and  Cabbon  Lamps,  starting  with  3.5  W.P.C.— with  TniK 

Returning  to  the  article  in  "  Helios  ，，  written  by  Dr.  M. 
v.  Pi  rani,  he  bells  us  that  the  Wotan  lamps,  having  pure 
tungsten  filaments,  are  made  in  sizes  varying  from  the  5-candle 
lamp  at  110  volts,  with  a  filament  0*01  mm.  diam.  and 
330  mm.  long,  to  the  2,000-candle  lamp  at  220  volts  (haviug  an 
efficiency  of  0'85  watt  per  candle),  with  a  filament  0*275  mm. 
diam.  and  2*600  m.  long. 

A  special  kind  of  lamp,  for  projector  purposes,  is  made  by 
rolling  tungsten  wire  into  tape  which  radiates  light  at  the  rate 
of  1.65  caudles  per  square  millimetre  surface  at  an  efficiency 
of  0'75  watt  per  candle. 

The  alterations  in  candle-power  and  watts  per  candle  while 
the  lamps  are  burning  】，000  hours  are  shown  by  the  curves, 
Figs.  1，  2，  and  3. 

Fig.  1.     10-candle  lamp  at  1 10  volts  )        Starting  with 
，, 2.     50-candle  lamp  at  220     "     }   1*1  watt  per  candle. 
，， 3.  1000-candle  lamp  at  H0    ，，       0-85     ,,  ,， 

A  table  (Fig.  4)  shows  the  variation  of  watts  per  caiullo 
amperes  aud  resistance  depending  on  the  variation  of  vol  Us 
(100 ― normal).  The  last  curve  (Fig.  5)  shows  the  variation 
of  the  illuminating  power  in  a  Wotan  lamp  starting  with 
11  watts  per  candle  and  in  a  carbon  filament  lamp  starting 
with  3*5  watts  per  candle. 

These  results,  taken  together  with  the  high  temperature  at 
which  the  tungsten  lamp  works,  make  it  very  doubtful 
whether  it  will  be  possible  to  construct  a  much  more 
economical  glow-lamp,  so  that  the  consumer  will  have  to  look 
for  further  economy  to  tlie  improvement  and  cheapening  of 
the  electric  supply. 

*  Journal  of  the  American  Choiuical  Society,  】912,  Vol.  XXXIV  , p.  387. 
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COMPRESSED  AIR  FOR  WORKING  AUXILIARIES  IN  SHIPS 
PROPELLED  BY  INTERNAL-COMBUSTION  ENGINES* 

BY  \V.  REAVKLL. 

Whkn  it  is  decided  to  equip  a  modern  steamship  with  en^iiu-s 
of  the  internal-combustion  type,  instead  of  steam  engines, 
for  its  propulsion,  the  important  prol)k'rn  of  liow  best  to  deal 
with  the  auxiliary  machinery  demands  attention.  It  is 
common  knowledge  that  in  several  cargo  boats  fitted  with 
this  type  of  engine  the  maxim  of  "  one  expei-i meni  at  a  time  " 
has  been  wisely  remembered,  and  an  auxiliary  steam  boiler 
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lias  been  installed  for  deck  winches,  steering  gear,  &c.  As 
confidence  in  the  internal-combustion  engine  grows,  however, 
a  more  excellent  way  will  be  sought  for,  and  the  relatively 
high  fuel  oil  consumption  in  the  boiler  of  the  auxiliary  steam 
l)lant  which  has  already  beeu  experienced  will  accelerate  that 
step.  The  object  of  this  paper  is  to  show  the  advantages  of 
compressed  air  for  this  purpose,  and  to  discuss  the  conditions 
under  which  it  can  b&  most  efficiently  employed .  The 
auxiliaries  which,  in  an  ordinary  cargo  boat,  lend  themselves 
at  once  to  separate  treatment  are  the  steering  engine  and  the 
whistle,  for  even  if  these  are  operated  by  steam  in  the  time- 
honoured  way  in  a  ship  with  internal-combustion  engines, 
when  all  the  rest  of  the  auxiliaries  are.  worked  by  steam,  it 
seems  unnecessary  to  maintain  steam  during  the  whole  of  an 
ocean  voyage  simply  to  supply  the  steering  engine  or  <-i 
whistle,  and  several  ships  have  been,  or  are  being,  fitted  with 
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im'aus  for  supplying  compressed  air  for  this  purpose,  so  that, 
mi  leaving  port,  the  donkey  engine  may  be  shut  down. 

Numerous  figures  have  been  obtained  by  the  author  in 
tn'tl?r  to  ascertain  the  probable  air  consumption  of  a  steering 
engine  of  the  ordinary  steam  type  usually  used,  and,  as  nii^li\ 
be  expected,  it  was  found  that  when  a  ship  is  on  her  course 
at  sea,  the  quantity  of  air  required  for  steering  is  very  imu-h 
less  than  that  which  is  required  wheu  a  ship  is  being  navi- 
ga&d  in  (Mowded  waters  up  to  her  berth.  Wlien  str.un, 
however,  is  used  for  auxiliaries,  this  power  can  be  retained 

八 f  m  PaPe,  rt^  ll} fch®  spr，ing  >?eetings  of  the  Mty-fourth  session  of  the  Institution 
ot  Naval  Architects,  March  13th,  1913. 


until  the  ship  is  at  sea,  when  the  donkey  Ijoile r  may  be  shut 
down  ami  air  instead  of  steam  used  for  steering.  If  strain  is 
not  used  for  auxiliaries,  the  provision  to  be  nia'l''  navi- 
gating narrow  waters  is  discussed  later. 

The  basis  on  which  the  author  has  computed  the  Hiuount 
of  air  required  for  steering  lias  been  to  ascertain  the  cubic 
contents  of  the  steering  engine  cylinders  per  revolution,  to 
note  the  pressure  required  to  t  lirow  t  lu*  liclrn  ha nl  ovf*r  wh<*n 
the  ship  is  running  at  full  speed,  and  from  these  figures  to 
ascertain  tlie  equivalent  quantity  of  free  air  at  atmospheric 
pressure  which  would  be  required  per  revolution.  All  t  h;ti 
is  required  then  is  to  note  the  varying  revolutions  made  by  the 
steering  engine  as  the  conditions  vary  from  minute  to  minute 
during  any  particular  trial,  when  not  only  can  the  maximum 
and  the  minimum  demands  for  air  be  ascertained,  but  the 
average  quantity  which  is  needed.  From  these  figures  the 
size  of  the  compressor  and  the  capacity  of  the  storage  reser- 
voirs can  be  determined. 

Fig.  1  shows  a  diagram  in  which  the  fluctuations  in  the 
air  required  from  minute  to  minute  are  shown,  these  beiug 
plotted  from  figures  taken  on  the  trial  trip  of  the  s.:>.  "  Bur 
wiudvale,"  through  the  courtesy  of  Messrs.  Raylton,  Dixon, 
and  Co.  The  fehip  is  405ft.  long,  54*2ft.  beam,  aii(l  li'" 
engines  of  3,200  i.h.p.  and  a  speed  of  12  knote.  The  effect  ot 
the  rapid  movement  of  the  helm  when  the  ship  is  turning 
when  entering  and  leaving  the  measured  mile  is  clearly 
shown,  together  with  the  steady  running  on  the  mile.  Tlie 
demand  for  air  when  turning  is  at  a  very  high  rate,  but,  on 
the  other  hand,  the  period  of  this  large  demand  is  very  short. 
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Pig.  3.— Diagram  showing  Maximum  Equivalent  amount  of  Frke  Am 
BEguutED  to  Ope  it  ate  Steering  Enoinks.    OitsKHVATioss  takkn  on 
Boakd  S.S.  *'  Deutschland"  on  thk  Voyage  to  New  Yohk, 
April  tith,  1911. 

Attention  is  particularly  drawn  to  the  average  air  whirh 
would  be  required  for  a  steering  engine  on  a  ship  of  this 
size  when  on  her  course  after  her  trials,  as  shown  bet"'  '  m 
the  hours  of  1-10  p.m.  and  2-30  p.m.  ou  the  diagram,  wluti 
the  average  air  consumption  for  this  period  is  only  20  cub.  ft. 
free  air  per  miiuite. 

One  of  the  companies  for  whom  the  author's  firm  has 
designed  a  compressed-air  steering  equipment  is  that  of  the 
Reiherstieg  Schiffswerfte  und  Mascbinenfabrik,  of  Hamburg, 
who,  it  is  well  known,  have  completed  a  Carels-Diesel  engine 
of  about  2,000  h.p.  In  order  to  obtain  precise  results,  this 
firm  kindly  arranged  with  the  owners  of  the  ship  for  exart 
particulars  to  be  taken  each  day  on  a  sister  ship  inakiug  a 
voyage  to  and  from  America,  and  equipped  with  stran. 
engines  and  boilers,  and  therefore  having  steam  stei'iim: 
gear.  Complete  records  were  taken  of  the  revolutions  of  the 
steering  engine  during  one  watch  each  day  on  both  the  west- 
ward and  eastward  course.  Fig.  2  shows  one  of  these  dia- 
grams taken  under  the  best  conditions  of  wind  and  sea, 
while  Fig.  3  shows  a  similar  diagram  plotted  from  ohsei  v  i 
tious  taken  during  stormy  woatlier.  These  are  considered  to 
represent  the  maximum  and  minimum  conditions.  As  a 
result  the  design  of  steering  compressor  shown  on  Fig.  4  was 
constructed  for  their  ship. 

A  steering  equipment  on  these  lines  is  successfully  at  work 
on  the  M.S.  "  Rolandseck,"  with  Diesel  engines  hv  》l，'、、r、 
Joh.  C.  Tecklenborg  A.-G"  of  GecsUMniinde,  and  the  results 
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at  sea  show  that  under  the  worst  conditions  there  is  ample 
air  for  steering.  The  steering  compressor  is  of  a  double- 
pressure  type,  and  is  of  simple  construction,  and  arranged  to 
be  driven  by  levers  from  the  main  engine,  as  shown  on  the 
illustration.  Most  of  the  air  compressed  and  delivered  by 
this  compressor  is  supplied  at  ilie  normal  pressure  which 
would  be  used  by  a  steering  engine  if  steam  driven.    The  air 


Fio.  4.— Diagrammatk-  Abkangement  of  Reavelt,  Steering  Compressor 

AND  ATR  liESERVOIBS. 

higher  pressure,  and  delivered  into  reservoir  B，  which  holds 
it  as  stored  air  for  an  emergency. 

The  valves  for  both  the  low-pressure  and  high-pressure  air 
are  controlled  from  the  receivers  A  and  B  in  sucli  a  manner 
that  if  both  of  these  receivers  are  filled  to  their  desired 
pressure  the  compressor  is  unloaded  and  throws  no  work  upon 
the  engine  at  all.  With  a  system  like  this  the  compressor 
may  be  generously  proportioned  so  as  to  be  of  ample  size, 
even  in  heavy  weather,  because,  under  favourable  conditions, 
it  will  run  unloaded  for  most  of  its  time.  Circumstances 
might  arise,  however,  where,  e.g.,  with  the  ship  going  at 
half-speed  in  fog  or  ice,  the  helm  is  required  to  be  thrown 
liard  over  once  or  twice  in  quick  succession.  It  is  for  an 
emergency  such  as  this  that  the  high-pressure  storage  air 
reservoir  is  provided. 

A  specially  constructed  and  automatically  controlled  valve 
is  fitted  on  or  between  the  two  reservoirs,  and  is  controlled 
by  the  pressure  in  A.  When  this  pressure  falls'  below  a  pre- 
determined figure,  the  stored  air  passes  from  B  into  A  to 
supplement  that  supplied  by  the  low-pressure  portion  of  the 
compressor,  and  the  compressor  at  once  begins  to  supply  air 
at  the  high  pressure  also  in  order  to  replenish  the  high- 
pressure  receiver  B. 

The  use  of  low-pressure  air  from  the  3-siage  compressor 
on  the  marine  engine  itself  has  been  suggested  for  steering 
gear,  instead  of  an  independent  compressor,  and  by  the 
courtesy  of  Messrs.  Furness,  Withy,  &  Oo.  the  author  is  able 
to  state  that  on  the  M.S.  "  Eavestone,"  with  Carels-Diesel 
engines,  the  surplus  air  supplied  by  the  Reavell  3-stage  com- 
pressor has  been  successfully  used  instead  of  steam  in  the 
steering  gear  of  that  ship  on  two  complete  voyages.  This, 
of  course,  is  only  possible  where  the  3-stage  compressor,  from 
the  dictates  of  safety,  has  been  made  unduly  large,  and  for 
several  reasons,  which  it  is  beyond  the  scope  of  this  paper 
to  discuss,  it  is  much  more  economical  to  construct  the  main 
3-stage  compressor  of  proper  size  for  this  work  and  to  supply 
a  properly  constructed  steering  compressor,  with  its  reser- 
voirs, for  steering,  rather  than  to  run  the  risk  of  prejudicially 
affecting  the'  proper  operation  of  the  main  compressor,  which 
has  such  an  important  function  to  perform  in  the  Diesel 
engine. 

Cargo  Work. ― Compressed  air  having  been  demonstrated  to 
be  so  simple  and  suitable  for  steering  purposes,  it  follows 
that  the  donkey  boiler  is  being  carried  permanently  in  the 
ship  simply  for  the  operation  of  the  winches  when  in  port, 
because,  in  an  ordinary  cargo  boat,  if  the  winches  are  success- 
fully dealt  with  by  another  motive  power,  there  is  no  other 
purpose  for  which  steam  is  now  used  which  cannot  be  served 
by  another   power.      The  author's  attention  has  for  some 


time  been  directed,  therefore,  to  the  determination  of  the 
actual  conditions  under  which  deck  winches  operate,  so  as  to 
find  the  conditions  under  which  air  can  be  most  efficiently 
substituted  for  steam. 

The  results  of  these  investigations,  which  are  given  here- 
after, show  clearly  that  a  different  understanding  is  required 
between  the  shipowner,  the  shipbuilder,  and  the  engineer 
before  air  can  be  successfully  used.  The  author  recollects 
investigating  closely  the  compressed  air  equipment  demanded 
to  fulfil  the  requirements  of  a  specification  sent  to  his  firm 
for  an  earlier  Diesel-engine  ship.  It,  was  demanded  that  the 
winches ― ei^hi  in  number ― should  be  rapable  of  simul- 
taneously lifting  their  maximum  load  of  5  tons  at  80ft.  per 
minute  witli  a  pressure  of  lOOlbs.  per  square  inch  of  com- 
pressed air.  The  resultant  compressor  calculated  from  this 
data  was  of  such  a  size  that  it  required  an  engine  nearly  half 
the  size  of  the  main  propelling  engine  in  the  ship  to  drive  it. 

The  author  then  commenced  a  series  of  investigations  to 
ascertain  the  exact  conditions  under  which  in  an  ordinary 
cargo  or  coasting  steamer  the  3 -ton  or  5-ton  winches  operate 丄 
These  investigations  showed  that  5-ton  winches  do  not 
normally  lift  5  tons  at  80ft.  per  minute  ；  that  tlie  pressures 
usually  found  in  the  cylinders  of  winches  are  far  less  than 
801bs.  per  square  inch  ；  that  all  of  the  wiuches  do  not  always 
work  together  ；  that  the  portion  of  the  complete  cycle  of  the 
operation  of  a  winch  during  which  work  is  being  performed 
is  relatively  small.  For  example,  in  hoisting  bales  of  goods 
from  a  hold  to  the  quay  the  demand  for  steam  is  practically 
limited  to  hoisting,  while  the  operation  of  slewing,  lowering, 
hoisting  the  empty  hook,  slewing  and  lowering  to  hold 
required  practically  no  power . 

Under  these  conditions  it  will  be  readily  seen  that  with 
sound  engineering  cooperation  between  the  shipowner,  ship- 
builder, and  engineer,  a  compressed-air  plant  of  relatively 
small  size  can  be  used  and  will  be  sufficient  Opportunities 
were  given  to  the  author,  through  the  courtesy  of  Mr.  Rox- 
burgh, of  the  Powell  Line,  to  take  complete  rig u res  of  the 
unloading  of  a  coasting  steamer,  the  "  Norfolk  Coast,"  in  tlie 
port  of  Ipswich  and  at  Liverpool.  The  winches  were  of  the 
Wilson  chain-driven  type.  Table  I.  shows  the  result  of  these 
investigations  in  Ipswich  Docks. 

Dealing  with  the  cycle,  it  will  be  observed  that  the 
average  complete  cycle  of  one  winch  occupied  87 A-  sees. ,  while 
out  of  this  period  the  lifting  operation  occupied  only  17*2 
sees"  or  only  one-fiftJi  of  the  total  cycle.  It  will  also  be 
observed  that  the  average  weight  of  the  bales  did  not  exceed 
6^  cwts.  The  most  interesting  part  of  these  investigations, 
however,  relates  to  the  pressure  actually  required  to  operate 
the  winch  freely  under  these  conditions.  There  was  a  pres- 
sure in  the  deck  pipes  of  901bs.  per  square  inch,  and  a 】o、v 
reading  pressure  gauge  was  attached  directly  to  the  st^ani 
chesb  of  the  winch,  and  the  stop  valve  on  the  winch  adjust e-I 
so  as  just  to  give  a  sufficient  flow  of  steam  to  enable  the  wincl\ 
to  run  freely  to  the  satisfaction  of  the  stevedore.  The  maxi- 
mum pressure  observed  during  the  whole  of  the  investigations 
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Fig.  5.— Ohskuvattons  taken  at  Ipswich  Docks  on  Boabd  S.S.  "Norfolk  Coast. ' ' 

did  not  exceed  161bs.,  and  the  average  pressure  was  about 
lOlbs.  per  square  inch.  The  average  pressure  during  unload- 
ing of  the  same  vessel  at  Liverpool  was  121bs.,  the  average 
weight  of  the  goods  being  slightly  greater.  Fig.  5  shows  in 
diagrammatic  form  the  maxinnini  and  mininmm  demands  for 
air  in  a  winch  operating  under  these  conditions,  and  with 
suitable  air  reservoirs  and  pressure  control  shows  also  what 
would  be  the  average  air  to  be  supplied  by  the  compressor. 

By  the  courtesy  of  Mr.  Adams,  of  the  Shaw-Savill  Line, 
a  number  of  observations  were  taken  on  the  s.s.  "  Ranga- 
t'ira，"  fitted  with  12  "  Wilson  "  winches.      Accurate  figures 
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were  obtained  froi)i  tl"'  p"rf(>rmaii<?(、  of  (川<' winch  io  obtain 
the  maximum  and  ininiimun  prossiin's  and  average  tim', 
cycles,  while  the  average  loads  lifted  by  the  other  winrlics 
were  noted.  Tlie  average  weight  of  load  lified  was  fouinl  "> 
be  approximately  12  cwts.,  with  an  average  cycle  of  U'() 
minutes,  and  the  heaviest  lift  observed  during  the  day  was 
； U)<'\vts.  With  this  load  a  pressure  of  '」（lU)s.  was  Miflicient  to 
lift  it  slowly,  atul  401bs.  to  lift  rapidly.  The  pressure 
required  to  lift  the  average  load  at  full  s!"m'(1  was  'JUll)s.  The 
average  time  of  actual  lifting  whh  K»  sees.,  giving  a  ratio  to 
total  average  cycle  of  2  minutes  of  1  to  \2.  A  t-alculation 
based  on  these  observations  shows  that  in  a  vessel  of  this  size 
and  power  (5,000  h. p.)  the  engine  of  the  auxiliary 
nianoeuvriug  compressor,   if  t  lie  ship  v([\u\)ped  with 

Diesel  engines,  would  be  amply  able  to  drive  in  port  a  com- 
pressor arranged  to  operate  tlie  deck  windies  wit  li  r。mpn'ss("l 
air  on  this  low-pressure  basis. 

Table  I. ― Observations  made  on  s.s.  ^Norfolk  Coast  "  at 
Ipawich* 


Winch,  port  aide  of  fore  haU-l 


Hoisting. 

Lowering 
to  hold. 

sec. 
5  appiox. 

'L'otal 
tim" 
(•(iniplctc 
cycle. 

Total 
Weight. 

Taking  up 
slack. 

Raising. 

Total. 

sec. 
4 
6 

15 
7 
12 

5 

5 
1'; 

13 

8 
4 
5 
7 
15 
8 

-.  5 
5 

10 

sec. 
]2 
10 
10 
11 

6 

y 

9 
12 
12 
1 1 

9 
10 

12 
12 
12 
10 
8 
11 

—           —  —  一  —  —  H  —  ，1  一  —         <，1T~  ，―  —  —  W 

min.  sec. 
<>  55 
1  39 
1  42 
1  8 
I  55 
1  18 
1  21 
1  36 
J  29 

1  29 

0  41 

2  6 

1  7 
1  32 

1  11 

2  7 
1  22 
1  28 
1  43 
1  15 
1  17 
1  45 

Average  steam  pressure,  lObs. 

2  uiin.  49  sec. 

3  mil).  34  sec. 

(i  min.  23  sec. 

32  6 

1421 

Avge  7  •  7  sees 

9-7  sees. 

17-2  sees. 
At  rate  of 
per  hi 

L3-6  tons 
jur. 

1  27A 

By  the  courtesy  of  Messrs.  R.  &  W.  Paul,  Ltd.,  of 
Ipswich,  the  author  has  been  enabled  to  take  accurate 
observations  of  the  performance  of  steam  winches  when 
whipping  grain  cargoes  in  Ipswich  docks.  Two  ships,  the 
s.s.  "  Blackfriar  Gate  ，，  and  the  &. s.  "  Brookby,"  were  selected, 
each  of  approximately  5,000  tons  cargo  capacity,  and  having 
live  cargo  holds,  dealt  with  by  five  winch-es  built  by  Messrs. 
Clarke,  Chapman,  &  po.，  the  winches  being  7  by  10.  The 
pressures  were  observed  in  the  same  manner  as  heretofore, 
and  when  whipping  two  sacks,  each  of  2401bs.,  or  a  total  of 
4}  cwts.,  at  an  average  speed  of  300  revs,  per  minute,  corre- 
sponding to  about  120ft.  per  minute  hoisting  speed,  the 
average  steam  pressure  observed  in  the  steam  chest  of  tlie 
winch  was  between  161bs,  and  201bs.  per  square  inch. 

Other  observations  taken  on  other  vessels,  with  a  pressure 
gauge  fitted  directly  on  to  the  winch  cylinders  in  each  case, 
show  that  tlie  steam  pressure  actually  used  in  the  normal 
working  of  the  winches,  whether  lifting  bales  of  goods  or 
whipping  grain  or  dealing  with  other  cargoes,  is  very  murh 
less  than  the  specification  of  801bs.  or  lOOlhs.  usually  askerl 
for.  Further,  the  largest  percentage  of  ^oods  carried,  sav, 
by  a  coasting  steamer  or  a  passenger  and  cargo  steamer,  or 
any  general  cargo  boat  dealing  with  other  than  grain  or  coal 
cargoes,  are  of  much  less  weight  than  tlu'  niaxhnum  for 
、vhi('h  the  winch  is  constructed.  It  follows,  therefore,  that 
t'hey  cau  be  dealt  with  at  a  correspondingly  low  pressure  in 
the  winch  cylinders.  It  only  remains  to  consider,  if  a  lower 
pressure  is  used  with  air,  what-  should  be  done  in  the  small 
percentage  of  cases  where  a  heavy  lift  is  required.    Au  iuves- 


tigHtion  into  this  lias  shown  thai  a  liravy  lit't 卜 uMially  o| 
an  irregular  sliapo,  which  cannot  Im'  efficiently  <l''"l，  witli  at 
a  high  rate  of  .speed,  such  as  80ft.  or  100ft.  per  in 
an  ordinary  cargo  boat,  ho  that  witli  suitably  a  rran^fl  l>a<  k 
gear  in  the  winch  these  heavy  loafls  when  wiin-'l  '； lx- 
also  lifted  with  a  low  pressure  of  air. 

At  this  juncture,  therefore,  the  author  would  jx>int  out 
that  the  conditions  of  air-operated  winfln-s  'lifT'.r  «*nt  im-1\ 
from  steam  winches  from  this  point  of  view  of  pressure. 
Indeed,  the  stea 川 analogy  is  a  false  one  when  a})|)Iio*l  t"  air 
problems.  Further,  paradoxical  as  it  may  w'm,  tli''  l"  -t 
overall  efficiencies  with  air  can  shown  to  U'  olit ainahN', 
other  things  being  equal,  wIm'ii  t  In-  |'r''、sm.«'  "-  low  ral  Iht 
tbaii  when  the  pressure  is  lii^li.  Whon  ('nee  the  latent  heat 
of  the  water  is  overcome  and  steam  is  )inxlur(^l.  t  <-xt  r;* 
cost  of  raising  that  steam  to  a  pressure  of  1001  bs.  j>er  squar'' 
inch  is  negligible.  With  air，  liowever,  every  pound  of  vx\  m 
pressure  which  is  desired  lias  to  be  first  put  into  the  air  in 
the  air  compressor  at  the  expenditure  of  an  crjmv  alent 
arnount  of  power  iu  the  motor  driving  it .  Hence  it  is  that 
earlier  attempts  to  deal  with  cargo  problems  on  the  old  lines 
with  compressed  air  have  been  wasteful,  and  \  \\*-  ； i l)ove  are 
\  he  lines  on  which  it  is  possible  to  ocononiically  (,p''r;，t*' 山'' k 
winches  by  air  pressure. 

A  reference  to  Fig.  "  will  illustrate  this  point .  In  th« 
two  diagrams  there  given,  one  shows  t he  diagram  resulting 
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Fig.  6.— Di.vtiHAM  suowis*;  Km:h(.v  Availablk  foii  Work  co.Mr\Hri)  、、ith 
Energy  Xkedkd  foh  Comtrkssion. 

from  the  compression  of  air  in  one  stage  to  lOOlbs.  pressure, 
assuming  au  absorption  of  four*-tenths  of  the  heat  of  com- 
pression ； the  other  shows  the  resulting  diagram  wlien  com- 
pressing to  201b&.  pressure  under  the  same  conditions.  li 
the  air,  wlien  compressed,  is  to  be  used  in  a  deck  、vim'h，  tlu* 
remaining  heat  of  compression  (in  hatched  lines  on  diagrainl 
which  is  found  in  the  delivered  air  will  have  been  lost  in  the 
receiver,  and  the  air  will  pass  to  the  wiuohes  practically  cold. 
The  shaded  portion,  therefore,  shows  tliat  amount  of  the 
diagram  which  represents  the  compressed  air  whi<'li  can  be 
used  in  the  winch. 

For  the  high -pressure  system  it  will  be  seen  that  the  ratio 
of  the  available  energy  in  the  air  to  the  work  done  uj»ou  the 
air  in  the  compressor,  excludini:  nieflianiral  loss,  i>  as  1  to 
3  28.  With  the  201bs.  pressure  diagram,  however,  the  ratio 
of  the  work  available  to  the   work   done    on  the  air  is  as 

1  to  167.  In  oth«ir  words,  the  efficiency  expressed  in  tliw 
terms  of  the  low-pressure  system  coinjiarecl  to  the  hii;l，  is  n< 

2  to  1  under  the  above  conditions  of  pressure.  As  to  tho 
power  required,  the  diagram  shows  that  three  times  the 
energy  is  needed  to  compress  the  ； ur  to  lOOlbs.  a>  、-。 "ipare'l 
with  that  required  for  201hs.  If,  therefore,  it  is  accej)^! 
that  the  lower  pressures  here  dealt  with  are  sufficient,  it 
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will  be  se^u  that  the  Diesel  or  semi-Diesel  engine  used  for 
driving  the  auxiliary  compressor  can  at  once  be  reduced  to 
one-tliiivl  the  power  wliich  will  be  required  if  the  air  is  com- 
pressed to  lOOlbs.  The  next  point  to  observe  is  that  the 
quantity  of  free  air  required  to  fill  tlie  cylinders  of  a  wincli 
at-  lOOlbs.  pressure  is  more  than  three  times  as  great  as  thai 
required  to  fill  the  cylinders  to  201bs.  pressure,  so  that  tlie 
compressor  required  will  be  one-third  of  the  size,  and  the 
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power  required  to  drive  it  will  again  be  reduced  to  oue-tliir*l, 
or  one-ninth  of  what  would  be  required  for  the  larger  machine 
at  lOOlbs.  pressure. 

The  calculations  given,  which  are  based  on  a  pressure  of 
201bs.,  are  not  to  be  taken  as  an  absolute  recommendation, 
although  the  experiments  made  indicate  that  pressures  lower 
even  than  these  are  actually  found  in  practice  to  be  used. 
They  serve  rather  as  a  guide  to  the  direction  in  which 
economy  must  be  sought  for  in  the  installation  of  compressed 
air  for  auxiliaries,  but  naturally  the  selection  of  the  proper 
pressure  to  use  must  depend  in  each  case  upon  investigations 
based  upon  the  requirements  of  the  particular  ship  until 
further  experience  has  been  accumulated. 

Air  Reheating. ― The  diagram  on  Fig.  7  gives  the  result  of 
a  series  of  experiments  carried  out  at  the  author's  works  on 
a  3 -ton  winch,  having  cylinders  Tin.  by  10iu.,  kindly  supplied 
for  the  purpose  of  these  trials  by  Messrs.  Robt.  Roger  &  Co., 
Ltd.,  of  Stockton-on-Tees.  The  intention  of  these  experi- 
ments was  to  ascertain  the  increased  efficiency  obtainable  by 
heating  the  delivered  air  by  means  of  the  exhaust  from  an 
oil  eughie. 

Fig.  8  shows  the  general  appearance  of  the  testing  plant, 
consisting  of  a  Reavell  2-cylinder  paraffin  engine  driving  a 
Reavell  quadruplex  compressor.  The  exhaust  gases  from 
the  engine  were  passed  through  the  tubes  of  the  reheater 
shown,  while  the  body  of  the  reheater  was  used  as  an  air 
reservoir  and  from  it  the  heated  air  was  passed  to  the  wim'h. 
The  average  figures  obtained  show  that  when  working  under 
conditions  given  on  Fig.  7  with  the  Rogers  winch,  the 
increased  speed  at  which  the  winch  operated  with  a  fixed 
speed  of  the  air  compressor  and  oil  engine  varied  from  12  per 
cent,  to  15  per  cent.  When  the  air,  however,  was  carried 
for  a  long  distance  and  brought  back  to  the  winch,  so  as  to 
imitate  tlie  conditions  which  would  happen  ou  the  deck  of  a 
ship,  most  of  this  heat  disappeared. 

The  conclusion  arrived  at  was  that  unless  the  air  could  bt' 
used  immediately  after  leaving-  the  reheater  and  without 
passing  through  a  long  range  of  pipes,  the  extra  expenditure 
for  reheating  was  not  recouped.  Tlie'  provisions  made  by  the 
author  for  testing  the  Roger  winch  included  a  derrick  to 
represent  the  average  height  from  tlie  hold  of  a  ship  to  over- 
side, and  provisions  were  made  for  lifting  weights  of  varviiiL' 
amounts  from  3  cwts.  to  12  cwts.,  botli  in  single  and  double 
^ear.  The  results  of  these  tests  confirm  the  results  already 
^iy*'>»  ''arlier  in  this  |)aj>ei\  Tlie  only  criticism  wh'wh  can  bV 
tairlv  levelled  ;»t  tlie  low-pressure  system  is  that  the  pro- 
portion of  the  total  energy  in  the  compressed  air  whicli  is 
uselessly  absorbed  in  friction  in  the  deck  winch  is  greater 
than  when  a  high  pressure  is  used. 


On  the  other  hand,  tlie  leakages  which  at  present  are 
f  requently  observed  in  the  working  of  ordinary  deck 
machinery  at  the  usual  steam  pressures  carried,  will  be 
enormously  reduced  wit h  a  lower  air  pressure,  and  may  be 
taken  as  a  set-off  against  this  loss.  Moreover,  it  must  be 
remembered  that  in  ordinary  deck  winches  no  high  steam 
economy  is  aimed  at.  The  j>eriod  of  cut-off  is  very  near  the 
end  of  the  stroke  and  consequently  there  is  scarcely  any 
oxpansit)]]. 

Advantages  of  Low-pressure  Air  System. ― These  conditions  ar^ 
ideal,  however,  for  low-pressure  air,  because  if  do  expansion 
is  atteinj>ted  there  can  be  no  difficulties  as  to  freezing  in  the 
exliaust,  wliich  is  sometimes  a  difficulty  when  high-pressure 
air  is  used  and  expanded.  All  refinements  as  to  reheating 
are  unnecessary  with  a  low 卞 ressure  system.  A  single  un- 
covered pipe  is  all  that  is  necessary  from  the  air  reservoir  to 
the  deck  winches.  No  return  pipe  is  needed,  and  the  winch 
can  exhaust  freely  into  the  atmosphere,  and  undoubtedly 
thereby  increase  its  efficiency  slightly,  as  compared  with  the 
exhaust  pipes  discharging  overside,  which  are  familiar  in 
ordinary  cargo  boats  with  steam  winches.  No  difficulties 
to  condensation  will  occur,  and  the  general  formation  of  the 
winch  so  familiar  to  seamen  and  dock  hands  all  over  the 
world  can  be  retained.  The  cost,  therefore,  of  a  pneumatic 
deck  equipment  ou  these  lines  may  be  expected  to  compare 
very  favourably  with  any  scheme  of  hydra ulic  or  electric 
deck  winches  for  Diesel-engined  ships. 

Probably  the  only  modifications  which  would  be  required 
to  standard  winches  would  be  directed  towards  improving 
the  efficiencies  and  reducing  the  leakage  losses,  and  if  the 
experience  in  constructing  compressed  air  machinery  is  fol- 
lowed these  modifications  could  be  readily  effected.  The 
author  would  point  out  that  in  these  investigations  be  has 
principally  had  in  view  the  type  of  (； argo  boat  in  wliich  the 
Diesel  engine  is  at  present  being  developed,  and  which  would 
also  probably  be  the  type  of  boat  selected  for  any  experi- 
ments with  suction  gas  in  gas  engines,  for  which,  of  course, 
this  pneumatic  system  would  be  equally  applicable. 

The  remainder  of  the  auxiliary  machinery  in  such  boats 
could  all  be  operated  directly  from  the  main  engines,  or  could 
be  worked  by  compressed  air.  A  donkey  pump  or  ballast 
pump,  for  example,  as  is  well  known  in  mining  work,  can  be 
just  as  satisfactorily  operated  with  air  as  with  steam.  When 
passenger  boats,  and  cargo  boats  also  carrying  passengers,  are 
considered,  tliei'e  is  undoubtedly  more  to  be  said    for  the 


AltliANGKMKNT  OF  Tl:、TI、"   l'l.WT  l'OR  ASCEIITAIMN*.  AlR 
CONSI  MPTION  OF  ROGKR  S  WlXCH. 

considerable  use  of  eiectricity  for  auxiliaries,  although  the 
author  believes  that,  if  investigated  on  correct  lines,  coin- 
pressed  air  will  even  in  ihoe  cases  be  found  to  be  a  most 
useful,  efficient,  and  economical  st^rvant .  The  author  claims, 
liowever,  that  for  the  class  of  ship  which  this  pap"'  prin- 
cipally deals  with,  the  case  for  coni])ressed  air  is  an  exceed- 
ingly strong  one  when  approached  on  the  principles  he  has 
ventured  to  lay  down  as  the  result  of  bis  investigations. 


March  21,  1913J 


THE   MECHANICAL  ENGINEER. 


323 


The  engine-room  of  a  Diesel-engined  cargo  boat  usin^ 
rompressed  air  for  (In1  winches,  windlass,  A:r.，  would  therefore 
be  equipped  as  follows:  The  compressor  for  supplymg  lu^li 
pressure  air  to  the  main  engines  would  be  made  of  just  tlic 
size  required  for  that  purpose,  without  allowing  margins  for 
auxiliary  purposes.  The  duplex  steering*  syslein  from  l(n('rs 
on  the  engine  would  provide  compressed  air  i'or  steering  ； 
and  the  usual  pumps  for  ballast,  water  circulation,  &(■■，  would 
also  he  driven  l)v  these  levers,  or  the  scavenging  pump  levers 
if  the  engine  is  "of  the  2-stroke  cycle  type.  There  would  he 
an  auxiliary  Diesel,  or  se"ii"Diest'l  (Mi^ine,  wliidi  would  have 
compressors  nttached  to  each  end  of  its  crank  shaft.  On  tlie 
one  end  would  he  tlie  liigl 卜 pressure  auxiliary  or  niaiKruvrin^; 
compressor,  to  be  used  when  starting  and  also  n;i、ig;'t!ng  tin1 
ship  in  crowded  waters,  so  as  to  supplement  the  air  supply 
from  the  main  compressor  when  the  engine  is  going  dead  slow 
or  is  stopped.  The  air  fro  in  this  compressor  would  also  be 
used  to  increase  the  air  available  for  steering  purposes  and 
the  delivery  from  the  compressor  would  be  automatically 
controlled  by  pressure  regulators,  so  that  no  attention  would 
be  required  beyond  lubrication. 

The  other  compressor  would  be  of  the  low-pressure  type 
for  dealing  with  winches  and  windlasses  ；  and  the  two  com- 
pressors would  be  connected  to  the  auxiliary  engine  by 
clutches  or  other  simple  and  suitable  means,  so  that  when  the 
ship  is  under  way  the  low-pressure  compressor  can  be  dis- 
engaged, and  when  the  ship  reaches  port  and  is  about  to 
deal  with  her  cargo,  the  high-pressure  auxiliary  compressor 
can  be  disengaged  and  the  low-pressure  compressor  connected 

up.  •  - 

There  would  doubtless  l)c  other  practical  details  to  deal 
with  (such  as  the  heating  of  the  officers'  quarters,  which  could 
be  dealt  with  by  a  hot-water  circulating  system  instead  of  a 
steam  system,  the  heat  being  obtained  from  the  exhaust  of 
the  Diesel  engine  at  sea  and  the  auxiliary  Diesel  in  dock), 
but  the  author  ventures  to  think  that  on  its  broad  lines  a 
good  case  lias  been  made  for  the  use  of  compressed  air  for 
auxiliary  machinery. 


PRACTICAL  HEAT  TREATMENT  OF  ADMIRALTY  GUN  METAL* 

liY  H.   S.   PKIMKOSE  AND  J.   S.  G.  l'RIMROSE, 

In  his  paper  to  the  Institute  on  a  former  occasion ，十 one  of 
the  authors  made  the  suggestion  that  if  gun-metal  were  sub- 
jected to  heat  treatment,  such  as  quenching  and  annealing  at 
various  temperatures,  profound  changes  would  be  found  to 
take  place  in  the  properties  of  the  metal.  Since  then  this 
joint  research  has  been  undertaken  with  the  object  of  finding 
a  simple  and  reliable  method  of  improving  Admiralty  gun- 
】netal  so  as  to  obtain  the  highest  possible  tensile  strength 
without  reducing  the  percentage  elongation,  and  at  the  same 
time  imparting  to  it  a  greater  soundness  and  liomogeueity 
of  structure. 

So  far  as  the  authors  are  aware,  no  previous  work  has 
been  published  dealing  with  this  subject  as  applied  to  the 
most  commonly  used  industrial  alloy  known  as  Admiralty 
gun-metal,  of  which  the  specification  is  88  per  cent,  of  copper, 
10  per  cent,  of  tin,  and  not  more  than  2  per  cent,  of  zinc, 
with  a  maximum  variation  of  1  per  cent,  of  any  of  its  com- 
ponent metals.  This  composition  is  readily  obtained  in 
practice  which  is  under  proper  metallurgical  control,  but 
even  when  the  analysis  closely  agrees  with  the  specificat i<m 
it  is  sometimes  difficult  to  produce  castings  which  fulfil  the 
requisite  physical  tests  attaining  a  tensile  strength  of  14  tons 
per  square  inch,  and  an  elongation  of  7*5  per  cent .  on  a 
test  bar.  Many  practical  founders  and  some  experi- 
menters have  experienced  considerable  trouble  in  making 
souml  castings  with  this  alloy  to  stand  a  high  water-pressure  ； 
and  undoubtedly  the  internal  structure  of  tho  metal  has  a 
great  deal  to  with  this  important  property,  as  well  as  with 
the  other  (Characteristics. 

Although  blow-lioles  are  the  conunonest  known  source  of 
uiisoundness  in  ^un-metal,  these  may  be  entirely  absent  and 
still  the  castings  are  not  coinjiletel v  satisfactory  when  sul>- 
mitted  to  tlie  physical  tests  and  hydraulic  j)ressun\  owiii^  in 
tlie  iinperi'ect  nrranocineiit  of  tlie*  constiiutMits.  Even  wIhmi 
tlie  physical  tests  are  ('Oinj)lied  with  and  the     nut  lire  umlt'r 

AbsliHct  of  paper  read  bo  fore  tin-  Institute  o\'  Melals,  Ma  roll,  l(Jl:i. 
t  "J\IctMlloHvap)iy  as  an  Aid  to  "i'、  11rassfou»<lor,"  byH.  S.  Primrose,  "Journal 
oi  the  [nstitnte  of  Metals/'  No.  3，  1910.  Vol.  IV. 


the  microscope  is  of  the  interlocking  design  with  uinfonul v 
intermixing  primary  crystallites  aiul  interspacial  eutectic,  the 
metal  as  cast  may  fail  under  water  pressure  owi"'— '  to  t  In- 
water  sweating  through  the  niicroficopical  pores  forini*M 
between  the  two  const  it  ueuts.  These  constituents  are  of 
widely  (lifTen'iit  chemical  c-oinpositiou,  aiwi  possess  'liff''r'  ii» 
coefficients  of  contraction. 

When  ordinary  ^un-inet ； il  is  cast  nix\  slowly  t'ool'  d,  t  li.' 
first  portions  to  solidify  consist  of  prirnarv  cry.stallites  of  tli' 
a-constitueni ,  which  is  copper  containing  ； ill  the  ziu<-  mu\  only 
a  small  quantity  of  lin  in  solution  in  it .  As  tl"'  <-ryst als  con- 
tinue growing  and  the  teiiiperatuix'  falls,  an  m'  r*'"Mii'_' 
amount  of  tin  is  held  in  solution  hv  the  soliflifvin^  a-con- 
stiiucnt,  and  at  the  nionient  of  soli'lilira"o'i  tin*  ii,， .  i、i>;"*'、 
are  filled  with  the  ^-constituent,  whicli  is  copper  contaiiiiii^ 
still  more  tin  in  solution.  As  this  ^-solution  is  only  stable 
through  a  short  range  of  temperature,  on  cooling  it  under- 
goes decomposition  witli  tlie  formation  of  tlie  <Mite<ti«-  «on- 
taining  the  rv-constituent,  Cu4Sn  ；  ami  the  (lark  d'hing, 
littoral  zones  of  secondary  n.-coiistituent .  It  is  hetweeji  thes** 
two  latter  constitupnts  that  the  microscopic  crevices  o<  rm . 
and  tliey  are  so  small  that  the  fractured  surface  fio**s  not 
reveal  their  presence.  It  might  appear  possible  to  produce 
gun-metal  castings  in  wliicli  the  eutectic  areas  were  so  small 
and  uniformly  distributed  that  they  would  not  be  in  a  con- 
nected mesh  work  throughout  the  mass.  Chilling  the  metal 
in  the  mould  lias  this  effect  by  preventing  the  flet'om position 
of  the  ^-constituent,  but  in  actual  practice  it  is  not  possible 
to  so  control  the  rate  of  solidification  and  cooling  that  the 
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eutectic  segregations  are  always  prevented  from  arranging 
themselves  in  a  harmful  way. 

Method  of  Procedure. ~ -  In  carrying  (>ut  t \w  tests  it  ""、 
deemed  advisable  to  adhere  to  the  customary  "  inch-round  ' 
bars  lOin.  long,  which  were  cast  from  gun-metal  at  a  tem- 
perature just  below  1,100°  C,  both  into  dry-sand  moulds  and 
chills,  with  the  object  of  producing  either  slow  or  rapid 
solidification  as  desired.  The  rate  of  cooling  was  dependent 
upon  the  arrangement  of  the  boxes,  and  was  moderately  slow 
for  dry-sand  castings,  comparatively  quick  for  chills  alone, 
and  very  slow  when  the  metal  was  cast  in  chills  placed  in 
close  proximity  to  and  in  connection  with  a  large  body  oi 
metal  cast  at  the  same  time.  Two  sets  of  duplicate  bars 
were  used  in  all  cases,  and  these  were  prepared  for  testing 
and  after-treatmeut,  by  turning  the  central  portion  down  to 
a  diameter  of  §in.，  giving  a  cross-sectional  area  0*300  sq. 
over  a  suitable  length  for  a  2in.  test  piece. 

In  the  tensile  testing  machine  employed,  only  the  ultiinato 
breaking  strain  was  taken.  The  eloiigation  was  also 山 't*  r 
mined.  The  average  value  of  the  results  from  the  four  bars 
have  been  tabulated,  correct  to  the  first  (leriuuil  plare.  Til 
none  of  the  tests  recorded  did  the  tensile  st  iviiLTt  h  \a rv  by 
more  than  1  per  cent,  and  the  elongation  by  5  per  rent . 
between  maximum  and  niiniumiii. 

In  performing  the  experimental  tests  of  heat  treatineur 
the  bars  were  heated  gradually  to  the  required  temperature 
in  a  Heraens  electric  resistance  furnace,  thus  miiiiniisin;'  th*' 
oxidation  of  tlie  metal  ；  and  no  appreciable  loss  of  zinc  was 
noticed  even  at  tlie  lii^her  tein])erat  urt*s.  The  l»ar>  were 
mail" ained  for  a  delinite  t inu*  at  t  lie  tixt-»l  U"iip，'rat  me  ； is 
ci^icrrnined  accurately  by  a  pvroiuett* r.  and  t  lien  vit  her 
quencliefl  in  water  or  coi>K'd  off  in  t lie  furnace,  whicli  took 
about  two  hours  to  attain  normal  teinperat ure.  The  tesl 
bars  were  not  suhsoquentlv  dressed  or  burnished,  as  this  was 
found  to  interfere  with  the  physical  condition  of  the  bar: 
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(l;mi;i"m;  1  lio  sliape  of  the  casting.  In  practice  it  is  not, 
feasible  to  quench  the  metal  immediately  after  it  has  solidi- 
liftl,  alt  hough  this  may  have  been  done  with  test  bars  which 
were  quenched  direct,  without  having  been  first  cooled  to  the 

*  L.  Guillet,  "  Quenching  of  Bronze,"  *'  Kevue  tie  MotalHu-gie,''  February,  190,"). 


Aimcalt'd  at 

Time. 

Tensile  Strength. 

Elongation 

Mark. 

Degrees  V. 

Mins. 

Tons  per  Sq.  In. 

per  cent. 

F.D.N  

24-0 

F.D.A.  5  

500 

30 

26-5 

F.B.A. (>  

000 

;jo 

i»i.a 

28 -r> 

F.D.A.  7  

700 

30 

18-0 

F.D.A.  8  

800 

*0 

15-5 

； U-0 

Series  "  G." ― The  bars  of  this  set  were  cast  in  chills  of 
solid  metal,  so  that  both  the  solidification  and  the  cooling  were 
rapid.  In  this  case  the  annealing  again  produced  a  remark- 
able increase  in  the  elongation,  and  this  was  attended  by  an 
almost  equally  striking  increase  in  the  tensile  strength  The 
niaxinmni  results  were  again  obtained  by  the  annealing  at 
700°  for  30  mins.,  and  lower  results  were  got  witli  bars 
heated  to  a  point  both  above  and  below  this  temperature. 
Table  III.  and  Fig.  3  give  the  average  results  obtained  in 
the  tests. 

Series  "H." ― In  this  and  the  following  series  "  K，"  the 
bars  were  cast  in  chills  in  close  proximity  to  a  large  body  of 
inetal  which  was  cast  and  cooled  along  with  them,  so  that 


ordinary  temperature,  and  then  reheated,  as  were  the  bars 
tested  in  this  series. 

Annealing. ― The  sinij'k'  operation  of  annealing  was  next 
tried  uj>on  sets  of  test  bars  which  were  cast  and  coaled  in  a 
variety  of  ways.  The  annealing  consisted  of  a  gradual  heat- 
ing up  to  various  temperatures,  at  wliicb  they  were  main- 
tained for  various  periods  of  time.  The  subsequent  cooling 
iu  each  case  was  moderately  rapid  until  400°  was  attained, 
after  which  it  was  comparatively  slow. 


Table  I. ― Influence  of  Qitcmhiwj  Temperature  on  Dry-sand 
Castings. 


Mark. 

(^ut'iiuliwl  from 
Degrees  C. 

Teusilc  Strength. 
T"iis  per  Sq.  In. 

Elun^atioii 
per  cent. 

E.D.N  

15-G 

28-0 

KD.Q.  5   

500 

8.2 

J2-0 

KJUf. (；  

(500 

6.5 

E.D.Q.  7   

700 

■4.9 

3-0 

E.D.Q.  8   

800 

9.0 

5<5 

Seriest  "  J\" ― In  this  series  the  bars  were  cast  in  dry-iiand 
uioulfls  with  the  same  metal  and  from  the  same  temperature 
as  Series  '  E.'y  This  treatment  produced  a  slow  solidification 
of  tho  niftal,  followed  by  a  moderately  slow  cooling.  This  is 
the  general  type  to  which  most  gun-metal  castings  belong, 
and  it  is  of  interest  to  note  that  the  subsequent  heat  tr^at  - 
nieni  effected  a  most  remarkable  improvement  in  the  elon- 
gation of  the  specimens,  without  in  any  way  diniiiiishing  tlie 


burnishing  especially  inipark'd  a  skin  to  the  metal  which 
materially  raised  the  tensile  strength.  Sections  were  cut 
from  each  bar,  and  after  having  been  polished  on  the  trans- 
\  orse  cut  aiul  etflied  in  the  usual  way  with  ferric  chloride, 
they   were  examined  microsco])i<,Mlly  and  typical  struct ures 


were  photographed.  The  plan  adopted  】u  marking  thv 
specimens  was  as  follows : — 

First  letter.— Series  of  the  tests  :  E.F.G.H.K. 

Second  letter. ― Method  of  casting  ：  In  dry-sand  (】）.),  in 
rhills  (C). 

Third  letter. ― Heat  treatment  ：  Annealed  (A.)  ；  nonnal 
as  cast  (N.)  ；  quenched  (Q.). 

First  figure. ― Temperature  of  heating  :  500"  C.  (5)3  G00  i\ 
(6)，  650°  C.  (6^). 

Second  figure.  ― Time  of  annealing  :  5  niins.  (V.),  10  mins. 
(X.)  (if  not  stated),  30  mins.  (XXX.). 

Quenching. ― In  view  of  the  excellent  results  obtained  by 
Guillet*  on  quenching  pure  bronzes  of  various  compusitKHi, 
from  temperatures  between  600°  C.  and  700°  C.，  it  was 
1  hought  that  gun-metal  would  also  show  an  increase  in  the 
st  rcngtli  and  the  elongation  if  similarly  treated.  This,  liow- 
vvvvy  was  not  found  to  b©  the  case,  as  there  was  a  considerable 
reduction  in  the  values  got-  on  tensile  testing,  and  evidently 
the  presence  of  the  small  proportion  of  zinc  exercises  a  pro- 
found influence  on  the  character  of  the  metal .  Thus  in 
Series  "  E,"  in  which  the  test  bars  were  cast  in  dry-sand 
moulds  at  a  moderate  temperature  of  about  1,060°  C.， 
ensuring  both  slow  solidification  and  slow  cooling,  and  then 
heated  slowly  (after  turning  to  size)  to  temperatures  ranging 
from  500。  C.  to  800°  C.  before  quenching,  the  physical  pro- 
perties were  very  considerably  poorer  than  that  of  the  normal 
cast  bars.  This  is  shown  in  Table  I.，  the  values  of  which  are 
given  graphically  in  Fig.  1 . 

It  is  noteworthy  that  the  elongation  falls  off  consistently 
with  the  rise  of  quenching  temperature,  and  also  that  it 
follows  the  drop  in  tensile  strength  almost  proportionately. 
The  lowest,  values  are  got  with  the  quenching  temperature  of 
700°  C.，  when  tb©  tensile  strength  is  only  about  one-third 
that  of  the  normal  bars,  and  the  elongation  about  one-ninth. 
From  this  and  subsequent  tests  it  is  evident  that  there  must 
be  some  radical  change  in  the  constitution  of  the  alloy  in  the 
vicinity  of  this  temperature. 

Keh eating  and  quenching  gun-metal  castings  does  not 
effect  any  improvement,  even  if  this  were  possible  without 
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500  600  700  iOO 

Trmpcruturc,  Ortjnx'S  C. 

Kig.  4.— Influence  ok  Annealing  TKMrERATLRi;.    Nejcies  "  h," 
Graph  of  Table  IV. 

tensile  strength  of  the  material.  Table  II.  gives  the  average 
results  of  the  tensile  testing,  and  these  are  represented  in 
^raph  form  in  Kig.  2.  Whilst  the  ultimate  breaking  strain 
of  the  inetal  is  slightly  increased  as  the  annealing  tempera- 
ture rises  to  700。，  it  falls  off  most  remarkably  at  800。.  The 
elongation  is  very  considerably  increased  up  to  the  tempera- 
ture of  700°,  after  which  it  also  falls  away. 

Table  II. ― Influence  of  Annealing  Temperature  on  Dri/satul 

Castings. 


500  600  700 

Temperature,  Degrees  €. 
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although  their  solidification  was  fairly  rapid,  I  lie  cooling 
afterwards  was  comparatively  slow.    The  vory  great,  increase 


Table  III. — Infhcenee  of  Annealing  Terwperattvre  on  Chilled 
Castings. 


Annealcil  at 

Time. 

'J'cnsilc  Strciifith. 

Mark. 

('. 

Mins. 

Tons  por  Sq.  hi. 

per  cent. 

O.C.N  

15.0 

4>0 

O.C.A.  5   

.r)(t(l 

30 

\2.：1 

7.5 

O.C.A.  ti   

(iOO 

•M) 

19- ti 

25. 0 

G.C.A.  7   

700 

:", 

20.0 

：«).(» 

G.C.A.  8   

S(KI 

30 

17-2 

22.r> 

in  both  the  tensile  strength  and  the  elongation  got  by  anneal- 
ing for  half  an  hour  at  700°  is  again  evident  from  Table  1  V. 


5        10       15      20       25       00      60  150 
Time,  Minutes. 

I'M".  5.— iM-M'KNt  F:  01  Time  of  Annealing  at  700°  ('.  series  "  K," 

(JRAI'H  OF  TAOLK  V. 

and  Fig.  4,  showing  the  average  results  obtained  in  testing 
Intermediate  points  at  650°  and  750°  were  taken,  but  in  earli 
case  the  results  were  inferior  to  tliose  obtained  at  700。. 


Table  IV. ― Influence  of  Annealing  Temperature  on  Chilled 
Castings. 


Mark. 

Annealed  at 
Degrees  C. 

Time. 
Mins. 

Tensile  8tivimth. 
Tons  per  Sq.  In. 

Elongatinn 
per  cent. 

H.C.N  

18.(5 

■lo-o 

H.C.A.  r>  

500 

30 

]fi.7 

！). (1 

H.C.A.  (i  

600 

30 

15-0 

7-0 

H.C.A.  (\k   

iir>o 

30 

19.5 

27-0 

H.C.A.  f.  

700 

30 

22.5 

45.0 

H.O.A.  75-  

750 

30 

21-0 

411.0 

H.C.A.  8:  

800 

30 

18-6 

Series  '*  K." ― The  tests  in  this  series  were  carried  out  with 
the  object  of  determining  the  range  of  time  during  which  the 
heating  should  be  continued  in  ordei  to  get  the  best  results 
when  annealing  was  done  at  the  correct  temperature  of  700°. 
This  is  naturally  dependent  upon  the  thickness  of  the  metal 
under  treatment,  but  for  the  size  of  test  bars  used  (I'm. 
(liam,)  this  was  shown  to  be  somewhere  about  30  mins.,  as 
seen  from  the  results  tabulated  in  Table  V.  and  shown 
graphically  in  Fig.  5.  The  annealing  for  this  period  shows 
the  maximum  results  both  in  tensile  strength  and  elongation, 
but  the  increase  is  only  slight  after  annealing  has  been  car- 
ried on  for  20  mins.  Very  long  continued  annealing  produces 
^  slight  diminution  in  the  strength  and  elongation,  but  it 
is  evident  that  if  the  right  temperature  of  700°  be  attained 
lime  of  annealing  at  this  temperature  may  be  varied 
withiu  fairly  wide  limits  without  impairing  the  improvement 
effected  in  the  structure  and  character  of  the  metal. 

Table  V '—Influence  of  Time  of  Annealing  on  Chilled  Castings. 


Mark. 


Annealed  at 
Degrees  C. 


Time. 
Mins. 


K.C.N. 

K.C.A. 

V.  

700 

K.C.A. 

X  

700 

K.C.A. 

XV  

700 

K.C.A. 

XX  

700 

K.C.A. 

XXV. . . 

700 

K.C.A. 

XXX.  •• 

700 

K.C.A. 

LX.*.. .. 

700 

K.(、.A. 

CJ^". . . . 

700 

r> 

10 

is 

2(t 
25 
30 
60 
150 


Tensile  Strength. 
Tons  per  Sq.  Tn. 


16.5 
19"; 

20-  4 
21.2 

21-  4 

22-  5 
2：$.  1 
21.2 
20..-. 


Thermal  Analysis .— The  cooling  of  the  metal  from  fusion  is 
shown  at  (a)  iu  Fig.  6  as  an  inverse  rate  curve,  and  represents 


•1?  ^  U  ：>;5^ 

Fig.  6.— Inverse  Rate  Cooling  and  Heating  Curves  of  Aduirat.tt  Oxrs- 
metal,  with  freezing  point  dlaoham  of  coppf.r*ttn  alxoys 
for  Comparison. 

In  putting  this  annealing  process  into  practice  in  the 
workshop  oi'  foundry,  the  chief  item  required  is  some  type  of 
muffle  furnace  of  a  size  large  enough  to  hold  a  number  of  the 
castings  to  be  treated.  For  maintaining  a  uniform  tempera- 
ture during  the  annealing,  as  also  for  regulating  the  rate 
of  heitincr  and  cooling,  it  is  necessary  to  employ  either  pas  or 
oil  firing.  The  temperature  must  be  controlled  hv  a  pvr"- 
meter  installation,  and  the  workman  iu  charge  of  the  opera - 


the  halt  points  as  only  vftry  slightly  diffeicut  froifi  th^se  of 
tlx*  corresponding  bronze  in  the  freezing-point  diagram  "I 
Shepherd  and  Blough,  a  portion  of  which  is  reproduced  for 
coniparison.  The  heating  curve  shows  that  (lie  n*v«*i>-- 
changes  are  not  afcoinpanied  l>y  ve r y  l''ir(々' a hsorpt ions  "f 
heat,  as  evinced  by  the  curve  Fig.  6,  The  halt  below 
700°  evidently  marks  the  completion  of  the  8  to  B  change. 
The  inverse  rate  curve  (c),  Fig.  G,  shows  the  cooling  of  t  lie 
metal  after  annealing"  for  60  mins.  at  800',  and  indi^atos  thut 
although  the  ft  inversion  still  exists,  there  has  bef'n  a  con- 
siderable diminution  of  the  ^  change,  as  would  be  expected 
from  the  examination  of  the  microstruciurp  of  the  m'  tal  :"t*  t 
annealing  at  this  temperature. 

Practical  Applications  -'1，1"'  unportancc  of  tli.'  ； um^alinL'  ''i 
gun-metal  castings,  whicli  in  service  have  to  stand  sew'' 
tests,  must  be  abundantly  e、'ifl"m  i'roin  tl"'  t、）iv"'"i，ig  results 
One  great  advantage  it  possesses  lies  in  making  the  metal 
capable  ot*  coinplyin^  with  1  he  moRt  s<  rin^fiit  s]K'«ni(;ii  ion  ； i- 
regards  tensile  strengt  h  a，i(l  "longation,  altliou^li  it  munt  he 
clearly  pointed  out  tliat  it  cannot  be  reganle<l  as  lakiipj 
the  metal.  Suuli  metal  as  may  be  defective  due  to  the  pre- 
sence of  gas  or  blow-holes  is  not  materially  improved  l,v  t  his 
heat  treatment  ；  but  when  slight  defects  arise,  diu-  to  the 
harmful  segregation  of  the  eut^ctic  structure,  then  this  ； s 
completely  removed  by  the  proper  annealing. 

One  of  the  most  frequent  tests  now  applied  to  important 
gun-metal  castings  is  that  of  water  pressure,  and  in  many 
cases  they  fail  inost  dismally  under  even  moderate  pressure. 
The  metal  is  thus  condemned  as  bad,  whereas  it  is  really  quite 
good ,  and  it  is  only  a  strange  (characteristic  of  the  metal 
possessing  the  wrong  arrangement  of  its  constituents  whicli 
makes  it  uitsuitable  for  this  purpose  when  cast  and  not  furtlu'r 
lieat-treated  as  suggested  in  this  paper. 

Numerous  castings  of  various  designs  made  in  the  coiuso 
of  daily  foundry  practice  have  been  rejected  in  tliis  way,  and 
these,  on  being  annealed  correctly,  have  in  all  cases  been 
found  to  withstand  the  water  pressure  which  previously  they 
had  failed  to  do. 

Two  particular  instances  are  worth  recording  as  showing 
the  advantage  of  annealing  material  which,  although  appa- 
rently sound,  has  failed  to  comply  with  specified  tests.  They 
wen*  both  test  bars  cut  from  large  castings,  and  whilst  t lu* 
first  gave  a  tensile  strength  of  14*4  tons,  the  elongation  \ 、  ； i、 
only  5  per  cent,  when  normal.  On  annealing  this  at  700°  for 
30  mins.  the  tensile  strength  was  raised  to  18  tons  and  the 
elongation  was  increased  to  25  per  cent.  In  the  second  case 
both  the  tensile  strength  and  elongation  were  low  in  tlu* 
normal  bar,  being  11  tons  and  8  per  cent,  respectively.  This 
metal  was  improved  by  annealing  to  give  tho  remarkable 
results  of  15  tons  tensile  stien^th  and  26  per  cent,  elongation. 

Off  Crnt 


.HidN3ius  3VSN31 


u  £  -NQU3N013 


326 


THE    MECHANICA 乙 ENGINEER. 


[March  21,  1013 


tion  sliould  he  under  supervision  to  (Misu re  that  he  does  not 
exceed  either  tlie  tenijuTat  ure  or  time  limits  found  to  I)" 
nt'r(W''l  tor  f'arh  class  of  casting  under  t rcatinoiii . 

Hardness.  As  it  is  somct  imcs  of  ju  aci  iral  value  to  luivc  an 
idea  of  t l\e  rclal  ivc  hardness  of  gun-metal  under  thv  various 
treatments,  accorded  it.  Table  VI.  has  been  prepared  to  show 
tlit'  cliangcs  in  t  he  values  got  by  the  Brinell  met  tuxl  of 
determining  this  prcp'rtv.  It  is  noteworthy  tluil  tli(>  liaj-flcn- 
iii*;-  effect)  of  chilling  tlie  metal  is  even  greater  than  that  of 
(| uenrliin^,  ； m(l  t lial  aniiHaliii^  does  not  completely  】'e 川 （）vc 
this  difference. 

Table  VI. ― Hardness  of  licit t-trra led  (hat  Metni. 


.a  a  s 

：- ce 


Bars. 

Xormal. 

500°. 

600°. 

700°. 

f  E.D.Q  

52 

77 

65 

01 

74 

F.D.A  

(io 

IH 

l>() 

1  G.C.A  

86 

80 

75 

/4 

70 

Corrosion.— As  the  result  of  recent  researches  with  the 
brasses  and  bronzes  it  has  been  shown  that  one  most  service- 
able method  of  getting  over  the  trouble  of  corrosion  is  to 
eliminate  the  presence  of  all  eutectic  from  the  structure. 
This  is  accomplished  by  the  addition  of  other  metals  in  tlie 
production  of  proprietary  "  alloys  ，，  ；  whereas  it  would  appear 
that  gun-metal  in  ay  be  quite  as  innnvme  from  such  trouble 
by  the  simple  operation  of  annealing,  whereby  the  eut ectic  is 
destroyed.  Further  tests  are  in  progress  with  the  object  of 
determining  hou  far  this  surmise  is  realised  in  px'tual  cor- 
rosion tests,  and  the  results  of  these  may  form  the  subject  of 
a  future  paj>er  to  the  Institute. 

Summary  -  -The  heat  treatment  of  Admiralty  gun-metal 
has  beeu  investigated  by  quenching  and  annealing  bars  cast 
in  dry-sand  and  chill  moulds.  The  treated  metal  was  tested 
physically  and  examined  microscopically.  (1)  The  tests  show 
that  no  improvement  may  be  expected  by  quenching,  which 
lowers  the  strength  of  the  material.  (2)  Simple  annealing  of 
the  metal  for  30  mins.  very  considerably  increases  its  strength 
and  elongation,  the  maximum  results  being  obtained  after 
annealing  at  700。  C.  (3)  The  homogeneity  and  other  physical 
properties  of  the  metal  are  correspondingly  improved,  but 
particularly  the  capability  of  the  castings  to  withstand 
hydraulic  pressure.  (4)  These  results  are  considered  to  be 
due  to  the  removal  of  the  eut  ectic  from  the  microstructure, 
which  after  annealing  shows  only  the  crystals  of  a  solid  solu- 
tion. (5)  It  is  anticipated  that  this  heat  treatment  will 
minimise  corrosion  difficulties. 

The  authors  take  this  opportunity  of  expressing  their 
warmest  thanks  to  the  firm  of  Messrs.  G.  &  J.  Weir,  Ltd.,  of 
Cathcart,  for  kindly  granting  the  use  of  their  extensive 
foundry  and  equipment  in  carrying  out  this  research,  and  also 
for  so  magnanimously  granting  permission  for  the  publication 
of  the  results,  which  the  authors  hope  will  have  far-reaching 
effects  in  the  practice  of  gun-metal  foundino-. 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  18th. 

Aluminium  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】1^/-  " 

,，        sheets        ，，  ，'   ，  120/ -  " 

Antimony  £34/-/-  to  £36/-/-  per  ton. 

Brass,  rolled   8Jd.  per  lb. 

" tubes  (brazed)   10 Jd. ，, 

,，       ，，     (solid  drawn)   9d.  ，, 

"       ，,     wire   8|d.  ,, 

Copper,  Standard   £64/7/6  per  ton. 

Iron,  Cleveland   64/ 10*  ,, 

，， Scotch   70/lOi"  ,, 

Lead,  English    £16/7/6  ，， 

,, Foreign  (soft)    £15/18/9  ，， 

Mica  (in  original  cases),  small  -.…  6d.  to  3/-  per  lb. 

，,  ,，  ，，       medium   3/6  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle. 

Silver   26^d.  per  oz. 

Spelter    £24/10/-  per  ton. 

Tin,  block   £208/10/ -  ，， 

Tin  plates   13/10i  ,, 

Zinc  sheets  (Silesian)   £28/-/-  ，， 

，•  (Stettin  ；  Vieille  Montagne)   £28/2/0  ，' 


INDUSTRIAL  AND  TRADE  NOTES. 

Labour  Co-partnership. ― In  connection  witli  tlie  annual  meeting  of 
the  f'abmir  Co  partiici  sliip  Association,  the  lollow  in*i  figures  have 
Ix^oii  circulated  hy  tlie  .soci<'t\  :  I  ti  I  ^^'t.  w  lirn  the  :issori:itioii  w  as 
lornicd,  tlioi(>  wim',、  only  15  societies  t'ornicd  to  carry  out  co- 
pMrtntM'sliip  i>riiici|)l(»s,  and  tli'.ir  tot;il  capital  amounted  to 
C10:i.4.Ti.  while  their  trade  was  €100,7-51  for  tlio  yoar.  The  profit 
I  ； iliscd  during  tlio  year  、、； is  .    T n  ihc  v*';ir  under  review 

tlie  iium'M'r  <*t  societies  liad  iiicrcased  to  1 10.  the  capital  to 
€1.99]?.>51,  the  turnovtM-  to  i:iX^\A'2U.  tlio  profits  to  £22^.  1^0.  :m(l 
tho  dividend  paid  on  wages  was  12fJ.S47. 

Launch  of  a  Geared  Turbine  Steamer. ^ The  new  geared  t  in  bine 
^tcMincr  "  Kin*x  Orrv.  w  liicli  w;is  la iiiiohcd  at  Birkenhead  on  the 
1 1th  inst..  for  the  isli'  .Man  Steam  Packet  Company,  is  to  be 
coinj)h»te(l  aUout  tho  end  of  May,  and  will  l>e  pl;u  od  on  service 
Imtuvpii  tho  Isle  of  .Alan  and  Ar<!ross:ui  al>out  the  third  woek  of 
>h\m\  The  King  Orry  is  '3】 2ft.  in  length,  and  will  have  a  speed 
of  21  knots,  with  accominodation  for  about  】，0(,0  passengers.  The 
propelling  machinery  consists  of  two  high- pressure  and  two  low- 
j)rcssure  J^arsons  turl>inos,  driving  twin  serous  at  300  revs,  per 
mimit"  thr*>ugh  double  holifal  y;«»aring  of  the  Parsons  type. 

The  World's  Rubber  Production  and  Consumption.  Aceordin^  to 
statistics  recently  pu，,li、li，'（l  the  total  production  of  wild  and 
plantation  rul>her  throu^liout  tli(>  、、- "rW  in  the  twelve  months 
('ml(>(l  J  inn*  'M)th  I;tst.  amounted  to  98.669  tons,  as  compared  with 
7!'.3(»'」  U>ns  iii  the  previous  your.  Tho  total  consumption  in  1911- 
1*2  was  !H'..3(;4  tons,  as  conipaivd  with  74,082  tons  in  1910-11,  or  an 
increase  of  2o.482  tons.  The  world's  stocks  of  rubber  on  July 
1st，  1912,  are  stated  to  liave  hwn  10.181  tons,  as  against  12. ">6^ 
tons  on  the  same  dat()  in  1911.  Tlie  considerable  expansion  in 
consumption  in  1911-12  is  attributed  largely  to  the  lower  It  v*'l  of 
prices  prevailing  during  the  yv,\ v. 

Employment  in  the  Engineering  Trades. ―  Tlie  "  Board  of  Trade 
I"iU)iu'  Gazette  "  states  that  in  February  thore  was  a  decline  in 
tho  iron  and  steel  and  tinplate  industries.  The  percentage  of 
" insured "  workpeople  unemployed  fell  from  o  at  the  end  of 
January  to  4  4  at  the  end  of  February.  The  upward  movement 
in  wages  continued.  Compared  with  a  year  ago,  nearly  all  tho 
principal  industries  showed  an  improvement.  By  the  changes  in 
rates  of  Ma^es  taking  effect  in  February.  228,700  workpeople 
iMMicfited  to  tlio  extent  of  £9,700  per  week.  The  estimated  niiml)er 
of  working  days  lost  by  disputes  during  the  month  amounted  to 
593.200,  as  compared  with  651,200  in  the  previous  month.  :md 
463,500  in  the  corresponding  month  of  last  year. 

Aerial  Passenger  Service  from  Dusseldorf  to  Ghent  Exhibition.— At  the 
present  time,  wlion  the  powers  of  the  German  Zeppelin  airships 
are  being  so  widely  discussed,  the  news  that  a  contract  has  just 
si^iu'fl  ))\  the  Zeppelin  firm  and  tho  directors  of  the  Ghent 
International  Exhibition  for  a  regular  i):"seiiger  service  from 
Dusseldorf  to  the  Exhibition  grounds  is  pa rticularlv  interesting- 

service  、vill  be  maintained  throughout  the  months  of  Aujzu^t . 
September,  and  October,  and  the  fare  for  the  flight,  which  is 
about  130  miles,  will  l)e  The  regular  arrival  and  departure 

of  the  great  airships  will  give  English  visitors  to  the  Exhibition 
a  valuable  opportunity  of  studying  them  at  close  quarters,  and 
the  low  prico  of  the  passenger  fare  Avill  undoubtedly  induce  n  great 
nunihtT  to  inalve  a  flight. 

Toll  of  the  Railways. — The  Railway  Department  of  the  Board  of 

Trade  issued'  on  the  12th  iust.  a  Blue  Book  containing:  a  sum- 
mary of  accidents  and  casualties  reported  as  having  ooourrotl  upon 
the  railways  of  the  United  Kingdom  during  the  tlm"  months 
ended  September  30th  last.  The  total  number  of  persons  killed 
、vas  276,  as  compared  with  290  in  the  corresponding  period  of 
1911,  whilst  2,329  persons  received  injuries  as  against  2  291.  In 
addition  to  the  above  tlie  folI()、ving  accidonts  occurred  upon  the 
companies'  premises,  hut  in  which  the  movement  of  vehicles  used 
exclusively  upon  railways  was  not  concerned,  namely,  out* 
passenger,  19  servants  of  companies  or  contractors,  and  17  otlior 
persons  killed,  and  184  passengers,  o,497  servants.  ；" k1  167  other 
persons  in,jure<l.  making  a  total  in  this  class  of  37  persons  killtnl 
and  ,5,848  injured. 

Nationalisation  of  Min"  and  Railways.— Replying;  to  a  deputation 
from  the  J>arliaimMitary  Committee  of  the  Trade  T'liion  Con*:n'ss. 
tlie  Prinio  Minister,  in  the  House  of  Coninions  a  low  days  ago.  said 
that,  in  view  of  the  enormous  variety  of  tlie  conditions  under  which 
the  mining  industry  is  carried  on  in  this  country,  aud  the  com- 
plexity of  tho  whole  system,  he  should  look  witli  hesitation  on  any 
proposals  to  transfer  tlio  mines  to  the  State  as  going  concerns. 
The  railways,  howovor.  stood  on  a  diflFerent  footing,  ami  here 
there  were  practical  diffirnlties  iu  the  way  of  a  very  serious 
He  predicted  that  tho  nationalisation  of  tlie  railways  would  bo 
immodiatoly  tollowod  hy  large  demands  from  tho  trading  roni- 


March  21,  1913] 


TIIK    MKCHANICA 乙    EN (； INKER. 


：{1>7 


nuu.itv   IW  Uvitw  ti'rms  in  tl"'  matter  '"'  ra"'s,  ;n.d  tn»n. 
、voi'l""'s  ； i  dcniand  for  l">tt('r  coiulit ions  ;is  to  hours  oi  l:'"oiir. 
kepi  :m  i>i><Mi  mind  on  Hie  snl'jwl,  I"",  Uh«  bunlrn  ni  r.^r'l 
on  those  in  favour  of  the  proposal,  and  this  had  not  yet  been 
a(l(M|uat*'ly  (KMiionstratcd. 

Steam  Engine  Makers'  Report.— The  March  report  of  the  Steam  Kn-ine 
Makers'  Socio! v  states  that  iv.idv  is  still  «'x<c|)ti(»ii;illy  -iood,  :m'l 
f,y  all  appoaraiuvs  likely  to  roinain  so  i:or  some  tiinc  to  (<mi,' 
Then'  is  :i  st":i(l、'  （l'>m:ui(l  l'or  mon  in  most  industrial.  :iml  i 
ally  slm 山 mWmg,  contros.  Tl"'  rliaii^'s  in  v.iU^  "i  、、  w's  taking 
0f|V(.(,  in  ,J;»nuai*v  :"『('('"、(1  ovt'r  IimIT  m  nnllioii  oi  Avorkpeoph^,  whose 
\v;ln;rs  、、（"'、、  m('iv;»s,、(l  1)V  noarly  1'1?7.U0M  per  wcok'.  K^pudum  tl'" 
(]cmarc;iiioii  dispute  l">tu«""i  l")il('rmak('i's  and  litters  in  rmmrc 
tioii  w  ith  the  builtlinn;  of  holster  wagons  at  at('sl">;»:l  i:iilu:'〉 
shops,  tho  report  savs  tliat  tl"'  iiltcrs  wvnt  t',  tlu-  utmost  lt、"~h、 
of  conciliation  to  appease  the  appetite  oi  their  boilermaker 
irionds  liui  tliev  found  it  insatiable,  as  in  n-ality  tl""r  <"'i":iih1、. 
imt、vithst:iii(lmg  that  halt  tho  munluM-  of  tl"、  wm-ous  had  Urvn 
.s;itisl';H-larilv  ('omplott'd  Uv  fitters,  ;uiH>unt<Kl  t«)  the  whoW  joh 
l.^inu;  h:u"l'nl  over,  lock,  stock,  ;uid  ttarrol.  irom  tlic  t'iv('t"ig  simp 
to  ih.^  Imil.T  sho]).  This  they  、v"rc  uiiab"'  to  :'i;ivt'  t'>,  :u\<\  t!i'、 
boilermakers  had  referred  the  matter  to  arbitration  uiidor  the 
rules  of  tho  Kn*iin(HM  in^  and  Sl"p"iiil(li，，^:  F<Hloratioii. 

Control  of  Winding  Engines.— A  (loiiioiistrjition  of  a 】i，'、v  nppiuatus  . 
for  controlling  the  speed  of  、vi""i"u  on^incs  and 】m 、、- (、"thig  ",、"r 
winding  、、： is  lcccntly  ^iven  ;it  t\w  (； las^ou   Iron  :m(l  Stocl  Com 
.pany's  Parkiuuik  Colliery,  ^lotlicrw ell.     In  cMtrviM*:  out  the  tosts 
tlic  tMi^ine  was  allowed  to  rim  at  its  full  speed.  ;md   '.vitliout  hritig 
touched  hy  tho  on^iiUMnan.    、Vh(、u  tho  ca^1  、、  ； is  ,\  ruiisid<'r:il>h'  (lis 
t:u"v  from  tli(、  top  of  tl"'  pit   shnft  tlu»  apparatus  ciune  into 
operjition.    It  shut  off  tin1         "1,  brought  tho  r(、vt、rsi"g  motion 
into  its  central  position,  and  applied  the  l)i*iikes,  with  the  result 
that  tho  eiiffino  was  brought  to  a  doad  stop  in  Irss  tlian  two  revolu- 
tions.   The  test  was  carried  out  several  times  and  always  with  tlio 
same  result.    The  ca^o  was  then  brought  to  the  level  of  the  pit 
mouth,  and  the  steam  was  turned  on  to  the  engine  without  its 
heing  reversed.    It  will  be  understood  that  without  the  apparatus 
tin*  woiild  lum、  <x,ow  v\<i}\t  up  to  the  rope  pulleys  and  caused 

a.  serious  accident,  but  instead  of  this  happening  tho  appuratus 
came  into  operation  immediately,  and  tho  cage  Avas  .stopped  when 
it  had  only  travelled  18in.  The  apparatus,  which  is  patented,  is 
being  put  on  the  market  by  Messrs.  ShoartT  ^  Pettigrew,  engi - 
m',>i's  and  ironfonnders.  Wish  aw. 

Workmen's  Compensation. ― An  interesting  summary  of  the  working 
of  the  Workmen's  Compensation  Act  ia  1911  is  contained  in  the 
(iuarterly  report  of  the  Trade  Union  Congress  Parliamci.tary  Com- 
mittee just  issued.  Figures  are  given  relating  to  mines,  quarries, 
railways,  factories,  harbours  and  docks,  constructional  works,  and 
shipping.  In  these  industries  139,884  employers  sent  in  returns. 
During  the  12  months  under  review,  4,021  persons  lost  their  livt's 
hy  accident,  and  419,031  workers  were  temporarily  disabled.  The 
average  amount  paid  in  the  fatal  cases  was  £154,  and  in  the 
temporary  cases  £5.  16s.  As  to  the  cost  to  various  industrit  s. 
mining  is  the  most  expensive,  working  out  at  23s.  8d.  per  aiuiuni 
for  each  person  employed,  or  l*ld.  per  ton  of  coal  raised.  Docks 
come  next,  with  21s.  9d.  per  worker  per  year  ；  followed  by  con- 
structional works  at  13s.  5d.  ；  shipping  at  14s.  3d.  ；  quarries  at 
10s.  Od.  ；  and  railways  at  7s.  1 1  d.  prv  person  employed.  The 
greatest  immunity  from  accident  is  enjoyed  by  factory  workers,  as 
the  cost  is  only  4s.  6d.  per  worker  per  annum.  The  average 
cost  per  person  employed,  taking  all  the  industries  together,  is 
8s.  5d.  per  year,  or  only  about  2d.  per  week.  AVhile  the  cost  is 
low,  the  amount  paid  in  the  aggregate  is  very  large,  as  the  total 
sum  paid  in  all  cases  was  £3,056,404,  as  compared  with  £2,700,32") 
iii  1910.  During  the  year  there  were  4 '23,000  claims  paid,  of 
w  hich  only  5,767  had  to  l)e  settled  in  the  courts,  4,o04  of  the  cases 
l)oin*2;  derided  in  favour  of  tho  Avorkmon. 

Agricultural  Machinery  in  Spain. ― Prior  to  1898  there  was  but  one 
establishment  in  Spain  for  manufacturin*!;  agricultural  machi- 
nery and  implenn^its,  and  the  most  primiti\o  tools  were  (and 
still  are)  used  by  the  average  farmer.  In  that  your  the  importa 
tion  of  foreign  machines  ami  implements  Ite^an.  which,  in  1900, 
amounted  to  £45,000.  Imports  have  incroased  \  ea r  hy  year,  and 
in  1911  amounted  to  £216,120，  of  which  the  United  State> 
furnished  £70,340,  and  Groat  Britain,  Germany,  and  France,  in 
the  order  named,  amounts  ranging  from  £40.000  to  £35,000  ； 
Canada  furnished  £7，000，  and  various  other  countries  the  hahiiicc 
In  the  meantime  the  manufacture  in  Spain  (>f  agricultural  nia<  hi- 
nery,  particularly  of  ploughs,  tanners,  and  tlirashtM's  l>o^;;in,  iinrl 
there  are  at  present  factori(^s  of  considerable  size  at  B:、r(vl()iia, 
Saragossa,  Araya,  Vallndolid,  Vitoria,  Lerida,  and  Valoncin. 
besides  many  small  factories.  It  is  estimated  that  their  (、(）mliin(>d 
production  is  more  than  double  the  quantity  imported  into 
Spain.  According  to  the  American  Consul  ； it  、【： i(lri(l,  agricultural 
engineers  have  Ihmmi  appointed  and  schools  estaltlisln>(l  :it  v:ir" "卜 
places.  A  conniiission  has  also  Ihh'u  appointed  l>v  tht*  (Jo\  ernnn'iii 
to  :iid  Spanish  manufaoturers  in  selecting  types  1  »est  adapted  to 


tli"  iisi'  oi  Spniiis]]  j^ricultnrists.  Tli''  、l«,、、  |>i  o^t*^^  iii:""'  in 
the  nso  ol  nuxlrrn  iiuriciilliinit  i":".hm,'rv  :m'l  impl'' 
nuMits  in  Sp;i in  is  ； itti'il)iitrd  l，y  tho  (io\ crniiH  iit  to  tin-  i>o*»r 
iiu'miis  of  connuuiiicatioii  tlimuglmut  th<*  (  mmti.v,  u  lii<  h  na  \  •* 
l"v、  ("itr'l  tlit>  lanncr  )rom  seeing  such  macliiiu  i  \  in  :"  t":il  ii、* 
mxl  kept  liim  in  igiioramv  of  its  pr:i"i(':il  valu«- 

Methods  of  Packing  Fcrro  silicon.-  A  rrwi  -、 ni'  d'  '  'oii«ul;u  r»  |"'r' 
contains  a  dcscripiioii  ot  tli*'  nx-tliods  oi  pacUinu  1' rr'，  、ili' "ii.  as 
ndoptcd  l)y  Uie  S\vc<lis!i  firm,  tl，<>  (； iillspai^s  l':l"tr'，k,'im、l"i  Akti«* 
l)ola<i.  "  For  packing,"  th<\v  state,  "  wo  principally  um*  iron  l'"m"l 
\v(K)(Uin  cases  in  two  size's,  "n"  (tor  ">0  per  cent.  t'lTrosilicon^  con 
tainiii<j;  altout  2S71l>s.,  and  one  "or  7-*>  p'-r  c<Mit.)  lioUlint;  al»oiit 
3-1: 川, s.  The  Ikixcs  have  al\v;»vs  Um'ii  ，mi""'(l.  :m(l  urn-  ，i"i'l"  ； tt 
lirst  ("  iiiinil 山 rt(»(l  ii".  stock,  l>nt  sine"  last  .、（';"•  、、- «'  havt*  «  in 
ploy(Hl  i';iM>t»to<l  stock,  as  tho  loss  of  contents  in  transit  、、： i、  l',im'l 
to  U、  too  ^vv.ii  w  itli  iinrablM'ted  l">;ml、  W.it.  r  ti^lit  packinu 
l)(»inn;  roquinHl  lor  (itMinany,  、、(、  pack  goods  for  that  <ountrv  in 
sffoiuMiand  paraffin  barrels  ；  those  a  re,  of  course,  U'th  watti 
;iud  g:is  tight,  hut  no  fault  lias  l，e('ii  fomxl  iln'iii.    On  "11  oui- 

\rry  hitcst  .sliipnuMits  wo  have,  at  the  re<|ucht  oi'  foroi^u  w'll«'rs. 
Iic^uii  to  ]);\ck  icrro  silicon  in  shrrt  metal  c>  ImkIci  s  ff)iit;iinin«i 
about  .*i7.*)ll)s.  and  \u\vv  made  four  holes,  i)*J7(Jiii  (liam..  in 
tlio  top  to  j)ro\idc  against  excessive  prosmv  in  tlic  (、>liii(l''rs. 
The  lc^uhitioiis  in  iorcc  :uv  (liff('i'("it  for  diflci  t  ut  c<'i.ntrics 
for  transport  on  soino  Kiiglisli  i:»il、、'：iv.、  v,wh  must  ha\c 

three  lin.  holes  to  porinit  tho  escape  oi:  any  g:is('s  tliat  may  form). 
In  our  opinion,  tlio  (lan^«Ms  c(>nn<'cte<l  with  tli''  tr;iiisport:itioii 
of  ferro-sili<*on  can  no\  er  I'"  ciit  iiviv  jnoided  until  miiJorm  int«'r 
national  l'omilatioiis  n ro  ； i<Iopt*'<l.  1  ti  this  coinicction  it  shoulrl 
l>e  noted  tliat  danger  is  prosent  only  \\  \\vn  tlio  silicon  content  is 
between  35  per  cent,  and  Go  per  cent.  :  under  and  o\  t  v  tl"  、,' 
proportions  ferro- silicon  is  nuu-h  mow  -、 tal 山'.  So  tar  as  we  are 
ini'ormedj  accidents  l"iv('  no\'cr  hapixMicd  wept  w  itli  al»out  •—)() 
per  cent.  If,  as  we  hope,  an  intoniationul  regulation  regarding 
jjacking  and  transportation  can  be  established,  regard  slioul'l  In- 
had  to  tho  last-named  fact,  and  different  regulations  adopted  for 
25  per  cent.,  50  per  cent -，  and  70  per  rout,  goods,  or  tlio^c  oi 
hi^hor  percentages. " 


CORRESPONDENCE. 
The  Efficiency  of  Cross  Water  Pipes  in  Lancashire  Boilers. 

To  the  Editor  of  ('  The  Mechanical  Engineer^ 

Sir, — There  appears  to  be  a  considerable  diversity  of 
opinion  with  regard  to  the  advantages  or  otherwise  of  fitting 
taper  tubes  (known  as  Galloway  tubes  and  numbering 
anything  from  five  to  eight  per  furnace)  in  the  flues  of  Lanca- 
shire and  other  cylindrical  boilers.  A  canvass  taken  amongst 
steam  users  personally  known  to  me  elicited  the  following 
results  ： ― 

No.  of  works   36 

No.  of  boilers    209 

No.  of  boilers  fitted  witli  cross  tubes   78 

Approximate  number  of  cross  tubes    539 

Difficulty  of  cleaning  internally   all 

Found  advantage  in  steam  raising    7 

Not  noticed  any  advantage    11 

No  experience  with  cross  tubes   11 

The  remaining  seven  persons  do  not  express  any  opinion  for 
or  against  the  use  of  these  tubes.  It  is  generally  agreed  that 
no  appreciable  danger  is  caused  by  defects  which  may  develop 
in  the  tubes.  On  the  otlier  band,  the  various  insurance  com- 
panies do  not  appear  to  favour  them,  though  it  liii 乂 hi  \w 
suggested  that  they  are  not  quite  so  much  concerned  with  the 
economy  of  boilers  as  with  the  safety  of  the  same.  I  should 
therefore  be  greatly  obliged  if  some  of  your  readers  who 
are  using,  or  have  used,  these  tubes  and  are  in  a  position  to 
state  as  to  whether  any  benefit  as  regards  economy  in  fuel 
has  been  experienced  (1)  after  fitting  tubes  to  existing 
boilers  ；  or  (2)  replacing  plain  tube  boilers  by  those  fitted 
with  cross  tubes,  will  give  their  experience.  I  should  also 
like  to  know  if  the  fitting  of  cross  tubes  (although  it  may 
possibly  give  a  greater  economy)  causes  a  slightly  less  out- 
put of  steam  due  to  the  decrease  of  draught  allowing  of  only 
a  smaller  quantity  of  coal  to  be  burnt  per  square  foot  of 
grate. ― Yours  faitlifullv, 

JOHN  P.  CLAPHAM. 

Emm  Lane,  He  a  ton , 

Bradford,  March  12th,  1913. 

「Some  observations  on  this  letter  will  be  found  in  cxir 
editorial  columns. ― Editor. ] 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
" Mechanical  Engineer,^  53,  New  Bailey  Street y  Manchester. 

MECHANICAL,  1911. 

Mamifacturo  of  zinc  from  poor  zinc  ore  and  tailings.  Boaiichanii> 
17648. 

Utilisation  of  peat.   Rigby  &  Testrup.  26349. 
Spraying  valve  mechanism  for  slow  oombustion  en^iu(»s.  Taiim'i' 
28901 . 

1912. 

1  titt't n:tl  coinlmst  ion  t'ligim's.    Still.     1 7  ")l  I 

Hydraulic  transmission  of  power.    Cleaver.  1W」 

Turbine  installations.    Parsons.  2130. 

Water-gauge  try-cocks.    Reid.  2710. 

Ignition  in  internal-cotiibustion  engines.    Wilks.    34，, 4. 

Means  for  maintaining  nuts  and  bolts  in  tightened  position. 

Wills,  and  Low  Moor  Company.  4293. 
Internal-combustion   engines  with  compound  cylinders.  Sisson. 

4313. 

Valvular  arrangements  of  ammonia-gas  couipreasors  for  refrige- 
rating machines.    Early  <fe  Early.  4375. 

Silencers  for  internal-romhustion  engines.    Hutton.  iWA 

Fire  bridges  for  furnaces.    Trolley.  4514. 

Manufacture  of  steel.    Dixon.    4610  and  4620. 

C'ar'ouretters  for  internal-combustion  engines.  Brown,  Mills,  and 
Clement  Tall>ot,  Ltd.  4695. 

Wheel  cutting  machines.  Llewellin. 

Funiaees.    Boult.  4908. 

丄 *rocess  of  and  means  for  removing  deposit  from  the  cylinders  a tul 

pistons  of  i ntern al-combustion  engines.  Griffin.  49^4. 
Valve-meohanism  for  internal-combustion  engines.  Dul)ois. 
Al)Sorption  dynamometer.    Griffin.  5055. 

Means  for  automatically  regulating  the  supply  '"•  steam  lo  、uit 

the  load.    Barron.  5064. 
I'rooess  of  making  steel.    Reese  &  Wales.  5098. 
Device  applied  to  explosion  motors  for  oarburettin^  air  w  itli 

crude  naphthalene.    Lion.  5139. 
Liquid  weighing  meter.    Sleat.  5166. 
Armoured  ships.    Dawson  <fe  Buckham.  ； V22H. 
Briquette  presses.    Crochet.  5229. 
Setting  of  boilers.    Poulton.    5231 . 

Mechanism  for  operating  screw  down-.Htop  vmIvcs.    Boyd.  5275. 
Steam  generators.    Howden.  5383. 

Process  of  soldering  solid  cable  chains.  M aiseubaoher  &  Biirok. 
5406. 

Remelting  and  refining  old  or  scrap  copper  alloy.    Hockey  and 

Eldridge.  5445. 
Water-tube  boilers.    Yarrow.  5448. 

Gas  producers.    Moore,  and  Dowson  &  Mason  Gas  Plant  Com- 
pany. 5500. 
Automatic  air  brakes.    Fyfe.  6048. 

Variable-speed   transmission  gearing.     Kinibefl  ley,   :iml    J  nines 

Cycle  Company.  6606. 
Valves  for  slip  pumps.    Clarke.  6853. 

Carltinetters  for  internal- combustion  engines.    Longford,  Clark, 

and  Longford.  6863. 
Speed  governors.    Fraser  &  Chalmers,  Ltd.,  juhI  Pocliobradsky. 

7282. 

Change-speed  gearing.    Sedger.  7626. 

Steam  .superheaters  for  tubular  boilers.    Hu^hos.  8288. 

Carburetters  for  internal-combustion  engines.     Rotherhain  and 

Johnson.  8761. 
Tractors.   Martyn.  8856. 
Erection  of  steel  towers.    Ginders.  8975. 
Integrators  or  planimeters.    Sturgeon.  9G35. 
Dirigible  balloons.    Short,  Short,  &  Short.  9703. 
Compressor  pumps.    Rnwell.  9917. 

Device  for  taking  up  slack  in  wire  rope  and  other  flexible 
connect  ions.    Shield,  and  Vacuum  Brake  Company.  10064. 

Exhaust  lift  valves  for  iiiteriial-combustion  engines.  Jorgensen 
10217. 

Pumps  for  exhausting  and  compressing  or  foi'Hiig  air  :nul  utl"'r 
fluids.    Drysdale  <fe  Displayer  Company.  10S4r>. 

Fractional  rope  grip.    Ottino.  10942. 

Sluice  or  gate  valves.    Munro  &  Anderson.  11207. 

Windmills  for  driving  electric  generators.    Tm'iihull.    1 1  ^40. 

Devices  for  indicating  and  recording  the  speed  and  drift  of  .ships. 

Dillberg  &  Petersson.  11265. 
V.roplaues.    Bomhard.  12061. 


Ejeotors  for  vacuum  brake  apparatus.   Gresham.  12595. 

Boring  and  turning  lathes.    Watchorn.  12894. 

Rotary  valves  for  internal-combustion  engines.    Manage.  13135. 

Lubi  iraiion  of  motors.    Serex.  14010. 

Watei-tube  steam  generators.    Cooper.  14632. 

H^versihle  turbines.    Mitchell  &  Sleator.  14883. 

Treatment  or  renovation  of  foundry  sand.    Poulsou.  14972. 

Speed  and  revolution  direction  indicating  and  recording  appara- 
tus. K<"mm'，  and  American  Spotnl  Indicator  C'ompaiiv. 
15472. 

Flying  machines.    Watkins  &  Beitzel.  16038. 

Devices  foi*  indicating  and  recording  the  iiiovement  of  ships. 

Dillberg  &  Petersson.  16529. 
Driving  chains.    Coventry  Chain  Companv,  Hill,  and  Rowland 

16604. 

Automatic  inlet  valves.    Stupecky.    1 7053. 

Revorsiug  valves  for  regenerative  furnaces.    Maerz.  17642. 

Internal-combustion  engines.    Kieling.  18014. 

Driving  chains.    Becker  &  Tiins.  18427. 

Speed-indicating  apparatus.    Beermann  <fe  Balzer.  18845. 

Bar-chucking  mechanism  for  marhine  tools     H.  W  Ward  &  Co  , 

and  Deakin.  18874. 
Apparatus  for  compressing  air  or  gas.    Mel  more.  19138 
Liquid-fuel  burners.    Bryne.  19391. 
Spanners  ajul  wrenches.    Ashley.  19466. 
Circular  calculators.    Fowler  &  Fowler.  20416. 
Automatic  coupling  for  railroad  rolling  stock.    Leslie.  20501. 
Piston  packing  rings.    Leay.  20627. 
(xas  engines.    Wadp.  20824. 

Hoiler-flue  oloaning  apparatus.    Liddl^     '20S9J . 
Aeroplanes.    Koukawischnikoff.    20941 . 

Means  for  delivering  measured  quantities  of  liquid.  I'indstoftt* 

21629. 

Apparatus   for  supplying    measured    quantities    of    liquid  to 

carburetters.    Dick.    21 802. 
Aeroplanes.    Jackson.  23880. 
A  roh  constructions  for  furnaces.    Orth.  24167. 
Carburetters  for  internal-combustion  engines.    Srhafmayer.  'J4641. 
Rolling  of  metal  bars.    Alexander.  25212 
Ball  hearings.    Hoffmann.  28217. 
Gas  prochioers.    Tangyes,  Ltd.,  and  Rohson.    2^50-1 . 
Aerial  niachiiios.    Whatton.  28558. 

Apparatus  for  making  cores  of  anv  cross  section  for  metal  cast- 
ing.   Kurze.  29377. 
Kxhaust  silencer  for  intenial-fombustion  engines.    Tobey.  '2P.，).r»M. 
Toothed  gearing.    Von  Bon  fort.  29811. 

1913. 

(Ti'inding  maehine«.    Kiinclig.  1164. 

ELECTRICAL,  1912. 

Electrically  constrolling  steering  gear  on  ships,  fwing  bridges, 
hydraulic  acciunmiilators,  cranes,  &c.  Martin,  Jackson, 
Campbell,  Campbell,  &  Campbell.  1901. 

Telephone  systems  and  apparatus  tlierot'or.    Mellinger.  4179. 

Electric  conduits.    Longbottom  &  Farrer.  4426. 

Alt^riiating-current  dvnamos.  Akt.-Ges.  Brown,  Bovei i.  et  Cie 
4460. 

Mt'iuis  for  leading  electric  or  other  power  into  revolving  struc- 
tures.   Bacon  <fe  Sheplierd.  o33G. 
Dynamos.    Price.  5981. 

Protective  devices  for  electric    distributing    、,、、"mii,、.  British 

Thomson-Houston  Company,  and  Wednn^iv  ^.">t39. 
Electric  circuit  interrupters.    Bijur.  9426. 
Working  sul>niarino  cables.    Gott.  10534. 

Arc  light  electrodes.    British  T ho mson-Ho u s t o n  Company.    1  *>4^;i 
Electrical  transformers.    Siemens  Scb uckertwer k Ges.  15647. 
Electric  retort  furnaces.    Bally.    16041 . 

Prepayment  meter  for  use  in  the  distribution   of  electricity. 

Allgemeine  Electricitats-Ges.  16134. 
Electric  striking  gear.    Cauipiche.  17779. 
Refillable  electric  fuse.    Danm.  21240. 

Polyphase    alternating    electric    ourront    conunutator  motors. 

Siemens  Schuokertwerke  Ges.  21471. 
Means  for  suspending  are  lamps.    G.  Schauzonhach  A'  Co.  Ges 

22549. 

Driving    mechanism    oi'    magneto    ignition    】化"七"1"  having 

oscillating  armaturos.    Hobert  Bosch.  23046. 
Electric  outputs.    Voigt  &  Haeffuer  Akt.-Ges.  iWU. 
Dynamos.    Breeden  &  Moore.  25366. 

^lea ns  for  reducing  tho  duration  of  sparks  prwhired  by  magneto- 
electric  generators.   Masoow.  27094. 

Means  for  the  protection  of  electric  accumulators  iroin  flooding  by 
sea  water.    AVehrlin.  28520. 
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Elcctro-Mctallurgy. 

Although  electricity  iu  its  practical  applications  enters 
more  and  more  into  work  with  which  engineers  are  asso- 
ciated, few  outside  certain  trades  realise  its  ubiquity,  espe- 
cially in  metallurgical  operations,  and  the  extraordinary 
advances  that  have  been  and  are  being  daily  effected  by  its 
aid.  Its  advent  as  a  serious  competitor  with  fuel  iu  the  melt- 
ing and  purifying  of  st^el  was  considered  at  first  as  a  piece  of 
presumption,  and  though  its  growth  in  this  direction  is 
restricted  to  some  extent  by  the  necessity  for  a  cheap  supply 
of  power,  its  conveniences  iu  other  ways  in  the  shape  of 
temperature  regulation  and  control  are  winning  a  field  in 
which  simple  fuel  alone,  however  cheap,  cannot  compete,  and 
he  would  be  a  sanguine  individual  who  would  set  bounds  to 
this  domain  at  the  end  of  the  next  decade.  Steel  was  first 
made  commercially  by  Mr.  F.  A.  Kjellin,  of  Sweden,  by 
melting  together  its  constituents  to  form  crucible  steel.  It 
was  produced  in  lots  of  one  ton  or  more  at  a  melt,  and  with 
(  heap  power  available  the  cost  was  below  that  of  crucible 
steel  made  in  the  ordinary  way.  Quite  a  variety  of  electrical 
steel-melting  furnaces  are  now  in  operation,  and  though  the 
steps  that  have  since  been  made  in  the  application  of  electri- 
city to  steel  melting  liave  been  confined  mainly  to  the  Conti- 
nent and  the  States,  the  progress  made  has  been  very 
considerable,  as  may  be  judged  from  t  lie  fact  that  in  1911  the 
tonnage  output  amounted  to  no  less  than  128,510  tons.  Pig 
irun  would  seem  to  be  quite  too  cheap  aud  simple  a  product 
fur  electric  iiielting  to  have  much  opportunity  as  a  commer- 
cial coinpetitor  with  coal,  but  the  thing  has  been  done, 
and  though  the  furnaces  are  small  and  situated  in  California 
and  Sweden,  where  fuel  is  expensive  and  water  power  very 
cheap,  a  good  deal  of  mouey  has  been  sunk  iu  developing  the 
enterprise,  and  the  fact  remains  that  pig  irou  of  this  kiud  is 
not  a  chimora  bub  au  accomplished  fact.  Although  it  is  not 
probable     llial    electric     pig     iron     will      bo    i\  serious 
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competitor  against   the   blastfurnace  product,    still  there 
are    certain    qualities,    Swedish    charcoal    pig,    for  in- 
stance,   which    command    a    very    high    price   on  account 
of    their    purity,    and    in    this    grade    of    material  elec- 
tric melting  may  find  a  large  opportunity.      Though  steel 
and  iron  loom  most  prominently  in  the  engineer's  horizon  of 
manufacture's,  there  are  numerous  other  metals  and  alloys  in 
which  electricity  plays  an  even  more  important  part.  Take 
aluminium,  a  metal  more   abundant  in  nature  tlian  iron, 
and  yet  so    difficult  to    separate  from   its  compounds  by 
chemical  means  that  its  production  by  such  methods  costs  5s. 
a  pound.      The  application  of  electricity  to  the  separating 
and  refining  operations  has  changed  all  this  and  enables  the 
manufacturer  to  sell  it  at  a  profit  at  a  little  over  lOd.  a  pound. 
Carborundum  and  artificial  graphite  are  materials  which  not 
many  years  ago  were  unknown,  though  large  industries  now 
centre  round  these  materials  at  Niagara  Falls.    When  first 
produced,  carboruudum  was  sold  for  polishing  diamonds  and 
its  price  was  from  12s.  to  15s.  an  ounce.      Now  it  is  made 
by    the    ton    iu    electric   furnaces    of    2,000  h.p.  capacity 
from     common    coke    aud    silica    sand     and  produced 
so  cheaply  that  it  coin  petes  successfully  with  such  natural 
abrasives  like  emery,  while  the  purity  of  artificial  graphite 
surpasses  that  of  the  natural  product,  and  in  its  applications 
for  lubricating  purposes  is  in  many  ways  reducing  the  friction 
of  the  world's  machinery.    Until  quite  recently  silicon  as  a 
metallic  element  was  so  rare  that  it  could  be  seen  only  in 
chemical  museums,  where  it  stood  as  a  curiosity.    Now  it  is 
being  produced  by  the  ton  for  a  mere  nominal  amount  by 
electrical  means  and  is  finding  useful  outlets  iu  connection 
with  steel  making,  copper  castings,  aud  in  reducing  other 
metals  from  their  oxides.    Calcium  carbide  is  another  pro- 
duct which  sprang  into  existence  almost  by  accident  while 
its  inventor  was  making  experiments  with  an  electric  furnace. 
In  connection  with  acetylene  gas,  this  corapoimd  now  finds 
ijinumerable  outlets  for  illuminating  and  heating  purposes. 
Titanium  carbide,  though  not  as  familiar  as  calcium  carbide, 
is  produced  much  iu  the  same  way,  and  it  has  beeu  shown 
that  when  applied  as  the  tip  of  an  arc  light  it  gives  the  most 
efficient  arc   light  yet   discovered,   with   a  light  efficiency 
running  up  to  three  candle-power  per  watt  of  electrical 
energy.    In  other  words,  it  permits  of  about  50  per  cent,  of 
tlie  maximum  possible  conversion  of  energy  into  light,  or 
about  double  that  wliich  has  ever  previously  been  attained. 
In  later  years  the  alloys  of  iron  with  the  rarer  metals  such  as 
cliromium,   tungsten,   uranium,    and   vanadium   have  been 
largely  employed  in  the  manufacture  of  steel  to  produce  the 
special  varieties  that  are  finding  such  extended  use  in  high- 
speed tool  steel,  and  parts  of  motors  intended  to  develop  a 
large  amount  of  power  with  small  weighty  as  iu  aeroplanes, 
dirigibles,  &c.    While  the  use  of  these  is  now  common,  few 
realise  that  their  application  has  beeu  rendered  commercially 
practicable  by  the  electric  furnace,  which  alone  in  many  cases 
permits  of  their  manufacture.    Thei&e  numerous  products  of 
electro  chemistry  and  metallurgy  constitute  only  a  portion  of 
Hie  list.    Metallic  sodium  aud  magnesium,  the  chlorates  so 
largely  used  in  the  making  of  matches  aud  gunpowder,  refin- 
ing of  metals,  the  production  of  cheap  ozone,  nitric  acid,  aud 
gases  like  oxygen  and  hydrogeu,  with  their  countless  and 
growing  applications,  are  other  examples  which  occur  to  one's 
mind  at  the  moment,  aud  very  little  search  would  reveal  as 
many  others. 

Contributions  to  Technical  Societies, 

Somk  observations  by  Prof.  A.  K.  Huutingtoii  in  the  course  of 
his  presidential  address  to  the  Institute  of  Metals  raises  a 
point  which  will  often  have  presented  itself  t-o  those  who  take 


note  of  the  preponderating  extent  to  which  technical  professors 
figure  as  authors   of    papers  presented   to  engineering  and 
similar  societies,  and  of  the  comparatively  small  number  of 
papers  that  are  contributed  by  heads  of  manufacturing  firms 
who,  from  tlieir  special  experience,  are  best  qualified  to  deal 
with  problems  on  which  information  is  desired  and  wliich  are 
presented  for  discussion.    He  took  as  his  text  an  analysis  of 
the  membership  of  the  Institute  of  Metals,  and  pointed  out 
thai  while  it  had  ful filled  its  function  as  a  society  for  bringing 
together  manufacturers,  users,  and  scientific  men  interested  in 
non-ferrous  metals,  since  the  relative  proportions  of  these  three 
sections  was  37,  34,  and  29  per  cent,  respectively,  au  examina- 
tion of  the  papers  read  before  the  Institute  told  a  very  diffe- 
rent story，  manufacturers  contributing  only  about  9  per  cent., 
users  15  per  cent.,  and  professional  members  75  per  cent  of  the 
papers  read.      This  disparity,   however,  is  not  difficult  to 
understand  if  one  considers  briefly  the  position.  Manu- 
facturers labour  not  only  under  the  difficulty  of  being  unable 
to  ascertain  how  their  material  behaves  in  service,  but,  if  free 
from  this  handicap,  have  often  other  potent  reasons  for  silence. 
Time  and  opportunity  for  preparing  papers  are  not  easily 
secured  by  the  man  occupied  with  business  affairs,  aud  even  if 
they  were  he  is  naturally  reluctant  to  publish  information 
which  lie  has  only  acquired  possibly  by  dint  of  long  toil  and 
costly  experiment,  especially  if,  as  is  the  case  in  many  metal- 
lurgical operations,  he  can  secure  no  protection  by  patent 
against  the  unfair  use  of  the  knowledge  he  lias  gained  except 
that  of  secrecy.      Uucler  these  circumstances  his  silence  is 
natural,  and  it  therefore  often  happens  that  those  who  could 
give  the  most  instructive  coutribution  to  a  discussion  decline 
to  do  so.    Users  are  less  limited  by  considerations  of  this  kind, 
while  they  are  in  a  position  to  glean  much  interesting  informa- 
tion as  to  the  bohaviour  of  materials  or  appliances,  and  not 
infrequently  are  prompted  to  reveal  them  by  a  desire  to  find  a 
remedy  for  some  trouble.    On  the  other  liand,  tlie  professional 
members  of  an  institution  possess  very  often  special  facilities 
and  opportunities  for  conducting  investigations.    These,  if  we 
may  venture  to  say  so,  are  not  always  perhaps  of  a  practical 
character,   although  we  would  not  for  that  reason  under- 
estimate any  scientific  contribution  to  the  store  of  general 
knowledge,  apart  from  which,  publicity  to  many  professors  is 
as  the  breath  of  their  nostrils,  and,  "  when  found  to  be  made 
a  uote  of,''  is  almost  a  maxim  of  their  lives  iu  matters  great 
and  small.      In  fact,  a  cousideration  of  the  reasons  that 
underlie  the  proportionate  percentages  of  contributions  by  the 
several  sections  referred  to  are  pretty  much  the  same  in  each 
case,  namely,  self-interest .    The  manufacturer  as  a  rule  con- 
tributes little  because  he  has  little  inclination,  the  user  more 
because  he  has  more  inclination  and 川 ore  to  gaiu,  and  the 
professor  as  a  rule  talks  a  great  deal  because  he  likes  to. 


Imperial  Motor  Transport  Conference. ― The  Imperial  .Motor 
Transport  Conference  will  take  place  iu  Londou  in  July. 
According  to  present  arrangenients,  it  is  anticipated  that 
Prince  Arthur  of  Connaught,  the  president,  "will  receive  the 
delegates  ou  July  】8th，  and  that  ou  July  】ytli  the  delegates 
will  visit  the  Industrial  Motor  Vehicle  Exhibition  organised 
by  the  Society  of  Motor  Manufacturers  and  Traders,  wliich 
will  that  day  open  at  Olympia.  The  subjects  to  be  discussed 
at  the  meetings  of  the  conference  include  the  question  of  fuel 
supply,  the  consideration  of  the  problems  of  Imperial  military 
motor  transport  with  special  reference  to  the  production  of 
types  of  vehicles  useful  both  for  military  work  and  for 
iiidustrial  work  iu  the  Dominions  aud  Colonies,  the  organisa- 
tion of  motor  transport  systems  for  the  carriage  of  goods  and 
their  value  to  the  mercantile  life  of  the  commiuiitv,  the  rela- 
tions between  British  manufacturers  and  buyers  overseas,  road 
transport  iu  cities,  aud  rural  transport  and  the  uses  of  the 
motor  lo  the  agriculturist. 
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THE  CORROSION  OF  ALUMINIUM.* 

]iV  (i.    H.   11AILKY,    I). SC.,    I'M. I). 

Taken  in  its  widest  sense,  tlie  quest  ion  of  the  corrosion  of 
aluminiuiii  is  much  too  large  to  he 山' alt,  willi  in  a  «in^h* 
communication.  Kurt  herniore,  it  is  of  a  diverse  nat  lire  hot  !i 
in  regard  to  methods  of  enquiry  and  to  results,  so  that  wln-n 
we  examine  the  action  of  tlie  atmosphere  or  atmospheric 
agencies,  the  action  of  water  under  varying  conditions  and 
pm  it  v,  t  lie  ； ict  ion  of  mineral  or  organic  acids,  of  alkalies  and 
alkaline,  salts,  and  of  organic  liquids,  we  are  confronted  with 
；, scrirs  of  sectional  and  more  or  less  iiidependcnt  investiga- 
I  iOMs.  In  ( he  present  communication  I  propose  to  conlinc 
myself  to  tlie  consideration  of  the  corrosion  of  aluminium  bv 
water  and  by  solutions  of  com 動" salt,  and  to  give  some  of 
the  results  of  investigations  with  which  I  have  been  from 
time  to  time  en^a^ed  durinu  the  pas!  three  years.  The 
litenitiiiv  coniiected  witli  t his  snl)ject  is  already  quite  con- 
sider; 山  It',  and  T  do  not  intend  to  refer  to  it  in  detail.  Many 
oi'  tlie  experiments  tliat  have  been  published  are,  however, 
open  to  criticism,  partly  on  account  of  the  methods  employed 
； iiul  partly  in  consequence  of  Hie  material  upon  which  the 
experiments  have  been  made,  and  hence  the  conclusions  that 
have  been  drawn  are  apt  to  be  misleading. 

There  are,  for  instance,  investigations  from  authoritative 
sources  in  which  the  rate  of  corrosion  is  determined  by  refe- 
rence to  the  weight  of  metal  employed,  wlien  manifestly  this 
factor  must  be  referred  to  the  surface  exposed  to  action.  In 
some  eases  the  value  attaching  to  estimates  is  lessened  by  the 
consideration  that  the  samples  of  metal  used  were  of  a  very 
low  grade  of  purity ― usually  under  99  per  cent,  purity 一 
whereas  the  bulk  f>f  the  】netal  which  is  supplied  for  com- 
mercial use,  in  this  country  at  all  events,  is  of  99  per  cent, 
to  99  5  per  cent,  purity.  Moreover,  impurities  which  are 
still  liable  to  exist  in  tlie  metal,  such  as  sodium  and  copper, 
and  which  have  a  very  marked  effect  on  the  extent  of  cor- 
rosion, are  apt  to  be  ignored  in  the  investigation  of  corrosion, 
whilst  other  impurities  whose  effect  is  usually  negligible  are 
given  too  large  a  significance.  An  interesting  series  of  deter- 
Tiiinations  bearing  upon  the  effect  of  copper  on  corrosion 
appears  in  the  eighth  report  of  the  Alloys  Research  Com- 
mittee, by  Carpenter  and  Edwards,  pages  216  and  254. 

Estimation  of  the  Extent  of  Corrosion. ―  The  first  step  towards 
ol^aining1  some  definite  knowledge  relating  to  the  corrosion 
of  aluminium  must  involve  the  adoption  of  a  method  of 
ascertaining  with  approximate  accuracy  the  amount  of  metal 
removed  or  acted  upon  during  tlie  exposure,  and  it  is  perhaps 
of  greater  importance  that  the  method  adopted  should  be 
capable  of  us?  in  the  hands  of  different  experimenters  and 
yield  comparable  results  than  that  it  should  be  rigidly 
accurate. 

Tf  aluminium  sbeet  be  exposed  to  the  action  of  water  for 
some  days,  it  will  be  found  that  the  water  becomes  slightly 
turbid  owing  to  the  formation  of  hydrate  of  alumina.  On 
tlie  sheet  bein^  removed  and  the  surface  rubbed,  a  further 
amount  of  such  solid  matter  is  obtained.  It  is  seldom,  how- 
ever, tl-at  the  whole  of  the  adherent'  deposit  can  be  removed 
by  rubbing,  for  the  sheet  will,  even  after  such  treatment, 
usually  be  found  to  be  slightly  heavier  than  it  was  when  first 
placed  in  the  v.'ater.  The  deposit  on  its  surface,  though 
essentially  alumina,  varies  in  character  and  composition 
according  to  the  nature  of  the  aluminium  sheet  and  of  tlie 
water  employed,  and,  with  impure  waters,  may  contain  some 
matters  derived  from  the  water  itself. 

Messrs.  Heyn  and  Bauer  (Konigliche  Material  priifung- 
samt  Gross  Liohterfelde  West)  recognised  the  difficulty  of 
removing  and  estimating  such  deposit,  and  determined  the 
adherent  portion  (which  is  as  a  rule  larger  tlian  the  amount 
suspended  in  the  water)  by  exposing  the  sheet  subsequently 
to  tlie  action  of  dilute  sulphuric  acid,  evidently  on  tlio 
assumption  that  the  acid  would  dissolve  the  deposit  without 
notably  attacking  the  metallic  aluminium. 

Unfortunately,  the  reverse  is  the  case,  for  usually  the 
exj)osure  necessary  to  remove  the  deposit  is  so  prolonged 
that  it  is  auite  impossible  to  ignore  the  action  of  the  acid 
uPon  the  aluminium,  nor  have  I  found  it  practicable  even 
by  a  consecutive  series  of  immersions  and  weighings  to  arrive 
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at  the  amount  of  the  deposit  in  this  way.  The  association 
of  chromic  acid  with  sulphuric  acid  hastens  the  removal  of 
the  deposit,  but  does  not  attain  tlie  desired  result.  Other 
reagents  arul  other  means  have  been  tried,  but  without  any 
satisfactory  issue.  I  have  theivfore,  in  my  experiments,  i 卜'' 1 
the  mot IkkI  how  flescribed. 

Method  for  Determining  Rate  of  Corrosion. — A  sheet  of 
aluminium,  of  at  least  100  sq.  cm.  surface,  is  cleaned  by 
application  successively  of  ether,  dilute  caustic  soda,  and 
dilute  nitric  acifl,  subsequently  being  well  washed  and  heated 
for  some  hours  at  about  100°  C.  to  get  rid  of  moisture.  It  is 
then  weighed,  the  weight  being  taken  as  W.  It  is  now 
totally  immersed  in,  say,  half  a  litre  of  water,  or  solution,  at 
a  known  temperature,  arul  k'ft  with  occasional  agitation  for 
at  least  48  hours. 

The  sheet  is  then  removed  and,  so  far  as  possible,  cleared 
of  deposit  by  rubbing.  The  whole  of  the  substance  so  removed 
or  previously  suspended  in  the  water  is  filtered  off,  ignited, 
and  weighed.  With  good  ordinary  sheet  this  material  "川 
sists  almost  entirely  of  alumina,  and  in  view  of  minor  cor- 
rections, which  need  not  be  referred  to,  may  be  taken  as 
representing  half  its  weight  when  expressed  in  the  form  of 
metal.  The  weight  so  found  being  represented  as  w，  it  is 
evident  that,  ignoring  the  adherent  deposit,  the  sheet  should 
now  weigh  W  — u».  Now  expose  the  sheet  for  some  hours  to 
a  temperature  of  about  200°  C.  to  render  alumina  anhydrous, 
and  weigh  it.  This  new  weight  being  represented  as  wf,  the 
expression  irf  —  (W  —  uA  gives  the  amount  of  adherent  deposit, 
and  this  similarly  is  reduced  so  as  to  be  expressed  in  the  form 
of  n)eta].*x" 

With  very  impure  metal,  or  when  very  impure  waters  or 
solutions  are  employed,  the  residue  obtained  in  both  cases 
may  be  of  more  complex  character,  and  must  be  submitted 
to  further  examination.  But  in  general  the  amount  of  metal 
removed  may  be  ascertained  from  the  above  factors.  An 
actual  example  will  make  the  matter  clearer  and  indicate 
the  order  of  magnitude  of  the  materials  dealt  with  -  A  strip 
of  aluminium  sheet,  whose  weight  was  6*4978  grammes  and 
surface  150  sq.  cm.,  was  exposed  to  good  tap  water  at  boiling 
temperature  for  eight  days  ；  the  suspended  deposit  wei^h'^l 
10  milligrammes;  the  sheet  after  rubbing  weighed  6,5062 
grammes.  The  deposits  amounted  to  10  and  13'4  milli- 
grammes respectively,  and  the  metal  removed  by  the  action 
of  the  water  was  thus  117  milligrammes.  This  represents 
a  raie  of  corrosion  amounting  to  very  nearly  1  milligramme 
of  aluminium  per  day  per  100  sq.  cm.  of  surface  exposed. 

Nature  of  Corrosion. ― An  t-xaminalion  of  the  liquid  in  wlnr-li 
the  metal  lias  been  placed  shows  that,  except  in  waters 
containing  free  acid  or  alkali  in  notable  quantity  (and  such 
waters  are  rare  amongst  domestic  supplies),  no  aluniinium 
whatever  passes  into  solution ,  and  that  the  corrosion  is 
purely  a  question  of  oxidation  of  the  aluminium  to  alumina 
at  the  expense  of  the  oxygen  dissolved  in  the  water.  This 
important  result  may  be  further  established  bv  exposing  the 
metal  to  water  from  which  the  air  has  been  expelled. 
Samples  of  aluminium  sheet  have  indeed  been  exposed  under 
such  conditions,  not  only  to  water  but  also  to  a  strong 
(15  per  cent.)  solution  of  common  salt  for  several  months 
without  undergoing  any  corrosion.  It  follows  also  from  this, 
of  course,  that,  especially  if  the  surface  of  aluminium  be 
large  in  comparison  with  the  volume  of  water  used  and  no 
measures  are  taken  for  renewal  of  the  air  contained  in  the 
water,  the  rate  of  action  gradual lv  diniinislies. 

This  is  most  strikingly  tlie  case  when  liot,  and  particula rlv 
boiling,  solutions  are  used.  For  instance,  a  sample  of  slieet 
exposed  to  the  action  of  water  at  about  95°  C.  for  30  days 
showed  a  rate  of  corrosion  : — 

During  the  first  day  equal  to  3  3  milliirra mines  pt  r  l'>Orm.-'  p,'r  <lay. 
"         next  7  days  equal  to  1*2  ""'nit:ri、m，m's  \>rv        "、.-'  jx  i  dav. 
，，  " 11    ，，  ，，  ,,  ，，  ，， " 

】1    -,  -.     01  ..  ..  .. 

This  falling-  off  is  also  partially  due  to  the  protective  action 
of  the  deposit  formed  on  the  surface  of  the  metal,  so  that 
vessels  or  tubing  exposed  to  continuously  heated  water 
undergo  very  slow  corrosion. 

Limitations  of  the  Method. ― Determinations  made  by  the 
method  described  above  serve  only  to  ascertain  the  amount 

*  The  total  aluniinium  removed  by  corrosion  may,  for  practic&l  purposes  bo 
more  simply  expressed  as  three-fourths  of  the  weight  of  suspended  an<1  removable 
matter  added  to  one-lialf  of  («»'— \V). 
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of  the  metal  removed  by  corrosion,  and  liavo  little  dimi. 
bearing  on  the  specific  nature  of  the  physical  phenomena  or 
other  exceptional  conditions  often  associated  with  corrosion. 
Nor  do  they  afford  any  explanat  ion  how  comes  about  I  hai. 
t  wo  particular  samples,  subst  anl  ially  t  lie  same  coinjjosii  inn  , 
may  show  somewhat  different  rates  of  corrosion  ；  or  to  what 
fxt nit  tlie  attack  on  the  metal  is  evenly  disl l-ilmted  ovei-  the 
surface,  or  more  or  less  confined  to  pitting  and  small  areas. 
Such  problems,  howevci',  cannoi-  he  elucidated  cxcej)!  }>v  1  he 
application  of  special  and  iiulependeni  metliods  o(  einjuiry. 

Table  I. — Index  Figure  and  Composition  of  Samples. 


Index 

Silicon 

Iron 

Aliiniiniuni 

Riinarks. 

Figure. 

per  cent. 

per  ffiit. 

per  cent. 

1 

0.26 

0.47 

to 

2 

0.17 

0.18 

!W.f;.r' 

:t 

0.19 

0-28 

！  l!>.5:{ 

4 

(t.2(i 

0.31 

！ to- 4f! 

r, 

(>.：?() 

0.52 

!»!"(>(; 

()•  1 1  <>  per  ppiiI..  sdtliiiiii. 

0.30 

0.4!, 

！ >!)•  12 

((•0(1  |n-r  rciil .  sdiliniii. 

0-58 

].2.r» 

98-17 

8  . 

0.5!) 

1-84 

07-57 

9 

0-20 

0.60 

99-20 

Unannealed. 

10 

0.23 

0.20 

99-57 

Unannealed. 

11 

0.20 

3.22 

96-58  •■ 

Unannealod. 

12 

0.37 

08.99 

13 

0-37 

0.23 

99.40 

14 

0-23 

0-18 

Table  YL—Sanvples  exposed  to  the  Action  of  good  Tap  Water 


Amount  of  Corrosicin 

Index 

at 

Remarks. 

Figure. 

10°  C. 

100°  C. 

1.0 

3.3 

2 

0.75 

2.6 

3 

0.85 

2.6 

0.80 

3.0 

12 

0.85 

2-5 

"|  In  metal  where  the  silicon  exceeds 

13 

0.75 

2-6 

the  iron  the  corrosion  products  are 

14 

0.45 

2-0 

almost  entirely  adherent  to  the 

) metal. 

Table  III. ― Samples  exposed  to  Solution  of  Common  Salt. 


Index 
Figure. 

Amount  of  Corrosion  at  Various 
Concentrations. 

Remarks. 

At  10°  C. 

At  75°  C. 

1  per 

cent. 

5  per 
cent. 

10  per 

cent. 

15  per 

cent. 

3  per 
cent. 

15  per 

cent. 

1 

1.5 

2.8 

4.5 

2 

4.3 

19.3 

3 

1.3 

2.0 

4.0 

11.3 

4 

1.4 

10.3 

5 

15.0 

Contained  mucli 

sodium. 

6 

18'6 

Contained  mucli 

sodium. 

13.0 

8 

15.9 

9 

25-8 

Unannealed. 

10 

24-0 

Unannealed. 

11 

55.5 

Unannealed. 

12 

8-5 

13 

6.5 

14 

6-0 

The  simpler  question  dealing  aloue  with  the  extent  to 
which  good  and  well-annealed  aluminium  sheet  is  acted  upon 
by  various  potable  waters  or  solutions  or  reagents  is  one  of 
supreme  importance  in  regard  to  the  commercial  uses  to 
which  aluminium  is  put.  I  am  also  quite  propare<l  i o  admil 
that  in  minor  details  the  method  proposed  may  be  open  to 
criticism,  and  that  the  values  it  gives  are  in  all  probability 
somewhat  too  high.  A  considerable  experience  of  its  applica- 
tion in  practice,  however,  indicates  that  under  the  variations 
which  occur  normally  in  the  course  of  investigation  and  also 


in  the  hands  of  flifferent  observers,  romparahle  and  reliable 

results  are  obtained. 

Experimental  Results. ― Tables  T.，  II"  and  III.  give  tlio 
amounts  of  corrosion  of  metal,  having  various  gTades  of 
pnrii  v  and  (  har;"'tfM'，  during  exposure  to  water  and  solutions 
of  common  salt.  I  have  also  added,  although  this  contribu- 
tion is  not  intended  to  deal  with  the  action  of  acids  and 
alkalies,  a  few  instances  illustrating  by  way  of  comparison 
1  i' ate  of  corrosion  by  weak  solutions  of  some  acids  and  of 
ranstic  soda.  Though  in  the  earlier  part  of  the  paper  1  have 
expressed  the  results  in  milligrammes  per  day  per  100  cm.2, 
i lie  (lata  given  below  are  st;iio<l  in  grains  per  day  per  square 
yard  of  surface. 

They  may  be  converted  into  tlie  metric  form  by  dividing 
l)y  1  29.  It  may  be  adckd  that  a  corrosion  amounting  to 
10  grains  per  day  pei*  square  yard,  i.e,  10  units,  as  stat^l 
above,  implies  the  removal  of  a  film  n  J  th  part  of  an  inrlj  in 
1  hickiiess  of  met  al  by  continuous  action  extending  over  a 
whole  year. 

Samples  Exposed  to  Very  Bad  Tap  Water. ― Tlieso  wnt^rs  con- 
1  ained  exceptionally  largo  quantities  of  mineral  川 altw, 
including  alkalies;  tliey  had  a  distinctly  alkaline  reaction. 


Amount  of  Corrosion  at  Various  Temperatures. 


Index 
Figure. 

Water  A. 

Water  B. 

Water  C. 

10°C. 

75°  C. 

】0。C. 

75。  C. 

10°  C. 

75°  C. 

1 

2.3 

15.8 

3.2 

23-2 

3-3 

19.3 

Comparative  Statement  of  Bate  of  Corrosion  by  Acid  and 

Alkali. 


Index 

Good 

Decinormal 

Decinormal 

Decinormal 

Figure. 

Water. 

H2S04. 

HQ. 

NaOH. 

1 

1.0 

3'5 

21.0 

770 

4 

0.80 

10.0 

35-5 

708 

12 

0.85 

7-7 

29-8 

898 

13 

0.75 

5.0 

19.0 

868 

14 

0.45 

6-1 

11.9 

836 

General  Conclusions  from  Foregoing  Results. — (1)  That  in  gene- 
ral the  greater  its  degree  of  purity,  aluminium  is  less  acted 
upon  by  water  and  salt  solutions.  (2)  That  in  presence  of 
copper  or  sodium  the  corrosion  is  notably  accentuated.  (3) 
That*  where  the  percentage  of  silicon  is  higher  than  that  of 
the  iron  the  action  is  less  pronounced  in  the  case  of  water 
and  acids,  and  more  pronounced  in  salt  solution.  (4)  That 
water  and  common  salt  solution,  from  wliich  air  has  been 
expelled,  have  no  corrosive  action.  (5)  That  corrosion  is 
accentuated  (a)  at  high  iemperatures,  (b)  by  the  presence  of 
impurities  in  the  water,  especially  alkalies.  (6)  That  un- 
annealed metal  is  much  more  seriously  corroded  than 
annealed  metal,  owing  no  doubt  to  the  unequal  physical  con- 
dition of  the  metal  in  the  unannealed  state.  (7)  That  the 
results  obtained  by  acting  on  ahiniiniuni  with  acids  or 
alkalies  afford  no  definite  indication  of  its  behaviour  in  pre- 
sence of  water  or  aqueous  solutions.  TIad  it  l>een  possible  to 
establish  any  parallel,  the  investigation  of  the  corrosion  of 
； iluiniiiiiun  would  have  been  nnioh  simplified,  sinoe  tlie  diffi- 
cult ies  presented  by  tlie  formation  of  suspeiuled  or  adliereni 
deposit,  would  be  eliminated. 


Tractor  Smoke  Nuisance.  ―  A  case  of  interest  to  traction 
engine  proprietors  was  heard  at  Doiicaster  on  the  18th  iiist'., 
when  a  locomotive  owner  was  oliarged  with  using  a  locomotive 
that  did  not  consume  as  far  as  practicable  its  own  smoke. 
For  the  defence  it  was  stated  the  engine  was  constructed  on 
the  most  modern  principle  for  consuming  its  own  smoke,  and 
nollung  move  could  be  tlone.  If  the  mapist  rates  were  going 
to  convict  t  hen  no  t  ract  ion  engine  could  possibly  get  along 
tlie  highway.  Mr.  William  Wellhurv,  engineer  with  Messrs. 
J.  &  H.  MoLai^en,  of  Leeds  said  the  engine  was  made  on  the 
very  best  principle  for  consxuniiig  its  own  smoke.  A  fine  of 
10s.  and  costs  was  imposed. 
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SOME  EFFECTS  OF  SUPERHEATING  AND  FEED-WATER 
HEATING  ON  LOCOMOTIVE  WORKING. 

KY  F.  H.  TUFA  ITHICK  ANT>       .7.  COWAN. 

(Continued  from  page  ^16.) 

Coal  Consumption.  ―  I^oed-water  heating  and  superheating 
may  be  emj)loyed  in  various  arrangemeni/S  or  combinat ions. 
For  moderate  feed-lieating  the  pump  exhaiusb  and  part  of  blie 
main  cylinder  exliaust  are  used .  The  former  raises  the  feed 
temperature  by  25°  to  30°  Fall.,  the  latter  to  about  210°  Fah. 
(,r  sligltily  more.  High  degrees  may  be  attained  by  con- 
f  inning  the  process  with  a  smokebox  heater  in  series.  Teiii- 
jtoraturas  of  !38()°  t'o  290°  Fah.  may  thus  be  reached,  with  even 
：]{]() '  Full .  for  slioi"t  supplies,  Feeding  I o  a  hoilor  working  at  a 
pressure  o(  1 801  bs.  ]>er  s([iiare  incli.  The  smokel>ox  heater  ma v 
l)o  used  alternatively  far  moderate  superlieating,  when  ； i 
sn|M'rltr;il,  of  al)m",  W  Fall,  may  be  secured.  Tlius  feed- 
lioal  in^  to  210°  FaJi.  and  moderat  e  waste-gas  superlieatin^ 
mav  he  combined.  Finally,  with  the  smoke-l ubo  i.ype  of  super- 
lieaier,  moderate  and  high-degree  feed -water  heating  may  also 
ho.  adopted. 
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Fin.  10.— Diagram  Showing  the  Economy  op  Feed  Hkating  to  270"5  Fah. 

From  Fig.  2  it  will  be  seen  that  for  any  reduction  in  the 
demand  made  on  the  boiler  and  denoted  by  a  fall  along  the 
line  d,  the  coal  consumption  falls  along  the  line  a.  To  this 
rapid  fall  are  due  the  large  economies  effected  with  compara- 
tively small  thermal  savings.  The  correspondence  sliown  in 
Mr.  Fry's  paper  between  tests  on  boilers  of  a  fair  range  of 
proportion,  and  in  Dr.  Goss's  reports  on  boiler  efficiency  as 
affected  by  pressure,  makes  it  permissible  to  iake  Fig.  2  to 
represent  typical  conditions  in  a  brick- arch  boiler  working  at 
] 801bs.  pressure  per  square  inch,  generating  practirally  dry 
steam. 

(1)  High  Decree  Fccd-watcr  Heating, ― Installations  giving 
average  feed  temperatures  between  270°  and  290°  Fall,  are 
desrrihed  in  Appendix  T.，  under  Tvpes  A  and  B.  Unless  con- 
ditions are  unfavourable,  feed -heating  is  purely  a  gain  to  the 
boiler.  If  an  engine  be  overrated,  hot  feed  may  be  accom- 
panied by  the  production  of  somewhat  drier  steam.    The  effect 
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of  fee<l-lieating  may  he  studied  by  the  air]  of  Fig.  10，  wliicfi  is 
parfc  of  Fig.  2  to  an  enlarged  srafe. 

Taking  as  typical  a  rate  of  firing  of  80] hs.  per  square  foot 
r>f  grate  area  per  hour,  by  the  scale,  AX,  the  amount  of  heat 
utilised  in  steam  production  is  632,000  B.Th.U.  Tlii.s  is 
equivalent  to  tlie  evaporation  of  591  lbs.  of  water  from  and  at 
160'5°  Fah.,  the  temperature  of  discharge  of  the  injector  with 
supply  at  65fJ  Fah.  and  boiler  pre 纖 re  at  IHOlhs.  Dividing 
this  in  the  proportion  of  1 1.2  :  1，  gives  542,57lbs.  as  the  steam 
taken  by  the  engine,  and  48.44 lbs,  as  tlt;ii  ti  '"I  in  working  tlie 
injeotor.  For  a  pump-fed  engine  (witli  supply  at  、'：,  to 
develop  the  same  power,  tlie  same  nuinl)er  of  pounds  of  strain 
must  be  furnished  to  Lho  ('vliii 山 "•:、•.  This  roouirc^ 
542-57  (1 1 977  -  33  07)  -  631 ,890  B.Th.U.,  11977  roprosenling 
the  total  heat  in  steam  at  1801hs.  pressure,  and  "7  t  iiat  in 
the  water  at  65°  Fah.,  both  above  32°  Fah.*  Tlie  pump  con- 
sumption will  betaken  as  2*21bs.  of  steam  ]>pi*  】（,0ll)、  ot'  、、； iif'r 
delivered,  and  therefore  (542  57  x  022)  lbs.  =  ll'941bs.  of 
steam  are  needed  for  the  pump,  equivalent  to  a  demand  on  the 
boiler  of  13,910  B.Th.U.  The  total  number  "f  lli^nnal  units 
to  be  generated  is  thus  (631,890+  13,910)  =  645,800  M.Th.U. 
This,  in  the  installations  Types  A  and  B  ( Apj^iulix  I.)，  is 
supplied  in  stages,  namely,  by  the  pump  exhaust  heating  by 
25°  Fall.,  or  bo  90°  Fah.  ；  by  the  main  cylinder  exliaust  to 
210°  Fah.;  by  the  waste-gas  heater  to,  say,  270°  Fah.  (a 
temperature  easily  reached)  ；  and  finally  by  the  boiler.  The 
total  heat  supplied  per  lib.  of  steam  is  (1197*7-33*07)  = 
1 164*63  B.Th.U.  Of  this,  therefore,  the  pump  exhaust 
furnishes  (58'0- 33*07)  =  24  93  B.Th.U.  ；  the  main  exhaust 
(177  99  — 58  0)  =  119  99  B.Th.U.  ；  the  waste  gases  supply 
(238*8 -177  99)  ^60  81  B.Th.U.  ；  and  the  boiler  furnishes 
(11977-238'8)-958"9  B.Th.U.  The  total  heat  is  supplifW  t,, 
tlie  engine  and  pump  as  follows  ： ― 


Table  I. 一 Heat  supplied  when  Feed-heativg  to  27 (P  Fah. 


Proportion 
of  Total 
supplied. 

B.Th.U.  supplied. 

Source  of  heat. 

To  engine. 

To  pump. 

To  engine 
and  pump. 

Pump    exhaust-  f 

heater  \ 

Main    cylinder    ex-  / 

CO  CC  OS  cc 
寸 W  Oi 

300 
1,430 

13,830 
66,530 

Waste-gas  lieater  . . ( 

60.81 
1164-63 

1  32,990 

730 

.33.720 

958-9 
1164.63 

}  520,270 

ll,4.ri0 

531,720 

Totals   . . 

631,890 

13,190 

645,800 

Instead  of  632,000  B.Th.U.  to  be  supplied  by  the  boiler  in 
the  injector-fed  engine,  coal  has  now  only  to  be  burnt  to 
furnish  the  reduced  supply  of  531,720  B.Th.U.  Following 
this  out  in  Fig.  10，  the  requirements  have  first  to  be  increased 
from  A  to  A1  (  =  645,800  B.Th.U.),  on  account  of  the  substi- 
tution of  the  pump  for  the  injector.  This  corresponds  to  a 
point  B  on  the  curve  d.  The  use  of  the  pump-exhaust  reduces 
the  demand  by  13,830  B.Th.U.,  namely  to  B,  and  C,  or 
slightly  below  the  original  point  for  the  injector-fed  engine. 
The  main  exliaust  furnishes  a  further  66,530  B.Th.U.,  and  the 
demand  is  brought  down  to  CL  and  D,  and  again  of  this 
3o,720  B.Th.U.  (DD】)  is  derived  from  the  waste  gases,  leaving 
EY  (  =  531,720  B.Tli.U.)  to  be  provided  by  the  boiler  itself. 
The  rate  of  firing  which  will  produce  this  is  60'81bs.  per  square 
foot  of  grate  area  per  hour,  compared  with  the  original  80  ；  a 
saving  of  24  per  cent,  is  thus  indicated  for  the  system. 

The  diagram  shows  how  this  comes  about,  supposing  smoke- 
box  conditions  to  remain  normal.  The  heat  represented  by 
DDj  is  drawn  from  the  waste  gases.  This  length  may,  there- 
fore, be  set  up  over  E  at  EEr  Then  E,E2  represents  tlie  final 
loss  in  the  waste  gases  compared  with  the  original  AA*,  that 
is，  96,000  B.Th.U.  instead  of  156,000,  or  a  reduction  of  38*5 
per  cent,  in  this  loss.  The  loss  bv  unburnt  fuel  lias  been 
reduced  from  A2A3  (332,000  B.Th.U.)  to  E,E3  (193,000 
B.Th.U.),  a  reduction  of  more  than  41*5  ]>er  '、ent.    The  ]uo- 

*  The  figures  for  heat  iu  sleam  and  water  are  taken  from  ••  Tables  and  Dia- 
grams of  the  Tbcrmal  Properties  of  SMurat^d  and  Surerheated  Steam."  by 
L.  S.  Marks  aud  H  N.  Davis.  (Longmans.) 
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portion  of  the  heat  utilised  to  the  total  available  has  been 
greatly  increased. 

Estimating  economy  in  this  manner  for  various  feed  tempe- 
ratures, a  series  of  values  are  obtainable,  and  the  Curve  1， 
Fig.  11,  may  be  tlius  derived;  Curve  No.  2,  Fig.  11，  shows 
the  corresponding  thermal  savings.  The  actual  savings  are 
greater  than  the  latter  would  indicate,  from  indirect  causes, 
which  thermal  calculations  cannot  take  into  ； u-counl .  T1k' 
savings  by  feed-h&ating  are,  in  locomotive  work,  on  a  rather 
lii^licf  s.-;ih^  t  lian  in  oilier  ])ranclif*s  of  steam  f'niri ncei'ing. 


FEED  WATEO  TEMPERATURES 


Fig.  11.— Coal  Saving  (Curve  ])  and"  Thermal  Saving  (Curve  2)  of  Feed- 
heating  to  Various  Temperatures,  with  Pump  Supply,  Compared 
with  Injection  Feed. 

Among  many  trials  of  this  system  on  the  Egyptian  State 
Railways  those  mad©  with  Enginei  No。  711  (Type  A,  Appendix 
I.),  in  the  early  part  of  1908，  are  the  most  important.  This 
is  a  4 ― 4—0  type  engine.  Engine  No.  711，  with  heaters,  ran 
against  a  sister  engine,  No.  695，  without  heaters,  on  expresses 
between  Cairo  and  Alexandria  (130  miles),  the  fastest  timing 
being  3  hours  with  two  intermediate  stops.  The  coal  was 
weighed  into  bags，  sealed,  and  opened  on  the  tender  as 
required.  The  figures  relate  to  coal  used  for  train  working 
only.  The  ton-miles  accomplished  were  1,939,847  by  Engine 
No.  711  and  1,926,054  by  Engine  No.  695.  The  average  coal 
per  ton-mile  worked  out  at  0' 11 161b.  for  No.  711，  and  014501b. 
for  No.  695 ― a  saving  of  23  per  cent,  for  the  heater  engine. 
The  results  of  the  trials  are  depicted  in  Figs.  12  and  13.  The 
consumption  of  the  non-heater  engine  increased  much  more 
rapidly  with  the  loading  than  did  that  of  the  heater  engine. 
The  economy  shown  by  the  latter  improves  at  the  heavier 

Table  II. ― Trials  of  Feed-heater  Engine  No.  711  and 
Non-heater  Engine  No.  695. 


Class  of 
Trains. 


'Pons  behind 


tender. 

/711 

1  695 

Under  250   

250-300 

/711 
\  l)!>5 

300-350  

/711 

\695 

350-400 

/711 

\695 

Engine 
No. 


Actual 
Train 
Loads. 


203.2 
206*8 
268-3 
267.  G 
326-5 
324-5 
362.4 


Coal  consumption. 


Average  Saving 
lbs. 

per  mile. 


coal  favour  of 
Eng.  711 


24.0 
31-3 
30-2 
38.2 
34.1 
47-5 
38-2 
55-6 


Per  cent. 
23-3 

20-9 

28-2 

31-3 


Average 
of  coal  per 
ton -mile. 


0.1185\ 
0.1516  / 
f  0.1125\ 
\  0-1425  / 
f  C1046  \ 
i 0-1465  I 
0-1054\ 
0*1481  J 


lb.  Saving  in 
favour  of 
Eng.  711 


Per  cent. 
21.8 

21-8 

28-6 
28-8 


loads.  Table  II. ，  giving  the  trains  classified  according  to  load 
(tare  behind  tender),  shows  this  very  clearly,  especially  on  the 
pound  per  mile  basis. 

The  figures  of  the  registers,  for  engines  in  regular  service, 
confirm  all  trials  made  with  this  system.      Table  III.  gives 


such  records  for  Engines  Nos.  711  and  677  and  non-heater 
engines.  The  large  difference  between  No.  711  and  sister  non- 
h eater  engines  is  probably  in  part  due  to  No.  711  being  con- 
stantly used  for  investigation  work,  and  being  kept  in  first- 
class  order.  Coal  was  also  most  likely  booked  to  it  more 
carefully  than  it  would  otherwise  have  been .  The  figures  for 
No.  711  with  and  without  heaters  are  fairly  comparable. 
Engine  No.  677  is  of  another  class,  being  of  the  4 ― 4 ― 2  type, 
with  cylinders  18in.  by  26in.，  heating  surface  of  1,535*5  sq.  It. 
in  the  tubes,  and  140  25  sq.  ft.  in  the  firebox,  and  a  grate  area 
of  24  sq.  ft.  An  all-round  improvement  in  tliis  case  of  18  per 
cent,  is  shown  for  the  heaters  ；  but  if  the  comparison  be  con- 
fined to  periods  of  like  climatic  conditions  (an  important  j>oint 
when,  work  in  a  country  sucli  as  Egypt  is  being  considered) 
this  engine,  fitted  with  heaters,  showed  an  improvement  of 
20  5  per  cent,  over  her  working  without  them. 

Table  III. ― Service  Working  of  Feed -heater  and  Non-heater 

Engines. 


Engine 
No.  711 
without 
heaters. 

Engine 
No.  711 

with 
heaters. 

29  Sister 
engines 
\vith(»ut 
heaters. 

Engine 
No.  677 

with 
heaters. 

Engine 
Xo.  G77 
without 
heaters. 

Average  load,  tare  behiii'l 

249-6 
41 

0-1643 

281-6 
35-9 

0-1276 

231 
40-2 

0-1749 

280 
37 

0-1322 

278-4 
45.1 

0-1G22 

Average  lbs.  of  coal  per  mile 
Average  lb.  of  coal  per  ton- 

Difference  in  favour  of] 

heaters  on  coal  per  ton- [ 

(). 3671b. 

0- 04731b. 

0.03111,. 

22 

27 

18 

Considering  the  modified  smokebox  arrangement,  tlie 
result  shown  for  the  trials  of  Engine  No.  711  (an  economy  of 
23  per  cent.)  is  in  remarkably  good  agreement  with  the  saving 
indicated  by  the  method  of  Fig.  10.  A  point,  indicating  these 
trial  results  on  the  Egyptian  State  Railways,  is  marked  on 

Fig.  11.  Feed-heating  has  been 
carried  to  certain  lengths  on  other 
systems,  but  not  to  such  】】igh 
temperatures  as  these.  In  Eng- 
】an(l，  on  the  Continent,  ；! nd  in 
America,  feed-heating  has  been 
tried  on  a  more  or  less  extensive 
scale,  but  in  most  cases  exhaust- 
steam  heating  only  has  been 
used.  A  point  indicating  results 
of  the  late  Mr.  Dugald  Drum- 
mond，s  system,  on  the  London 
and  South-western  Railway,  has 
been  inserted  in  Fig.  11，  as  well 
as  one  for  a  system  in  use  on  the 
Central  of  Georgia  Railway 
(U.S.A.).  All  these  points  are  in 
fair  agreement  with  t  he  curve 
No.  1  of  diagram,  Fig.  11.  If 
part  of  the  exhaust  steam  be 
efficiently  employed  in  raising  the 
feed  to  temperatures  approaching 
the  maximum,  its  utilisation  in 
this  manner  is  productive  of  more 
economical  working  than  its  use 
in  the  blast  would  be,  in  niain- 
t  aining     a     higher  smokebox 


-50  ■  

- <o'8  

. 

― 

-30  

_ y  

-20  



TARE  LOAD  BEHINO  TCNDrR_TO\S 


Fig.  1 '2.— Coal  Consumption  per 
Milk  for  Engine  No.  711  (Feed 
Heating  to  270°  Fah.),  and  No. 
695  (Non-heateb).  YaCUUIlK 

(二 >)  Moderate  Decree  Fccd-hcating  and  Moderate  Superheating 
by  Waste  Gases. ―  A  typical  installation  of  this  clas>  is  dt-s^ribed 
in  Appendix  I.  (Type  B).  With  supply  at  65°  Fah.  the  pump 
exhaust  warms  the  feed  to  90°  Fah"  and  part  of  the  main 
cylinder  exhaust  subsequently  carries  it  to  about  210°  Fah. 
The  waste-gas  heater  gives  superheat  of  about  90。  Fall,  on  a 
boiler  pressure  of  1801bs.  per  square  inch.  For  the  sake  of 
moderation  85°  Fall,  will  be  taken. 

According  to  Fig.  9，  this  degree  of  superheat  reduces  the 
steam  consumption  by  about  9  per  ceut.  Instead  of  the 
542'571bs.  necessary  in  Case  I.，  only  493741bs.，  therefore, 
need  to  be  supplied  to  this  engine  for  the  same  work.  Each 
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I  lb.  contains,  however,  1215 '33  H.Th.U.  above  65°  Fall.,  and 
Uie  total  heat  to  be  supplied  for  engine  purposes  is  now 
(493-74  x  1215.33)  =  600,060  B.Th.U.  The  pump  requires 
(49374  x  0'022)  =  10*861bs.  of  siearti,  which,  taken  from  the 
dome,  is  saturated.  This  represents  (10*86  x  1 164*63) =： 
12，（;'「)0 】{.Tli.U.，  and  tlie  total  engine  and  piunp  requirements 
aniounfc  to  612,710  B.Th.U"  supplied  as  in  Table  IV. 
lo.  In  this  case  coal  has 


ENGINE  NO.G95 


only  to  he  burnt  to  sup- 
ply the  514,560  B.Th.C. 
demanded  of  the  boiler 
(see  Fig  14).  As  before, 
the  demand  is  first  in- 
creased from  A  to  Aj  by 
the  adoption  of  the  pump. 
From  the  corresponding 
point  B  on  the  curve  dt 
superheating  reduces  the 
total  demand  to  B{  and  C 
(612,  170  B.Th.U.) 
Thence  to  Ct  and  D 
(GOO,  130  B.Th.U.) 
the  demand  is  lowered  by  the  use  of  the  pump-exhaust,  and  to 
Dt  and  E  (539,590  B.Th.U.)  by  the  main  exhaust-heaters. 
The  superheater  completes  the  process  by  relieving  the  boiler 

Taijle  IV. ― Heat  supplied  when  using  moderate  Feed- heating 
and  moderate  Superheating , 


ENGINE    NO.  711 

r  ―。 —  1  二 


TARC  LOAO  RfHINO  TEMD£R— TONS 
1；!.  — ('OAT,  CONSUMPTION   PER  TON-^fll.K 

Koii  Knc.ini^  No.  711  (Fkki>  Hkatin (；  to 
270°  Fah.)  and  No.  695  ^Non-Heatkr). 


Source  of  hcai. 


Pump  exhaust-heator 


Main  exhaust-lieatt'i's 


Boiler  

Superheater 


Proportion  of 
total. 


B.Th.U.  supplied. 


24-93 
n>ir>.:i:i 


To 
engine. 


24-93 


119.1)1) 
1215.33— 


59,240 


To 
pump. 


119-99 
1164-63 
1019-71 

1215^3  503,480 
1019-71 


( 50>7 
1  1215-33 


25,030 


270 


1,: 歸 


11,080 


Totals   600,060  12,050 


To  engine 
and  pump. 


12,580 
00,540 

r)i4,r»(io 

25,030 


612,710 


of  duty  equal  to  25,030  B.Th.U.,  and  the  demand  is  brought 
down  in  this  way  to  Et  and  F  (514,560  B.Th.U.),  coirrespond- 
ing  to  a  coal  rate  of  581  lbs.  per  square  foot  of  grate  per  hour, 
compared  with  the  original  801bs.，  or  a  saving  of  nearly  27*4 
per  cent.  EEX  and  FFL  represent  heat  taken  from  the  waste 
gases  in  superheating,  and  the  loss  in  these  gases  is  reduced 
from  AA2  (156,000  B.Th.U.)  to  FXF2  (102,500  B.Th.U.)— a 
saving  of  34*3  per  cent.  Tlie  loss  by  unburnt  fuel  is  restricted 
to  F2F,  (173,000  B.Th.U.)  in  lieu  of  A2A3  (332,000  B.Th.U.) 
― a  fall  of  48  per  cent.  、 

Among  others,  two  long  series  of  trials  of  this  class  of 
installation  have  been  conducted  on  the  Egyptian  State  Rail- 
ways. The  most  important  was  carried  out  in  1911，  though 
the  system  had  tlien  been  in  actual  operation  for  some  time  on 
a  comparatively  large  scale.  The  heaviest  scheduled  trains 
between  Cairo  and  Alexandria,  having  average  speeds,  deduct  - 
ing  for  stops,  of  between  42'4  and  43  3  miles  per  hour,  with 
loacjs  usually  above  330  and  frequently  over  400  tons  tare 
behind  the  tender,  were  worked.  The  heater  Engine  No.  706， 
five  sister  engines  without  heaters,  and  one  engine  of  the  same 
('lass  (No.  712  as  then  fitted)  with  a  high  degree  superheat t  i 
and  piston  valves,  were  all  run  in  one  link  working  with  tliree 
De  Glehn  compounds.  The  latter  engines  now  usually  handle 
these  trains.  They  have  cylinders  13Jin.  and  22in.  by  25Jin., 
total  heating  surface  of  2,365*5  sq.  ft.,  working  pressure  of 
l^lbs.  per  square  inch,  and  total  weight,  with  tender,  of 
107.25  tons.  The  engines  of  the  706  class  weigh  some  20  tons 
less  than  this.  Their  chief  particulars  are  given  in  Appendix  I. 
Coal  was  dealt  with  as  previously  described,  but  the  records 
were  kept  for  over-all  service  working,  and  not  as  in  the  trials 


there  alluded  to,  for  running  time  only.  The  figures  in 
Table  V.,  therefore,  include  lighting  up,  and  some  unavoid- 
able light  mileage,  the  latter,  however,  being  negligible.  In 
all  these  trials  the  checking  of  the  coal  was  odioiallv  carried 
out  by  the  Stores  Department  and  by  representatives  of 
the  General  Manager.  The  provision  of  the  coal  in  sealed 
sacks  effectually  prevented  the  favouring  of  any  engine  with 
selected  coal.  On  these  railways  tlie  Stores  I  )f|>;irt  nn-iit  i、 
always  responsible  for  the  coal  until  it  is  actually  on  t  he 
tenders.  Tlio  figures  of  Table  V.  are  from  the  report  In-  M  r. 
H.  W.  Davis  (Member)  to  the  general  manager  on  these  trials. 
Table  V. ― Trials  of  moderate  Feed-heating  combined  xvith 


Engine  Noh. 

1- 卜 ― 

卜 卜 卜 
二. ― 

706. 

歸， 《74, 
675. 

System. 

Ordinary. 

Heater. 

Dc  Clchn. 

Average  load  tare  behind  tt-nder     . . 
Coal  consumption,  average  lb.s.  per  mi  If 

Economy  in  favour  of  engine  No.  700  . . 
Coal  consumption,  av.  lb.  per  ton-mile 

Economy  in  favour  of  Engine  No.  706 

328  "i          33*i  333- "> 
47-7           33-8  42 

29 •  2°n  1 
0-1453    1    0. 1005    1  0-121)1 

30.8%  20.25% 

Engine  No.  706  proved  the  most  economical  of  the  whole 
link,  and  showed  30  8  per  cent,  economy  over  the  non-heater 
engines,  and  handled  throughout  the  heaviest  trains.  1 1 
showed  an  economy  of  20  per  cent,  on  the  De  Glehn  com- 
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Fig.  14.— Diagram  Showin'o  the  Economy  op  Feed  Heating  to  210°  Fxh.,  Cov- 
binkd  with  supkrhkating  hy.w.vstk  gases  to  85°  fah. 

pounds.  Tlie  difference  between  the  30  per  ceut.  economy 
shown  in  these  trials  and  the  27*4  per  cent,  deduced  by  means 
of  Fig.  14  may  be  due  to  several  causes.  The  average  super- 
heat may  be  nearer  90°  Fah.  than  the  85°  Fah.  taken  above, 
or  the  saving  indicated  by  the  Purdue  tests  may  not  quite 
coincide  with  the  actual  saving,  or  again  the  difference  may  be 
due  to  excessive  moisture  in  the  steam  produced  in  the 


(To  be  con  tin  tied.) 
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LIQUID  FUEL  FOR  SHIP  PROPULSION. 

At  a  recent  meeting  of  the  Institute  of  Marine  Engineers  the 
discussion  took  place  on  Mr.  C.  Zulver's  paper  on  "  Liquid 
Fuel  as  a  Source  of  Energy  for  the  Propulsion  of  Ships/' 
reproduced  in  our  issues  of  March  7th  and  14th  last.  The 
discussion  was  opened  by  Mr.  II.  Ruck-Keene,  who  said  that 
although  with  reasonable  car«  high-flas]i-j)oint  oil  could  be 
carried  with  the  same  safety  as  coal,  precautions  were  neces- 
sary to  prevent  the  oil  coming  in  contact  with  materials  which 
would  readily  ignite  if  saturated,  and  very  much  greater 
precautions  were  required  with  low-flash-point  oils.  For  small 
powers  the  advantages  of  the  4-cycle  engine  in  economy  of 
tuel  were  apparent,  but  against  this  in  the  larger  powers  must 
be  reckoned  the  extra  weight,  length ,  and  uuni  ber  of  cylinders 
required. 

Mr.  F.  M.  Timpson  said  lie  noted  solar  oil  was  the  prin- 
cipal fuel  used  in  the  "  Vulcanus."  He  asked  if  this  was 
necessitated  because  of  any  difficulty  in  burning  residual  oils. 
There  was,  he  said,  no  real  basis  lor  comparison,  in  actual 
sea-going  experience,  to  show  the  superiority  of  the  4-cycle 
engine  over  the  2-cycle.  He  considered  that  difficulties  would 
exi-st  in  using  the  heavier  oils  on  slow-speed  vessels.  He 
stated  that,  m  vessels  up  to  about  200  h.p.,  principally  for 
coasting  purposes,  the  2-cycle  engine  liad  been  almost 
exclusively  adopted,  and  was  found  to  be  most  economical. 

Mr.  A.  H.  Mather  commented  on  the  prevailing  high 
prices  of  fuel  oils  as  a  possible  hindrance  to  the  development 
of  the  internal-combustion  engine,  and  said  it  was  reassuring 
to  have  the  author's  statement  that  the  demand  would  be  met 
in  the  near  future  by  increased  facilities  for  distribution,  &c. 
He  also  referred  to  a  recent  case  of  a  fishing-  vessel  where  a 
gas  was  given  off  from  the  oil  for  a  paraffin  engine  through 
contact  with  hot  steam,  resulting  in  an  explosion  on  igni- 
tion. 

Mr.  B.  P.  Fielden  asked  how,  in  the  absence  of,  a  steam 
coil,  the  residual  oil  in  the  "  Vulcanus  "  was  kept  sufficiently 
liquid  to  be  pumped. 

Mr.  B.  H.  Joy  referred  to  the  value  of  the  paper  as  being 
the  only  record  in  print  of  the  performances  of  large  internal- 
combustion  engines  in  marine  work.  He  noticed  that  on  the 
" Vulcanus  "  no  governor  was  used,  whereas  one  was  fitted  on 
the  "  Juno/'  and  he  asked  if  tliis  made  any  difference  in  prac- 
tice. He  commented  on  the  excellent  facilities  in  the  improved 
Werkspoor  design  for  examination  of  the  piston 3  and  on 
various  other  matters  referred  to  in  the  paper.  He  said 
opinion  was  divided  amongst  builders  as  to  the  use  of  relief 
valves.  He  confirmed  the  author's  statements  as  to  the  ease 
with  which  the  engines  of  the  "Vulcanus"  were  handled. 
He  believed  in  the  use  of  a  governor  for  Diesel  engines. 

Mr.  R.  Balfour  emphasized  the  slight  nature  of  the  break- 
downs on  the  "  Vulcanus/7  as  described  by  the  author.  He 
referred  to  a  possible  danger  if  cooling  water  containing  sedi- 
ment were  used,  causing  choking,  and  possibly  raising  the  ex- 
plosive temperature. 

Mr.  Summers  Hunter,  jun.，  said  it  was  apparent  to  any- 
one who  had  been  in  touch  with  actual  sea-going  condi- 
tions that  the  4-cycle  Diesel  engine  was  much  superior  to  the 
2H?ycle  engine  with  regard  to  reliability,  which  was  a  point  of 
primary  importance.  The  unchallenged  theoretical  values  of 
the  2-cycle  engine'  could  not  be  realised  under  present  condi- 
tions, due  principally  to  the  difficulty  of  getting  the  pistous 
and  cylinder  heads  of  material  strong  enough  to  withstand 
the  high  temperatures. 

Mr.  W.  E.  Farenden  pointed  out  that  the'  author's  estimate 
of  a  saving  in  weight  was  in  regard  to  the  4-cycle  engine,  and 
as  h©  had  cited  one  case  where  the  weight  of  a  2-cycle  engine 
was  almost  double  that  of  the  4-cycle,  it  was  questionable 
whether  there  was  any  saving  in  thifi  respect  with  the  2-cycle 
engine.  He  referred  to  the  tendency  of  the  price  of  oil  to 
rise,  and  the  uncertainty  in  this  respect,  he  considered,  would 
retard  the  development  of  the  internal-combustion  engine. 

Mr.  J.  Shanks  pointed  out  that  in  the  comparisons  between 
the  m.v.  "Vulcanus"  and  the  s.s.  il  Sabine  Rickmers,"  the 
author  had  deduced  that  1  ton  of  oil  was  equivalent  to  5  tons 
of  coal  ；  but  if  a  more  representative  iypi  of  steamer  had  been 


selected,  the  ratio  would  only  have  been  3|  ：  1.  On  modern 
steamers,  with  forced  draught  and  superheaters,  the  coal  con- 
sumption had  been  brought  down  to  l'31bs.  per  indicated 
horse-power  per  hour.  The  author  had  given  the  consump- 
tion on  the  m.v.  "  Juno  ，，  as  '491b, ，  and  at  the  5  to  1  ratio  this 
would  be  equivalent  to  allowing  2*451bs.  of  coal. 

In  connection  with  the  comparative  figures  of  the 
" Vulcanus and  "  Sabine  Rickmers/''  Mr.  J.  T.  Milton  drew 
attention  to  the  fact  that  the  "  Vulcanus  ，，  was  not  representa- 
tive of  the  best  class  of  internal-combustion  engined  vessel,  as 
her  lines  were  exceedingly  full  and  her  propulsive  efficiency 
was  therefore  below  the  average. 

In  the  course  of  his  reply,  Mr.  Zulver  said  that  heavy 
residual  oil  which  had  not  been  subjected  to  any  process  of 
distillation  was  being  used  on  the  m.v.  "  Juno.'7  It  had  not 
been  found  necessary  to  use  any  steam  heating  arrangement 
an  the  m.v.  "  Vulcanus  "  to  liquefy  the  fuel.  The  engines  on 
the  "  Vulcanus  ，，  liad  not  been  fitted  with  a  governor,  but 
they  had  proved  to  be  remarkably  free  from  racing,  a  result 
mainly  attributed  to  the  flywheel  wliich  had  been  fitted.  It 
was  difficult  to  estimate  the  saving  in  weight  effected  by  the 
use  of  the  Diesel  engine;  but  this  had  been  found  to  be  from 
12  to  17  per  cent.  If  the  exhaust  gases  did  nob  exceed  380° 
Celsius  in  temperature,  it  could  be  assumed  that  the  cylinders 
were  not  overheated.  The  trouble  with  the  inblast  air  vessels 
had  been  overcome  by  the  use  of  weldless  vessels,  which  were 
suspended  so  as  to  draw  off  any  possible  accumulation  of 
water.  The  "  Sabine  Rickmers"  was  fairly  representative  of 
ordinary  marine  work,  as  forced  draught  and  superheaters 
were  seldom  used  in  that  class  of  vessel.  With  regard  to  the 
use  of  the  2-cycle  engine  for  smaller  powers,  he  did  not  con- 
sider this  to  be  an  evidence  of  their  superiority.  This  class  of 
engine  had  been  specialised  for  small  vessels,  while  the  4-cycle 
engine  had  been  adopted  for  the  larger  ships.  Each  case 
should  be  considered  on  its  own  merits  and  in  relation  to  the 
different  conditions  of  working.  After  much  investigation  it 
had  been  found  to  be  best  to  use  air  to  atomise  the  fuel.  An 
important  consideration  with  the  Diesel  engine  was  that  on 
long  sea  voyages  the  engines  had  run  continuously  without  any 
deposit  being  formed  on  the  pistons  and  cylinder  heads,  and 
difficulty  might  be  experienced  in  this  respect  with  the  direct 
injection. 

The  meeting  closed  with  votes  of  thanks  to  Mr.  Zulver  and 
to  the  Chairman. 


VICKERS'  EXPERIMENTAL  TANK  FOR  SHIP  MODEL  TESTING. 

Messrs.  Vickers,  Ltd.,  Barrow-in-Furiiess,  have  laid  down 
a  new  experimental  model-testing  tank  at  St.  Albans.  Iu 
the  new  tank  particular  attention  is  given  to  the  lighting 
of  the  premises,  both  as  to  daylight  and  lighting  by  electricity. 
The  workshops  and  offices  are  amply  equipped,  and  there  is  a 
special  model-shaping  machine,  based  generally  on  the  device 
of  the  late  Dr.  Froude,  wliich  was  improved  by  his  son,  Mr. 
R.  E.  Froude,  and  others ― especially  as  regards  electric  motors 
for  driving.  There  is  also  an  overhead  travelling  crane, 
worked  by  hand  through  an  endless  chain,  for  carrying  the 
models ― usually  from  15ft.  to  20ft.  in  length ― from  the  cast- 
ing chests  to  the  shaping  machine,  and  from  the  latter  to  the 
inner  end  of  the  tank,  where  there  is  the  "  trimming  "  recess, 
about  25ft.  in  length.  The  model  carriage,  as  in  the  case  of 
the  corresponding  apparatus  in  other  tanks,  is  in  general 
principle  based  on  the  apparatus  designed  by  Dr.  Win. 
Froude.  It  was  constructed  by  Messrs.  Kelso  &  0o.，  Glasgow, 
and  consists  of  a  sparred  structure  formed  of  timber  ；  it* 
members  being  mostly  of  box  section  so  as  to  obtain  the  maxi- 
mum lightness  with  strength.  It  is  30ft.  in  length  by 
21ft.  6in.  span,  and  it  carries  all  the  electric  aud  magnetic 
apparatus  for  recording  the  diagrams  taken  in  the  course  of 
the  experiments.  The  truck  runs  on  four  main  wheels,  one  at 
each  corner,  each  with  an  electric  brake,  and  with  two  smaller 
wheels  supporting  the  truck  about  mid-length.  It  is  driven 
by  two  12  h.p.  electric  motors,  the  current  for  wliich  is  sup- 
plied from  a  charging  dvnamo  and  battery  of  storage  cells. 
The  tank,  although  in  extreme  length  not  quite  equal  to  the 
National  Tank  at  Busliey  Park,  has  a  clear  length  for  experi- 
inental  purposes  of  about  380ft.  irrespective  of  the  trimming 
extension  at  the  inner  end.  The  depth,  liowever,  is  greater, 
being  13ft.  instead  of  12ft.  3iu.，  aud  there  is  a  clear  width  of 
20ft.  lOin.    The  truck  rails  are  21ft.  Gin.  apart. 
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THE  COMMERCIAL  ASPECT  OF  ELECTRIC  COOKING  AND 
HEATING.* 

ItY  T.   I',  WILMSHUUST. 

Tm':  object  of  Mie  present  paper  is  to  consider  liow  far  the  use 
<)「  H('('ti'i('it,y  in  the  home  is  likely  in  the  near  future  to  sujkt 
sede  existing  methods  of  cooking  and  healing.  The  qin-si  i«.n 
()|'  lifting  may  be  considered  setiled.  Tlie  author's  expe- 
ruMlrT>  for  some  y'&ars  past  has  been  that'  all  new  houses  wiiliin 
n"u'h  of  the  mains,  of  a  rental  value  as  low  as  7s.  per  week, 
are  now  wired  as  a  matter  of  course  for  electric  light,  even 
though  the  initial  cost  may  be  £4.  10s.  per  house  as  against 
30s.  or  40s.  for  gas,  as  the  owners  now  realise  that  houses 
fitted  with  electric  light-  have  a  better  letting  value.  While 
the  almost  universal  adoption  of  the  metal  filament  lamp  has 
resulted  in  the  spread  of  elec 
trie  lighting,  it,  is  unfortunalo 
t  hat-  the  revenue  per  house  has, 
due  to  the  same  cause,  simul- 
taneously dropped  to  one-half 
or  less,  while  the  cost  of  the 
service  and  meter  remains  the 
same.  In  view  of  future  heat- 
ing developments  it  is  not 
advisable  to  reduce  the  size  of 
service  cable  to  such  houses 
below,  say,  7/18  S.W.G.,  and  in 
any  case  the  cost  of,  say,  20ft. 
of  7/18  cables  is  only  about  Is. 
more  than  for  a  7/20  cable. 
The  obvious  remedy  is  to  seek 
other  sources  of  revenue  from 
the  same  consumer,  and  the 
most  attractive  problems  at 
once  appear  to  be  cooking  and 
heating. 

Cooking. ― It  is  no  exaggera- 
tion to  say  that  considerably 
more  than  half  the  revenue  of 
a  modern  gas  undertaking  is 
derived  from  the  cooking  load.  In  a  gas  oven  the  joint  of 
meat  during  the  whole  cooking  operation  reposes  in  an  atmo- 
sphere consisting  of  the  objectionable  products  of  combustion 
of  coal  gas  ；  and  many  consumers  have,  on  taking  up  electric 
cooking,  at  once  been  struck  with  the  vastly  improved  flavour 
of  the  meat.  If  it  can  be  proved  to  the  consumer's  satisfac- 
tion that  electric  cooking  is  not  more  expensive  than  gas  or 
coal-fire  cooking,  the  battle  will  be  won,  as  the  innate  advan- 
tages of  tlie  former  are  so  considerable  that  progress  is  bound 
to  be  very  rapid.  Until  recently  electric  cooking  has  been  to 
all  intents  and  purposes  non-existent.  The  author's  first  ex- 
perience, about  three  years  ago,  was  with  a  "lagged"  or 
"black"  oven,  which  proved  unsatisfactory.  It  is,  in  the 
author's  view,  largely  due  to  the  business  foresight  of  one 
man,  Mr.  A.  F.  Berry,  that  substantial  progress  is  now  being, 
made. 

The  advantages  of  electric  cooking  are  :  (1)  Absolute  clean- 
liness. (2)  Absolute  certainty  of  results,  owing  to  the  voltage 
Hniit.  restrictions  laid  down  by  the  Board  of  Trade.  This  is 
i"  marked  contrast  with  the  result  obtained  with  gas  cookers, 
ov.'ing  to  the  wide  fluctuations  of  gas  pressure  in  practice,  or 
with  the  results  with  coal  ovens.  With  the  "  Tricity  '，  system 
absolute  evenness  of  temperature  is  attained  by  a  simple 
arrangement  of  deflectors  fixed  under  the  top  heater  and  over 
the  bottom  heater.  With  an  electric  cooker  it  is  only  neces- 
sary to  weigh  the  joint  and  allow  15  to  20  minutes  per  pound, 
according  to  taste,  and  at  the  predetermined  time  the  joint  is 
taken  out  with  the  certainty  that  the  meat  will  be  cooked 
|>erlectly,  and  without  the  door  of  the  oven  having  ouce  been 
opened.  (3)  A  saving  owing  to  the  diminished  loss  of  weight 
as  compared  with  other  methods. 

A  pork  butcher  in  Derby  cooks  an  average  of  30  legs  of 
pork  per  week,  as  well  as  pork  pies,  hocks,  &c.  For  nearly  six 
months  this  cooking  has  been  done  entirely  on  a  "  Tricity  ，， 
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Fig.  1.— Section  of  1,200  Watt 
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double  oven  measuring  19in.  by  28i".  by  16in.  internally. 
This  consumer  assures  me  that  the  saving  in  m*-;ii  卜 、" i/r«*at 
so  far  to  outweigli  the  cost  of  current  at  Id.  per  unit.  And 
whereas  the  loss  on  his  coal  range  was  fonn*Tl v  lo  jxm*  c*'nt.， 
this  is  now  reduced  to  an  average  of  20  to  25  per  cent.  This 
consumer  assures  me  that  there  is  no  comparison  as  regards 
the  regularity  of  tlie  results  and  the  improved  taste  of  the 
meat.  If  the  domestic  consumer  would  take  tlie  trouble  to 
keep  a  balance-slieet,  setting  the  dimiiiished  butcher's  bills 
against  the  cost  of  current,  it  could  be  proved  every  time  to 
his  own  satisfaction  that  he  was  money  in  pocket  at  the  end  of 
the  year.  A  further  obvious  economy  is  the  diniinished  con- 
sumption of  coal  in  the  kitchen.  The  annual  consiunption  of 
coal  in  a  house  of,  say,  £50  rental  is  about  15  tons,  of  which 
at  least  10  tons  are  used  in  t kitchen.  In  providing  for 
warming  the  kitchen  and  providing  hot  water  for  baths,  &c" 
probably  not  more  tlian  four  tons  are  required,  thus  showing 
a  saving  of  six  tons,  representing  (at  prices  in  tlie  Midlands) 
£4.  10s.  per  annum. 

Users  of  electric  cookers  have  soon  discovered  one  grave 
defect,  the  absence  of  a  quick-boiling  kettle  for  small  quan- 
tities of  water.  The  ordinary  consumer  will  not  wait  10 
minutes  while  the  hotplate  is  warming  up,  and  a  further 
7-10  minutes  for  the  water  to  boil,  when  a  kettle  on  a  gas-ring 
can  be  boiled  up  in  10  minutes.  To  meet  this  difficulty  a  neat 
arrangement  has  recently  been  devised  by  Mr.  Berry,  A 
specially-shaped  kettle  is  used,  into  which  can  be  inserted  a 
cartridge  element  (Fig.  1).  Tlie  resistance  strip  is  wound  on 
a  copper  tube  covered  with  a  layer  of  pure  mica,  the  connect- 
ing leads  consisting  of  four  strands  of  the  element  laid  along 
the  tubes  in  longitudinal  grooves,  so  as  to  prevent  lumps. 
Over  this  strip  is  wound  two  layers  of  thin  copper  tape,  insu- 
lated from  the  winding  by  pure  mica.  A  brass  cap,  fitting 
tightly  on  the  tube  and  then  opened  out  to  slip  over  the  tape, 
finishes  one  end  ；  and  at  the  other  end  is  a  brass  terminal  box, 
which  carries  the  contact  pins.  When  all  the  parts  are 
assembled  the  whole  apparatus  is  soldered  up  solid  and  water- 
tight. A  smaller  tube  is  fixed  down  the  centre  of  the  main 
one  into  the  plug,  closing  the  end  carrying  the  terminal  box, 
and  has  holes  at  the  bottom  end  ；  the  other  end  carries  a 
small  "  umbrella. M  This  arrangement  allows  the  water  to  cir- 
culate inside,  the  "  umbrella  "  preventing  the  overflowing 
stream  from  interfering  with  the  cold  water  entering.  The 
loading  is  1,200  watts,  and  this  can  be  assisted  by  standing 
the  kettle  on  the  hot-plate.  With  an  initial  temperature  of 
40°  Fah.  three  pints  of  water  can  be  boiled  in  six  minutes 
with  2,000  watts,  at  an  efficiency  of  over  98  per  cent. 

The  usual  practice  with  gas  undertakings  is  to  let  appara- 
tus out  on  hire  at  10  per  cent,  of  the  net  cost  of  the  outfit. 
This  course  has  been  adopted  in  Derby  with  electric  cookers. 
The  rentals  charged  are:   For  outfit,  including  w  duplex  " 


Fig.  2.— Section  op  "Belexcs"  Electric  Boiler. 

cooker,  extension  heater,  and  oven,  4s.  per  quarter  ；  including 
griller  and  grease  pan,  4s.  3d.  per  quarter  ；  additional  exten- 
sion heater,  Is.  4d.  per  quarter.  The  small  utensils  used  with 
the  hot-plates  are  sold  outright  at  prices  approximately  10  per 
cent,  above  the  net  cost.  The  consumption  of  energy,  at  any- 
rate,  with  the  "bright"  oven,  usually  amounts  to  1  to  H 
units  per  person  per  day  the  lower  figure  may  be  obtained  by 
strict  economy,  and  at-  Id.  per  unit  the  author  believes  this 
will  compete  with  gas  at  29.  6d.  per  thousand  cubic  feet. 
With  electricity  at  ^d.  or  id.  per  unit,  as  is  now  charged  in 
some  towns,  there  is  no  question  of  the  economy  of  electric 
cooking. 

Warming  of  Rooms. ― To  some  engineers,  the  warming  of 
rooms  offers  an  even  more  attractive  problem  than  electric 
cooking,  on  the  ground  of  the  much  lower  selling  and  hiring 
prices  of  radiators  ；  on  the  other  hand,  it  must  not  be  for- 
gotten that  they  are  very  little  required  in  summer,  whereas 
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the  cooker  is  an  a  1 1-th e-y ea r-r o u n d  load,  and  is  even  more  used 
in  summer  than  in  winter.  It  is  difficult  to  lay  clown  definite 
rules  for  the  amount  of  electrical  energy  required  for  warm- 
ing rooms,  as  it  depends  on  so  many  factors,  such  as  the  win- 
dow area  and  the  user's  idea  of  fresh  air.  For  proper  ventila- 
tion it  is  necessary  to  change  the  air  of  a  room  three  times 
an  hour.    A  good  rule,  based  on  liot>-water  practicp  is  ： 

(30  A  +  8B  +  x  wC)  20-4  x  I 
60  x  60  x"l,00  ―， 


Kilowatt  capacity  = 


Outlet   ―  ^\ 


Hot  Water 


Where  A  — number  of  square  feet  of  window  surface  ；  Jl 
number  of  square  feet  of  wall  surface  ；  C  =  number  of  cubic 
feet  of  air  in  room  ；  w  二  number  of  times  air  is  changed  per 
hour  ；  Z  =  number  of  degrees  Fah.  the  air  has  to  be  raised  in 
temperature.  Thus  a  room  30ft.  x  16ft.  x  10ft. ，  willi  tliree 
windows  3ft.  Gin.  x  6ft.,  would  require  2*5  kw.  t'o  raise  the 
temperature  20°  ；  and  a  room 】 6ft.  x  14ft.  x  10ft.  high,  with 
one  window  5ft.  x  3ft.  9iii"  would  require  1*3  kw.  to  raise  the 
temperature  20°. 

The  electric  radiator  is  clean,  portable,  cheerful,  and 
instantaneous.  Tlie  present  difficulties  are  the  innate  con- 
servatism of  the  householder,  the  necessity  for  two  sets  of 
wiring  where  ordinary  flat  rates  of  charging  are  in  force,  and 
the  running  cost  where  the  radiators  are  used  for  long  hours 
at  the  ruling  price'V)!  Id.  per  unit. 

It  is  unnecessary  to  point  out  the  absurdly  low  efficiencies 
of  coal  and  gas  fires  owing  to  the  necessity  of  providing  for  the 

disposal  of  the  products  of 
combustion.  In  the  aggre- 
gate, the  smoke  nuisance 
from  domestic  chimneys  is 
far  more  serious  than  from 
factory  chimneys,  and  if 
more  attention  were  paid  by 
the  municipal  authorities, 
as  it  should  be,  to  the  pre- 
vention of  smoke  from 
private  houses,  an  enormous 
impetus  would  be  given  to 
electric  heating. 

Water  Heating. 一 Water 
heating  is,  financially,  by- 
fa  i-  the  most  difficult  pro- 
blem to  deal  with.  Compar- 
ing coal,  gas,  and  electricity 
on  a  calorific  basis,  the  case 
for  electricity  appears  to  be 
hopeless,  and  its  only  salva- 
tion lies  in  the  exceedingly 
liigh  efficiency  of  the  electric  heater.  Taking  coal  at  17s.  per 
ton,  and  13,000  B.Th.U.  per  pound,  gas  at  2s.  6d.  per  1,000 
cub.  ft.  and  600  B.Th.U.  per  cub.  ft"  and  electricity 翳 Id. 
per  unit  and  3,455  B.Th.U.  per  unit,  a  comparative  state- 
ment is  somewhat  as  follows  ： —— 


Servict  I 
Taps 


-J) 


Fig.  3. 


B.Th.U.  obtainable 
for  lil.,  assuniinti 
300  per  cent, 
ttticiency. 

in  practice 

(say) 

Useful  B.Th-U. 
obtained 
for  Id. 

Coal   

t、 

10  ])cr  cent . 

14,27：. 

( I.'IS            ...           ...  ... 

20,000 

50  ，， 

1  (►.()()(» 

(with  geyser) 

3,109 

Electricity   

3,455 

0()  por  cent. 

The  author  has  seen  tests  made  by  an  independent  and 
reliable  authority  in  which  an  efficiency  of  over  97  per  cent, 
has  been  gained  with  a  Belling  electric  geyser.  The  three  most 
notable  attempts  to  solve  this  problem  are  the  Therol  heater, 
the  Belenus  boiler,  and  the  Belling  geyser.  In  the  first 
mentioned,  the  heating  coil  is  embedded  in  a  block  of  cast 
iron,  providing  a  large  degree  of  thermal  storage.  The 
capacity  of  the  coil  varies  from  50  watts  bo  900  watts  in  the 
large  sizes,  and  the  hot  water  at  110°  Fah.  varies  from 
5  galls,  to  135  galls,  per  day.  The  apparatus  is  the  essence 
of  simplicity,  and  provides  a  demand  of  100  per  cent,  load 
factor,  obviously  forming  a  most  desirable  load,  even  at  an 
exceedingly  low  price  for  electrical  energy.  An  interesting 
installation  of  Therol  heating  in  a  private  house  in  London 
jrtay  be  mentioned.    The  household  consists  of  seven  persons, 


including  two  children.  A  300-watt  lieaier  is  installed  with 
an  auxiliary  1,000- watt  unit,  also  a  small  200-watt  heater  for 
the  kitchen  and  scullery  ；  there  are  three  baths  required  per 
day,  and,  of  course,  hot  water  continually  for  other  purposes. 
This  installation  lias  replaced  a  gas  circulation  heater.  After 
one  year  the  consumer  found  a  saving  of  71  per  cent,  in 
actual  payments,  as  well  as  a  saving  in  deterioration  of  deco- 
rations. The  price  paid  for  current,  based  on 丄' 4  per  kilowatt 
installed,  plus  id.  per  unit,  came  to  about  0'65d.  per  unit. 

The  Belenus  boiler  (Fig.  2.)  consists  of  a  column  of  cast- 
iron  provided  with  deep  corrugations  along  the  bore  in  order 
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that  the  surface  in  contact  with  the  water  may  be  as  great  as 
possible,  and  with  a  number  of  deep  slots  on  the  outer  surface 
in  which  the  elements  are  embedded.  These  elements  are 
plain  strips  of  inert  material,  wound  with  heavy  gauge  wire 
run  at  a  low  current  density,  and  are  insulated  by  pure  mica 
from  the  column.  There  is  at  least  iin.  of  cast  iron  between 
the  elements  and  the  water.  The  boiler,  when  arranged  as  a 
circulation  heater,  is  always  full  of  water,  and  the  elements 
can  never  attain  a  liigh  temperature  or  burn  out.  The  boiler 
is  installed  in  exactly  the  same  manner  as  the  o】d-fasliione(l 
saddle-back  kitchen  boilers,  iron  pipes  being  run  from  the 
top  and  bottom  to  the  top  and  bottom  respectively  of  the 
household  hotr-water  tank.  In  old  houses  the  electric  boiler 
can  be  fitted  in  the  riser  to  the  tank,  and  employed  to  rein- 
force the  kitchen  boiler,  and  to  take  its  place  in  the  summer. 
The  boiler  is  provided  with  a  steel  case  and  air  lagging  around 
the  column.  A  high  efficiency  is  attained  when  sheet  lagging 
is  fitted  over  this,  and  the  pipes  are  lagged  in  the  usual 
manner.  The  Belenus  boiler  can  be  installed  in  the  kitchen, 
scullery,  or  any  convenient  out-of-the-way  position  ；  it  can 
be  fixed  in  series  with  the  kitchen  boiler,  and  simplv  switched 
on  when  the  fire  is  not  in  use  (Fig.  3). 

The  Belling  geyser  is  somewhat  similar  in  operation  to 
the  Belenus  boiler,  but  it  has  in  addition  a  control  gear  by 
which  the  electric  switch  and  water  supply  handles  are  inter- 
locked, so  that  it  is  impossible  to  switch  on  the  current  before 
the  water,  or  to  turn  off  the  water  without  first  switching  off 
the  current.  Tiulependent  tests  show  an  efficiency  as  high  as 
98  per  cent.  The  heavy  loading  of  10  kw.  is,  however,  an 
objection. 

Undoubtedly  the  cheapest  solution  of  the  problem,  at  the 
present  time,  would  be  to  discard  the  kitchen  fire  altogether: 


5.— Heating  KEroRi>F.R  Chart. 
to  fix  a  coke  stove  of  the  ••  Ideal,"  or  other  type,  for  hot-wat^r 
purposes,  and  to  cook  by  electricity.  A  small  •  Ideal  "  boiler 
will  supply  50  galls,  of  hot  water  per  hour  at,  say,  120c  Fah. 
for  30,000  B.Tli.U.  per  hour,  or,  say,  ^d.,  a  result  not  yet 
approached  by  any  other  method. 

Cost  of  Supply, ― This  is,  after  ； ill,  the  most-  important 
question.  Supply  engineers  are  now  realising  that  the  appli- 
cation of  the  Ilopkinson  system  of  charging  in  one  form  or 
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； inoilier  is  a  necessity  (or  domestic  supply,  if  heating  and 
cooking  by  electricity  are  to  innkv  r;i|)i(l  headway.  The  "v" 
best-known  niodifications  are  tlie  "  Norwich  '，  system  and  the 
' T('l('i>lmiie ''  system.  In  t  he  former  I  lie  initial  cliar<;e  is  a 
jicicfMitage  of  the  rateable  value,  plus  a  low  charge  for  cur 
rent.  At  Norwich  tlie  rate  is  \'2\  per  cent,  of  \\\v  nit(';d>l" 
value,  plus  Id.  per  unit  for  all  current  consumed.  At  Brad- 
ford the  rate  is  15  per  cent.,  plus  kl.  per  unit,  and  at  Sun- 
derland 10  to  15  per  cent.,  according  to  the  size  of  house,  plus 
.',(1.  per  unit  -  1  n  the  "  Telephone  "  .system  the  initial  char^o 
[s  based  on  the  connected  lighting  load.  In  Marylebone  tlie 
charge  is  based  on  70  per  cent,  of  tlie  connected  lighting  load 
at  £14  per  kilowatt,  plus  hi.  per  unit.  It  appears  to  tlie 
aul  hor,  however,  thai  in  this  system  tin*  ('"usmner  depends 
oh  t  lie  caprice  of  the  inspector,  and  is  subject,  to  doini<-iliary 
visits,  which  may  be  resented. 

The  preponderance  of  lieatiug  over  lighting  units  may  be 
emphasized  by  a  comparison  of  the  curves  Figs.  1  and  5,  which 
are  the  lighting  and  the  heating  recorder  charts  for  a  certain 
house  in  Derby.  At  Southampton,  Mr.  H.  F.  Street  informs 
me  that  prior  to  1910  only  20  radiators  were  in  use.  Sinrc 
the  institution  of  a  flat  rate  of  Ul.  per  unit,  however,  about 
1 ,000  ratliatora  have  been  connected,  and  more,  than  half  o f 
these  are  of  the  2  kw.  type.  At  Luton,  Mr.  W.  JI.  Cooke  lias 
sold  about  half  a  million  units  for  lieatiug  during  the  last 
year  at  a  low  price.  It  is  obvious  therefore,  that  once  a 
satisfactory  price  can  be  adopted  the  load  will  follow,  as  a 
ti.aLter  of  course. 


COMPARATIVE  TESTS  OF  LOCOMOTIVE  BOILERS 

Fitted  with  Jacobs-Shupeht  and  Eadial  Stay  Fireboxes. 

(Concluded  from  page  307、) 

Tests,  Series  t{  B." 

The  boilers  having  been  restored  to  their  normal  condi- 
tions after  the  conclusion  of  the  tests  in  series  "  A，"  the  tests 
of  series  "  B  "  were  instituted.  They  were  first  run  using 
Scalp-Level  ooal  as  fuel  and  without  the  presence  of  an  arch 
in  the  firebox.  This  series  was  followed  by  two'  tests  in  which 
Dundon  coal,  a  long-flame  gas  coal,  was  used.  After  this  the 
brick  arch  was  added  to  the  firebox  and  the  programme  of 
tests  was  practically  repeated.  The  tabulated  statement 
Table  III.  covers  the  more  important  results  which  were 
obtained  from  the  entire  series. 

Results  of  Tests  without  the  Brick  Arch  in  the  Firebox. — 
These  are  represented  in  Table  III.  by  tests  201  to  302，  in- 
clusive. The  series  includes  five  tests  of  the  Jacobs-Shupert 
boiler  and  four  tests  of  the  radial-stay  boiler  when  fired  with 
Scalp-Level  coal,  and  one  test  of  each  boiler  when  fired  with 
Dundon  coal.  The  efficiency  of  a  locomotive  boiler  is  highest 
wlien  the  power  developed  is  least.  Foi1* example,  referring  to 
the  first  test  (201),  it  will  be  eeen  that  when  the  Jacobs- 
Slmpert  boiler  was  fired  with  l，3151bs.  of  moisture-free  coal 
per  hour  it  evaporated  15,2931bs.  of  water  per  hour;  evapo- 
rated 5'081bs.  of  water  per  square  foot  of  heating  surface  per 
hour  ；  evaporated  1 101  lbs.  of  water  per  pound  of  coal  ；  de- 
veloped 443  h.p.  ；  developed  an  over-all  efficiency  of  71 '86  per 
cent .  ；  and  developed  an  efficiency,  excluding  the  grate,  of 
7975  per  cent. 

The  precise  effect  produced  by  increasing  the  load  upon  a 
boiler  is  well  shown  by  the  values  of  the  heat  balance  for  the 
several  tests  run  with  Scalp-Level  coal.  For  example,  tests 
201，  202,  204,  and  205  represent  in  t he  order  ^iveit  an  in- 
creased rate  of  power.  A  statement  of  conditions  and  re- 
sults is  as  follows  : — 


Tost  number  

201 

202 

204 

205 

Pounds  of  coal  fired  prr  hour  

l.:{s<) 

r), 謂 

KK314 

Tliri  'iml  units  for  ciu-li  |>oun<l  of  coal  ： 一 

Absorbi'd  bv  water  in  boilor   

lO.liST 

0.327 

， 

7.388 

Lost  by  moisture  in  coal   

48 

34 

33 

Lost  l>v  moisture  in  air   

49 

53 

1  14 

r>4 

L(wt  bv  liydropt'ii  in  coal  

4S(i 

497 

,-,'"> 

:»14 

T"»st  l>v  smokohdx  (rases   

1.079 

2.731 

1,"7:> 

Lost  !>v  incompK'tt1  (omliustiim  .... 

78 

L'wt  by  cindtM's  j>assin<r  up  stack 

153 

Lost  by  combustihli'  in  ash   

1,187 

"79 

b'、t  by  radiation  and  unat countt'd  for 

205 

.'>47 

881 

783 

Ttital  KT.r.  per  pouiwl  «>f  「,ml   

U.ST'J 

■r. 

14,425 

Hy  (comparing  the  values  in  the  horizontal  lines,  the 
clianges  resulting  from  changes  in  the  rate  of  power  may  be 
seen.  First,  it  will  be  observed  that  the  number  of  thermal 
units  absorbed  by  the  water  iu  the  boiler  becoines  smaller 
with  eacli  succeeding  test.  The  loss  tlius  sustained  is 
accounted  for  by  the  increased  amount  of  heat  wliicli  goen 
off  with  tlie  sniokebox  gases  and  in  the  form  nf  r(,ml 川、， il'l'' 
material  whicli  passes  out  of  the  stack  as  cinders. 

The  evaporative,  performance  of  the  boilers  in  terms  of 
pounds  of  coal  fired  per  hour  is  shown  by  Fig.  6.  In  tliiu 
figure  the  heavy  circles  represent  tests  with  Dundon  coal,  and 
the  lighter  circles  tests  with  Scalp-Level  coal.  Tests  upon 
the  Jacobs-Sliupert  boiler  are  indicated  by  the  plain  circles, 
while  the  tests  on  the  radial-stay  boiler  are  indicated  by  com- 
bined circles  and  crosses.  The  diagram  represents  all  results 
obtained.  Tests  301  and  302  were  run  with  Dundon  coal,  all 
others  with  Scalp-Level  coal .  The  long  straight  line  repre- 
sents the  tests  of  the  Jacobs-Shupert  boiler  when  using  Scil;)- 
Level  coal.  This  line  also  represents  fairly  well  the  results 
obtained  from  the  radial-stay  boiler,  which  are  marked  by 
crosses.  Dundon  coal  gives  a  higher  evaporation  than  Scalp- 
Level  coal.  A  parallel  line  is  drawn  through  the  two  j)oints 
representing  the  results  obtained  from  tlie  two  boilers  when 
fired  with  Dundon  coal. 

Results  with  a  Brick  Arch  in  the  Firebox.  —  Upon  t  In-  rom- 
pletion  of  tests  201  to  302，  inclusive,  both  boilers  were 
equipped  witli  brick  arches.  Thus  equipped,  (est  -  101  to  .">()) , 
inclusive,  were  run.     A  summarised  statement  of  the  a'.tual 


.1-1 3 

n 

D  中台： 

Pound  of  Co: 

Scalj 

Lev 

l  COB 

1 

Dundon C 

oal 

.T_ 

a 

产 r  Evaporated 

— ^ ― 

r  i 

Q 

O  r, 

O 

n 

OR 

cobs- 
adlal 

Sliupoi  t  Doilcr 
Stay  Doiler 

10 

Poiind5|  of  Coal, 
30     1    2000'    1  30 

Moisture  Free,  per  H( 
00    1    4000     1  5000 

>ur 
CO 

00 

FlCi.  6.— W.VTEH  PiVAPORATKl)  FEU  Lb.  OF  COAL,  TESTS  WITHOUT  Alt'  II 


values  derived  from  these  tests  appears  in  Table  III.,  and 
the  comparative  performance  of  the  two  boilers  is  set  lort  It 
by  Fig.  7.  In  the  latter  figure,  the  long  straight  line  is  drawn 
to  represent  as  nearly  as  possible  the  points  shown  by  nr('k'.、， 
which  are  those  of  the  Jacobs-Shupert  boiler  when  fired  with 
Scalp-Level  coal.  This  line  also  represents  fairly  well  tlie 
points  located  by  crosses,  which  indicate  results  obtained 
from  the  radial-stay  boiler.  The  crosses  fall  lower  thau  the 
circles  which  determine  the  location  of  the  line.  Only  oue 
test  representing  Dundon  coal  is  of  record  in  this  group,  and 
this  (501)  is  a  test  of  the  Jacobs-Shupert  boiler  at  the  highest 
rate  of  power  developed  during  the  series.  In  this  teA  the 
firing  was  at  the  rate  of  6,5531bs.  of  moisture- free  coal  per 
hour.  This  rate  of  firing  resulted  in  a  rate  of  combustion 
equalling  119'381bs.  of  coal  per  foot  of  rate  per  hour  ；  an 
evaporation  of  57，5641bs  of  water  per  hour,  or  the  equivalent 
of  19131bs.  of  water  per  foot  of  heating  surface  per  hour  ；  the 
development  of  1,669  boiler  horse-power,  or  the  equivalent  of 
one  boiler  horse-power  for  each  l"8ft.  of  heating  surface  ;  an 
evaporation  per  pound  of  coal,  notwithstanding  the  high 
rate  of  power  developed,  of  8'781bs.  of  water  ；  and  the  main- 
tenance of  an  over-all  boiler  efficiency  of  65  34  per  cent.,  and 
of  the  boiler,  exclusive  of  the  grate,  of  67  per  cent. 

It  is  unusual  for  boilers  to  be  driven  to  such  rates  of  power. 
At  the  Purdue  locomotive  testing  plant,  as  a  result  of  its 
first  fifteen  years  of  operation,  tlie  hii:liest  rate  ot  evaporation 
made  of  record  was  14'45lbs.  of  water  per  foot  of  heating  sur- 
face per  hour,  obtained  August  7th,  1905,  by  the  use  of 
Youghioghenv  coal.  At  about  tlie  sa»iu»  time  the  report  of  the 
Peiuisylvania  R.  R.  Companv  ot*  t \w  St.  Louis  tests  was  issuer!, 
bv  which  it  appeared  that  the  New  York  Central  loromotive 
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No.  3,000  had,  while  on  the  testing  plant,  been  forced  to  a 
rate  of  16'341bs.  per  foot  of  heating  surface  per  hour,  wliich 
was  the  maximum  for  that  celebrated  series  of  tests.  It  is 
in  comparison  with  these  record-breaking  performances  that 
the  rate  of  19'131bs.  obtained  for  the  Jacobs-Sliupert  boiler  at 
Coabesville  is  to  be  considered.  So  far  as  is  known  it  repre- 
sents the  highest  rate  of  power  to  which  any  locomotive  boiler 
has  been  driven. 

The  conclusions  to'  be  drawn  from  the  tests  of  series  B 
concern  evaporative  efficiency  and  capacity.  The  results 
show  that  the  Jacobs-Sliupert  boiler  aud  the  radial-stay 
boiler,  under  all  the  various  condition  of  the  tests,  operate 
at  practically  the  same  efficiency.  There  are  indications  that 
under  very  high  rates  of  power  the  Jacobs-Shupert  boiler  has 
some  slight  advantage.  Two'  boilers  of  tho  same  efficiency 
will  generate  equal  amounts  of  steam  for  equal  quantities  of 
fuel,  consumed.  Relative  steaming  capacity  is  in  the  case  of 
such  boilers  a  matter  of  relative  coal-burning  capacity.  The 
superior  strength  of  its  firebox  allows  the  Jacobs-Shupert 


supply  had  not  been  changed  and  clouds  of  black  s 川 oke 
issued  from  the  stack.  When  the  steam  pressure  had  fallen 
to  501bs.  the  low  water  test  of  the  Jacobs-Shupert  boiler  was 
ended.  It  had  been  boiled  nearly  dry  and  no  failure  had 
occurred. 

Upon  the  termination  of  the  test  of  the  Jacobs-Shupert 
boiler,  fire  was  started  under  the  radial-stay  boiler.  Approxi- 
mately half  an  hour  was  required  in  which  to  bring  this 
boiler  to  a  condition  of  operation  identical  with  that  which 
defined  the  operation  of  the  Jacobs-Shupert  boiler,  aft^r 
which  the  test  was  started,  and  the  record  kept  in  the  same 
way  as  before.  When  the  water  had  fallen  in  the  water  glass 
to  a  point  which  was  14^in.  below  the  crown  sheet,  17f  mins. 
after  it  had  left  the  level  of  the  crown  sheet,  the  boiler  failed 
by  the  pocketing  of  a  large  area  of  the  crown  sheet,  embrac- 
ing a  total  of  88  stay  and  crown  bolts.  In  the  Jacobs-Shupert 
boiler  the  feed  was  on  for  a  total  of  2^  mins.  during  the  first 
5  mins.  of  the  test,  after  which  the  whole  process  was 
simj)ly  one  of  boiling  away  the  water  contained  by  the  boiler. 
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boiler  to  be  fired  to  very  high  limits  of  power  without  injury. 
Its  strength  thus  becomes  an  indirect  factor  in  extending  its 
capacity.  In  this  respect,  the  capacity  of  the  Jacobs-Shupert 
boiler  excels  that  of  th©  radial-stay  boiler. 

Low  Water  Tests,  Series  "  C." 

The  arrangements  for  the  low  water  tests  were  described 
in  our  issue  of  July  19th  last.  The  Jacobs-Shupert  boiler 
was  the  first  to  be  tested.  The  test  was  officially  begun  at 
1-48  p.m.  The  water  left  the  crown  sheet  at  1-49^  p.m., 
and  its  level  steadily  declined  for  34^-  minutes  when  it 
had  fallen  to  the  bottom  of  the  special  water  glass  25|in. 
below  the  crown  sheet.  The  steaming  capacity  of  the  boiler 
declined  as  the  water-level  fell.  In  the  beginning,  besides 
the  steam  passing  out  of  the  exhaust  pipe,  a  large  volume 
was  discharged  by  the  safety  valves,  but  with  the  fall  of 
water-level  the  amounts  thus  discharged  diminished  until 
the  valves  ceased  to  open.  The  pressure  then  declined,  the 
blast'  became  less  effective,  the  draught  weakened,  and  the 
fire  became  smoky.  Twice  the  throttle  opening  was  increased 
to  stimulate  the  draught,  but  the  pressure  ran  down  the  move 
rapidly.  Fifty-five  minutes  after  the  beginning  of  the  test 
upon  the  Jacobs-Shupert  boiler  the  water-level  had  fallen  to 
a  point  where  the  barrel  of  the  boiler  was  less  than  one- 
fourth  filled,  and  the  capacity  of  the  boiler  to  generate  steam 
had  so  diminished  that  the  draught  couditions  with  whicli 
the  test  started  could  no  longer  be  tnaintaiiied.     The  oil 


In  the  radial-stay  boiler  the  feed  was  on  2  mins.  during  the 
first  7  miiis.  of  the  test  only.  Both  boilers  lost  wat^r  at  sub- 
stantially the  same  rate  for  the  first  22 h  mius.  of  the  test.  At 
the  end  of  this  time,  the  radial-stay  boiler  had  failed,  but 
th©  Jacobs-Sliupert  boiler  continued  in  operation  without 
diminution  in  tlie  amount  of  oil  burned  for  30i  ruius.  longer. 
The  radial-stay  boiler  failed  iu  less  than  18  mins.  after  the 
water  was  observed  at  the  crowu-slieet  level.  The  Jacobs- 
Shupert  boiler  was  operated  53  mins.  after  the  water  was 
observed  at  the  ci'own-sbeet  level. 

The  appearance  of  the  Jacobs-Shupert  boiler  at  the  end 
of  the  test  was  as  though  ready  for  further  service.  The  fire- 
box was  composed  of  eleven  sections.  Those  most  affected 
disclosed  a  curvature  which  dropped  more  than  that 

which  was  originally  given  them.  The  change  in  contour, 
while  not  entirely  regular,  disclosed  no  evidence  of  a  disposi- 
tion to  develop  pockets  or  to  local  failure  by  blowing  out.  It 
is  considered  noteworthy  that,  notwithstanding  the  high 
temperature  to  which  this  firebox  was  subjected,  the  colour 
of  newly-heated  metal  nowhere  extended  around  the  section 
to  a  stay  sheet,  nor  was  there  any  point  on  fcb?  caulking  edge  of 
the  stay  sheet  which  had  been  heated  beyoud  that  tempera- 
ture whicli  resulted  in  the  reddish  brown  colour.  Nothing  in 
the  appearance  of  the  sections  or  of  the  stay  sheets  indicated 
the  presence  of  the  least  leak  through  the  crown.  The  tube 
sheet  was  found  to  retain  very  nearly  its  orisrinal  shape.  Qn 
either  side  of  the  centre  aud  near  the  middle  of  the  heated 
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zone,  where  in  the  design  of  the  boiler  there  is  a  consideral^le 
area  unsupported  by  tubes,  the  plate  was  bulged  to  the  extent 
of  iin.  At  the  crown  of  the  tube  sheet  a  small  leak  had 
developed.  The  joint  at  this  point  is  made  by  riveting  the 
first,  section  of  the  firebox  to  the  tube  sheet  with  a  copper 
caulking  strip  between.  It  is  at  the  crown  of  this  joint  l  liai 
the  evidence  of  the  leak  appears.  This  leak,  the  only  one  to 
be  found  in  the  firebox,  was  so  slight  as  not  to  have  interfered 
witli  tlie  normal  operation  of  the  boiler. 

Within  the  highly-heated  area  of  the  tube  sheet  tliere 
were  about  180  tubes.  Naturally  the  upper  tubes  were  most 
affected  by  the  heat  to  which  they  were  exposed.  Four  of 
the  tubes  were  found  to  have  collapsed  just  inside  of  the  tube 
sheet,  14  others,  making  18  altogether,  were  found  pulled 
apart  inside  of  the  sheet.  The  weld  between  the  tube  and 
the  sheet  was  nob  disturbed  in  any  case.  It  is  probable  that, 
except  in  the  case  of  those  which  collapsed,  the  actual  rupture 
of  these  various  tubes  occurred  in  tin1  process  of  cooling  after 
the  test  had  been  finished.  All  other  tubes  were  intact  so  far 
as  their  contact  with  the  back  tube  sheet  is  concerned.  All 
those  within  the  heated  zone  were  found  deflected  downward, 
the  deflection  varying  from  a  comparatively  small  amount  to 
an  amount  equal  to  the  diameter  of  the  tubes.  The  tubes 
whicli  at  the  conclusion  of  the  test  were  below  the  water  line 
remained  in  tlieir  original  straight  condition. 

The  door  sheet  of  the  firebox  was  not  greatly  affected  by 
(ho  conditions  imposed  by  the  test.  There  was  no  distortion 
of  tliis  sheet  and  no  evidence  of  leaking  stay  bolts.  The 
arcli  tubes  were  not  disturbed  or  affected  by  the  test,  and  the 
arch  at  the  conclusion  of  the  test  was,  as  already  noted,  in 
perfect  condition.  A  review  of  these  conditions  indicates  that 
as  far  as  the  firebox  construction  is  concerned,  the  boiler  at 
th©  conclusion  of  the  test  was  in  condition  for  further 
operation. 

As  the  radial-stay  boiler  failed  under  the  low-water  test, 
the  force  of  the  explosion  was  sufficient  to  raise  the  rear  of 
the  boiler,  to  blow  out  the  brick  arch,  to  blow  out  the  cast- 
iron  pedestals,  to  disrupt  the  brickwork  under  the  boiler,  and 
to  scatter  fragments  of  all  of  these  over  an  area  100ft.  or  more 
in  radius.  The  boiler  itself  was  lifted  from  its  foundation  and 
was  moved  forward  a  distance  of  about  8in.,  the  rear  swing- 
ing to  the  right.  As  the  front  end  of  the  boiler  slid  forward 
on  the  support  under  the  barrel,  an  extra  heavy  blow-off  pipe 
was  sheared.  The  button-headed  stays  in  the  crown  sheet 
failed  by  the  stays  breaking'  inside  of  the  sheet  and  the  flat- 
headed  stays  pulled  tlirough  the  sheet.  The  sheet  itself  was 
found  not  to  have  ruptured  or  cracked,  and,  so  far  as  could 
be  determined,  no  button-headed  stay  pulled  through  the 
sheet,  though  tlie  holes  in  the  sheet  were  in  many  cases  con- 
siderably elongated  in  direction  of  the  maximum  movement  of 
the  plate .  The  contents  of  the  boiler  were  discharged  through 
tl】t 、-  openings  vacated  by  the  stay  bolts,  the  aggregate  area  of 
which  has  been  found  to  be  approximately  186  sq.  in. 

It  was  observed  that  both  side  sheets  with  their  staying 
were  in  perfect  condition,  no  evidence  of  leaking  stay  bolts 
appearing;  that  the  door  sheet  with  its  stays  was  in  perfect 
condition  ；  and  that  the  tube  sheet  was  in  perfect  form,  the 
tubes  appearing  to  be  as  secure  as  when  originally  welder! 
thereto.  Only  a  few  tubes,  variously  estimated  from  nine  to 
1 8  in  number,  seemed  from  their  colour  to  have  been  involved 
by  the  overheating.  No  tube  m  as  found  which  has  been 
sufficiently  heated  to  sag.  Only  a  very  small  portion  of  the 
tube  sheet  was  found  to  be  overheated.  The  arch  tubes  were 
forced  somewhat  downward  by  the  discharge  of  steam  from 
the  crown  sheet,  and  the  right-hand  tub©  had  been  distorted 
sufficiently  to  develop  a  leak  in  th&  tube  sheet.  That  the 
failure  of  the  boiler  was  not  more  disastrous  is  to  be  accounted 
for  in  the  superior  character  of  tlie  materials  and  workman- 
ship employed  in  its  construction. 

The  preceding  description  of  the  breaking  down  of  the 
radial  stay  iirebox  is  thought  to  be  significant  in  that  it  con- 
firms the  experience  in  practice  on  the  road .  The  Iirebox 
tested  was  new  ；  tliere  was  no  accumulation  of  scale  upon  it. 
It  had  not  been  weakened  by  strains  induced  by  long  service, 
and  it  had  every  chance  to  present  the  maximum  resistance 
to  failure  to  be  expected  of  that  type  of  construction  which 
it  represents.  The  facts  show,  however,  that  when,  througli 
tlie  recodin^r  0f  Hie  water  level,  tlio  lieated  zone  had  exttMi.lr.l 
downward  sufficiently  to  iiu-lude  the  u]>per  ]H)rtion  of  the 
？ 'own  and  to  take  in  only  th"  upper  rows  of  the  tubes,  this 
firebox  failed,  irrespective  of  the  fact  that  it  was  new  and  in 


perfect  condition,  and  possessed  material  advantages  over  the 
average  radial-stay  firebox  in  service. 

Conclusions. 

The  general  conclusions  justified  by  these  tests  are 
that  the  design  of  tlie  J  acobn-S  h  upe  rt  boiler  is  the 
result  of  a  carefully  studied  development  of  pre-exist- 
ing practice  ；  that  the  design  easily  admits  of  a 
grade  of  workmanship  difficult  to  attain  in  the 
construction  of  pre-existing  types  of  locomotive  boilers  ；  that 
those  features  which  are  peculiar  to  the  new  construction  are 
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such  as  tend  to  reduce  cost  in  maintenance  ；  that  the  evapora- 
tive efficiency  of  the  J acobs-Shupert  boiler  is  the  same  as  that 
of  a  radial-stay  boiler  of  the  same  dimensions  ；  that  the  steam- 
ing capacity  of  tlie  Jacob^-Shupert  boiler  is,  iu  general,  the 
same  as  that  of  a  radial-stay  boiler,  but  that  it  may  be  forced 
without  danger  of  injury  to  higher  power  ；  that  the  Jacobs- 
Shupert  boiler  presents  nothing  in  its  internal  construction 
winch  can  interfere  with  the  usual  movements  of  water  over 
the  heating"  surfaces,  and  that  in  the  matter  of  circuiatiou  it 
possesses  some  advantage  when  compared  with  other  types  of 
locomotive  boilers  ；  that  the  superior  strength  of  the  Jacobs- 
Shupert  boiler  under  low-water  conditions  permits  it  to 
endure  overheating  without  failure  for  long  periods  of  time, 
where  the  normal  radial-stay  boiler  quickly  fails  ；  and  that 
where  the  overheating  is  so  severe  that  it  cannot  be  resisted, 
the  result  will  be  a  blow-out  and  not  a  disastrous  explosion  - 


ANNEALING  MUFFLES. 

A  paper  on  "  Annealing  Muffles/'  was  read  by  Mr. 
C.  H.  Wall,  at  a  recent  meeting  of  the  Birin- 
ingham  section  of  the  Institute  of  Metals.  Muffles,  he 
said,  were  now  made  with  smaller  fireboxes  and  flues 
arranged  to  circulate  heat  along  the  sides  and  under  the 
beds,  the  combustion  thus  being  made  more  perfect,  while 
by  enveloping  the  muffle  with  heat  a  larger  amount  of  work 
was  done  with  a  corresponding  reduction  of  fuel.  Cross-fired 
muffles  were  got  ready  for  work  much  more  quickly  than 
end-fired  muffles,  and  a  more  regular  temperature  could  be 
maintained.  The  best  type  of  muffle  was  so  arranged  that 
tlie  flame,  after  passing  over  the  bridge  and  bed,  entered  a 
series  of  port  holes  of  graduated  size  opposite  the  firebox. 
The  waste  gases,  after  passing  the  ports,  were  led  into  a  flue 
under  the  bed  of  the  muffle,  and  travelled  round  two  or  three 
times,  according  to  the  width  of  the  muffle,  before  fiually 
leaving  for  the  stack.  A  large  field  was  still  opeu  for 
improved  economical  appliances,  especially  in  the  introduc- 
tion of  gas  firing.  At  present,  17  to  2  cwt.  was  used  in  the 
gas-producer  per  ton  of  iron  heated,  as  compared  with  one 
ton  of  coal  formerly  used  to  heat  up  1  ！ j  tons  of  iron,  but 
the  theoretical  possibility  of  one  ton  of  coal  Iieatiug  3G  tons 
of  iron  to  the  welding*  temperature  was  still  far  from  beiug 
attained.  It  was  satisfactory  to  note  that  existing  muffles 
had  reduced  tlie  fuel  consumption  by  from  30  to  50  per  cent. 
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IMPROVEMENTS  IN  BORING  AND  FACING  MACHINES. 

The  acconi]>;n)vi))^  illust  rations  show  several  imj>roveinents 
in  revolving  facing  machines  of  the  type  in  which  a  tool-box- 
carrying  head-stock  carries  a  tool-box  so  mounted  thereon  as 
to  b&  adapted  by  automatic  feed  gear  to  be  traversed  trans- 
versely to  the  axis  of  rotation  at  a  rate  which  can  be  varied 
relatively  .  to.  the  rate  of  rotation  of  the  carrier,  recently 
patented  by  Messrs.  H.  W.  K earns  &  Co.，  Ltd.,  Broadheath, 
Manchester.    The  machine  is  so  designed  and  constructed 


Fig.  1. ― Improvements  in  Boking  and  Facing  Machines. 


that  the  operations  of  boring  and  facing  can  be  simultaneously 
and  independently  performed.  For  this  purpose  the  spindle 
which  supports  the  head-stock  is  boTed  to  receive  a  boring  bar 
and  the  tool -box  is  of  fork-shaped  construction,  the  branches 
of  which  are  sufficiently  separated  to  receive  the  boring  bar 
between  them ,  so  that  whilst  not  interfering  with  the  boring 
operation,  it  is  able  to  receive  a  considerable  length  of  radial 
support  within  a  recess  formed  in  the'  face  of  the  head-stock . 
Means  are  also  provided  whereby  the  gear  normally  provided 
for  varying  the  rate  of  operation  of  the  machine  can  be  caused 
to  co-operate  with  the  transverse  feed  movement  of  the  cutting 
tool  and  thereby  avoid  the  provision  of  a  special  set  of  speed 
gears  for  varying  the  rate  of  transverse  feed  movement. 

Fig.  1  is  a  section  taken  through  the  axis  of  the  tool -box 
carrier.  Fig.  2  is  a  view  showing  the  conformation  of  the 
fork-shaped  tool -box,  and  Fig.  3  is  a  front  view  of  the  tool-box 
carrier.  The  tool-box  carrier  A  has,  formed  integrally  there- 
with, a  hollow  shaft  C  which  is  mounted  in  bearings  provided 
in  a  head-stock  B  carried  by  the  framei  of  the  rnacliine. 
Around  the  periphery  of  the  carrier  A  spur-teeth  are  pro- 
vided whereby,  through  the  medium  of  a  pinion  noi  shown, 
the  cari'ier  is  rotated  by  power  transmitted  through  change- 
speed  gear  of  usual  construction ,  permitting  the  rate  of 
revolution  of  the  carrier  A  to  be  varied  as  desired. 
Dianiet rally  across  the  face  of  the  carrier  a  recess  H  of  dove- 
tail section  is  formed  for  the  reception  and  guidance  of  a  tool- 
box D.  The  tool -box  D  shown  separately  in  Fig.  2  is  of 
fork -shaped  configuration,  the  width  of  tlie  space  between  the 
two  branches  being  sufficient  to  permit  of  the  protrusion  from 
the  carrier  A  of  a  spindle  E  which  fits  tlie  hole  bored  through 
the  hollow  shaft  C  of  the  carrier  A.  In  a  recess,  provided 
within  the  back  of  the  tool -box  carrier  A，  is  rotatably 
mounted  a  cam  plate  F  in  tlie  face  of  which  has  been  cut 
a  s}>iral  groove  of  involute  configuration,  a  spur  wheel  J  being 
secured  thereto  for  the  purpose  of  effecting  tli(、  rolalion  of  the 
cam  plate  relatively  to  the  carrier  A.  Within  the  diametral 
recess,  which  contains  the  sliding  tool-box  D,  grooves  L  are 
formed,  on  each  side  of  the  central  orifice  in  the  carrier, 
whereby  portions  of  the  spirally-cut  cam  plate  are  exposed  to 
view  and  whereby  projecting  ridges  R  formed  on  the  back 
surface  of  the  tool -box  can  enter  into  engagement  with  t  he 
spiral  groove  which  is  formed  in  the  face  of  the  cam  plate  F. 
It',  in  such  a  construction,  the  cam  })late-  ^  is  caused  to  rotate 
relatively  to  the  carrier  A，  the  tool-box  will  be  required  to 
undergo  a  radial  displacement  across  the  face  of  A  whilst 
partaking  of  its  rotary  niol  ion.       "Mv  sucli  means  a  tool  G， 


carried  in  tlie  tool-box,  will  be  enabled  ")  perforin  a  lacing 
operation  at  any  desired  suitable  speed,  siinullaneous] v  with 
tlie  per forniance  of  another  cutting  operation  by  a  tool  carried 
by  the  spindle  E，  which  spindle  can  be  driven  at  a  selected 
speed  which  may  bear  no  relation  to  that  of  the  tool-box 
carrier  A. 

The  rotation  of  the  cam  ！) late  F  relatively  to  A  at  a 
change-speed  rate  and  reversible  in  direction,  whilst  A  is 
being  continuously  rotated,  is  effected  by  gear  wheels  as 
follows :  To  the  hollow  shaft  C  of  the  carrier  A  is  secured  a 
driving  spur  wheel  S.  This  wheel ,  tlirough  the  medium  of 
pinions  K  and  T，  connected  and  secured  respectively  to  a 
spindle  U，  is  geared  to  tlie  spur  wlieel  J  of  the  cam  plate  F 
which  is  required  to  be  driven.  The  connection  of  the  ])inioii 
K  with  the  spindle  IT  is  effected  througli  the  inedium  of  a  set 
of  four  bevel  wheels.  Two  of  these  wheels  V  are  mounted 
within  the  pinion  K  in  a  manner  wliich  will  permit  them  to 
rotate  about  an  axis  which  is  cliametrallv  situated  relatively 
to  the  pinion,  whilst  partaking  of  the  rotation  of  the  pinion. 
The  bevel  wheels  V  engage  on  one  side  of  the  pinion  K  with  a 
bevel  wheel  M  which  is  clutched  in  a  longitudinally  separable 
manner  to  the  spindle  U.  On  the  other  side  of  the  ]>inion  K 
the  bevel  wlieels  V  engage  with  a  bevel  wheel  N  whicli, 
througli  a  clutch  O,  is  adapted  to  be  retained  at  rest  or 
rotated  in  either  direction.  When  the  bevel  wheel  X  is  held 
at  rest,  the  bevel  wheel  M  and  spindle  U  will  make  two 
revolutions  with  each  revolution  of  the  pinion  K,  and  accord- 
ingly, if  the  ratio'  of  J  to  T  is  twice  that  of  S  to  K  the  cam 
plate  F  will  be  conveyed  around  on  the  carrier  A  without  any 
motion  relatively  thereto,  under  wliicli  circumstances  the  tool- 
box D  will  undergo  no  radial  motion .  Bv  means  of  tlie  bevel 
wheel  N  an  independent  rotation  in  either  direction  can  be 
superposed  on  the  rotation  of  U  which  is  due  to  the  above- 
described  set  of  gear  wheels.  As  shown  in  the  drawing,  the 
bevel  wheel  N  can  be  driven  through  the  bevel  wheels  P, 
clutch  0，  and  worm  wheel  Q  from  the  main  feed-box  of  the 
machine.  Thus  the  main  feed-box  of  the  machine,  which 
determines  the  rates  of  travel  of  all  the  working  parts  of  tlie 


Fig.  2.  Pig.  3. 

Improvements  in  BoitiNG  and  Facing  M.\t  uiNEs. 

machine,  including  the  rates  of  rotation  of  A  and  E，  can  he 
requisitioned  to  determine  also  the  rate  and  direction  of  radial 
traverse  of  the  facing  tool  G. 


Association  of  Oil  Engineers. ―  An  as^uciatiun  to  represent 
oil  engineering  interests  was  decided  on  at  a  meeting  recently 
held  in  London,  w  lien  a  committee,  wliicli  includes  Sir 
Fortescue  Flannery,  M.P.,  Sir  Boverton  Redwood,  Mr.  W. 
Bruce  Dick,  and  Mr.  D.  A.  Sutherland,  was  elected  to  take 
the  necessary  steps  to  bring  the  association  into  existence.  It 
was  pointed  out  at  the  meeting  that  at  the  present  time  oil 
engineers,  in  order  to  discuss  subjects  of  technical  intere  I  t o 
them,  had  to  resort  to  other  institutions.  It  was  prupused 
therefore  to  form  a  representative  association,  which  would  be 
of  a  purely  scientific  character,  interesting  itself,  as  an  institu- 
tion, in  the  geological,  chemical,  engineering,  and  ecouomic 
questions  associated  with  the  working  and  development  of  the 
petroleum  inchist ry.  The  provision  of  a  library  and  bureau 
of  information  would  also  be  undertaken  and  an  attempt  made 
to  secure  coi  resj)ondence  from  every  oilfield.  The  constitu- 
tion would  follow  the  lines  of  that  of  other  institutions,  and 
the  management  would  be  vested  in  a  president,  vice- 
presidents,  and  a  council.  It  was  proposed  to  hold  two  oon- 
ferencos  for  t  he  roadini;  and  discussion  of  j>a]>ers  in  each  year. 
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CABLES  FOR  SHAFTS  AND  MINES, 

BY   K.   KILHURN  SCOTT,   A .  M .  I N ST.C.E. ,  M.I.K.K. 

Amongst  other  points  discussed  in  tlu's  paper  Hie  following 
receive  special  emphasis  ： ― 

(a). ― Cables  for  shafts  of  mine's  dilTer  from  t  hose  for  other 
situations,  because  the  question  of  weight  is  such  an  impoi'- 
tant  factor.  In  order  to  reduce  weight,  the  cables  sliuuld  I"' 
worked  at  liigh  tension,  and  the  usual  weighty  accessories  of 
cables,  such  as  lead  and  armour,  be  minimised  or  dispensed 
with.  Although  aluminium  has  not  been  used  for  shaft 
cables  there  is  every  reason  to  suppose  that  this  light  iiietal 
would  be  found  distinctly  advant a^eous.  Contrary  to  the 
^MMH-ral  supposition,  aluminium  is  nnu'li  stronger  from  t  ho 
point  of  view  of  supporting  its  own  weight  than  is  copper. 

(A). ― All  metal-work  which  is  continuous  from  top  to 
bottom  of  a  shaft  should  be  utilised  as  the  earth  return. 
There,  is  noiliing  in  the  Revised  Rules  against  t his  being  done. 
In  any  event,  the  cross-sect  ion  of  the'  armouring  of  a  hi^li- 
tension  cable  is  likely  to  b©  too  small  to  properly  earth  tlie 
low-tension  underground  feeders.  Even  where  it  is  not  con- 
venient to  use  existing  metal-work,  it  would  be  very  imirli 
clioa]>er  to  suspend  wire  ropes  in  thei  shaft  for  i he  ea rth 
return  t  han  to  place  t  lie  same  amount  of  metal  round  a  cable 
as  armour. 

(r). ― The  marked  success  wliicli  lias  followed  the  ust'  oi' 
cab  lyre  rubber  as  a  ineciiauicj) I  protection  on  cables  sub- 
jt'cted  to  moisture  and  liarcl  wear  and  tear,  points  to  its  being 
also  a  very  suitable  material  for  cables  perniaiiently  installed 
in  shafts.  Further,  a  sinking  cable  must  necessarily  be  insu- 
lated with  rubber  for  the  required  flexibility,  and  the  ad- 
dition of  tyre  rubber  in  place  of  the  special  flexible  ar- 
mouring seems  a  reason ablei  jn-opusition.  By  placing  ilie 
winch  in  one  or  more  insets  as  tlie  shaft  descends  the  length 
of  sinking  cable  can  be  limited  to  that  at  which  a  cable  with- 
out armour  is  feasible. 

(d). ― Hitherto  casing  lias  always  been  made  of  sawn 
planks,  the  joints  of  which  are  difficult  io  keep  tight.  The 
writer  suggests  the'  use  of  telegraph  poles  sawn  longitudinally 
and  having  the  joints  between  the  halves  cloised  by  steel 
hoops.  Such  casing  would  be  cheap  and  easy  to  erect,  and  it 
would  form  a  complete  protection  to  the  enclosed  cable. 
Regarding  preservatives  for  casing  and  cleats,  it  is  pointed 
out  that  saccharine  impregnated  into  the  wood  is  better  than 
tarry  or  other  chemical  substances,  because  it  has  no  action  on 
insulations  or  metals.  Also,  when  impregnated  along  with 
arsenic  it  is  a  complete  solution  of  the  white- ant  difficulty 
which  is  so  troublesome  in  mining  work  overseas. 

Shaft  cables  can  be  conveniently  divided  into  :  (1)  Cables 
whicli  are  permanently  installed  for  the  main  supply  of 
power  ；  and  (2)  cables  which  are  temporarily  installed  for 
sinking  a  shaft  and  whicli  have  to  be  moved  at  intervals. 
The  bulk  of  this  paper  naturally  deals  with  class  (1),  but  at 
the  end  some  space  is  devoted  to  considerations  regarding  class 
("2),  Hitherto  there'  has  b&en  a  tendency  to  assume  that 
cables  suitable  for  underground  roads  are  also  the  best  to  use 
in  shafts.  It  can  easily  be  shown,  however,  that  the  condi- 
tions ； i  re  entirely  different.  Underground  cables,  for 
example,  are  always  liable  to  injury  from  falls  of  roof  and 
side,  or  by  being  run  into  by  derailed  tubs.  The  workmen 
may  also  handle  underground  cables  for  almost  every  yard  of 
their  length  ；  also'  where  ponies  are  used  there  is  a  chance  of 
the  animals  trying  to  electrocute  themselves.  Shaft  cables, 
(m  the  other  hand,  cannot  be  handled  by  the  men,  and  they 
are  capable  of  much  more  permanent  installation.  The  only 
possibility  of  mechanical  injury  is  wlien  something  falls  down 
Hie  shaft,  and,  as  a  matter  of  fact,  that  chance  of  injury  is  a 
remote  one,  because  a  shaft  cable  only  occupies  about 
part  of  the  area  of  the  shaft.  Underground  cables  are  pro- 
vided with  armouring,  first  as  a  mechanical  protection,  and 
seroml,  to  provide  a  convenient  earth  return.  On  under- 
gi'ouml  roads  there  is  no  oilier  metal  that  will  serve  the  ]>nr- 
l)"se  of  an  earth  return,  but  in  a  shaft ,  t  lie  case  is  generally 
quite  difTerent,  for  tliere  are  cage  guide  ropes  and  pipe  lines 
which  can  be  used. 

The  question  of  relying  on  llie  armouring  of  shaft  rabies 
as  the  earl  li  return  becomes  more  and  more  important  every 
year,  clue  to  the  teiulencv  to  transniit  energy  into  a  mine 

*  Abstract  of  paper  read  before  the  Assorintiou  of  Mining  Elcctiictil  Kn- 
miK'crs,  l't'brunry  7th.  11)13. 
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at  higher  tensions.  The  voltage  in  the  main  uiidL-ryrouiid 
feeder  may  be  only  a  fifth  of  thai  in  the  sliaft,  and  naturally, 
the  sectional  area  is  mucli  greater.  Now,  a('(<,r'iiii 仁' to  the 
】{ules，  t lift  armouring  of  the  low-tension  cables  mi 卜 t  )i;tve  a 
conductivity  of  at  least  50  per  cent,  of  one  of  the  low-leiisiaii 
conductors ；  conseq uently  any  annouring  there  may  be  uu 
the  high-tension  sliaft  cables  will  be  much  srnalN-r  than  tlie 
cross-sectional  area  of  the  annouring  of  the  underground 
cables. 

Some  time  ago  the  writer  discussed  with  Mr.  】i')ljert 
Nelson  (Jf .M.  diief  Electrical  Inspector  "i.  Mirn--i,  t  Ik* 
question  of  using  ropes  and  pipes  in  the  shaft  as  an  eartli 
return.  The  point  raised  was  more  particularly  whether  the 
cage  guide  ropes  in  a  certain  shaft  could  be  used,  for  the 
cables  already  installed  were  unarmoured.  Mr.  Nelsons 
reply  was  to  the  effect  that  there  was  not  liin^  in  the  Rules  to 
make  the  use  of  cage  guide  ropes  illegal,  the  Rule  merely  ；卜卜 
ing  that  the  earth  connection  shall  be  constantly  maintained. 
Even  where  steel  guide  ropes  or  water  pipes  are  not  available, 
as,  for  example,  in  the  case  of  an  upcast  shaft,  there  is  no 
reason  why  old  ropes  should  not  be  suspended  in  the  shaft  to 


Fig.  1.— Sketch  showing  Cage  Ropes  and  Pipes  in  Shafts. 
provide  the  eartli  return.  A  haulage  rope,  which  originally 
cost  £50，  may  be  worth  only  £5  when  unfit  for  haulage,  yet  it 
would  serve  quite  well  as  the  earth  return  in  a  shaft  and  take 
the  place  of  armouring  on  the  cable,  which  armouring  might 
easily  cost  several  times  as  much  as  the  original  rope.  When 
stranded  on  to  an  insulated  cable  as  armou r,  the  ^teel  w i re 
rells  for  considerably  more  than  it  does  when  made  up  into  a 
rope.  It  is  easily  seen  that  this  must  be  so,  because  in  order 
to  lay  the  wires,  a  heavy  and  somewhat  delicate  cable  has  to 
be  passed  tlirougli  the  stranding  machine,  whereas  in  tlie  case 
of  a  rope  the  wires  are  merely  stranded  ou  to  a  hemp  core. 
Another  argument  in  favour  of  using  whatever  metal  there 
may  be  in  the  shaft  for  tlie  earth  return  is  that  it  is  advis- 
able to  have  several  paths  to  earth  so  that  if  one  should 
become  discontinuous  there  are  others  to  fall  back  upon.  It 
is  also  just  as  well  to  earth  all  metal  in  a  sliaft  as  a  further 
safeguard  against  shock. 

To  show  how  much  metal  tliere  may  be  available,  tlie  slial't 
of  the  Frickley  Colliery  Coinpaiiv,  near  Doncajgter,  may  be 
instanced  ：  It  is  23ft.  diam.，  670  yards  deep,  and  contains  14 
ropes,  disposed  as  on  Fig.  1,  Thev  a  re  steel  lock -coil  ropes, 
l^in.  diam.，  12  being  slipper  ropes  and  two  rubbing  ropes, 
the  latter  being  common  to  botli  cages.  The  headgear  is  of 
steel ,  and  the  conductors  are  bolted  on  to  three  girders  which 
cross  the  top.  All  the  ropes  go  down  into  the  sump  and  are 
weighted  with  cheese  weights  to  about  8  tons  on  each.  The 
present  earth  plates  are  in  the  same  sump.  There  is  a  pump 
in  the  shaft  on  a  seam  280  yards  down  the  sliaft,  and  a 
Gin.  range  of  piping  delivers  the  water  to  bank.  Another 
range,  5in.  diam"  feeds  the  pump  with  rum  pressed  air  when 
it  is  not  running  electrically.  From  these  particulars  it  w  ill 
be  seen  that  the  total  cross-section  of  steel  and  iron  in  the 
shaft  is  about  as  follows  : — 

Sq. in.  area. 

14  steel  ropes,  each  1  Ain.  diam.,  say    -0 

Water  pipe  Gin.  diam.,  say    6 

Compressed  air  pipe  5i".  diam..  say    4 
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Taking  ilie  relative  conductivity  ol'  copper  and  iron 
being,  say,  6*5  to  1，  it  moans  that  the  iron  in  (lie  shaft 

an 

equivalent  tu  a  copper  conductor  cl  r  —4*6  sq.  in.  in  area, 


6-5 


copper  conductivity  of 


the  ropes  onlv  are  equivalent  to 

•20     .  . 
_  ―  6       m.  area. 

It  happens  that  the  cable  in  this  shaft  consists  of  a  double- 
armoured  three-core  paper-insulated  cable  for  3,000  volts 
wliich  is  slung  from  the  top  and  supported  every  50  yards  bv 
clamps  bolted  to  the  side  of  the  shaft.  The  area  of  the  steel 
armouring  is  about  2  sq.  in.,  or  only  about  one-tenth  of  the 
area  of  the  wire  ropes  already  in  the  shaft.  For  a  cable 
measuring  3in.  diam.  over  tire  jute  serving,  the  cost  of 
double-galvanised  iron  wire  armouring,  with  compounded  jute 
serving  under  and  over  the  armour,  is  £420  per  mile.  There- 
fore the  cost  of  the  armouring  of  the  above  cable  670  yards 
long  is  about  £160，  on  to  which  must  be  added  the  cost  of 
erection  and  cleating  of  the  extra  heavy  cable. 
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Fig.  *2. ― Approximate  Swing  on  the  xkt  costs  of  Bitumen  and  Paper-lead 
L.T.  Aluminium  Feedeiis,  based  on  Coppek  Wire  at  10^(1.  per  Lu  and 
Aluminium  Wire  at  Hid.  per  Lb. 

Even  if  there  was  no  other  metal  in  thei  shaft,  as  might 
be  the  case  in,  say,  an  upcast  shaft,  then  it  would  be  an  easy 
matter  to  install  an  old  steel  rope  to  act  as  the  earth  circuit, 
and  the  cost  might  be  put  down  at,  say,  £15,  possibly  one- 
tenth  of  the  cost  of  equivalent  metal  when  used  as  armouring 
of  a  cable.  In  other  words,  if  one  must  install  metal  in  the 
shaft  for  the  specific  purpose  of  providing  an  earth  return, 
then  to  do  so  in  the  form  of  armouring  on  a  cable  is  about  as 
expensive  and  roundabout  a  way  as  could  well  be  devised. 

Under  the  new  Rules  the  "  conductivity  of  tlie  armouring 
must  be  50  per  cent."  ol  the  conductor  enclosed,  and  if  single- 
armoured  cables  are  used  for  continuous  current,  then  the 
armouring  must  have  25  per  cent,  of  the  conductivity  of  the 
conductor  enclo&ed.  Although  these  percentages  are  definitely 
stated,  it  is  also  required  tliat  the  armouring  must  in  addition 
comply  witli  the  Engineering  Standards  Committee  s  Regula- 
tions. Where  tlie  diameter  over  the  insulation  is  large  as 
compared  with  the  diameter  of  the  conductor,  as,  for  example, 
for  high-tension  cables,  then  there  is  no  difficulty  in  applying 
armour,  the  section  of  which  will  comply  with  the  50  per 
cent,  rule  as  well  as  with  Engineering  Standards.  AVhen, 
however,  the  diameter  over  the  insulation  is  small  compared 
with  t lie  diameter  of  the  conductor,  as  is  the  case  with  low- 
tension  cables,  tlien  the  50  per  cent.  Rule  requires  more 
armour  tlian  is  called  for  bv  the  Engineering  Standards. 
This  matter  appears  to  have  been  overlooked  when  drafting 
the  Electricity  in  Mines  Rules.  If,  as  suggested,  all  metal 
existing  in  t lie  shaft  is  made  use  of,  then  when  cables  are 
armoured,  the  armouring  need  only  be  that  required  for 
iiKH'lianical  protection,  and  thus  an  amount  less  tlian  tlie 
50  per  cent,  mentioned  in  the  Rules  can  be  employed. 

Along  underground  roads  the  aruiouring  of  a  cable  pro- 
vides the  best  means  of  maintaining  an  earth  connection,  tor 


altliou^li  an  old  rope  miglii  be  used,  there  is  not  the  same 
incentive  to  see  that  it  is  kept  continuous,  and  further,  it  is 
liable  to  be  overlooked.  It  is  quite  a  different  matter  with 
the  ropes  and  pipes  in  a  shaft,  for  the  cage  will  not  work  at  all 
unless  the  ropes  are  kept  in  good  order  and  water  cannot  be 
puin|)ed  unless  the  rising  main  is  continuous  throughout. 
Even  if  an  old  rope  is  us^l  as  the  earth  return  in  an  upcast 
sliaft,  there  is  never  any  suspicion  of  the  continuity  of  that 
rope  as  there  would  be  if  it  were  laid  along  an  underground 
road.  The  mere  fact  that  it  remains  suspended  means  that 
it  must  be  electrically  continuous. 

Wlien  j)ossible  it  is  best  for  a  shaft  cable  to  be  in  one 
lengtli,  because  joints  are  not  easy  to  make  or  to  maintain 
in  such  a  situation.  The  lengtli  of  a  cable  dej>ends  to  a  con- 
siderable extent  on  its  physical  dimensions,  its  weight,  and 
the  size  of  the  drums,  &c.，  and  other  things  being  equal,  it  is 
much  easier  to  supply  the  cable  in  greater  length  when  it  is 
without  armouring  than  when  it  has  armour.  This  is  dis- 
tinctly an  advantage  for  shaft  cables.  For  underground  and 
surface  cables  it  is  a  convenience  to  have  joint  boxes  at  fairlv 
frequent  intervals,  because  much  time  and  expense  mav  be 
incurred  in  localising  a  fault  on  a  long  lengtli.  But  in  a 
shaft  there  is  always  more  or  less  water,  and  the  first  con- 
sideration is  to  minimise  the  number  of  joints. 

Conductor. —— In  order  to  reduce  the  diameter  of  a  cable, 
the  conductors  are  often  made  of  the  sector  or  clover-leaf 
section.  For  a  given  voltage,  sector  conductors  require  a 
greater  thickness  of  insulation  than  cables  with  circular  con- 
ductors. As  shown  in  Table  I"  the  critical  voltage  appears 
to  be  about  3,000,  and  at  6,000  and  over  the  sector  conductor 
cable  is  more  expensive  and  of  about  tlie  same  diameter. 

Tahle  I. ― Comparison  of  Bound  and  Sector  Conductors. 


Working 
pressure. 
Volts. 

Sectional 
area  sq. 
m/m. 

Relative  prices. 

Circular  Sector 
conductor.  conductor. 

700-1,000 

3x25 

100 

103 

700-1,000 

3x35 

100 

99 

3.000 

3x25 

100 

116 

3.000 

3x35 

100 

108 

0,000 

3x25 

100 

148 

6,000 

3x35 

100 

130 

The  electric  capacity  of  a  cable  is  slightly  higher  with 
sector  conductors.  The  cable  is  also  stiffer,  but  for  low 
voltages  this  is  made  up  for  by  the  fact  that  the  sector  cable 
is  smaller  in  diameter.  if  ore  of  it  can  be  wound  on  to  a 
given  size  of  drum.  It  may  be  of  interest  to  give  a  rough 
rule  for  comparing  the  relative  diameters  of  cables  with 
round,  sector,  and  D-sliaped  conductors.  For  a  given 
voltage,  if  A  represents  the  diameter  of  a  round  condurtur, 
then  1'863  A  gives  the  diameter  uf  a  tliree-core  sector  cable 
and  2'04  A  the  diameter  of  a  four-core  sector  cable.  A  cable 
having  a  pair  of  D-shaped  conductors  has  a  diameter  over  the 
insulation  of  1"636  A. 

Aluminium. ― Shaft  cables  differ  from  all  other  cables  in 
that  weight  is  a  principal  consideration,  and  other  things 
being  equal,  it  would  be  a  distinct  advantage  to  employ  a 
light  weight  conductor.  Although  ahnninium  is  clearly  an 
ideal  metal,  the  writer  believes  he  is  right  in  saying  that  it 
has  not  yet  been  used  for  shaft  cables,  and  this  is  the  more 
strange  because  it  has  been  used  successfully  for  ordinary 
feeders.  That  aliuninium  insulated  cables  are  a  commenMal 
possibility  is  shown  by  the  fact  that  feeder  cables  have  been  in 
use  in  this  country  for  some  years.  The  fear  has  been 
expressed  that,  owing  to  the  capacity  of  aluminium  cables,  the 
increased  effects  of  resonance  may  cause  piercing  of  the 
insulation  in  case  of  a  sharp  break  in  tlie  circuit,  but  so  far 
nothing  of  the  kind  appears  to  have  occurred  、vitli  those  com- 
panies which  have  aluminium  cables  in  use -  For  extra  higli 
tensions  aluniiniuin  has  an  advantage  over  copper  in  being  of 
larger  diameter.  In  the  case  of  tlie  underground  feeder  at 
the  Bitterfeld  for  the  Prussian  State  Railway,  it  was  neces- 
sary to  strand  the  copper  cable  on  a  steel  core  so  as  to  obtain 
mechanical  strength  and  iucreased  diameter.  With  tlie 
aluminium  feeder  of  larger  diameter,  tliis  was  not  necessary. 

Indepeiulent  of  its  light  weiglit,  aluniiniuin  is  a  suitable 
metal  for  use  in  shafts,  because  it  is  u na fleet ed  bv  bad  water. 
All  boxes,         on  battle-ships  which  are  exposed  to  salt  spray 
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are  litted  with  aluiniiiium  lids,  and  its  acicl-resisi in^  (|iialii y  is 
shown  by  tlie  fact  that  receptacles  tor  (lipping  nilric  acid  ； in' 
made  of  aluminium.  Tlic  met  a]  is  uiiafTect  of!  by  sulphur, 
whereas  co|)per  has  to  he  tinned  to  resist  its  action.  Tin- 
oxide  which  forms  on  aluminium  is  a  good  insulator,  as  is 
shown  by  tlie  fact  that  iield  coils  for  tramway  motors  an' 
being  made  up  of  ba re  aluminium  wire.  For  this  purpose  the 
wire  has  a  specially  thick  layer  of  oxide  deposited  on  it  In- 
treatment  with  borax.  The  bath  contains  50  parts  alcohol, 
60  parts  of  ammonia,  and  100  parts  of  water  saturated  wil  li 
borax,  and  the  temperature  is  kept  at  50°  to  80°  C,  whilst  a 
current  of  0  05  amperes  per  square  centimetre  surface  of  i  lie 
coil  is  passed  for  about  15  minutes.  After  being  wasliecl  and 
dried  the  completed  coil  is  taped  round  in  i he  usual  way,  and 
it  is  of  interest  to  note  that  the  actual  cross-section  oi'  i  lie 
finished  coil  is  no  larger  than  a  ('oil  made  of  copper  wire, 
although  there  are  the  same  number  of  turns.    One  reason  is 
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Fig.  'S.  —Joint  between  an  Aluminium  and  a  Copper  Cahle. 

that  aluminium  can  be  worked  at  a  higher  current  density, 
and,  being  a  solid  mass  of  metal,  the  heat  gets  away  more 
readily.  Tlie  temperature  coefficient  is  about  10  per  cent, 
less  than  for  copper.  Bare  specially-oxidised  aluminium  is 
being  largely  employed  for  winding  the  coils  of  lifting 
magnets  because  of  greater  durability  under  severe  electric 
and  mechanical  stresses  ；  also  the  reduced  weight . 

In  order  to  fully  appreciate  tlie  possibilities  of  using 
aluminium  for  sliafl  cables  it  may  be  well  to  give  a  few 
particulars  of  the  metal.  An  aluminium  conductor  oi'  the 
same  resistance  and  length  as  a  given  copper  conductor  has  an 
effective  cross-section  in  the  ratio  of  100  to  60  ；  that  is  to  say, 
the  effective  sectional  area  of  an  aluminiuni  conductor  is 
66'66  per  cent,  greater  than  that  of  the  equivalent  copper  con- 
ductor, and  the  diameter  is  about  29  per  cent,  greater.  The 
specific  gravity  of  cast  aluminium  is  about  2'56,  but  when 
drawn  into  wire  this  is  increased  to  2*71.  As  the  specific 
gravity  of  copper  wire  is  about  8,95，  the  relative  weight  of  a 
given  volume  of  each  metal  is  in  the  ratio  of  8*95  to  271  or 
3*3  to  10.  In  other  words,  a  copper  wire  of  any  given  size 
and  length  will  weigh  3"3  times  as  much  as  an  aluminium 
wire  of  the  same  size  and  length.  Aluminiuni,  therefore, 
having  a  conductivity  of  60  per  cent,  of  that  of  copper,  will 
Have  a  sectional  area  1'666  times  as  great  as  a  copper  con- 
ductor of  the  same  resistance  and  length,  and  the  ratio  of  the 
weights  will  be  3  3  to  1*666  =  1  98  to  1.  That  is,  a  copper 
conductor  of  any  given  resistance  and  lengtli  will  weigli 
a])proxiinaiely  twice  as  much  as  an  aluminium  conductor  of 
tlie  same  resistance  and  length.  These  ratios  are  summarised 
in  Table  IT, 

Table  II. 一 Comparative  Batios  of  Copper  and  Alitminium. 

Copper.  Aluminium. 

Conductivity  for  equal  section               1  0*6 

Section  for  equal  conductivity              1  1.666 

Diameter  for  equal  conductivity  ...     1  1'29 

Weight  for  equal  bulk                        3'3  1 

Weight  for  equal  conductivity             2.0  1 

If  we  assume  for  the  sake  of  argument  that  the  price  of 
copper  wire  at  cable  works  is  7^d.  per  pound  (equivalent  1；) 
electrolytic  wire  bars  at  £60  a  ton  c.i.t'.),  and  aluminium  wire 
10cL  per  pound,  then  the  net  selling  prices  of  bitumen 
insulated  cables  are  about  as  given  in  Table  III. 

Table  IV.  gives  particulars  (prepared  for  this  paper  by 
Messrs.  Johnson  and  Phillips)  of  copper  and  aluminium 
cables.  The  prices  include  for  metals  at  usual  market  rates, 
November,  1912，  and  for  freight  to  the  North  of  England. 
The  three  cores  are  cabled  up,  jute-wormed,  paper-insulattnl, 
aiul  lead-covered  ；  the  lead  is  served  with  compounded  jute. 


and  single-wire  armoured,  and  finally  the  cable  is  served  with 
compounded  jute.  It  will  be  noted  tliat  ； ilthou^h  t  Ik*  wei«/lii  ^ 
of  the  armoured  alurniniinn  cal>N*s  ； in'  about  17  p**r  cent, 
greater  tlian  tlie  copper  cables,  the  prices  of  the  aluminium 
cables  are  5  | >** r  cent .  less  for  round  cond uctors  and  about 
8  per  cent,  less  for  sector-shaped  roi"lurtors. 

Tami.e  III. — Piices  of  Bitumen  Jmulatvd  Cables. 


< '' 屮 p<  I 


AltJininiuin 


Section, 

Pri<;<' 

Corre.H|x>iHlin^ 

sq.  in. 

|h  r  mile. 

Hize  of 

aluminiuni. 

£ 

£ 

().02."> 

7/- 087 

•H 

0.050 

87 

19/. 074 

70 

)>. !；>() 

200 

37/. 092 

1  .">.*# 

0*250 

287 

61/."":i 

240 

315 

01/.102 

2.V, 

0-4(10 

：{.">(» 

0.500 

550 

91/.108 

440 

(1.700 

740 

z  二 

t"ii 

0.750 

780 

1,110 

127  .129 

賺 

Tahle  IV. ― Particulars  of  Threescore  Medium-tcmion 
Paper-insulated  Shaft  Cables. 


Shape  of 
coruiuotor. 

Conductors. 

Diameter, 
inches. 

At  per  mile 
(approximate). 

Net       Gross  \  Prire. 
weight,    weight.  £ 

K'iuikI   

0- 15  sq.  in.  Cu. 

2-32 

375  471 

1,05：« 

Itnund   

0-25  sq.  in.  Al. 

440  r'fiO 

Sector   

0- 15  sq.  in.  Cu. 

328  424 

\m 

Sector   

0*25  sq.  in.  Al. 

388  508 

018 

Fig.  2,  wliicli  has  been  calculated  by  the  Hrit  isli 
Aluminium  Company,  is  of  special  interest,  because  it  shows 
at  a  glance  the  saving  on  the  net  costs  of  bitumen  and  of 
paper-lead  low-tension  aluminium  cables.  The  costs  are 
arrived  at  on  a  basis  of  copper  wire  at  10 id.  per  pound  and 
aluminium  wire  at  1 1  Ul.  per  pound.  The  cables  are  in 
accordance  with  the  specifications  of  the  Engineering 
Standards  Committee. 

It  has  been  suggested  that  aluminium  is  an  unsuitable 
metal  to  use  for  shaft  cables  because  during  erection  tlie  nif-t  ai 
may  be  stressed  unduly.  Calculations,  however,  show  that  on 
account  of  its  lightness,  the  factor  of  safety  of  aluminium  due 
to  its  own  weight  is  only  slightly  le9S  than  that  of  .、""•！ 
From  Table  V.  it  can  be  seen  that  hard-drawn  aluminium 


B'IG.  4-— JOIKT  FOR  1,16  SQ.  IN.  AlXMIXlFM  ('AlU.E. 

wire  is  a  much  better  metal  from  the  point  of  view  oi*  sup- 
porting its  own  weight  titan  either  copper  or  steel.  1: 
annealed  it  is  only  slightly  below  steel  and  about  t、vi'  e  as 
good  rs  copper. 

It  really  is  surprising  what  prejudice  one  encounters  when 
discussing  the  use  of  aluminium  cables.  For  example,  the 
writer  has  heard  it  stated  that  aluminium  wire  could  not  be 
purchased  in  large  gauges  and  in  long  enough  lengths  for 
cable  manufacture.  On  enquiry,  he  found  that  aluminium 
has  for  vears  been  made  as  a  regular  thing  up  to 
No.  12  S.W.G.,  and  in  continuous  lengths  up  to  two  miles. 
On  anotlier  occasion  an  electrical  engineer  stated  to  tlie  writer 
that  there  was  no  market  for  scrap  aluminiuni,  whereas  scrap 
ropper  can  be  sold  readily.  The  facts  are  that  there  is  a  good 
market  for  scrap  aluminium,  the  makers  themselves  being 
amongst  t  he  regular  purchasers.    Tt  is,  however,  time  thai  \  lie 
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margin  between  the  new  and  scrap  metals  is  slightly  greater 
1  hati  with  copper. 

Table  V. ― Tensile  Strength  and  Weight  Ratio  of  C  'opper, 
A lumhtiunt,  and  Steel  Strands. 


Copper. 

Aluminium. 

Stool. 

Hard 
draw  n. 

An- 
noalod. 

Hard 
drawn. 

An- 
il oale<l. 

Hard 
山 'a、、  n. 

An- 
nealed. 

Tenfejfe  strength, 
\hs.  per  sq.  in. 
S|Hrilic  gravity 
Weight  per  foot 
|icr  sq.  in.    ， . 
Maximum  ！ cu^l  li 
in  feet  of  si  l'iiiid 
"hich    can  be 

(1(1.00(1 

8-9 
3-87 

23,000 
3*87 

30,000 

10,000 

70,000 
7-8 

7-8 
3-30 

supported  .... 

o 

5,950 

25,000 

】:?，■ 

o 

Jointing.  — One  feature  wlii(、li  differentiates  aluminium 
from  copper  is  that  it  is  not  so  easy  to  joint,  but  it  must  be 
remembered  that  a  shaft  cable  is  really  a  main  feeder  and  is 
only  tapped  at  the  end.  If  it  were  a  distributor,  it  would  be 
a  different  matter,  for  it  might  then  be  tapped  anywhere 
along  its  length,  and  the  tappings  could  only  be  made  on  to 
the  outside  layer  of  wires.  Various  ahuninium  solders  are 
available,  but  they  are  not  easy  to  use,  and  are  not  to  be 
recommended.  Electric  welding  makes  the  best  job,  but  it 
cannot  be  conveniently  applied,  and  the  great  heat  is  liable 
to  injure  the1  insulation.  It  is  usual  to  depend  on  a 
mechanical  joint  which  will  give  sufficient  pressure  to  break 


Fig.  5. ― Mechanical  Core -type  Joint  for  l'i  sq.  in.  Cablk. 

down  the  layer  of  non-conducting  oxide  on  the  surface  of  the 
aluminium.  Separate  connections  are  made  on  to  each  layer 
of  wires,  as  shown  in  Fig.  3，  which  is  a  joint  between  an 
alumiuivim  cable'  and  a  copper  cable.  Mr.  S.  L.  Pearce  has 
informed  the  writer  that  with  the  joint  shown  in  Fig.  4  he 
obtained  equal  conductivity  with  copper,  even  though  there 
were  as  many  as  six  such  mechanical  joints  in  series  on  one 
feeder.  The  junction  box  is  of  cast  iron,  20in.  long  and  6in. 
square,  and  is  used  for  connecting  two  1.66  sq.  in.  feeders. 

In  all  cables,  and  especially  those  insulated  with  paper,  it 
is  important  that  means  should  be  taken  to  prevent  moisture 
working  along  the  interstices  of  the  strands.  In  copper 
cables  this  is  often  done  by  sweating  all  the  wires  together 
at  the  end  so  as  to  make  it  solid.  Aluminium  wires  can  be 
sweated  in  the  same  way,  but  it  is  a  much  longer  process,  and 
therefore  it  is  usual  to  depend  on  filling  the  junction  box  with 
compound  to  k&ep  out  moisture.  This  filling  with  compound 
also  has  an  advantage  in  locking  the  mechanical  connections  ； 
for  there  exists  a  fair  amount  of  evidence  that  when  alternat- 
ing current  passes  across  a  mechanical  joint  the  bolts  tend  to 
slacken.  It  should  be'  mentioned  that  the  strands  of 
aluminium  cables  can  be  treated  with  waterproof  compound 
so  as  to  fill  the  interstices,  just  as  is  done  with  solid-filled 
bitumen  cables. 

(To  be  continuerL) 


Water -diviners  on  Trial.  ― Interest  is  being  aroused  in  t  he 
forthcoming  systematic  investigation  of  the  claims  of  the 
water-diviner.  From  time  immemorial  persons  have  professed 
ability  to  discover  minerals  or  water  by  the  use  of  a  forked 
hazel  twig  or  dowsing  rod,  and  it  is  undoubtedly  a  fact  that 
prospectors,  acting  under  their  advice,  have  in  many  instances 
found  water  at  the  spots  indicated.  The  trials  in  question,  to 
be  conducted  on  April  3rd，  will  be  under  the  observation  of 
Prof.  Henry  Adams,  M.Inst.C.E.,  Messrs.  Samuel  RideaK 
J. P.,  】）.Sc.，  Herbert  Lapworth,  D.Sc,  Searles  Wood, 
F.R.I.B.A.,  W.  Whitaker,  B.A.，  F.R.S. 


AIDS  TO  SCIENTIFIC  FOUNDRY  MANAGEMENT.* 

BY  W.  M.  CORSE. 

One  of  the  first  steps  in  the  scientific  management  of  a 
[>lant  is  to  plan  a  proper  organisation.  This  gives  everyone 
a  base  on  which  to  start  and  clarifies  the  atmosphere  of 
petty  jealousies  and  misunderstandings.  With  this  organi- 
sation chart  before  us  we  can  follow  out  the  various  depart- 
ments and  finally  perfect  an  harmonious  working  people,  ^fv 
own  plan  is  to  start  a  system  of  factory  records  in  order  that 
the  management  may  have  written  information  of  the 
happenings  in  the  shop  at  the  present  time  and  a  record  for 
the  future.  These  may  be  daily,  weekly,  or  monthly  reports 
and  should  serve  to  furnish  information  that  will  give  a 
mental  picture  of  affairs  in  a  concise  manner.  These  records 
should  be  immediate,  adequate,  and  permanent.  I  shall 
attempt  to  describe  some  of  the  records  I  have  used  with 
success  in  a  brass  factory.  I  do  not  say  that  these  are  all 
that  are  needed,  or  that  better  cannot  be  found  for  special 
cases,  but  simply  that  those  mentioned  will  aid  the  manager 
to  see  more  clearly  the  conditions  with  which  he  has  to  con- 
tend daily. 

The  first  and  most  difficult  report  to  keep  accurately  is 
that  of  the  metal  melted  and  of  the  output.  We  may  call 
it  the  metal  report  or  practice  sheet.  To  secure  positive 
results  it  is  wise  to  have  a  separate  room  in  which  to  store  the 
daily  supply  of  metal  for  the  various  mixtures  and  the  shop 
scrap  from  each  alloy  produced.  These  should  be  kept  in 
separate  bins  or  boxes,  properly  marked  with  the  alloy  num- 
ber, so  that  errors  in  weighing  can  be  minimised.  As  many 
alloys  look  similar  in  outward  appearance,  great  care  should 
be  exercised  first  in  taking  the  castings  from  the  foundry  to 
the  cleaning  room,  and  next  in  taking  the  gates  and  risers 
and  defective  castings  from  the  cleaning  room  and  inspection 
departments.  In  this  case,  as  in  all  movements  of  goods  in 
process,  the  arrangement  of  the  various  departments  ghould 
be  such  that  the  metal  moves  in  a  direction  that  does  not 
cross  or  back  track  other  material.  The  tagging  of  alloys 
that  cannot  be  readily  picked  out  by  their  appearance  will 
aid  materially  in  keeping  this  record  accurate.  The  progres- 
sive jobbing  foundry  will  frequently  have  25  standard  alloys, 
as  well  as  a  large  number  of  special  mixtures. 

Let  us  follow  the  process  of  the  metal  and  note  the  steps 
in  that  process.  First,  the  storekeeper  weighs  out  the  bulk 
metals  to  the  foundry  metal  room,  receiving  in  return  a 
signed  requisition  from  the  weighmaster.  This  requisition 
serves  as  a  check  on  the  store  records  and  aids  the  pin  chasing 
department  in  balancing  the  materials  account  with  the 
accounting  department  at  the  end  of  the  month.  Second, 
the  weighmaster  weighs  out  the  various  amounts  of  new 
metals  and  shop  scrap  for  the  mixtures  ordered  by  the 
furnace  department,  using  the  daily  working  formulae  given 
to  him  by  the  metallurgist  in  charge  of  the  laboratory. 
Before  delivering  the  mixtures  to  the  furnace  department , 
the  weighmaster  should  record  ou  a  special  ruled  sheet  the 
alloy  number,  furnace  number,  and  the  weights  of  the  con- 
stituent metals.  At  the  end  of  the  day  this  sheet  goes  to 
the  metallurgist  to  be  checked  and  from  there  to  the  cost 
office  for  compilation.  The  totals  of  these  daily  sheets  for  » 
week  give  the  amount  of  each  alloy  charged  to  the  furnace 
department,  and  when  credited  with  the  amount  remaining 
at  the  end  of  the  week,  shows  the  metal  melted  for  that 
period.  They  show  not  only  the  amount  of  the  various 
constituents  used  in  each  alloy,  but  also  the  total  of  each 
metal  used  for  the  week.  They  further  show  exactly  what 
each  furnace  is  producing.  This  information  can  be  used 
for  determining  the  consumption  of  metal,  and  gives  the 
purchasing  department  an  accurate  figure  on  which  to  ba9e 
future  purchases  for  the  maintenance  of  sufficient  stock  for 
the  orders  on  hand.  It  would  hardly  seem  neoessaly  to  draw 
attention  to  this  record,  but  I  have  often  been  surprised  to 
find  that  no  such  information  is  available  in  many  large 
foundries. 

We  now  have  figures  on  our  weekly  summary  sheet  which 
may  be  said  to  constitute  the  debit  side  of  the  account.  The 
credit  side  of  the  account  consists  of  the  output  of  the 
foundry,   divided  into  ingot    metal,    good    castings,  bad 

*  Paper  read  at  the  niootint;  of  the  Pittsbm*ti  Foundrymon's  Association.  Maroh 
lOtli,  1913. 
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castings,  gates,  risers,  and  r(v()v("v<l  nictnl.  Tin  y  ； m' 
weighed  by  the  inspection  department,  the  first  tliree  coming 
froni  the  inspection  depart ment  itself,  the  fourth  from 
the  cleaning  room,  and  the  fifth  from  the  recovery  depart- 
ment. They  are  separated  first  by  day's  work,  then  by  alloys. 
Subtracting  the  output  of  each  alloy  from  tlie  metal  clin r^d 
to  t he  furnace  department,  will  give  the  gross  loss  of  each 
mixture  and  t  lie  difVerence  of  t  lie  totals  t  he  ^ross  loss  of  1  lie 
roiuulry  for  the  work. 

Tli('  no(.  loss  is  figured  at  tlie  end  of  any  period  by  assay- 
ing recovered  metal  too  fine  to  be  returned  direct  to  the 
foundry,  from  I  lie  metal  recovery  department,  figuring  the 
weight  of  metal  recovered  and  subtracting  it  Iroui  the  gross 
loss.  For  cost  purposes  the  net  loss  by  weiglit  cannot  he 
used  because  the  recovered  metal  cannot  be  sold  for  its  full 
value  to  1  ]w  smelter.  We  therefore  estimate  the  value  of  the 
m('t:il  melted  (or  the  period  in  question,  divide  it  into  the 
amount  received  from  the  smelter  for  the  recovered  metal, 
t  hus  arriving  at  the  percentage  of  the  recovered  】nf:tal.  This 
is  subtracted  from  the  gross  percentage  loss  to  be  added  to 
the  formula  cost  of  tlie  alloy.  This  is  not  strictly  accurate 
in  that  tlie  gross  percentage  loss  by  weight  may  not  repre- 
sent the  formula  cost  of  the  new  metal ,  but  as  the  more 
volatile  metals  are  usually  the  cheaper,  the  error  is  on  the 
safe  side. 

Let  us  take  an  example  :  The  new  metal  】】iay  consist  of  85 
parts  of  copper,  5  parts  tin,  5  parts  lead,  and  5  pares  zinc. 
This  would  cost  on  the  basis  of  50-cent  tin,  4 A -cent  lead, 
15-cent  copper,  and  7-cent  zinc,  ahoxil  15"82  cents  a  pound. 
If  we  are  making  ingot  metal,  we  would  add  the  approximate 
net  loss  of  3  per  cent.,  deterinined  as  outlined  above,  or  0*47 
cent  to  15.82  cents,  giving  us  16  29  cents  as  the  cost  of  the 
metals  constituting  the  alloy.  The  fact  that  such  a  figure 
does  not  give  the  cost  of  the  alloy  in  the  castings  is  frequently 
overlooked  in  cost  accounting.  Let  us  see  why  these  figures 
cannot  he  used  in  estimating  cost  of  castings.  If  we  melt. 
】0()lbs.  of  metal  we  may  assume  in  ordinary  brass  foundry 
practice  that  we  will  net  about  451bs.  of  good  castings.  It  is 
apparent  that  lOOlbs.  of  metal  costs  in  the  formula  15.82 
cents  per  pound,  and  that  we  lose  31bs.  valued  at  0*47  cents. 
Therefore,  451bs.  of  good  castings  would  cost  45  x  15*82  cents 
or  $7.13.  Figuring  the  loss  on  the  value  of  the  good  castings 
we  get  0'47-f  7*13,  or  6*6  per  cent.  The  metal  in  the  cast- 
ings, therefore,  costs  15*82 +  (6*6  per  cent,  of  lfv82),  or  15.82 
+  1*04  =  16*86  cents,  per  pound. 

An  easy  way  to  determine  the  amount  to  be  added  for 
loss  is  to  divide  100  by  the  percentage  of  good  castings  pro- 
chiced,  in  this  case  45  per  cent.,  giving  a  factor  of  2'2. 
Multiplying  the  net  loss  of  3  per  cent,  by  the  factor  2'2  we 
get  6'6  per  cent.,  which  is  the  same  as  we  determined  by  the 
other  method.  We  now  have  found  by  the  use  of  the  metal 
report  or  metal  practice  sheet,  a  means  of  checking  the  store 
records,  the  amount  of  】netal  melted,  the  output  and  tlie 
factors  to  be  used  in  figuring  the  value  of  the  metal  for  cost 
purposes.  You  will  agree  that  these  are  all  essential  figures 
and  also  that  we  have  determined  one  of  the  three  elements 
of  any  cost,  namely,  material.  The  other  two  elements, 
labour  and  expenses,  are  determined  by  any  of  the  accepted 
methods  of  cost  accounting. 

The  second  record  of  importance  is  the  daily  casting 
report.  Tlie  first  essential  for  this  report  is  to  have  every 
day's  work  kept  absolutely  separate  in  all  departincnts 
handling  the  castings,  except  the  shipping  room.  There  are 
maiiv  advantages  in  keeping  the  day's  work  separate,  which 
pay  for  the  extra  labour  involved.  As  soon  as  the  castings 
are  shaken  out,  they  are  checked  for  count  and  customer ，& 
name  by  the  foundry  clerk  and  sent  to  the  cleaning  room. 
This  record  is  made  in  duplicate  in  the  left-hand  columns  of 
the  report,  and  a  copy  goes  to  the  production  clerk,  who 
records  the  number  of  the  pieces  made  on  the  shop  order, 
which  is  a  copy  of  the  customer's  original  order.  This  in 
turn  enables  the  production  department  to  keep  in  close 
touch  with  the  orders  in  process. 

As  the  castings  come  from  the  cleaning  room,  they  are 
examined  in  the  inspection  department,  mid  the  weight  and 
('mu"  of  good  and  bad  pieces  noted.  The  good  castings  pass 
directly  to  the  shipping  department  :  wlnle  tho  defect ivo 
pieces  are  sorted  by  pattern  number  and  by  】ncmldei's，  mun- 
bers,  on  a  bench  set  apart  for  that  purpose.  Wlien  the  day's 
、vm.k  is  all  inspected,  the  foundry  superintendent  aiul  fac- 


tory engineer  go  over  each  lot  of  defectives  and  note  the 
causes  of  defect.  This  serves  to  furnish  information  for  the 
immediate  correction  of  excessive  losses.  We  all  know  that 
one  of  the  big  leaks  in  any  foundry  is  the  amomil  ha'l 
castings,  so  that  the  relatively  small  amou'it  of  tin"'  spent 
in  their  examination  will  surely  load  to  large  savings  It  is 
surprising  how  frequently  this  examination  is  casual,  i"、l'  :"l 
of  systematic,  and  it  generally  needs  a  cost  record  to  cu\)>\in 
size  the  amount  of  the  loss  through  defect  ive  cast  iia's 
much  attention  is  pafd  to  this  feature.  A  bonus  paid  to  t  lu- 
foremen  wlien  the  percentage  of  defectives  drops  below  a 
stated  amount,  will  often  stimulate  interest  in  this  matter. 

The  inspection  department  records  the  number  and  weiglit 
of  the  good  and  bad  pieces  opposite  the  count  noted  by  i Im* 
foundry  clerk  on  tlie  daily  casting  report  and  tl"'  percent 
of  defectives,  by  pieces,  is  calculated.  This  report  is  arranged 
by  moulders'  numbers  so  that  it  will  show  the  fouiuii  . 
superintendent  and  factory  engineer  the  quality  of  work  U  in"' 
turned  out  by  each  moulder.  A  compilation  of  the  daily 
reports  for  the  week  will  show  the  percentage  of  loss  by  eacii 
moulder,  and  the  weiglit  of  castings  produced.  The  latter 
when  divided  by  the  number  of  working  hours  will  show  tl"' 
number  of  pounds  produced  per  moulder  per  day  for  the  week. 
This  serves  as  an  excellent  check  on  each  moulder's  efficiency. 

Another  compilation  will  show  the  total  castings  produced 
Pfr  alloy  by  weight  and  pieces  and  also  the  total  weight  and 
pieces  for  the  week.  This  is  the  source  of  part  of  the  informa- 
tion regarding  output  which  was  mentioned  under  the  metal 
report  in  the  first  part  of  the  paper.  From  the  total  weight 
and  pieces  is  figured  the  average  weiglit  of  the  castings  pro- 
duced and  the  total  defective  loss  in  percentage  by  weight  and 
pieces.  This  gives  a  good  general  idea  of  the  efficiency  of  tlie 
foundry  department  when  taken  in  connection  with  average 
number  of  pounds  produced  per  moulder  per  day. 

You  will  see  that  a  careful  study  of  the  reports  as 
described  will  give  a  good  general  view  of  the  conditions  in 
the  foundry.  If  one  wishes,  the  results  may  be  plotted  on  a 
graphic  chart  which  will  show  these  conditions  at  a  glance 
more  effectively  than  a  report  consisting  of  the  figures  onlv. 
When  a  job  is  of  sufficient  length  to  make  it  advisable,  the 
record  of  the  defectives  may  be  kept  on  cards  arranged  by 
pattern  numbers.  The  average  of  a  period  points  out  the 
excessive  defects  and  indicates  the  patterns  to  be  improved 
immediately,  in  order  to  gain  maximum  benefits. 

The  third  set  of  records  that  I  might  mention  are  the 
individual  cards  showing  the  exact  time  spent  on  each  job. 
On  these  cards  are  entered  the  weight  and  count  taken  from 
the  daily  casting  reports,  thus  giving  a  complete  record  of  the 
job  to  be  used  as  a  basis  for  figuring  its  cost.  The  various 
items  of  expense  chargeable  to  each  job  are  taken  from  tin- 
expense  analysis  of  the  month  preceding.  This  expense 
analysis  is  made  up  from  the  pay  roll,  which  has  been  sub- 
divided by  job  or  standing  plant  order  numbers,  and  I  lie 
various  items  of  expense  are  taken  from  the  store  room 
requisitions  and  the  voucher  register  in  the  account i no- 
department. 

To  summarise,  we  have  the  sources  of  information  for  tlie 
three  items  of  cost,  viz.  ：     Material,  labour,  and  expense. 

(1)  The  metal  report  which  gives  the  cost  of  material. 

(2)  The  individual  cost  cards  which  give  the  labour  on  eacli 
job.  (3)  The  expenses  analysis  which  gives  the  items  of 
expense  chargeable  to  each  hour  of  productive  labour  on  earli 
pound  of  castings  produced,  depending  on  wliicli  method  is 
followed  in  figuring  the  expense  in  the  department  in 
question. 

In  order  to  manage  any  business  scientifically  the  basic 
facts  which  underlie  it  must  be  known.  As  a  step  in  this 
direction,  the  reports  mentioned  above  will  serve  to  i^ive  fairly 
complete  information.  Many  others  can  be  added  to  give 
specific  information,  such  as  figuring  piece  work  rates  and 
standard  time  and  bonus  rates,  but  these  should,  in  mv 
opinion,  follow  those  first  mentioned.  I  have  tried  to  outline 
the  use  to  be  made  of  a  few  principal  reports  with  a  view  of 
stimulating  interest  in  securing  accurate  infonnation.  It  is 
only  by  this  means,  I  believe,  tliat  the  so-called  scientific 
management  can  be  introduced  in  a  fomulrv.  After  a  vear 
or  two  the  more  complex  methods  of  pay  and  performance  can 
be  added,  but  I  think  the  mistake  mav  be  made  of  trying  to 
introduce  too  much  at  first,  thus  oausing  confusion  and  dis- 
trust on  the  part  of  all  who  should  reap  the  most  benefit  from 
a  perfected  system  of  cost  ami  efficieiu'v. 
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THE  BRICK  ARCH  AS  A  FACTOR  IN  LOCOMOTIVE  BOILER 
PERFORMANCE. 

In  the  tests,  series  "  B，"  made  bv  I  )r.  W.  F.  M.  Goss  on 
locomotive  boilers  equipped  with  Jacobs-Shiipert  and  radial 
stay  types  of  fireboxes,  respectively,  and  recorded  on  another 
page  of  this  issue,  there  was  given  opportunity  for  securing 
data  on  the  value  of  a  brick  arch  in  a  locomotive  firebox. 
Certain  of  the  tests  on  both  boilers  were  run  with  the  arch, 
and  ot liers  were  run  without  and  under  both  ('omlitions,  both 


Fig.       Akrangkment  of  Arch  as  Appi.ted  to  Jacobs-Shupkrt  Firkbox. 


the  Scalp-Level  and  the  Dundon  varieties  of  coal  were  used  ； 
the  former  being  high  and  the  latter  low  in  volatile  content. 
The  arches  used  in  these  tests  were  substantially  the  same  for 
both  boilers,  hut  the  curvature  of  the  firebox  sections  of  the 
Jacobs- Shupert  boiler  made  necessary  some  slight  differences 
in  design. 

The  arch  as  installed  in  the  Jacobs-Shupert  boiler  is  shown 
by  Fig.  1，  and  as  installed  in  the  radial-stay  boiler  by  Fig.  2. 
The  evaporative  efficiency  of  the  boilers  with  and  without  the 
arch  is  well  shown  by  Fig.  3.  In  this  figure  the  points  shown 
as  triangles  represent  tests  (Nos.  201  to  302，  inclusive)  with- 
out the  arch.  Nine  of  these  tests  were  run  with  Scalp- Level 
coal,  five  on  the  Jacobs-Shupert  boiler  and  four  on  the  radial- 
slay  boiler.  The  long  dotted  line  drawn  through  this  group  of 
points  】nay  be  accepted  as  representing  the  performance  of 
both  boilers  without  the  arch  fired  with  Scalp-Level  coal 
Similarly,  the  points  located  by  squares  represent  results  from 
both  boilers  with  the  arch.  Six  of  these'  points  represent  tests 
with  Scalp-Level  coal,  and  the  long  full  line  may  be  accepted 
as  fairly  representing  them. 

The  addition  of  the  arch  raised  the  performance  of  these 
boilers  from  that  represented  by  the  dotted  line  to  that  repre- 
sented by  the  full  line,  an  increase  of  0*6  of  a  pound  in  the 
amount  of  water  evaporated  per  pound  of  coal.  Foi-  example, 
assuming  the  boilers  to  have  been  fired  with  6,5001bs.  of 
Scalp-Level  coal  per  hour,  they  will  evaporate  7*351bs.  of 
water  per  pound  of  coal  without  the  arch  and  7'951bs.  of 
water  per  pound  of  coal  with  the  arch,  a  gain  of  8  per  cent. 
Comparisons  involving  lower  rates  of  combusticu  lead  to 
smaller  gains  when  these  are  expressed  as  a  percentage  of 
the  evaporative  efficiency.  In  the  light  of  these  experiments, 
it  is  fair  to  say  that  the  addition  of  an  arch  in  the  firebox  of 
locomotives  using  Scalp-Level  coal  results  in  increasing  the 
efficiency  from  5  to  8  per  cent. 

The  points  representing  tests  with  Dundon  coal  are  three 
in  number.  One  representing  the  Jacobs-Shupert  boiler  and 
one  the  radial-stay  boiler  without  the  arch  are  shown  on  Fig. 
3  as  triangles  enclosed  in  circles,  and  one  representing  the 
Jacobs-Shupert  boiler  with  the  arch  as  a  square  enclosed  in 
a  circle.  A  short  dotted  line  is  drawn  through  the  two  points 
representing  the  two  tests  without  the  arch,  and  a  short  full 
line  through  the  one  point  representing  the  test  with  the  arch. 
The  difference  in  the  location  of  these  lines  measures  the 
effect  produced  by  the  arch .  It  represents  an  evapora- 
tion of  lib.  of  water.  Thus,  when  6，5001bs.  of  Dundon 
coal  are  fired  per  hour,  the  boilers  without  the  arch  will 
evaporate  7*71bs.  of  water  per  pound  of  coal,  and  with  the 
arch  they  will  evaporate  8*71bs.  of  water  per  pound  of  coal. 


This  means  that  with  Dundon  coal  the  addition  of  the  arch 
resulted  in  increasing  the  evaporative  efficiency  to  the  amount 
of  12  per  cent.  The  results  of  the  heat  analysis  for  two  tests 
at  substantially  the  same  rat«  of  power,  one  with  the  arch 
and  one  without  it,  are  presented  as  Fig.  4. 

The  difference  in  the  effect  produced  by  the  arch  in  connec- 
tion with  the  two  grades  of  coal  is,  doubtless,  to  be  found  in 
differences  in  the  manner  in  which  the  coal  burns.  The  Scalp- 
Level  coal  has  only  half  the  volatile  matter  of  the  Dundon 
coal.  The  benefits  to  be  derived  from  tlie  presence  of  an  arch 
― the  longer  flame  way,  the  better  mixing  of  gases,  aiul  the 
conserving  of  high  furnace  temperature — are  all  matters 
which  alTect  its  combustion  favourably,  but  the  long- flame 
Dundon  coal  being  in  greater  need  of  these  advantages, 
naturally  profited  most  by  the  presence  of  the  arch. 


ECONOMIES  IN  THE  USE  OF  ELECTRIC  POWER. 

In  a  paper  on  this  subject  recently  presented  before  the  Bir- 
mingham section  of  the  Institution  of  Electrical  Engineers, 
Mr.  W,  E.  Milns  emphasized  certain  important  considerations 
which  were  often  neglected  by  engineers  and  others  respon- 
sible for  installing  and  developing  the  electric  drive.  The 
author  was  of  opinion  that  the  commercial  canvasser  who 
lacked  any  technical  knowledge,  but  possessed  those  qualities 
of  salesmanship  which  enabled  him  to  get  motors  into  con- 
sumers' premises,  was  a  dangerous  person  to  employ.  Such  a 
canvasser  was  not  able  to  discriminate  between  those  jobs 
which  were  suitable  and  those  which  were  ill  adapted  for  the 
electric  drive,  and  he  could  not  recognise  tlie  importance  of 
keeping  certain  power  installations  off  the  mains.  The  author 
could  not  too  strongly  emphasize  the  importance  of  technical 
advice  in  arranging  an  electric  drive.  Electric  motors  were 
too  often  installed  on  the  advice  of  commercial  assistants, 
wiring  contractors,  mechanical  engineers,  or  others  possessing 
little  or  no  electrical  knowledge.  Tlie  results  were  often 
lamentable,  a  shunt  motor  being  recommended  in  all  rir- 
ciunstaiices  and  for  all  purposes. 

Considering  the  many  types  of  electric  motors  and  the 
great  variety  of  control  gear,  it  was  a  pity  that  the  slumt 
motor  with  an  ordinary  starting  switch  was  apparently  used 
on  every  possible  occasion.  A  commercial  engineer  with 
technical  knowledge  should  find  no  difficulty  in  inducing  a 
reasonable-minded  consumer  to  obtain,  at  slightly  greater 
expense,  the  type  of  motor  or  control  gear  which  would  give 
the  maximum  efficiency  and  the  greatest  convenience,  and  not 
only  would  cover  his  requirements,  but  would  also  give  many 
advantages  not  found  in  the  usual  installation.  Technical 
knowledge  was  also  essential  in  handling  alternating-current 
work.  The  comparatively  few  speeds  which  might  be  obtained 
with  alternating- current  motors  of  a  given  frequency  called 
for  both  electric  and  inechanical  knowledge  in  cases  where 
any  form  of  gearing  was  used  or  speed  variation  required. 


Fig.  2 .— A h i< a n a v.ur.s t  of  Anni  as  Applied  to  H  \ dial-stay  Firkbox. 


Unfortunately,  in  many  oases  the  engineers  who  handled  power 
installations  displayed  a  lack  of  knowledge  of  the  various 
forms  of  electrical  apparatus  which  otherwise  might  be 
brought  to  the  notice  of  manufacturers.  The  blame  for  the 
majority  of  unsuccessful  installations  of  electric  power  should, 
however,  rest  on  merhanic.al  engineers  rather  than  on  electri- 
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cal  engineers.  Those  responsible  for  Hie  electrical  equipment 
should  be  able  to  criticise  the  arrangenieni  of  Iho  drive  su^- 
(rested  by  moclianical  engineers. 

Tlie  heaviest  item  in  a  inanufacturer's  expenses  was,  lie 
rcrn;irked,  usually  the  wages  hill.  Tlu*  power  arrangenuMils 
should  ilierefore  be  designed  io  iillect  Hie  wages  account  rather 
titan  the  power  account ,  '.'  .，  t  he  designer  of  tlic  ； irran^cnuMit s 
lo]-  dist  rihuting  power  in  a  factory  should  not  allow  his  eiigi- 
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neerino-  views  to  override  th&  ccmimercial  considerations  of  the 
case.  A  well-thought-out  power  scheme  would  often  increase 
the  output  for  the  same  wages  bill  (this  was  equivalent  to  a 
reduction  in  tlie  wages  bill);  and  it  would  also  cut  down  the 
niaiiufacturers'  expenses  by  saving  mat'erial,  reducing  the 
floor  space  occupied,  and  minimising  wear  and  tear  and  other 
maintenance  cliarges.  To  design  a  successful  power  scheme 
for  a  works,  the  engineer  must  have  some  knowledge  of  the 
trade  or  manufacture  carried  on  in  those  works.  The  works 
manager  or  works  engineer  was  a  most  valuable  ally,  and 
much  information  could  often  be  obtained  from  him.  The 
author  did  not  advocate  that  the  most  efficient  mechanical 
an  angenients  should  be  installed  regardless  of  cost.  The  sub- 
dividing of  shafting  and  the  individual  driving  of  machines 
would  occasionally  reduce  current  consumption,  but  the  capi- 
tal oast  of  such  arrangements  could  not  always  be  justified. 
It  was  sometimes  cheaper  to  consume  a  little  more  current  and 
save  capital  outlay  than  to  introduce  expensive  mechanical 
alterations.  Eacli  case  must  be  decided  on  its  merits.  Con- 
sidering tlie  arrangement  of  plant,  the  following  typical 
example  showed  what  economies  might  be  effected  by  an  effi- 
cient arrangement  of  drives :  A  test  on  the  premises  of  a 
Birmingham  firm  showed  that  70  per  cent,  of  the  total  energy 
was  absorbed  in  shafting  and  transmission  losses.  A  sensible 
arrangement  of  motors  would  reduce  these  losses  to  30  per 
cent.  It  would  pay  to  rearrange  the  works,  and  to  take  elec- 
tricity at  2d.  per  unit  with  the  reduced  transmission  losses, 
rather  than  to  continue  to  use  the  existing  drive. 

As  previously  indicated,  too  much  importance  was 
attached  to  the  cost  of  power,  and  it  was  also  difficult  to  get  a 
manufacturer  to  realise  tlie  many  considerations  which  were 
put  forward  when  comparing  estimates  for  the  cost  of  driving. 
We  were  all  familiar  with  the  gas  engineer's  somewhat  crude 
method  of  comparison  between  gas  and  electric  driving.  The 
power  user  was  usually  told  that,  say,  a  10  h.p.  gas  engine 
took  20  cub.  ft.  of  gas  per  horse-power  hour.  On  a  50-hours 
per  week  basis  this  worked  out  at  10,000  cub.  ft.  of  gas,  which, 
if  charged  at  Is.  6d.  per  1,000  cub.  ft"  equalled  15s.  On  tlie 
other  hand,  the  customer  was  told  that  a  10  h.p.  motor  con- 
sumed approximately  one  unit  per  horse-power  hour,  which 
was  equivalent  to  500  units  per  week.  Taking  current  at  Id. 
per  unit,  he  was  thus  si i own  that  the  electric  motor  would 
cost  41s.  8d.，  against  15s.  for  a  gas  engine. 

When  a  manufacturer  asked  for  the  cost  of  electricity  per 
liorse-power  hour,  and  said  that  such  a  figure  would  enable 
liim  with  his  own  knowledge  of  his  work  to  estimate  his  costs, 
it  was  wise  to  ignore  the  question.  The  autlior，s  experience 
、vas  that  the  manufacturer  had  a  very  vague  idea  of  horse- 


power, was  ignorant  of  both  his  maximum  aiul  average  load, 
and  could  not  estimate  his  horse-power  hours.  A  i 
method  of  estimating  (lie  cost,  of  driving  was  h;i.sf'(l  on  figures 
actually  obtained  from  existing  """'uta'tmers'  instjilUtions. 
For  the  benefit  of  power  users  and  engineers  engage*!  in  deve- 
loping power  loads,  the  author  gave  s',m'*  fi-j u i  **s  '山 
from  the  analysis  of  power  cost s  in  various  trades.  Tlie  figures 
given  showed  tlie  mimbf'r  of  units  used  ['("•  annum  |>er  liorse- 
power  installed,  the  figure  hein^  1  Ije  a verag**  of  a  hiiml"'r  of 
maiuifactu rers  in  the  same  class  of  business.  The  iiust;ill*^i 
horse-power  was  such  as  was  usually  found  in  a  factory  nvIkmo 
a  little  margin  was  allowed  for  development  and  extra  loa<l. 

Electrical  Energy  used  in  Various  Trades. 


\o.  (»f  units 
per  annum 
Tni'lt'.  per  h.p. 

installid. 

Kakcrs  and  confectioners  .  .  427 
Hcdstcud  niaiititact  incis  ....     0 1  '.\ 

Hoot  niamifact urcrs   ."»!»! 

HrassfoiiiHlcrs    ！  12 7 

Brewers   (581) 

Bnish  MiamiiiU'l un-rs    4;">4 

Builders    180 

Butchers    278 

I'»u1  ton  niaimfactun-i-s   .170 

Chemists  (mamifart uiin^)  .  . 

Oi^aii  blow  ing   24(» 

Clothiers    938 

Cold  storage  3,217 

Corn  merchants    2(>7 

Die-sinkers    188 

Elcctroplaters    546 

Engineers  (cyck-)   987 

Kn^ineors  (^oncral )   917 

C J  lass  nianufact  urcrs    470 

(Junmakers    667 

Hairdrcs.ser.s   178 

Ironfounders    781 

Jewel-case  makers    803 

Jewellers    775 

Lamp  manufacturers   1,331 

Laundries   421 


Tr;i'l'+. 


No.  of  unitH 
[x-r  anntirn 
pi'T  h.p. 


Ix'atluTu  orkcrs  

Metal-workers   , 

Opticians   , 

I*hIm  r-ho\  nianufact  un.i'、 
I'aiH-r  iiinrnit;i<  t  iiicis   . . . . 

Pen  man ufacturers  

IMiotof.rrapliir  piirjMf>fs  . 
Polishers   , 


Printers  (new  spajwrM)  

Provision  morohants   

Public  offices  (fan.s)  2 

Public  offices  (lift«)  

Refiners  

Rolling  mills  

Surgical  and  dental  piirjM.M  - 

Stampers  and  p"'(  ('rs   

I'pholstcrers  

Vac  uum      machine      com  - 
panit'.s  (manufa<  turcrs)    • . 
Varnish  niamifact tirers  .... 

Wcxxlworkcrs   

\Virt'\\  orkers  1 

Whip  niamifacturors   


Tito 
i\T2 

67 
:I7H 
！ UO 
TH 
••'"!， 
HXi 
4ns 
了"" 
:j."»2 
.-,1.-, 
isti 
：{.")：! 

r,i»2 

107 

371 

3S2 

001 

9i5 


111  addition  to  the  above—figures,  it  was  also  an  aclvant  a_r^ 
to  give,  where  such  could  be  obtained,  actual  comparisons  of 
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the  cost  of  gas,  steam,  and  electric  driving  on  the  same  work. 
Those  familiar  with  power  work  no  doubt  had  got  mauy  such 
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comparisons,  examples  of  which  were  given  below.  Theso 
figures  were  obtaine<l  from  manufacturers  who  previously 
used  steam  power  and  afterwards  electricity,  the  work  done 
in  no  case  being  less  with  electric  driving  than  in  the  case  of 
.sixain  driving. 


H(»rsc-p(>\\  cr 
installed. 

Cost  of  driving  by 
steam. 

r"st  of  (hiving  l>y 
elect  l  icily. 

1,387 
200 
80 

o  o  o 

0 -义 

The  following  figures  were  obtained  from  iiist-allat  ions  pre- 
viously driven  l>y  gas   pl;ml   rtper.'iied  with  gas  from  imvii 
mains  ： ― 

Horse-powor 
installed. 

Cost  of  driving  by 
town  gas. 

Cost  of  driving  1>jt 
electricity. 

25 
5 

o  o 

— o 卜 

r— t 

The  comparison  below  is  for  an  installation  previously 
driven  hy  suction  gas  plant. 

Horse-power 
installed. 

Cost  of  driving  by 
suction  gas. 

r\tst  of  driving  by 
electricity. 

40 

£    s.  d. 
144    6  10 

The  following  interesting  example  was  from  a  large  pen 
factory,  the  owners  of  which  had  taken  very  careful  tests  on 
the  cost  of  steam,  town  gas,  suction  gas,  and  electricity.  The 
horse-power  installed  was  250.  The  cost  of  steam  driving  with 
" Corliss "  compound  condensing  engines  was  £9.  10s.  per 
horse-power  per  annum  ；  with  gas  from  the  Corporation  mains, 
at  Is.  5d.  per  1,000  cub.  ft.,  £7.  4s.  2d.  per  horse-power  per 
annum  ；  and  with  suction  gas,  £4.  17s.  3d.  per  horse-power 
per  annum.  The  cost  of  electric  driving  with  current  at  Id. 
per  unit  came  to  £3.  13s.  9d.  per  horse-power  per  annum. 
The  above  typical  examples  took  into  account  maintenance, 
wages,  and  repairs,  while  the  example  from  the  pen  factory 
also  took  into  account  interest,  depreciation,  and  all  other 
charges.  Such  figures  from  actual  results  were  powerful  argu- 
ments for  electric  driving,  and  if  permission  could  be  given 
to  use  the  name  of  the  works  from  which  the  comparisons  were 
obtained,  the  arguments  carried  conviction.  Another  method 
of  comparison  which  would  appeal  to  a  manufacturer  with  an 
elementary  knowledge  of  engineering  was  to  obtain  load 
curves  for  the  steam  engines  by  means  of  continuous  recorders, 
or  from  electric  motors  by  means  of  recording  ammeters,  and 
to  submit  such  curve's  to  a  power  user. 

The  manufacturer  too  often  considered  the  uses  of  electri- 
city from  a  power  standpoint  only.  The  many  other  uses 
which  could  be  made  for  the  supply  were  often  of  considerable 
convenience  and  value  to  him.  A  point  oould,  for  instance , 
be  made  of  the  better  ligliting  of  works.  A  last  argument, 
which,  unfortunately,  was  rarely  taken  into  consideration, 
was  that  the  conditions  of  labour  and  employment  in  electri- 
cally-equipped factories  were  usually  far  superior  to  those 
found  in  works  utilising  any  other  form  of  power.  It  had 
been  considered  necessary  for  the  well-being  of  labour  to 
enforce  certain  laws  governing  the  lighting,  ventilation,  heat>- 
ing,  and  cleanliness  of  workshops  and  factories.  It  was  safe 
to  say  that  if  electric  power  were  universally  used,  and  if  no 
steam  or  gas  were  found  in-  factories,  these  laws  would  rarely 
have  been  necessary.  Practically  in  no  case  was  steam  or  gas 
<■；! lied  in  to  imju-ove  the  lighting,  cleanliness,  or  ventilation  of 
works.  The  introduction  of  electric  power  invariably  gave 
heater  working  conditions,  and  althougli  these  arguments 
might  ho  Honiowliai  ad  vanrcil ,  t  here  was  iki  tlnuht  t  hey  .sliould 
be  taken  into  consideration  whcu  considering  ilie  pquipmeiii 
of  works  and  factories. 


FIRECLAY  FOR  FOUNDRY  USE. 

•  BY  E.  H.  OEITI.EIi. 

Fi  w:『,ay  is  a  higlily  refractory,  earthy  material,  plastic  when 
wet,  and  capable  of  being  moulded  into  almost  any  desired 
sliape.  ft'  is  composed  of  particles  of  various  minerals  in  dif- 
ferent stages  of  decay,  there  being  present  oxides,  carbonates, 
hydroxides,  silicates,  &c.  The  number  of  different  minerals 
occurring  may  be  quite  large,  but  for  general  purposes  clay 
may  be  considered  as  a  combination  of  quartz,  feldspar,  and 
kaolinite,  or  some  similar  liydrous  aluminium  silicate.  The 
latter  is  denoted  clay  substance,  or  clay  base,  and  very  largely 
contributes  plasticity. 

The  ordinary  chemical  or  ultimate  analysis  is  one  of  the 
first  essentials  in  selecting  fireclay.    A  good  fireclay  for  foun 
dry  use  should  approximate  the  following  analysis ： ― 

Per  cent. 

Si  02    55  00 

Al2  03   29  00 

Fe2  03   1  50 

Ca  O   :   0*50 

Mg  O    0'40 

Ti  02   160 

Alkalis    1'50 

Loss  on  ignition    10*50 

Any  very  great  increase  in  any  of  these  constituents  will 
cause  a  lowering  in  the  melting  point  of  the  clay.  Steel  is  cast 
at  a  temperature  of  about  2,900°  Fall.,  and  in  order  to  with- 
stand this  heat,  the  fireclay  should  not  fuse  below  3,200c  Fah. 

The  rational  analysis  of  clay  is  also  very  valuable  in  judg- 
ing its  properties.  This  analysis  is  not  undertaken  as  a  rule, 
but  its  use  should  be  more  general.  The  following  method 
gives  very  good  results,  and  properly  finds  a  place  here.  The 
object  of  the  rational  analysis  is  to  determine,  in  a  general 
way,  the  constitution  of  the  clay.  It  shows  the  ratio  of 
quartz,  feldspar,  and  clay  substance  (kaolinite)  existing  in  the 
sample. 

Two  grains  of  clay  are  digested  with  20  cc.  of  concen- 
trated sulphuric  acid  on  a  hot  plate.  The  solution  is  cooled, 
diluted  with  water,  filtered,  and  washed  with  hot  water.  The 
residue  on  the  filter  is  washed  into  a  50  cc.  beaker  with  about 
15  cc.  of  10  per  cent,  sodium  hydroxide  solution,  and  digested 
two  or  three  hours  with  heat,  then  diluted  with  about  35  cc. 
of  water,  filtered,  and  washed.  AVliat  remains  on  the  filter 
is  washed  back  into  the  beaker  with  about  25  cc.  of  hydro- 
chloric acid  (Sp.  Gr.  l'l),  and  again  digested,  filtered,  and 
washed.  This  last  residue  is  ignited,  and  the  loss  represents 
kaolinite  or  clay  substance.  The  successive  treatments  with 
acid  and  alkali  have  dissolved  out  the  clay  substance,  leaving 
feldspar  and  quartz. 

The  residue,  consisting  of  quartz  and  feldspar,  is  fused  with 
sodium  carbonate  and  the  silica  and  alumina  determined. 
Multiplying  the  percentage  of  alumina  by  5  41  gives  approxi- 
mately the  amount  of  feldspar  present,  and  the  quartz  is 
found  by  difference. 

Another  metliod  of  arriving  at  the  same  result  is  to  mul- 
tiply the  alumina  in  the  residue  by  3  51,  which  gives  the 
amount  of  silica  found  in  orthoclase  feldspar.  This  silica  sub- 
tracted from  the  total  silica  in  the  insoluble  residue  gives  the 
percentage  of  quartz.  The  sum  of  the  alumina,  feme  oxide, 
alkalis,  and  3'51  times  the  alumina,  represents  feldspar. 
Neither  of  tliese  calculations  gives  absolutely  correct  results, 
but  for  the  purpose  of  comparison  the  values  are  very  inte- 
resting. 

A  simple  method  of  calculating  the  clay  base  from  the 
ultimate  analysis  is  to  consider  all  the  alumina  to  be  con- 
tained in  the  kaolinite,  multiply  it  by  1,169  to  find  the  amount- 
of  silica  required,  and  add  this  product  to  the  alximiniuni  and 
combined  water.  Out  of  numerous  samples,  tliose  mnnins: 
about  72  per  cent,  kaolinite,  6  per  cent,  feldspar,  22  per  cent. 
quartz,  show  up  veiy,  well  in  actual  service. 

Feldspar  acts  as  a  fluxing  a  pent,  and  materially  lowers 
t lie  inelthig-  ])(»int.  K ;iolinite  or  clay  base  is  composed  of 
silica  46*4  per  cent.,  alumina  39'7  ]>er  cont.,  water  13*9  per 
cent.,  ami  nielt^  at  3,300°  Fall.  Tf  kaolin  is  mixed  with  pure 
wl)it.e  sand  in  increasing  proportions,  it.  is  found  that  tlie 
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melt'ing  point  of  the  resultant  mixiurft  is  lowered  until  tho 
propori  ion,  kaolin  10  per  cent,  and  sand  00  ])or  cent.,  is 
reacli^fl.  With  this  mixture  Mio  inoli-in^  point  is  ； ihoui  3，（）（）0r> 
Kali.  Any  f'urtlier  addition  of  sand  raises  the  meU'iTig  point . 
In  this  way  it  is  seen  that  a  high  j>f>n*-enl of  (juartz  (juiio 
； i  pprecriahly  lowers  the  melting  point. 

The  refractfOiy  properties  of  any  clay  a ro  most'  influenced 
by  the  bases  in  the  following  order:  Iron  oxide,  magnesia, 
lime,  soda,  potassa,  titanium  oxide,  and  silica.  The  influenre 
of  the  first  five  is  most  important,  as  comparatively  small 
quantities  arfect  the  fusibility  to  a  great  extent.  The  fact 
thai  silica  acts  as  a  flux  is  interesting  to  found rymen  because 
it,  is  the  usual  practico  ")  add  clay  in  mixing  l';u  iug  sand. 
The  several  characteristics  of  a  good  foundry  clay  are  as  fol- 
lows : — 

Tfc  must  have  a  low  percetit-ape  of  fluxing  impurii.ies,  or,  in 
other  words,  ilio  percentage  of  iron,  lime,  magnesia,  and  alka- 
lis must  l>e  low,  about  3*50  per  cent.  The  silica  should  run 
preM.y  dose  to  50  per  cent.,  as  any  great  increase  over  this 
lowers  the  melting  point  and  also  affects  the  plasticity. 

It  must  have  as  much  bonding  power  as  possible,  and  this 
is  largely  due  to  the  amount  of  clay  substance  or  kaolinite 
present.  The  basis  principle  of  good  moulding  is  to  keep  the 
proportion  of  clay  down,  and  the  larger  the  percentage  of 
clay  substance,  the  less  clay  is  required. 

It  should  be  finely  ground,  as  the  plasticity  varies  to  a 
great  extent  with  the  size  of  the  grain.  The  finer  clay  mixes 
more  intimately  with  the  sand.  In  this  connection,  it  is  well 
to  note  that  facing  sand  should  be  well  milled.  Many  scabby, 
dirty  castings  are  the  direct  result  of  too  much  haste  in  mix- 
ing the  sand,  and  in  no  way  is  caused  by  poor  materials.  It 
is  very  easy  to  test  the  fineness  of  the  various  clays  by  run- 
ning tliem  through  sieves  of  several  different  degrees  of 
w  esli. 

It  is  almost  needless  to  state  that  fireclay  for  foundry  use 
need  not  be  of  the  highest  grade  obtainable.  No.  1  fireclays 
such  are  are  used  for  glass  pots,  which,  undoubtedly,  require 
the  most  refractory,  are  too  expensive  for  foundry  use,  and  as 
a  matter  of  fact  would  not  justify  the  added  expense.  The 
lower-grade  clays,  melting  around  3,200°  Fah.  or  3,300°  Fah., 
if  properly  used,  will  give  just  as  good  results.  It  sometimes 
happens  that  two  clays  of  approximately  the  same  chemical 
analysis  show  up  very  different  in  practice.  One  may  give 
perfect  satisfaction,  while  the  other  is  the  cause  of  much 
trouble.  Very  often  the  rational  analysis  will  sliow  wherein 
they  differ,  and  for  this  reason  its  use  should  be  more  general. 
I  f  it  should  fail,  the  only  satisfactory  test  is  to  ascertain  the 
actual  melting  points,  which  is  usually  a  matter  of  great 
difficulty  for  the  foundry  chemist.  The  best  method  is  to  find 
a  satisfactory  brand  and  to  stick  to  it. 一 "  The  Foundry." 


PROGRESS  OF  BRITISH  MILITARY  AVIATION. 

In  introducing  the  Army  Estimates  in  the  House  of  Commons 
on  Wednesday  of  last  week,  Colonel  Seeley  furnished  some 
interesting  information  relating  to  the  progress  that  has 
made  in  military  aviation  during  the  past  year.  Wlien  the 
previous  year's  estimates  were  introduced,  he  said,  the  War 
Office  had  only  17  aeroplanes,  whereas  now  they  had  101 
machines  capable  of  flying,  and  if  there  was  no  further  delay 
in  supply  they  would  have  148  on  May  31st.  Experiments  of 
a  secret  character  had,  he  remarked,  been  conducted  during 
tlie  past  year,  with  the  result  that  they  had  now  evolved  a 
iTiachine  far  superior  to  that  in  the  possession  of  any  nation  in 
the  world.  They  had  had  the  best  brains  in  England  at  work 
on  it,  and  he  wished  to  acknowledge  the  services  rendered  by 
the  National  Physical  Laboratory,  and  especially  the  Com- 
川 iUee  under  Prof.  Glazebrook,  \vlio  had  done  so  murli  to 
produce  this  remarkable  result,  The  Superintendent  tho 
Royal  Aircraft  Factory,  who  was  himself  a  member  of  tlie 
Committee,  had  carried  out  the  work.  The  great,  problem  of 
Ui?  aeroplane  for  the  purpose  of  warfare,  and  especially  for 
this  country,  was  to  have  a  inacliiiie  t'liat,  wtmld  not  onlv  H v 
at  a  great  speed  but  also  at,  a  slow  speed .  The  second  was  even 
tnore  important  than  the  first.  Tlie  lirst  was  iie<-os^<rv 
because  of  the  strong  winds  in  this  country,  and  in  wa r  spccll 
was  vital  against  a  oontraiy  wind,  but  slow  sj)eed  was  more 
essential  for  war  iu  all  countries,     hi  any  enclosed  country 


to  attempt  to  land  with  I'hese  oxrf-pt  ion.-il! v  """"""os 
would  ii""'. ，i       (  ； iin 山' aUi. 

Tlift  prohlom  to  he  solve*!  tliereforn  was  to  get  a  macliim* 
wiiich  fould  fly  ； it  a  slow  as  well  as  at.  a  threat  s|wl,  ami  t  hcv 
had  gone  nearer  to  solving  that  problem  thait  ； iny  otlipr 
nation,  and  i'nr  noarf*r  \h;ui  Uiey  wr  Ix-ln-vcl  |'(,-- ,i、. 
！ noiit-hs  ago.  They  had  now  a  machine  wliicli  had  flown  ； il 
over  80  miles  an  hour  which  could  also  fly  at  40  niilee,  a  tiling 
thought  to  be  incredible  six  months  ago.  They  Iiad  aim  a 
biplane  which  completed  its  tests  on  Monday.  How  slow 
it  would  fly  they  did  nob  yet  know,  but  in  a  series  of 
four  tests  over  a  measured  course  this  machine  had  ； weragwl 
91*4  miles  per  hour,  flying  backwards  and  forwards  and  wit  h 
and  against  the  wind.  That  meant  that  this  machino 
attained  at  times  a  speed  of  100  milea  per  hour.  Tliw 
remarkable  achievements,  and  reflected  credit  upon  Hrit  isli 
inventive  skill  and  genius,  which,  working  f|iiietlv  and 
silently,  produced  these  remarkable  results. 

In  regard  to  flying  in  violent  wind,  the  Commandant-  of 
the  Royal  Flying  School  thought  it  essential  to  know  in  limv 
violent  a  wind  it  was  possible  to  fly.  A  brave  yotni^  man 
whose  machine  could  fly  at  57  miles  an  hour  took  it  out  in  a 
tremendous  gale.  The  wind  was  so  violent  that  the  machine 
rose  perfectly  straight  to  a  height  of  300ft.  In  the  teeth  of 
the  wind  it  took  him  16  minutes  to  cover  400  yards,  so  that 
the  wind  must  have  been  blowing  at  just  under  the  speed  of 
the  machine.  When  they  remembered  that  only  a  year  ago 
people  hesitated  to  go  up  in  winds  of  15  miles  an  hour  it 
would  be  seen  how  great  an  advance  had  been  made.  In  tlie 
converse  case  it  took  an  airman  an  hour  and  a  quarter  to  fly 
21  miles  with  the  wind  dead  ahead,  but  he  did  the  return 
journey  in  4  seconds  under  12  minutes,  or  at  a  speed  of  about 
115  miles  per  hour.  In  regard  to  monoplanes,  the  101 
machines  of  which  he  had  spoken  included  some  instructional 
machines,  not  of  course  fast,  and  others  suitable  for  war,  but 
involving  an  element  of  risk  which  they  would  take  in  times 
of  peace.  Since  the  formation  of  the  Royal  Flying  Corps  the 
machines  had,  he  said,  flown  for  1,550  hours  and  covered 
82,000  miles,  or  more  than  three  times  round  the  world. 
Unfortunately  six  lives  had  been  lost,  but  on  the  other  hand 
the  Central  Flying  School  had  flown  670  hours  and  covered 
36,000  miles  without  a  single  serious  accident. 

Regarding  the  time  taken  to  manufacture  an  aeroplane. 
Colonel  Seeley  mentioned  that  arrangements  could  easily  be 
made  to  manufacture  a  great  number,  far  more  than  were 
possessed  by  any  other  country,  in  a  very  short  time.  The 
difficulty  was  with  the  engines.  The  weak  point  in  England 
was  that  although  they  produced  the  best  aeroplane  and  had 
many  good  engines  they  were  produced  in  small  numbers,  and 
so  far  as  they  had  yet  been  produced  they  were  less  efficient, 
if  by  efficiency  they  meant  the  speed  attained  to  a  given 
weight,  as  compared  with  foreign  Powers.  The  Government 
had  decided  that  the  best  way  to  meet  this  difficulty  was  to 
offer  a  prize,  and  not  only  a  prize  but  the  promise  of  a  large 
purchase.  He  had  arranged,  in  conjunction  witli  the  First 
Lord  of  the  Admiralty,  that  the  War  Office  and  the  Admiralty 
should  together  offer  a  prize  for  the  best  aeroplane  engine. 
The  details  of  the  competition  were  being  settled  by  a  sub- 
committee of  the  Aero  Committee.  They  proposed  to  give  a 
prize  of  something  in  four  figures,  and  to  give  a  firm  proini^ 
of  the  purchase  of  50  or  probably  more  of  the  engines  of  ihe 
successful  competitor  or  of  one  of  the  competitors.  He  was 
advised  that  that  was  the  best  way  of  stimulating  the 
industry.  He  thought  that  there  could  be  no  doubt  that  tliey 
should  find  it  possible  to  excel  in  the  production  of  aeroplane 
engines  in  the  same  way  as  they  excelled  in  the  production  i>f 
engines  for  motor-cars  and  as  they  had  undoubtedly  excelloW 
in  the  production  of  the  aeroplane  itself. 


Institution  of  Engineers  and  Shipbuilders  in  Scotland.  -At  the 

sixtli  general  meeting  of  this  session  of  the  Institution  of 
Engineers  and  Shipbuilders  in  Scotland,  held  on  the  ISt  li 
at  Glasgow,  Mr.  E.  Hall-Brown,  president,  in  the  cliair,  t lio 
following  were  noniinated  for  election  later  as  oftii-e  hearei-s 
for  sessions  1913-1916  :  President,  Dr.  R.  T.  Moore;  vice- 
presidents,  Prof.  A.  L.  Mellanbv,  D.Sr  ,  ami  Mr.  T  Hla.  k- 
wood  Murrav,  B.Sr.  ；  nieinbei-s  of  Council,  Mr.  A.  .1 . 
('am! 山 ell,  、"•  、v  ^  M  Villa",  Mr.  0  A  Mitchell,  En^inoor- 
Commander  W  M  K  Wisnoin,  K . X  .  ;iiul  Mr  II  K  、'： im'w  ； 
associate  member  of  ('oum'il,  Mr.  Frcint  is  Heiulers<>n 
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SCHMIDTS  CONSTANT-PRESSURE  INTERNAL-COMBUSTION 

ENGINE. 

Some  important  modifk'atiotis  in  1  lio  design  oi'  iTiternal-com- 
hust ion  entities  of  the  roust anl  pressure  1  ype  are  proposc'l  in 
a  patent  recently  granted  to  Dr.  Wilhelm  Sclmiidt,  2，  Rohnxl - 
strasse,  C a ss el- Wi  1  he  1  m sh oh e ,  Germany.  In  engines  of  1  his 
type,  as  at  present  const 7-ucted,  the  combustifjn  air  in  Hie  work- 
ing cylinder  is  compressed  to  30-35  times  its  initial  pressure, 
； t ml  ihey  work  with  a  considerable  degree  of  economy,  but  in 
comparison  with  the  large'  dimensions  of  their  cylinders  and 
moving  parts,  develop  only  a  comparatively  small  power.  For 
this  reason  the  manufacture  of  such  engines  of  high  power 
offers  considerable  difficulties,  the  possible  cylinder  dimen- 
sions in  particular  soon  reaching  a  limit,  so  that  high  powers 
can  only  be  attained  by  increasing  the  number  of  cylinders 
and,  consequently,  the  cost  per  horse-power  hour.  The  object 
of  Dr.  Schmidt  is  to  render  possible  the  use  of  constant-pres- 
sure combustion  engines  which,  without  sacrifice  of  economy, 
shall  be  smaller  and  lighter  for  the  same  power  than  engines 
of  the  type  hitherto  employed. 

It  has  already  been  proposed  to  increase  the  initial  pres- 
sure of  the  air  to  be  compressed  in  the;  combustion  cylinder 
by  means  of  preliminary  compression,  and  at  the  same  time  to 
reduce  the  compression  ratio  of  the  combustion  air  com- 
pressed in  the  combustion  cylinder.  These'  proposals,  how- 
ever, went  too  far,  and  the  resulting  engine  was  unsuccessful  ； 
thus  a  preliminary  compression  of  6-8  atmospheres  was  adopted 
and  a  compression  ratio  in  the  combustion  cylinder  varying 
from  1  ：  15  to  1  :  6*5.  The  burnt  gases  were  employed  in  a  com- 
bustion product  engine  working  after  the  manner  of  a  hot> - 
air  engine,  which  on  the  one  liand  had  to  effect  the  prelimi- 
nary compression  of  the  combustion  air,  and  on  the  other 
hand  to  deliver  power  to  the  shaft  of  the  combustion  engine, 
the  engine  as  a  whole  being  constructed  as  a  compound  engine 
in  which  both  tlie  temperature  drop  and  the  work  were 
divided.  This  engine,  however,  was  a  complete  failure,  on 
account  chiefly  of  the  attempt  mad©  to  compound  it  after  the 
manner  of  a  compound  steam  engine.  The  combustion  pro- 
dnct  engine,  which  formed  the  low-pressure  part  of  the  com- 
pound engine,  was  not  suitable  for  high  powers,  owing  to  its 
lack  of  economy,  while  the  exhaust  gases  entered  the  low- 
pressure  cylinder  at  a  pressure  of  about  16  atmospheres  and  a 
temperature  of  1,300°,  the  result  being  that  not  only 
the  pipes  connecting  the  cylinders  but  also  the  admission 
valve  of  the  low-pressure  cylinder,  and  the  large  low-pressure 
cylinder  itself,  were  made  red-hot,  and  had  to  be  artificially 
cooled,  thus  causing  great  heat  losses.  Even  in  the  combus- 
tion cylinder  the  losses  were  increased,  because  the  excep- 
tionally low  expansion  ratio,  due  to  the  low  compression  ratio, 
necessitated  a  very  late  cut-off  (almost  50  per  cent.)  in  the 
combustion  cylinder,  and  this  in  turn  involved  large  cooling 
losses  and  a  high  temperature  of  the  gases  throughout  the 
whole  of  the  piston  stroke. 

According  to  the  present  invention  the  compression  of  the 
combustion  air  compressed  in  the  combustion  cylinder  is  fixed 
at  12-24  times  the  initial  pressure  of  2-4  atmospheres.  Pre- 
ferably tho  ratio  'of  oompreission  and  the  ratio  of  expansion 
dependent  thereon  are  so  chosen  that  the  energy  in  the 
exhaust  gases  is  sufficient  alone  for  driving  the  preliminary 
compression  plant.  The  compression  pressure,  which,  accord- 
ing to  present  practice,  amounts  to  30-35  atmospheres,  is  thus 
increased  to  60  atmospheres  or  more,  the  reduction  of  the 
ratio  of  compression  in  the  cylinder  to  about  12-24  times  pro- 
ceeding hand  in  hand  with  the  increase  of  the  initial  pressure 
of  the  combustion  air  to  be  further  compressed  in  the  working 
cylinder.  The  increase  of  the  initial  pressure  allows  a  larger 
weight  of  air  to  be  introduced  with  smaller  cylinders,  a  feature 
on  which,  apart  from  the  quantity  of  fuel  supplied,  the  out- 
put of  a  constant-pressure  combustion  engine  essentially 
depends.  For  example,  the  increase  of  the  initial  pressure  to 
about  four  atmospheres  absolute,  other  things  being  equal, 
reduces  the  strokenvolume  to  a  quarter  of  that  hitherto  usual. 
The  reduction  of  the  compression  ratio  is  associated  with  a 
simultaneous  decrease  of  the  expansion  ratio,  or,  in  other 
words,  with  a  reduced  compression  ratio,  the  cut-off  takes  place 
later,  a  moderate  retardation  of  the  cutoff  as  compared  with 


what  is  usual  in  the  ordinary  constan1>pressure  engine  being 
desirable.  From  a  theoretical  point  of  view,  the  reduction 
of  the  expansion  ratio  is  a  retrograde  step  compared  with 
present  practice,  but  tlie  disadvantage  involved  is  counter- 
balanced by  other  advantages.  For  example,  taking  tlie 
initial  pressure  of  the  combustion  air  as  before  at  four  atmo- 
spheres absolute,  then  for  the  same  weight  of  air  the  cooling 
area  of  tlie  cylinder  walls  under  identical  condiiious 
amounts  to  only  one  half  and  the  areas  of  the  cover  and  the 
piston  to  only  a  quarter  of  the  corresponding  areas  according 
to  present  practice.  The  cooling  losses,  which  now  amount  to 
about  33  per  cent,  of  the  total  heat,  are  thus  reduced  at  least 
one  half,  while  the  amount  of  heat  available  in  the  cylinder 
for  conversion  into  work  is  correspondingly  increased. 

With  the  increase  of  the  combustion  pressure,  later  cut-off, 
and  considerably  smaller  dimensions  of  tlie  cylinder  is  asso- 
ciated a  more  perfect  combustion,  that  is  to  say,  tlie  high 
compression  pressure  leads  to  an  increased  concentration  of 
the  oxygen  molecules,  which  makes  the  combustion  more 
lively.  The  smaller  dimensions  of  the  -cylinders,  apart  from 
running  advantages,  ensure  a  more  uniform  mixture  of  fuel 
and  air.  The  later  cutoff,  with  a  given  weight  of  fuel  per 
cycle,  affords  a  longer  period  for  the  combustion  (with  regard 
to  the  stroke),  which  offers  a  greater  security  for  complete 
combustion,  so  that  the  objectionable  after-burning  during 
expansion  is  avoided.  In  addition  to  the  thermal  advantages 
set  forth,  the  mechanical  efficiency  of  tlie  engine  is  also 
increased. 

The  mechanical  efficiency  of  the  constant-pressure  engine 
as  at  present  constructed  is  low  in  comparison  with  otlrer 
engines,  tlio  ratio  of  the  brake  horse-power  to  the  indicated 
horse-power  being  not  more  than  about  75  per  cent.  This 】ow 
efficiency  is  due  on  the  one  hand  to  the  relatively  large  nega- 
tive work  of  compression  with  an  early  cut-off,  and  on  the 
other  hand  to  the  high  maximum  pressures  acting  on  the 
pins,  journals,  and  the  like,  in  proportion  to  the  power 
developed.  The  mechanical  efficiency  of  the  new  engine  is 
higher  both  because  the  negative  work  of  compression  is  less 
and  also  because  the  maximum  pressures  are  decreased  in 
relation  to  the  power.  In  some  cases,  if，  in  spite  of  the  rise 
of  temperature  due  to  the  preliminary  compression  and  the 
reduced  cooling  losses,  the  low  ratio  of  compression  in  the 
cylinder  does  not  produce  a  sufficiently  high  temperature  for 
ignition  purposes,  the  combustion  air  may  be  heated  arti- 
ficially before  admission  to  the  working  cvlinder,  so  as  to 
ensure  the  attainment  of  a  reliable  ignition  temperature. 

The  object  aimed  at  in  many  earlier  proposals  has  been 
to  reduce  by  cooling  the  initial  temperature  of  the  combustion 
air  to  be  compressed  in  the  working  cylinder,  in  order  to 
increase  the  weight  of  air  that  could  be  introduced  at  atmo- 
spheric pressure  or  at  a  superpressure  of  a  few  tenths  of  an 
atmosphere.  With  the  low  initial  pressures  of  the  old 
methods,  this  was  of  great  importance,  because  an  increase  of 
temperature  at  such  low  initial  pressures  at  once  leads  to  a 
considerable  decrease  in  power.  With  the  process  of  working 
now  proposed,  however,  an  increase  in  temperature  of  the  air 
before  introduction  into  the  working  cylinder  is  of  less  impor- 
tance. Nevertheless,  in  some  cases,  the  combustion  air  may  be 
cooled  after  the  preliminary  compression,  in  which  case  igni- 
tion must  be  artificially  effected. 

As  a  considerable  expenditure  of  work  is  necessary  for  the 
preliminary  compression  of  the  combustion  air,  it  is  of  great 
importance  in  connection  with  the  new  engine  that  the  work 
of  preliminary;  compression  shall  not  fall  on  the  combustion 
engine  proper,  or  at  anyrat-e  that  any  such  work  shall  l)e  kept 
as  low  as  possible.  For  this  reason  the  exhaust  gases  of  the 
combustion  engine  are  utilised  for  the  preliminary  compres- 
sion, these  exhaust  gases  being  fed  to  a  coinbustion  product 
engine  (piston  engine  or  turbine),  which  in  turn  drives  the 
compressor  (piston  or  turbo-compressor) - 

The  exhaust  gases  of  the  proposed  combustion  engine  have 
a  much  higher  pressure  and  t-emperature  than  in  engines 
proposed  heretofore,  and  this  fact-  enables  them  for  the  first 
time  to  be  utilised  profitably  in  a  combustion  product  engine, 
even  in  the  case  of  2-stroke  engines,  in  which  the  temperature 
of  the  exhaust  gases,  owing^  to  the  necessary  excess  of  sc^ vend- 
ing air  is  relatively  decreased  to  a  considerable  extent.  On 
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the  other  hand,  tlie  pressure  and  temperature  of  tlie  exhaust 
tr^ ses  ar0  sulliciently  low  to  render  it  possible  to  dispense  willi 
artificial  cooling  of  tlie  coimecting  pipes  and  tlio  like.  In  most 
cases,  by  appropriate  choice  of  the  ratios  of  coni))ression  and 
expansion  with  usual  comhuslion  temperatures,  the  energy  in 
tlie  exhaust  gases  can  be  maintained  at  a  level  sufficiently 
hi" 小 to  drive  the  preliminary  compression  plant  without  addi- 
tiunal  assistance.  Tlie  increase  of  the  working  capacity  ol'  llu- 
exhaust  gases  for  the  purpose  of  effecting  the  preliminary 
r,,m|,ivssioii  in  an  efficient  manner  is  an  iinporlaiit  factor 
wl'en  consi(l(M*fHl  in  relation  to  the  reduction  of  tlie  ratio  of 
compression  in  the  working  cylinder. 

Tlie  preliminary  compression  plant  may  be  coupled  to  the 
shaft  of  Hie  comhuslion  engine  or  bo  a,mmg.e(l  iii(le])eii(l(Mitly, 
but.  it  is  of  fundamental  importance  that  all  the  external 
work  of  t  ho  cycle  should  be  performed  by  11  le  combust  ion 
c\\n\<lvr. 

It  is  to  be  particularly  noted  that  the  object  of  the  new 
engine  cannot  be  attained  merely  by  in<"、、a,siiig  the  initial 
pressure  of  the  combustion  air  according  to  present  practice 
without  alteral  ion  tlie  ratio  of  ('(mipressimi  or  by  merely 
reducing  the  ratio  of  compression  without  alteration  of  the 
initial  pressure  ；  the  results  sought,  on  ihe  contra ry,  can  onlyj 
be  attained  by  the  simultaneous  modification  of  both  these 
fe;it  ures.  The  new  method  of  working  is  suitable  for  all  con- 
slant-pressure  coinbustdon  engines,  but  is  specially  applicable 
to  2-stroke  engines,  since  they  are  already  provided  with  a 
compressor  plant.  The  claims  made  by  Dr.  Schmidt  are  as 
follows:  (1)  A  method  of  working  constant- pressure  combus- 
tion engines,  according  to  which  the  ratio  of  compression  of 
the  combustion  air  compressed  in  the  working  cylinder  is  fixed 
at  12-24  times  the  initial  pressure  of  2-4  atmospheres,  the 
object  being  to  provide  smaller  and  ligliter  engines  in  rela- 
tion to  the  power  developed,  without  sacrifice  of  economy. 
(2)  A  method  of  working  constant  pressure  combustion 
engines  as  claimed  in  claim  (1),  the  ratio  of  compression  and 
also  the  ratio  of  expansion  being  so  chosen  that  the  energy 
remaining  in  tlie  exhaust  gases  is  sufficient  for  driving  the 
preliminary  compression  plant  without  additional  assistance. 


OAS  PRODUCERS  FOR  SMALL  HEATING  FURNACES. 

I  n  a  paper  read  before'  the  Cleveland  Engineering  Society 
i\l r.  C.  I).  Smith  said  that  the  increased  cost  of  fuel  oil  had 
created  a  demand  for  some  substitute  for  these  fuels  in  small 
heating  furnaces,  and  it  was  from  producer  gas  that  a  solu- 
tion of  the  problem  was  expected.  In  work  of  this  character, 
little  had  been  done  with  producer  gas,  and  intonnation  along 
this  line'  was  difficult  to  get  or  was  entirely  lacking.  For  the 
supply  of  such  furnaces  it  would  be  necessary  to  cool  and 
clean  the  gas  in  order  to  avoid  any  clogging  in  the  gas  distri- 
buting system  ；  the  sensible  heat  of  the  gas  as  it  left  the 
；) roducer  would  thus  be  lost,  and  any  tar  compounds  that  it 
ronlained  and  which  were  high  in  heat  value  would  also  be 
lost.  With  an  average'  gas,  thus  cleaned  and  cooled  and 
burned  in  a  small  heating  furnace,  temperatures  of  1,700°  t'o 
1,800°  Fall,  were  readily  obtained,  and  in  work  requiring  no 
liiglior  temperature  there  was  no  reason  for  serious  difficulty. 
A  few  installations  had  been  made  where  temperature  require- 
ments were  not  higli,  such  as  for  tempering,  case-hardening, 
and  heating  soldering  irons,  and  in  these  instances  satis- 
liu'tory  results  were  reported.  But  in  furnaces  requiring 
Inglier  ieutperatures,  such  as  welding  heats,  small  crucible 
furnaces,  and  heating  material  for  bolt  and  rivet  macliines, 
the  situation  was  uncertain  ；  little-  was  known,  but  tlie  ex{)t*ri- 
ineutal  stage  of  this  development  was  well  started. 

So  far  as  was  known  to  the  writer,  there  was  but  one  plant 
in  t lie  United  States  where  an  attempt  was  being  ma(l('  to 
utilise  producer  gas  for  heating  small  crucible  furnaces. 
Clean  cold  gas  of  about  120  B.Th.U.  per  cubic  foot  was  used  : 
the  gas  and  air  for  combustion  were  preheated  by  means  of 
fie  waste  gases  t'o  about  600D  Fah.  ；  each  furnace  contained  a 
crucible  holding  about  2001bs.  of  brass.  Reports  already 
received  indicated  that  satisfactory  results  had  been  obtained *； 
|t  was  stated  tliat  tlie  heat  was  ainple  for  the  purpose  and  tliat 
it  was  uniform.  If  continued  tests  confirmed  the  results  as 
reported,  the  outlook  was  bright,  for  the  application  of  pro- 
ducer gas  to  this  type  of  heating  furnace. 

If  we  measured  the  world's  iiuhistrial  development  by  the 
cousuinptiou  of  fuel,  it  was  readily  secu  that  we  were  pro- 


gressing at  a  rapid  rate,  and  as  a  period  in  the  lifetime  ； l 
nation  we  had  been  using  mineral  fuel  but  a  short  tinif  ； iii'I 
we  had  learned  little  about  it.  The  iirsl  i'u**l  ron-u/iM^J  was 
used  in  a  crude  way  and  most  of  the  heat  was  lost.  Allliou^li 
at  the  present  time  we  were  beginning  to  realise  t ! i 
desirability  of  more  economic  utilisation  we  were  still  very 
wasteful .  1  ii  the  efforts  of  the  future  to  conserve  the  fuel 
resources  and  to  utilise  waste  niaterialw,  tlie  gas  producer  was 
dcsl inerl  to  play  an  important  part,  and  it  was  tlie  firin 
that  it  was  now  entering  upon  a  period  of  liealt Iiv  and  s"';"Jv 
growth  in  its  application  to  industrial  pursuit  -;. 


CLIMIE'S  GAS  PRODUCER. 

Tin-;  ^as  producer  shown  «l  ia^n;i  m  mat  icall  v  in  tlie 
ing  sectional  view  lias  been  designed  and  patented  by  Mr. 
William  Climie,  3，  Mount  Pleasant,  Bo'ness,  Linlitli^owsliir*'. 
It  is  composed  of  an  inner  and  outer  casing,  the  fuel  being 
inserted  within  tlie  inner  casing  and  the  water  in!  pro- 
duced into  the  space  between  the  two  casings.  The  fuel  is 
charged  into  the  producer  by  a  shoot  A  fitted  with  a  valve 

of  the  usual  form.  The 


grate  is  formed 
toothed  rollers  13,  which 
are  continuously  rotated 
so  as  to  discharge  the 
ashes  and  prevent  the 
formation  of  clinker.  The 
rollers  are  formed  hollow 
so  that  water  may  be 
passed  through  them.  The 
vertical  tube  or  support  C 
is  fitted  centrally  within 
the  casing  and  is  continu- 
ously rotated  by  the  gear-1 
ing  shown.  Water  is 
circulated  through  this 
tube  in  order  to  keep 
it  cool.  The  lower 
portion  of  the  tube  C  is  of 
hexagonal  form  in  section 
and  a  boss  D  formed  with 
pro  jectingarms  is  mounted 
on  same  so  as  to  rotate 
with  the  tube  C，  but  is 
capable  of  vertical  move- 
ment thereon.  A  bar  E 
having  teeth  on  its  under 
surface  to  form  a  rake  is 
pivoted  on  the  projecting 
arms  of  the  boss  D.  As 
the  rake  is  rotated  by  the 
tube  C  it  is  caused  to  rise 
through  the  fuel  in  a  spiral 
manner.  When  the  rake 
has  reached  the  uppermost  point  of  its  vertical  movement  it  con- 
tinues to  rotate  on  the  top  of  the  fuel,  the  level  of  which  is 
falling  by  reason  of  the  automatic  discharge  of  the  ashes  by 
the  rollers  B.  When  the  green  fuel  on  the  top  of  the  coke 
or  incandescent  fuel  has  descended  to  the  iucaiukvscent  or  coke 
zone  a  fresh  supply  of  fuel  is  charged.  A  winch  and  rope  are 
provided  for  the  purpose  of  raising  the  rake  iu  order  to  rlean 
the  tube  C  from  the  carbon  that  collects  on  it.  In  order  that 
the  position  of  the  rake  in  the  fuel  chamber  ma v  be  known  an 
indicator  F  is  fitted.  The  gas  is  led  from  tlie  fuel  chamber 
by  the  pipe  G  to  a  vessel  of  the  usual  cH)»istniction  where  tlio 
tar  and  amnioiiia  compounds  are  separated  from  it. 


Climik's  Gas  Pboducer. 


The   Society  of   Engineers.    An  ordiiKiry  _       i  hi、 

society  will  be  held  on  Monday,  April  7tli,  at  the  lnstitulion 
of  Electrical  Engineers,  Victoria  Embankment,  W.C.,  when  a 
paper  will  be  read  on  "  The  Status  of  Engineers  and  Engineer- 
ing, with  Special  Reference  to  Consulting  Engineers,'  by 
William  li ansoin,  A.M .Tust.C.E.  This  paper  gained  the 
second  premium  (the  first  not  being  awarded)  in  the  Stat  u> 
Prize  Competition  last-  year,  and  deals  with  questions  affect  in^ 
engineers  in  their  relations  with  clients,  assistants,  contrac- 
tors, and  the  general  public.  The  author  also  discusses  t he 
training  of  engineering  pupils,  the  question  of  regist ration, 
and  a  variety  of  other  matters  affeotiug  tlie  reiuuueratiuu  auU 
profes&ioual  status  of  eugiueers. 
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THE  LONDON  TRAFFIC  PROBLEM. 

In  the  course  of  a  paper  on  this  subject,  read  at  a  recent 
meeting  of  the  Society  of  Engineers,  Mr.  W.  Y.  Lewis  said 
it  was  his  aim  to  endeavour  to  awaken  Londoners  to  the 
seriousness  of  the  present  situation.  The  importance  of  the 
London  traffic  problem  was  hardly  appreciated  by  those 
whom  it  most  concerned,  nor  was  it  realised  to  what  an 
extent  the  cast  of  living  and  other  matters  affecting  the  whole 
community  were  dependent  upon  transport.  It  was 
astonishing  to  learn,  for  instance,  that  the  very  large  propor- 
tion of  the  7,000,000  people  in  London  who  habitually  used 
surface  facilities  would  each  spend  on  'bus  and  tram  fares  an 
average  of  at  least  20s.  this  year  ；  while  each  would  pass 
fully  four  8-hour  days  in  travelling  less  than  300  miles  on 
these  vehicles,  to  say  nothing  of  three  8-hour  days  that  he 
would  spend  in  waiting  for  vehicles,  and  an  equal  time  in 
watching  for  opportunities  to  cross  the  congested  streets. 
They  would  probably  make  1,500  million  journeys  this  year, 
at  a  cost  of  £7， 000， 000，  and  yet  there  was  no  sign  of  con- 
certed action  except  on  the  part  of  those  who  were  financially 
concerned.  For  this  reason  especially  the  author  was  of 
opinion  that  the  traffic  facilities  should  be  controlled  by 
Government.  The  Press  might  do  much  to  safeguard  public 
interests,  but  it  did  not  seem  to  realise  that  the  object  of 
the  traffic  trust  formed  on  the  American  model  was  to  place 
the  London  County  Council  in  such  a  position  that  it  would 
have  no  other  remedy  than  to  buy  them  out  at  an  enhanced 
valuation.  The  traffic  problem  should,  if  possible,  be  lifted 
out  of  the  arena  of  party  politics,  for  cheap  and  effectively 
rapid  transit  was  the  life  blood  of  trade  and  the  breath  of 
individual  prosperity. 

. The  author  advocated  the  co-operation  of  Londoners  for 
tlieir  own  protection  by  means  of  a  "  London  Transport 
Association,"  whose  income  might  easily  be  £50,000  a  year 
at  a  very  low  subscription  per  traveller.  It  should  be 
founded  on  a  universal  representation.  The  author  contended 
that  the  Londoner  should  awake  to  the  fact  that  this  matter 
had  an  important  bearing  upon  his  personal  welfare,  and 
should  bestir  himself  to  gain  some  impartial  evidence  on  the 
subject.  The  formation  of  a  (<  Loudon  Transport  Associa- 
tion " was  suggested  for  the  purpose  of  studying  the 
problems,  educating  the  public,  and  using  all  possible  means 
to  secure  cheap  and  effectively  rapid  transport.  In  this  way 
the  Press  would  receive  valuable  aid  in  putting  before  (lie 
public  the  best  suggestions  for  the  solution  of  London's  many 
and  differing  transport  problems ― passenger  and  freight.  At 
present  the  London  County  Council  was  baulked  in  every 
direction,  and  its  tramway  undertaking  was  excluded  trmii 
tlie  lucrative  short- journey  traffic  which  would  be  ensured  by 
inter-connections  through  the  central  area. 

The  author  then  set  out  to  investigate  whether  motor 
omnibuses  adequately  filled  the  needs  of  the  central  area 
,ind  the  connections  with  the  immediate  surroundings.  He 
concluded  that  if  they  did  so,  which  was  not  by  any  means 
the  case,  it  was  only  at  enormous  cost  to  the  traveller  using 
them,  although  they  ' '  operated  under  conditions  of  uu- 
malched  freedom,"  conditions  which  could  not  be  justified. 
The  "  door  to  door  "  speed  possible  with  'buses  within  the  cen- 
tral area  was  on  the  average  only  4  miles  an  hour.  The  aver- 
age amount  paid  per  passenger-mile'  ridden  was  at  least  Id., 
and  of  every  penny  taken  58  per  cent,  was  clear  profit.  In  com- 
parison with  this,  we  found  that  on  the  Glasgow  tramways 
the  amount  paid  per  ridden  mile  was  under  a  halfpenny, 
while  on  the  London  County  Council  Tramways  the  amount 
paid  per  ridden  mile  was  as  low  as  |d.  The  huge  profit  made 
liv  'buses  in  the  central  area  enabled  the  omnibus  company 
to  make  big  average  profits,  even  if  the  surlmriian  irafiif  was 
run  at  such  rates  as  left  in  some  cases  little,  if  any,  margin. 

The  analytical  statements  and  facts  founded  on  lliem 
given  in  the  paper  bore  out  the  assertion  that  Londoners 
were  being  exorbitantly  charged  for  the  services  rendered  by 
ilie  motor  'buses,  and  that  the  time  "  was  ripe  for  them  to 
take  such  action  as  would  ensure  reform."  In  the  outskirts 
the  trams  served  the  public  at  least  36  per  cent,  less  than 
the  omnibuses,  and  the  public  consequently  rode  55  per  cent. 


further  on  the  former  than  on  the  latter.    Mr.  Yorath  Lewis 

concluded  very  naturally  that  his  own  system ― the  Adkins- 
Lewis  System  of  Continuous  Transport ~ was  superior  to 
motor  omnibuses  and  tramways  for  the  central  area,  and 
there  could  be  no  doubt  that  any  form  of  continuous 
travelling  would  be  much  more  effective  than  intermittent 
service.  There  was  abundant  evidence  as  to  the  safety  of 
the  system  and  its  feasibility  for  public  service,  and  if  such 
a  one  could  be  established  it  would  solve  the  problem  of 
short  haulage  traffic  across  and  within  the  centra!  area  of 
London. 


WATER  GAUGES  AND  LOW-WATER  ALARMS.* 

Water  Gauges, ― The  water  level  in  boilers  may  be  ascer- 
tained by  try  cocks,  wheel  floats,  or  glass  tube  gauges.  Trv 
cocks  soon  get  out  of  order,  and  reliance  should  uot  be  placed 
on  them  alone.  Wheel  floats  are  still  in  use  on  egg-euded 
boilers,  Rastrick  and  vertical  cylindrical  boilers  ；  the  wire  or 
brass  rod  supporting  the  float  is  liable,  however,  to  stick  at 
the  gland  on  the  top  of  the  boiler,  and  may  give  misleading 
indication  of  the  water  level.  Glass  tube  gauges  are  now 
almost  universally  used,  and  as  so  much  depends  on  them, 
care  should  be  taken  to  provide  good  and  reliable  fittings,  aud 
to  keep  them  in  proper  working  order.  Asbestos  packed 
cocks  are  preferable,  especially  far  high  pressures,  and  botli 
the  water  and  steam  passages  should  be  as  large  as  possible 
and  kept  clear  of  deposit.  During  the  period  1904-08,  three 
explosions  occurred  through  passages  becoming  choked,  and  in 
one  case  four  men  were  killed  and  two  injured.  The  bottom 
fitting  should  be  recessed  to  receive  the  glass,  aud  care  should 
be  taken  when  putting  in  a  glass  to  place  it  in  this  recess  and 
screw  up  the  bottom  gland  first.  Packing  of  couical  or 
hexagonal  type  is  recommended  to  prevent  the  possibility  of 
the  packing  being  forced  under  the  end  of  the  glass  tube. 
Broken  glass  should  be  renewed  at  once,  and  for  this  purpose 
a  few  spare  tubes  of  the  correct  length  should  be  always  kept 
at  hand.  Water  gauges  should,  wherever  possible,  be  fitted 
directly  to  the  boiler  in  such  a  position  that  the  water  level  is 
visible  with  a  depth  of  4in.  of  water  in  the  boiler  above  the 
furnace  flue,  and  fchey  should  be  sufficiently  illuminated.  To 
show  the  water  level  more  clearly,  enamelled  reflectors,  wiili 
lines  marked  ou  them,  may  be  placed  behind  the  glasses. 
Owing  to  the  optical  properties  of  glass  and  water,  the  dark 
horizontal  lines  appear  shortened  in  the  steam  space  and 
lengthened  in  the  water  spa^e,  while  the  diagonal  lines  api"';". 
horizontal  through  the  water.  With  prismatic  glasses  the 
water  appears  black,  and  the  steam  space  appears  silvery,  hut 
with  this  type,  if  the  water  is  dirty,  or  has  an  erosive  net  ion 
on  the  glass,  in  course  of  time  a  coaling  of  dirt  may  c  ollect  on 
the  inside  of  the  glass,  or  the  prismatic  fonnation  may  1»" 
destroyed,  and  the  glass  will  appear  black  when  the  water  \uvs 
actually  left  it. 

Explosions  from  shortness  of  water  should  be  rethict'd  in 
number  if  the  attendants,  instead  of  opening  only  the  drain 
taps  of  water  gauges,  tested  them  several  times  daily  in  the 
following  manner  to  ensure  that  both  the  steam  aud  water 
passages  were  perfectly  clear  ： ― 

(1)  Shut  top  tap. 

(2)  Open  drain  tap.     A  full  blow  of  walt'r  sliuws  that  thu 

water  passage  is  perfectly  clear. 

(3)  Shut  bottom  tap. 

(4)  Open  top  tap.      A  full  blaw  of  steam  shows  that  tlie 

steam  passage  is  also  clear. 

(5)  Shut  the  drain  tap. 

(6)  Open  the  bottom  tap.  The  water  should  nul  be 
sluggish  in  returning  to  the  glass. 

These  operations  involve  a  certain  aiiiount  of  trouhlo, 
t hey  ensure  that  tlie  glaw、  will  iudirate  t'orrectlv,  ami  also 
that  the  taps  can  be  closed  sliuukl  a  glass  break.  Gauges  on 
water-tube  boilers  are  often  fitted  with  special  rods  and 
handles  by  which  the  taps  can  be  operated  either  from  tlie 
floor  or  platform  at  the  gauge  level.  A  tail  pipe  fitted  to  tlie 
drain  tap  aud  provided  with  a  valve  uear  the  ground  level  is 
an  exceedingly  useful  adjunct  for  frequent  use,  but  it'  does  not 
dispense  with  the  regular  routine  testing  mentioned  above. 
Where  there  is  a  number  of  high-pressure  boilers,  the  risk  of 

*  Extract  from  "  Meuaorauduui  ou  Steam  Boilers,"  by  William  Buchan. 
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scalding  can  be  greatly  reduced  if  the  attendant  who  tests  the 
glasses  wears  a  mask  and  gauntlets. 

To  prevent  accidents  from  bursting  glasses,  they  slioukl 
be  of  good  quality,  and  the  fittings  should  be  in  line.  When 
putting  in  a  glass,  it  should  be  placed  iu  the  recess  of  tlie 
bottom  fitting  and  the  gland  screwed  up,  and  after  it  is 
secured  in  the  top  fitting  in  a  similar  way,  it  should  just  be 
possible  to  turn  the  glass  by  hand.  The  renewal  of  glasses 
every  six  months,  instead  of  waiting  until  they  break ,  is  very 
good  practice. 

During  1908  19  accidents  occurred  in  factories  from 
bursting  glasses,  and  in  10  cases  the  pressure  was 
under  801bs.  Glasses  are  liable  to  be  broken  at  low 
pressures;  serious  accidents  have  been  noted  at  pressures  of 
501bs. ,  and  in  a  recent  case,  a  gauge  glass  protector  was  found 
on  a  boiler  working  at  a  pressure  of  201bs.  ；  this  had  been 
fitted  as  the  attendant  had  been  injured  through  inadver- 
tently breaking  the  glass  with  one  of  liis  firing  irons.  Some 
forms  of  gauge  glass  proLectors  are  made  of  toughened  glass, 
or  of  glass  witli  embedded  wire  netting.  Metal  protectors 
can  also  ]je  obtained,  but  they  have  the  disadvantage  of  tend- 
ing to  obscure  the  view. 

Loir-tndcr  Alarms. — - One  device  consists  of  a  steam 
whistle,  operated  by  means  of  a  pivoted  lover  attached  to  a 
float  witliin  the  boiler  ；  when  tlie  water  gets  low,  the  valve 
opens  and  the  whistle  blows.  Anollier  method  consists  of  a 
low -water  safety  valve,  actuated  by  a  similar  float  and 
inechanisrn  ；  at  low  water  the  valve  opens  and  the  escaping 
steam  gives  warning,  at  tlie  same  time  reducing  the  pressure 
in  t lie  boiler.  These  valves  are  often  combined  wit li  lii^li- 
pressure  safety  valves.  A  low- water  alarm  is  an  additional 
safeguard  if  kept  in  working  order  and  carefully  adjusted  so 
lliat  the  float  rests  upon  the  top  of  the  flue  when  the  boiler  is 
enii)ly  ；  should  Uie  Uoat  become  reduced  in  weight  tlie 
counlerbalance  should  also  be  reduced.  Metal  floats  should 
be  used  instead  of  vitrified  brick  if  the  water  has  a  corrosive 
action  on  the  brick.  The  alarm  or  low-water  safety  valve 
sliould  be  tested  whenever  a  bailer  is  blown  off  foi"  stoppage  ； 
as  soon  as  the  water  gauge  indicates  less  than  lin.  of  water  in 
ilie  glass,  the  whistle  should  sound  or  the  low- water  safety 
valve  should  blow. 


INSTITUTION  OF  MINING  AND  METALLURGY. 

Thk  22  nd  annual  general  meeting  of  this  IiisLilutioii 
was  hold  on  the  13th  inst.  in  London.  Tlie  retiring  president , 
Mr.  Edward  Hooper,  occupied  the  cliair,  and  announced  the 
oliauges  brought  about  by  tlie  ballot  for  officers  in  the  ensuing 
year.  In  their  report  for  last  year  the  Council  had  pleasure  in 
iiilimaling  the  unabated  progress  of  the  institution,  and  even 
witli  tlie  advanced  standard  of  qualification  150  new  members 
were  adiiiitied  】ast  year,  thus  bringing  the  total  to  2,258.  The 
Couikil  had  to  take  action  in  several  cases  of  the  use  of  the 
insiiiiilion  initials  by  unauthorised  persons,  and  with  a  view 
to  strengthening  their  position  the  Council  are  seeking  State 
recognition  to  the  extent  of  incorporation  by  royal  charter. 
The  statement  of  accounts  showed  an  excess  of  income  over 
expenditure  of  £303  ；  and  £258  had  been  paid  out  of  a  special 
fund  for  prizes  and  research  sch  :l:ii>'lii})s,  which  were  presented 
at  the  meeting.  The  "  Goldfield  ？  "  medal  was  awarded  to  Mr. 
V.  O.  Bannister  for  his  researches  on  "  The  Blast-Roasting  of 
G alena,"  and  the  premium  of  40  guineas  was  given  coiijoinll v 
to  Messrs.  Hatschek  and  Simon  for  their  paper  on  Gels  in 
Relation  to  Ore  Deposition."  The  prize  of  20  guineas  for  the 
best  contribution  to  the  transactions  during  the  year  wa» 
awarded  to  Mr.  A.  T.  French  for  his  paper  on  "  Quick  Com- 
bination Methods  in  Smelter  Assavs,"  and  the  students'  prize 
ui'  similar  amount  went  to  Mr.  H.  S.  Ball  for  his  research  on 
lt  The  Ecojioinics  of  Tube-Milling."*  Post-Graduate  scholar- 
,、l"l>s  of  £50  each  were  given  to  Messrs.  Cloutinan,  Eyden,  and 
Schuietma,  of  C'arnborne  ；  and  in  adtlition  1*J  ])ost-graduat('^ 
were  selected  for  courses  of  study  abroad.  A  ft  or  the  customai'v 
votes  of  thanks  had  been  accorded,  the  newly-elected 
president,  Mr.  B.  M'Neill,  delivered  his  presidential  address. 


PROTECTION  AGAINST  POISONOUS  GASES  IN  MINES. 

At  a  recent  meetiug  of  the  Midland  In.stitute  of  Mining,  Civil, 
and  Mechanical  Engineers,  Mr.  II.  C.  J enkins,  in  a  paper  on 
" Some  recent  experiments  with  internal  pressures  in 
pneumataphors/'  described  an  improved  breathing  apparatus 
for  use  in  rescue  work  in  mines.  The  author  dealt  with  a 
point  raised  by  Prof.  John  Cadman,  who  recently  drew  atten- 
tion to  a  possible  source  of  danger  in  connection  with 
pneumataphors  to  which  an  injector  was  fitted,  namely,  that 
it  was  possible  in  case  of  an  unsuspected  leak  to  draw  poisonous 
gases  into  the  apparatus,  which  might  cause  fatad  results. 
Mr.  Jenkins  described  a  simple  contrivance  devised  by  him  in 
conjunction  with  his  firm  with  the  object  of  overcoming  this 
difficulty.  He  said  the  object  sought  to  be  attained  was  the 
elimination  of  the  zone  of  negative  pressure,  and  to  accomplish 
this  it  seemed  a  simple  matter  to  provide  a  reservoir  of  air  at 
plus  pressure  which  would  more  than  balance  the  tendency  to 
negative  pressure  on  tlie  suction  side  of  tlie  injector.  Such  a 
reservoir  was  easily  obtained  by  inserting  a  sort  of  envelope 
between  the  oxygen  cylinders  and  regenerator  and  the  back  of 
tlie  wearer,  which  envelope  was  inflated  to  the  required  extent 
by  the  pressure  inside  the  apparatus,  and  remaiued  inflated 
so  long  as  there  was  no  leak  on  the  apparatus.  The  nioniciil 
that  a  leak  occurred  the  envelope  ceased  to  be  inflated,  and 
the  wearer  was  at  once  conscious  that  something  had  gone 
wrong,  and  he  could  then  make  his  way  back  to  safety  before 
he  might  have  taken  into  his  system  sufficient  of  the  outeide 
gases  to  render  him  unconscious.  In  ordinary  working,  the 
air  in  the  reservoir  or  bag  maintained  a  plus  pressure  through- 
out the  apparatus.  It  was  an  absolute  i 川 possibility  for  the 
bag  to  fill  when  any  leak  was  present  in  the  apparatus. 


METAL  QUOTATIONS, 

TUESDAY,  MARCH  25th. 

Aluminium  ingot   05/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  112/-  ,, 

"        sheets        ，，  „    ，,  1 20/-  " 

Antimony  £33/-/-  to  £3(5/-/-  per  ton. 

Brass,  rolled    8Jd.  per  )b. 

，，    tubes  (brazed)    10 Jd. ，， 

，，       ，，     (solid  drawn)   9d.  ,, 

，，       ，,     wire   8^d.  " 

Copper,  Standard   £04/12/6  per  too. 

Iron,  Cleveland   04/ 1 0.1,  ,, 

，， Scotch   70/ 10  J  ,' 

Lead,  English    £lfi/i?)/-  ', 

，, Foreign  (soft)    £10/2/0  ，， 

Mica  (in  original  cases),  small    6d.  to  3/-  per  lb. 

，，  ，,  ，,       medium   3/6  to  6/-  ', 

，，  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver   £7/10/-  per  bottle. 

Silver   26^d.  per  oz. 

Spelter    £24/12/0  per  ton. 

Tin,  block   £211  /-/-  ,, 

Tin  plates   \\f-  ,, 

Zinc  sheets  (Silesian)   £28/-/-  " 

,,  (Stettin  ；  Vieille  Montagne)   £28/2/0  ，， 


Explosion  of  a  Vertical  Boiler. ― While  two  men  were  staml- 
i"K  near  a  vertical  boiler  at  tlie  British  Oil  and  Cake  Mills, 
】A.d.，  TrafTord  Wharf  Road,  Manchester,  on  tlie  18th  inst., 
one  of  Uie  tubes  in  the  boiler  suddenly  burst,  seriously  injur- 
ing both  men,  one  of  whom  subsequently  died. 


Home  Office  Report  on  the  Ilkeston  Gasholder  Explosion. ― Tl" 

Home  Office  have  just  issued  the  report  by  Mr.  A.  G.  Drurv, 
M.Inst.C.E.,  Engineering  Inspector  of  the  Local  Govi'iiuucnt 
Hoard,  on  the  causes  of  the  circumstances  attending  the 
accident  which  occurred  to  a  gasholder  at  the  Ilkeston  Cor- 
poratiou  gas  works  on  January  8th,  1912.  The  inspector,  in 
his  conclusions,  says,  "  Although  it  has  not  been  possible  to 
say  definitely  how  and  in  what  manner  the  accideut  at 
Ilkeston  occurred,  I  think  that  the  facts  disclosed  by  tlie 
enquiry  sliow  that  it  is  by  no  means  unaccounted  for,  and 
that  had  the  tank  not  been  structurally  weak  tlie  result  of 
such  au  occurrence  as  the  temporary  jamming  of  the  holder 
or  the  unsealing  of  a  lift  would  probably  have  been  con  lint'*  I 
to  a  loss  of  gas  and  damage  to  the  holder  itself.  The  Town 
Council  were  somewhat  ill-advised  in  not  calling  in  a  specially 
skilled  engineer  to  advise  them  in  the  choice  of  a  design,  and 
the  initial  mistake  made  was  the  acceptance  without  question 
of  a  specification  and  design  from  a  manufacturer  in  com- 
petition with  other  firms."  The  inspector  condeiinis  the 
practice  as  based  on  a  false  economy,  and  suggests  that  in 
such  cases  as  these  the  designs,  calculations,  and  specifications 
should  all  be  checked  by  au  expert. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Addrraa 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL.  19". 

J^tirnuce  grate  for  locomotive  hoilers.    Hill.  2(>4()U. 
】,re(lgci's.    Reid,  Mavor3  and  Mavor  &  Coulson,  Ltd.  27159. 
A]»p;natits  tor  discliarging  condensed  steam  watrr  IVoin  strain  <-on 

densors.    Morison ,  .uul  ContraHo  ( 'oiuK-iiscr    mil  Ixinctic  Air 

Pump  Company.  29259. 

1912. 


Piocoss  for  improving  the  lubricating  po、vm'   of  oils, 

l)"Orimont?  &  D'Orimont.  2382. 
Iiitei-)i;i I  coiiilnistion  engines.    Boyd.  2524. 

( 'arhu retters  for  internal-combustion  engines.    Claudel.  2752. 
Heating  ； ii»p;u-ati!s  employing  liquid  fuels.    Wyss.  . 
Means  for  locking  nuts.    Bauer.  5016. 

Ai>p;uatus  for  automatically  analysing  ;i  g;is，  or  gaseous  mi.\tim'， 
volumetrically  and  recording  the  s;iine.  Woodi'offe  tt  15ou It- 
bee.  5039. 

Gns  producer  systems.    Marks.    5080  and  2272^. 

Jigs  for  washing  coal  and  ores.    Munby.  5199. 

Toothed  gearing.    Dawson  &  Buckham.  5310. 

Pit  and  shaft  sinking.    Walker  <fc  Liddell.  o423. 

Means  for  regulating  the  temperature  of  igniting  chainljers  ior 

iuteinal- combusticm  engines.    Debrunner.  5582. 
Steam  evaporators.    Quiggin.  5587. 

Direct-acting  fluid  engines  of  the  positive  action  typr.  Antlionx . 
5594. 

Sprocket  chains.    Way  son.  5(>G8. 
Production  of  water  gas.    Chouivy.    o7  I'J. 
Construction  of  ships.    Harroway.  5804. 

Speed-indicating  instruments  controlled  or  governed  1)^  tiine- 
keeping  mechanism.  Clark and  Chadbuin.s  (Ship J  Tolegrai>li 
Company.  5823. 

'*  Either  side"  brake  mechanism  for  railway  a\  agons.  Adanib  and 
Bythway.  5827. 

Apparatus  tor  use  in  the  coaling  of  ship^>.    Robertson.  5883. 

Manufacture  of  screw-nuts.    Mucklow;  591G. 

Steam  generators.    Bone  &  MeCourt.  5930. 

Process  for  avoiding  shrinkage  cavity  or  pii>o  in  ingots.     Ho\  lc 

and  13  rear  ley.  6954. 
J  nU'rnal  flues  ot  steam  generators.    Webster.  G3-I0. 
Turbines,  turbine  pumps,  or  turbine  compressors.    Gill.  7321. 
.M cans  for  raising  sunken  ships.    Parsons.  73G0. 
Appaiatus  for  loading  and  trimming  vessels.    Boult.  7570. 
Transmission  gear  for  motor  cars.    Liddell.  7878. 
Screwing  machines.    Winn,  Cox,  &  Brenchloy.  7(J-52. 
Combustion  product  engines.    Kingston.  8035. 
Urgency  braking  valve  for  air  brakes,    lloseiibei'g.  8388. 
lManimcters.    British  Thomson-Houston  Company.  852G. 
Apparatus  for  compressing  air.    Stokes.  8863, 
Timing  gear  for  the  admission  of  liquid  fuel  in  iiitcrnaI-coml)ustiou 

engines.    McKechnie.  8870. 
Heversing  gear  for  internal-combustion  t'ligincs.  McKccluiir.  88D'5. 
Explosion  engine  with  two  opposite  cylinders   and    rigidly  ("i 卜 

nected  pistons.    Lelarge.  928G. 
Means  for  starting  explosion  engines.    Payne.  9482. 
( 'oiiti'if  u^al  i'ans  a nd  pumps.    Hardy.  9489. 

C  ompressed  air  starting  dev ice  for  motors.    Jorgenson.    J 0218. 
Sti-iictnre  of  steamships.    Oswald.  108(57. 
J1oed -water  heaters  of  locomotive  boilers.    Mai'goi y.  ll^lli. 
Means  for  opening  and  closing  gates  used  in  lifts.  Electromotor 

Eijiiipmeiit  Company,  and  Archer.  11500. 
I)\  luniHtniotors  lur  ineasuring  the  twist  of  shafts.      Cimuiiing 人 

11U02. 

( 'ontrols  tor  aoi'ophuics.  Ray. 

Moans   for    testing  the  .spaiking  plugs   ul'    internal  coniluistion 

engiiios.    Miickay.  12G72. 
(Mutches  aiul  variable-speed  gearing.     Kipiiard.  12*J22. 
SeriM\-  projn'lk'rs.    Gicssmaim.    YS.\  12. 
Wind  and  water-€iirrent  motors.    Watson.  13417. 
Furnaces.    Leinveber.  1398(i. 

IiiU-rnal-combustion  engines.     Hovd.    14217,  1  \%2YS,  and  1 1211). 
Hi^h-pressure  steam-heating  systems.    Boi'sfidd.  10(>*J7. 
Tidal  motors.    Mould.  18101. 

Go\  ernors  ior  internal-combustion  engines.  JS(k'.  Dovillo  iV  ( '(». 
18531. 

Maiiufacturc  of  fuel  bi'iqnettes.    Furse.  18730. 

Meehanisiii  for  controllinn;  epicvclic  v;u'i;il>k>- sik'('(1  goal's.  Dot'ordt. 
19597. 

Turbines.    Bcr^nnum  Elcktricitiits-Werko  Akt.  Gey.  20335. 


Hydraulic  valve-operating  mechanism    for  intei-nal-corabustion 

engines.    Lam  plough,  and  D.  Napier  &  Son，  Ltd.  20953. 
Ore  feeders.    Waters  &  (';»、、  thorne.  21110. 

Moans  \'or  si^iinllinji:  on  trains  and  for  stopping  sanic  indcjx'ndcMitly 

of  the  engine  driver.    Emmett.  21723. 
Device  for  protecting  explosion  engines  against  the  results  from 

back-firing.    Wilders.  2183G. 
T' 山' liar  air-hoating  apparatus.   Keith  A'  Jiain.  22097. 
Chaii^e sspeed  gear.  Marti,  and  -Motor 、、： w"falji'ik  "  Beriia  "  Akt.- 

Ges.  22104. 
Jiul>rication  of  engines.    Prcstw  ich.  22340. 

Integrating  and  recording  mo<  hanism  for  rate   of    flow  "R'ierh. 

Hodgson.  22370. 
Railway  rail,    ilt'roux  A:  Milette.  22727. 
Ships.    Dingwall.  2275(J. 

Apparatus  for  j>u]ifying  water  l>y  heating.  Sava r\ -Carlior.  23522. 
Ball  <-ages  for  ball  hearings.      K u ge  1 1  a r w e r k e  J.  Scbniid-lloost 

Akt.-Ges.  23925. 
CentriTugal  dutches,    llobertson.  24833. 
Clutch-controlling  gear.    Hoult.  24888. 
Driviiig  keys  and  key-ways.    Tuilis.  25G20. 
Gas  producers.    Crossley  A:  Fieklen.  2G128. 

Self-closing  ana  eraergenc}7  stop  valves.    (Jock ，川 r】i  dc  AFacXieoI! 
26121. 

M;u  lnne  tor  grinding  \\ouii.    lirown  &  Bostock.  27G94. 
Mrtallur^ical    iuniaces.    Greenawalt.    284 11 . 
Lubricators.    Bettaquc.  29271. 

1913. 

Coke  o\*en.s.    Holnnaiin.  1569. 

Means  for  converting  reciprocatory  into  rotary  niotiou  and  vice 
versa.    Pitts.  1026. 


ith  electric  motors.  Ma^ 


ELECTRICAL  1911. 

Stai'ting  and  spoed  control  gear  for  use 
cord.  2G8G4. 

1912. 

Electrically-operated  telphers  and  tracks  therefor.    Strachan,  and 

Strachan  tV:  Henshaw,  Ltd.  190. 
Automatic  and  semi-automatic  telephone  circuits.    Siemens  Bros. 

and  Co.  2320. 

Electrical  co!  dealers.    British  Tnsulaled  and  Helsby  Cables,  Ltd.> 

and  Bayles.  2701. 
Mi'tiil  /a pour  alternating-current  rectifiers.    Hartmauu  &  liraun 

Akt.-Ges.    5343,  5415,  18 獻 
Electrical  signalling  iipi>aratus.    Potts.  0050. 
Holders  for  electric  lamps,  s,vit(lR、s，  cVc.    .Muller.  G39o. 
Manufacture  of  incandescent  electric  lamp  filaments.  JahodUj  and 

Eiektrische    Gluhlampeniabrik    ••  Watt  "    Scharf    Loti  and 

Latzko.  7U77. 
Method  of  charging  storage  batteries.    Wilson.  9)1)3. 
Telephones.    Killar  A:  Grove.  9714. 
liotary  converters.    Mackie.  10804. 

O.seilhiLion  gaps  or  dischargers  for  use  in  radio-telegraphy  aud 
radio-tolephony.    Torikata,  Yokoyaina  and  Kitamura.  10823. 

Ilopiilsion  motor  、vith  divided  stator  、、iii(ling.  Maschincnfabrik 
Oerlikon.  11434. 

Telegraph  systems.    Pope.  11004. 

Instriuiients  for  】neasm'ing  or  controlling  the  fi'equeucy  or  、、ave 
length  of  alternpting  currents,  or  for  indicatini;  speed.  Seibt. 
1G874. 

Electrical  gonerating  set.    Key.  1802o. 
Tolophoiie  system .    Baiuuaim.  18G77. 
Chemical  giMiorators  of  electricity .    Sozzi.    20101 . 
Telephonic  transmitting  a pplianct-.    Khcxlos.  201"". 
Brush  IioUUms  lor  dynamos.    I^mcIoii.  20224. 

Mutliod  of  maiiut'acturing  electric  incandescent  lamp  iihi njnit>. 
\U\l\vy  iV  McDowell.  20G21. 

Movable  sloc-vo  devices  to  tac  ilitatc  tlie  inspection  of  wires  in  elec- 
tric- cabkvi.    Williams.  L'Ulo. 

FAcri  l  ical  iiulicnting-  or  alarm  ;ipi»a'  ;"ii.、.  、、Vil"、l  A:  "Wcikol. 
21939. 

Electric  eookin^  apparatus.    Do、uu、.  and  Hioini»t<ni  A:  Kon^in^tuii 

Accessories  C'onipanv.  20080. 
Supports  for  motallic   iilmnoiits  of  electric  incatulo^cent  laini)>. 

Gill.  20249. 
Electrical  switches.    Wynne.  2(3317. 


Trimiiiiiiii  null 
Gcs.  253. 


1913. 

amps.    Ivorting       Muthioson  Akt. 


The  New  Floating  Dock   for  the  Admiralty.— The  floating 

dock  which  is  provided  for  in  the  new  Naval  Estimates  is  to 
have  a  lilting  oaj)arity  of  about  40,000  tons,  and  will  therefore 
be  the  largest  structure  of  the  kind  ever  built  in  this  count rv. 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 


Works :  PONDERS  END,  MIDDLESEX. 
Head  Office: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  "PERFECT"  VISE 


E  Dept.       j.  PARKINSON  &  SON,  SHIPLEY,  YORKS 


JUST  PUBLISHED.  Second  and  Enlarged  Edition. 

The  METALLURGY  of  IRON  &  STEEL 

This  work  has  been  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
Metailurgy  of  Iron  and  S.  teel» 

By  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S..  and 
J.  S.  G.  PRIMROSE,  A.G.T.C.,  A.I.M.M.,  M.I.M. 

Price  1  2/1  1  post  free. 

Con  ten  Tb  —Sources  of  Iron— Pip  Iron— Preparation  of  Materials  for  the 
Smelter ~ Chemistry  of  the  Blast  Furnace— Thermal  xbenotnena  of  the  Blast 
Furnace— The  Blast  Furnace— Blast  Furnace  Accessories— The  Air  Supply— The  Hot 
Blast— Blast  Furnace  Slag— Calculating  Charges— Blast  Furnace  Practice— Utilisa  - 
tion  of  By-products— History  of  Pig  Iron— The  Foundry—Malleable  Iron— Puddling 
—Other  Methods  of  Preparing  Malleable  Iron— The  Forge  and  the  Mill— Steel— 
Production  of  Steel  direct  from  the  Ore  and  from  Malleable  Iron— Preparing  Steel 
by  Partial  Decarburisation  of  Pig  Iron— The  Bessemer  Process— Chemistry  of  the 
Bessemer  Process— Thermal  Conditions  of  the  Bessemer  Blow— Working  tne  Besse- 
mer Process— Bessemer  Plan1>-The  Basic  Bessemer  Process— Plant  for  the  Basic 
Bessemer  Process— Modifications  of  the  Bessemer  Process ~ Historical  Notes  on  the 
Bessemer  Process— The  Siemens  or  Open  Hearth  Process— The  Siemens  Process  : 
Plant ~ The  Basic  Open  Hearth  Process— Modifications  of  the  Siemens  Process- 
Appliances  Applicable  to  all  Processes— Working  Mild  Steel— Casting  Steel— After 
Treatment  of  Iron  and  Steel— Alloy  Steels— Structure  of  Iron  and  Steel— Testing 
Iron  and  Steel— Rusting  and  Protection  of  Iron  and  Steel,  &c.  &c. 


THE  SCIENTIFIC  PUBLISHING  COMPANY, 

S3,  New  Bailey  Street,  MANCHESTER. 


Telegrams :    ' '  Scientific, ' ，  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 

United  Kingdom :  12/6  per  annum,  post  free. 
( ';inatl;i  :  14/6  per  annuni,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-#  ，，  ,y  Thick  ，， 

'Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office'  53，  New  Bailey  Street. 

Advertisements^  displayed,  for  insertion  in  current  issue  sho，，1'l 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Coal  Contracts  on  a  Calorific  Basis. 

Although  coal  is  one  of  the  largest  items  in  the  trade  account 
of  most  manufact  uring  establislnneuts,  Ihv  mot  hods  "1'  pur- 
chasing it  a  re  often  lax  and  unbusinesslike.  Manufacturers 
wlio  institute  rigorous  tests  and  <■  hecks  in  the  purchase  of 
t'oinniodities  generally  accept  with  little  or  no  'lemur  varia- 
tions from  stipulated  quality  in  the  case  of  coal  whicli  they 
would  not  for  a  monuMit  tolerate  with  other  materials.  This 
appears  to  l>e  due  partly  to  innate  conservatism  and  a  feeling 
of  hel])leissii€S9  arising  from  ； 1  belief  that  satisfactory  t^sts  are 
so  difficult  and  troublesome  as  to  be  scarcely  worth  making, 
； 1  ml  partly  to  the  fact  1  h;it  until  recent  years  coal  in  most 
places  was  exceedingly  cheap  and  slight  variations  in  quality 
not  worth  quarrelling  about.  Keener  trade  conij>etition  aiul 
tlie  great  iiuTcase  in  \  lu*  price  of  fuel  within  recent  years 
have  tended  to  modify  these  views,  so  that  the  purchase  of 
coal  to  a  specification,  based  mainly  on  tests  of  its  calorific 
value  an<l  other  qualities,  is  now  a  nioro  fre([iient  incident 
of  fuel  contracts  than  formerly,  though  the  practice  is  still 
i';u-  from  being  as  coinnion  in  this  country  as  in  the  Unit-ed 
States  ； m'l  on  the  Continent.  Opposition  to  this  method  of 
purchase  has  not  been  clue  to  users  only.  A  good  deal  of 
opposition  and  prejudice  has  characterised  the  attitude  of 
colliery  proprietors  ami  niiddlemen,  and  it  must  be  adniittfl 
that'  when  large  coutrarts  are  concerned  many  commercial 
considerations  have  to  be  borne  in  mind,  besides  the  intrinsic 
qualities  of  the  coal  itself,  so  that  an  equitable  standard 
specification  is  not  quite  so  simple  a  inattor  as  might  appear 
at  first  sight .  Coal  is  not  a  maiuifattuml  article,  and  it  is 
not  possible  to  secure  absolute  unifonnity  in  deliveries.  It 
may  differ  greatly  in  quality  from  the  same  colliery  owing  to 
the  output  being  the  product  of  several  seams,  aiul  may  even 
vary  considerably  from  the  same  seam.  There  are  many 
disturbing  influences,  in  fact,  over  which  the  producer  can 
exercise  little  control,  so  that  some  latitude  is  essential. 
Apart  from  these,  there  are  other  matters  iu  a  coal  contract 
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which  may  lead  to  troubles  and  (UspuU's.  Both  coal  i)r('- 
ducers  and  users  have  in  the  majority  of  cases  to  rely  uj)on 
public  carriers  for  the  conveyance  of  the  cominodity,  ； iml 
questions  of  demurrage,  loss  of  weight  in  transit,  may  easily 
afford  openings  for  differences,  not  to  inentiou  inlcriVrcuccs 
arising  out  of  labour  troubles.  These  various  matters  do  uol. 
of  course,  affect  the  calorific  basis  of  purchase,  but  it  is 
evidently  to  the  interests  of  both  parties  that  some  gtaiulanl 
of  reference  in  regard  to  the  other  matters  named  should  if 
possible  be  adopted.  The  need  for  this  has  for  some  time 
been  particularly  felt  in  the  London  district,  and  for  iliis 
reason  special  interest  attaches  to  the  agreemeiil  wliich  has 
been  arrived  at,  after  prolonged  discussion  between  tlie 
Associated  Municipal  Electrical  Engineers  of  Greater  Lr-mliMi 
on  the  one  hand  and  representatives  of  coal  contractors  (川 
the  other,  since  iu  its  general  outlines  it  would  probably 
serve  as  a  model  for  similar  agreements  elsewhere.  We  give 
on  another  page  the  more  important  clauses  of  the  standard 
specification,  and  it  may  be  of  convenience  if  we  point  out 
here  the  salient  features.  Coal  may  be  supplied  to  two 
alternative  specifications  ：  (a)  For  coal  of  a  particular  descrip- 
tion or  "named"  coal ；  (b)  for  coal  of  guaranteed  physical 
qualities  for  steam-raising  purposes.  In  respect  to  the  latter, 
samples  are  to  be  taken  from  each,  consignment  and  tested 
by  the  purchaser,  or,  in  tlie  event  of  dispute,  by  an  indepen- 
dent expert,  paid  by  the  contractor  if  the  purchasers'  tests 
ar&  oonfirmed.  No  alteration  of  the  contract  price,  how  ever, 
is  to  be  made  unless  the  variation  from  the  calorific  standard 
exceeds  5  per  cent,  up  or  down  from  the  figures  given  in 
the  table  of  standard  qualities.  If  the  variations  exceed  this 
then  the  price  per  ton  is  increased  or  diminished,  according 
as  the  calorific  value  is  greater  or  less  than  the  standard 
beyond  the  5  per  cent,  limit,  though  the  purchaser  has  the 
right  to  reject  the  whole  consignment  if  the  calorific  value 
is  more  than  1\  per  cent,  below  the  published  st-indard.  A 
similar  modification  of  price  up  or  down  is  made  for  any 
variation  in  the  standard  percentage  of  moisture.  Modifica- 
tions are  also  made  in  the  price  for  variations  in  size.  If,  for 
example,  the  percentage  of  smalls  be  less  than  the  standard 
the  price  is  increased  by  certain  defined  methods.  In  the 
calorific  tests,  the  thermal  units  are'  ascertained  on  coal  dried 
at  220°  Fall,  for  an  hour  by  means  of  a  Mahler  Bomb  Calori- 
meter. Moisture  is  represented  1〕y  tlie  total  loss  in  weight 
after  air  drying  and  exposing  to  a  temperature  of  220。  Fah. 
for  one  hour,  while  the  percentage  of  sulphur  is  based  on  the 
analysis  of  the  coal  as  received,  and  is  not  to  exceed  2  per  cent. 


Sleeve  Valve  Internal-combustion  Engines. 

The  long  litigation  between  Messrs.  Knight  &  Kilbourue  and 
Argylls,  Ltd.,  arising  out  of  the  patent  respecting  Knight's 
valueless  engine,  was  brought  a  step  nearer  final  decision  by 
a  judgment  in  the  Court  of  Appeal  last  week.  The  patent  , 
which  claimed  to  cover  every  possible  application  of  sleeve 
valves  to  internal-combustion  engines,  it  may  be  remembered, 
was  argued  at  great  length  before  Mr.  Justice  Neville,  who 
gave  judgment  in  favour  of  tlie  defendants,  which  has  now 
been  confirmed  on  appeal.  The  basis  of  the  action  was  not 
the  patent  under  wliicb  tlie  Knight  sleeve  valve  engine  was 
actually  constructed ,  hut  an  earlier  patent,  wliicli,  1  liou^li  il 
admittedly  described  in  detail  only  an  iuferiui-  inethod  of 
constructing  a  sleeve  valve  engine,  was  nevertheless  claimed 
to  be  a  master  patent,  and  it  was  asserted  the  defendants* 
engine  embodied  only  subsidiary  improvements.  In  tlio 
patent  which  formed  the  basis  of  this  claim  there  was  hut  a 
single  sleeve  and  only  a  plaiu  rectilinear  motion,  whereas  \hv 


defendants  give  to  the  sleeve  a  coml^ined  linear  and  rota ry 
rnoliou .  Thf'  Court  of  Appeal  held  that  if  the  patent  sued 
(m  was  to  be  taken  as  covering  the  general  principle  involved 
it  had  been  anticipated  by  still  earlier  patents  of  Dawson 
； I  ml  Kin"'.  Kurt  1km-,  tliey  held  a  master  patent  could  not  be 
constituted  by  construing  the  specification  as  stating  the 
problem  to  be  solved,  but  that  the  inventor  was  bound  to  give 
his  specific  solution,  and  the  solution  described  in  the  patent 
was,  in  t  ]]<jir  jiHl^ineiit,  not  infringed  by  the  defendants.  So 
far  as  the  judgments  in  this  case  liave  gone,  it  is  clear  that 
the  application  of  sleeve  valves  to  internal-combust  ion  engines 
is  open  to  anyone,  and  that  the  only  patentable  features  are 
the  special  methods  of  operating  it,  and  t  hese  obviously  may 
vary  considerably. 


THE  EFFECT  OF  SULPHUR  ON  COPPER. 

In  the  current  issue  of  u  The  Brass  WorM，"  Mr.  Erwiii  S. 
Sperry  gives  the  results  of  some  experiments,  showing  the 
effect  of  sulphur  on  copper.  All  fuels,  he  observes,  whether 
coal,  coke,  oil  or  gas,  contain  more  or  less  sulphur,  <ind  in  the 
case  of  coke  or  coal,  at  the  present  time  it  is  usually  "  more." 
The  quality  of  these  fuels  does  not  appear  to  be  growing 
better.  As  all  fuels  contain  sulphur,  and  copper  and  its 
alloys  have  an  affinity  for  this  element,  it  is  quite  natural  to 
presume  that  each  time  metal  is  melted  it  absorbs  some  of  it, 
and  it  actually  does.  The  singular  fact,  and  one  that  pro- 
duces such  unsatisfactory  results,  however,  is  that  each  time 
metal  is  melted,  a  greater  or  less  amount  of  sulphur  is 
absorbed  from  the  products  of  combustion,  and  it  remains  in 
it,  as  it  will  not  free  itself  or  become  oxidised  out  in  any  sub- 
sequent melting.  In  ether  words,  the  sulphur  is  constantly 
increasing  as  the  metal  is  melted  over  and  over  again.  Little 
attention  has  been  given  to  the  presence  of  sulphur  in  tlie 
brasses  and  bronzes.  The  average  analysis  never  shows  it, 
although  it  has  an  important  bearing  upon  the  subject,  and 
should  always  be  determined  for  a  complete  analysis.  \x 
seems  to  influence  the  casting  qualities  and  the  colour  of  the 
cast  surfaces,  and,  in  addition,  appears  to  cause  blowholes. 
Just  how  much  sulphur  can  be  tolerated  in  brass  or  bronze 
has  yet  to  be  determined,  and  nothing  seems  to  have  been 
done  to  determine  it.  As  a  matter  of  fact,  it  has  only 
recently  been  appreciated  that  sulphur  is  quite  an  injurious 
element  in  these  metals.  Apropos  of  this  fact,  the  following 
experiments  on  the  effect  of  sulphur  on  copper,  】iiade  some 
time  ago,  may  be  of  interest.  While  they  do  not  determine 
the  effect  of  sulphur  on  the  brasses  iu  the  form  of  sand  cast- 
ings, they  may  serve  to  indicate  some  of  the  irregularities 
that  take  place  when  sulphur  is  present  in  copper  to  a  greater 
or  less  extent. 

Experiment  No.  2. ― Melted  lOlbs.  5oz.  of  Lake  Superior 
copper  in  a  graphite  crucible  in  an  anthracite  coal  tire  in  the 
usual  manner.  Kept  covered  with  charcoal  when  the  melting 
was  taking  place  in  order  to  prevent,  oxidation  as  much  as 
possible.  When  melted  and  at  the  heat  ordinaril}-  used  for 
adding  zinc  to  it  to  make  brass,  4ozs.  of  lump  sulphur  were 
introduced.  This  was  added  in  small  pieces  at  a  time,  and 
the  crucible  shaken  after  each  addition.  It  was  uot  stirred, 
as  it  was  desirous  of  avoiding  the  introduction  of  anv  iron. 
The  metal  was  then  poured  into  small  strip  ingots  in  an  oj>en 
mould.  The  copper  ran  well  and  ap])arentlv  as  tliin  as  it 
would  were  no  sulphur  present.  Tlie  sulphur  did  not  seem 
to  render  it  sluggish  at  all.  The  metal  smelled  very  strongly 
of  burning  sul])hur  while  it  was  being  j)ourecl,  and  bubbled 
with  a  sort  of  effervescence.  The  metal  set  readilv  without 
any  swelling  or  expulsion  of  gas.  The  tops  of  the  cooled 
in^nts  were  covered  with  a  black  scale  like  ordinary  copper. 
The  copper  was  rather  brittle  and  broke  easily,  willi  a  sliorl 
fr art ure,  and  blowholes  were  present  in  it.  The  copper  had 
a  peculiar  red  shade,  rather  inclined  towards  a  light  bronze, 
or  perhaps  like  that  of  a  red  brick  had  it  a  slight  nietallir 
】i，sti*t、.  The  copj>er  seemed  to  cut  like  a  poor  leaded  l>rass,  aiul 
the  chips  wvre  short.  It  was  wliollv  unlike  the  onlinary 
copper,  w i  1 ! l  its  unsatisfactory  t-utting  qualities.  An  analysis 
of  I  lu*  coppor  showed  106  per  cent,  sulphur. 


April  4,  1913] 


THE    MECHANICAL  ENGINEER. 


350 


/>；.,  p/rim rut  Xo,  2. ― The  next  experiment  was  practically 
a  repetition  of  tlie  one  just-  descrilxMl,  and  is  of  interest  a« 
iiulicaiin^  that  tlie  copper  apparently  look  up  neai  ly  tin-  s;im,' 
aii 画' it,  of  sul])hur-  In  ； i  ""'apliite  nucil)lo  in  the  manner 
previously  described  were  melted  171l>s.  14ozs.  Lnke  Sii|"' 
rior  copper  and  15ozs.  of  lump  sul])liur  added  in  small  pieces 
at  a  time  aiul  Hie  copper  stirred  with  a  graphite  stirrer. 
Poured  into  an  open  mould  in  t  he  i'()rm  "I.  stii!)  mguls. 
Smelted  very  strongly  of  l)urning  siilplmr  while  hi}\\\^  poured. 
While  the  ingots  were  "  setting,',  a  sort  of  effervescence  took 
place  at  the  top.  There  was  a  "  sizzling  "  sound,  and  gaa 
appeared  to  escape,  though  it  could  not  be  seen.  The 訓 ml， 
however,  was  apparently  produced  m()n>  by  clieinical  action 
( lian  otherwise  on  accoiuit  of  the  separation  of  sulphide  of 
copper  on  the  top  of  the  ingots  on  cooling.  The  copper  ran 
well,  and  did  not  seem  to  be  sluggisli.  The  metal  was  short 
and  the  fracture  light  coloured  and  slightly  crystalline  fibrous. 
While  the  copper  could  be  })ent  a  little  before  breaking,  it 
was  quite  short.  The  fracture  contained  blowholes.  An 
analysis  showed  sitlplnir  1  '04  p?r  cent. 

A  peculiar  feature  of  this  experiment  was  the  fact  that, 
after  cooling,  the  ingots  were  all  covered  with  a  thick,  i)la''k 
scale,  which  proved  to  be  sulphide  of  copper.  This  scale  was 
about  an  eighth  of  an  inch  in  thickness,  and  could  readily  be 
separated  from  the  metal.  The  line  of  separation  between  the 
ingot  and  the  scale  was  very  distinct.  This  scale  formation 
and  separation  were  apparently  the  cause  of  the  "  sizzling  " 
sound  heard  during  the  cooling  of  the  ingots.  A  remarkable 
thing  in  this  experiment  was  the  fact  that  the  amount  of 
sulphur  in  the  copper  was  practically  identical  with  that  111 
the  first  experiment,  although  a  much  greater  quantity  of 
sulphur  was  used.  This  fact  would  appear  to  indicate  that 
only  a  certain  quantity  of  sulphur  will  combine  with  copper, 
and  that  this  amount  is  about  1  per  cent.  If  more  sulphur  is 
added  it  combines  witli  the  melted  copper,  but  separates  out 
while  cooling  in  the  form  of  copper  sulphide.  Copper,  I 
believe,  from  these  results  combines  witli  a  definite  amount  of 
sulphur. 

Experiment  No.  5 —Melted  2 libs,  of  Lake  Superior  copper 
as  before,  and  then  added  24ozs.  of  sulphur.  Poured  into 
ingots.  The  metal  bubbled  strongly  while  being  poured  ； uid 
sinelled  strongly  of  sulphur  dioxide  gas,  so  that  tlie  pouring 
was  difficult  on  account  of  these  irritating  fumes.  The  frac- 
ture of  the  ingot  contained  blowholes.  The  ingots  did  not 
shrink  or  swell,  and  "  sizzled  ''  while  cooling.  When  cool,  it 
was  found  that  they  were  covered  with  the  black  scale,  as  in 
experiment  No.  2.  This  scale  was  analysed,  and  found  to 
contain  copper  80*31  per  cent,  and  sulphur  19.69  per  cent. 
This  indicates  that  it  is  the  cuprous  sulphide  as  this  com- 
pound contains,  theoretically,  79*84  per  cent,  of  copper.  The 
cupric  sulphide  contains  66*45  per  cent,  of  copper.  An 
analysis  of  the  copper  showed  0*89  per  cent,  sulphur.  The 
effect  of  forging  upon  the  copper  is  of  interest.  When  heated 
red  hot,  it  smelled  strongly  of  sulphur  dioxide.  If  the 
copper  were  heated  to  a  good  red  heat,  or  what  would  be 
called  a  high  rolling  temperature,  it  could  be  bent  over  on 
itself  and  flattened  without  cracking  ；  but  if  the  heat  were 
low,  or  the  so-called  low  red  heat,  it  cracked,  even  when  bent 
slightly. 

Experiment  Xo.  ― The  effect  of  lower  percentages  of 
sulphur  was  next  tried,  and  51bs.  of  Lake  Superior  copper 
and  5 lbs.  of  the  copper  obtained  in  Experiment  No.  2  (1*06 
per  cent,  sulphur)  were  melted  together,  and  then  poured  into 
ingots.  This  gave  copper  as  follows  ：  Copper  99*47  per  cent., 
and  sulphur  *53  per  cent.  The  copper  ran  freely  without  any 
film  of  oxide  on  the  surface,  and  the  ingots  did  not  shrink  or 
swell.  They  "  sizzled  "  while  cooling,  like  the  ones  in  the 
previous  experiment.  The  ingots  were  softer  than  the  pre- 
vious ones,  and  would  bend  considerably  before  fracturing. 
The  fracture  was  fibrous  crystalline.  The  ingots  contained 
blowholes  in  the  fracture.  In  forging  the  metal  behaved 
peculiarly.  It  could  be  flattened  well  at  all  heats,  but  if 
bent,  even  15°  or  20°,  it  cracked.  This  cracking  when  bent 
took  place  at  all  heats,  and  is  apparently  a  characteristic  of 
copper  containiiio-  sulphur. 

r  peri  men  t  To.  5. ― Melted  9^  lbs.  of  Lake  copper  and 
31bs.  1  Aozs.  of  the  copper  obtained  in  Experiment    No.  2 


(conlaiiiin^  106  per  cent,  sulphur).  Poured  into  ingots. 
This  mixture  gave  the  following  sulphur  content,  figured  from 
the  sulphur  in  the  copper  used,  and  an  analysis  was  not 
made  ：  Coj)j)€r  99  74  per  cent.,  sulphur  U(;  per  rent.  Tlie 
ingots  remained  level  after  cooling,  and  although  they 
" sizzled  while  this  was  taking  place,  it  was  not  as  violent 
as  in  the  case  of  the  copper  containing  nioro  sulphur.  The 
fracture  of  tlie  ingots  showed  blowholes.  rn  forging,  it 
smelled  of  sulphur  dioxide  while  red  hot.  The  forging  pro- 
perties were  exactly  like  those  of  the  preceding  experiment, 
and  the  in^ot,  although  it  could  be  flattened  out  under  the 
liaiinner,  would  not  stand  l>eiuling  at  any  heat,  even  t o  a 
slight  degree.  Wlien  flattened  out  under  the  liaiinner,  very 
few  edge  cracks  could  be  seen,  and  these  only  when  the 
became  quite  thin. 

Experiment  No,  6. ― A  mixture  of  121bs.  of  Lake  copper 
and  lib.  5Aozs.  of  the  copper  obtained  in  Experiment  No.  2 
(containing  106  per  cent,  of  sulphur)  were  melUid  together. 
When  poured,  it  ran  more  sluggisli  than  the  copper  in  tl"* 
previous  experiments  (containing  more  sulphur).  In  cooling, 
however,  the  ingots  "  sizzled  ，，  more  strongly  than  in  any  of 
the  other  experiments,  and  the  tops  of  the  ingots  swelled. 
When  this  "  sizzling  "  was  taking  place,  sulphur  dioxide  gas 
was  given  off  very  strongly.  When  the  metal  was  poured  it 
smelled  strongly  of  this  gas.  The  mixture  as  made  would 
show  the  following  ：  Copper  99.90  per  cent.,  and  sulphur  '  10 
per  cent.  The  fracture  of  the  ingots  was  filled  with  blow- 
holes some  of  them  very  large.  In  forging,  the  copper  could 
be  forged  to  a  thin  edge,  but  at  any  heat  would  not  stand 
bending,  even  to  a  slight  degree,  without  breaking.  Although 
the  other  samples  of  copper  smelled  of  sulphur  dioxide  when 
heated  for  forging,  this  sample  did  not  manifest  this  pecu- 
liarity- • 

E xjyeriment  No.  7 , ― The  copper  obtained  in  the  last 
experiment  was  re-melted  and  poured  into  ingots  again,  h 
behaved  exactly  the  same.  The  ingots  "  sizzled  "  and  swelled, 
and  the  fracture  was  full  of  blowholes.  In  forging,  its 
behaviour  was  identical  with  that  of  the  previous  experi- 
ment. 

Conclusions. ― The  conclusions  reached  from  these  experi- 
ments were  the  following:  (1)  That  copper  will  not  absorb 
over  1  per  cent,  of  sulphur.  If  more  is  added  to  it,  it 
separates  out  as  cuprous  sulphide  on  cooling.  (2)  That  sulphur 
causes  blowholes  in  copper.  (3)  That  it  renders  the  copper 
red  short,  particularly  when  bent.  (4)  That  it  produces  a 
crystalline  fracture  when  present  in  considerable  quantity. 


International  Mining  and  Metallurgical  Congress. — One  of  the 

largest  of  the  great  scientific  and  industrial  congresses  is  to 
be  held  in  London  in  the  early  part  of  June,  1915.  This  is 
the  sixth  international  congress  of  mining,  metallurgy,  applied 
mechanics,  and  practical  geology.  These  congresses  take  place 
at  intervals  of  five  years,  and  the  last  was  held  at  Dusseldorf 
in  1910.  An  influential  committee  has  been  formed  to  make 
the  necessary  arrangements,  and  the  movement  is  being 
actively  supported  by  the  University  of  London,  Imperial 
College  of  Science  and  Technology,  the  various  leading  techni- 
cal and  scientific  societies,  and  by  numerous  firms  interested 
in  the  various  industries  represented. 

Large  Impulse  Water  Turbines. ―  What  are  stated  to  be  the 
largest  impulse  turbines  ever  constructed  have  been  installed 
in  the  Pirahy  plant  of  the  Rio  de  Janeiro  Light  and  Power 
Company.  There  are  two  of  these  machines,  and  they  are 
each  capable  of  generating  20,000  h.p.  They  are  operated 
at  300  revs,  per  minute  by  water  jets  having  a  velocity  at  the 
nozzles  of  235ft.  a  second.  The  circumferential  speed  of  the 
runner  is  108ft.  a  second.  Each  unit  has  a  single  runner 
with  pear-shaped  buckets  of  heavy  design.  The  wheel  is  keyed 
on  to  the  end  of  the  shaft  and  equipped  with  four  jets  placed 
90°  apart.  The  jets  pass  through  cast-steel  nozzles,  carefully 
machined  and  polished  to  reduce  friction  losses,  and  their  dis- 
charge is  controlled  by  means  of  movable  steel  needles  with 
pear-shaped  heads,  which,  on  being  moved,  enlarge  or  diminish 
the  diameter  of  the  jet.  The  four  needles  are  connected  and 
move  simultaneously,  and  their  movement  is  controlled  by  an 
oil  pressure  governor. 
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HUGHES'  SUPERHEATERS  FOR  LOCOMOTIVE  BOILERS. 

The  superheaters  sliown  in  t lie  a。（.（）m|';nu'itig  i llnst rations, 
designed  and  pat(Mited  by  Mr.  George  ll!i"h('s,  M .  I  nst.(1.E.,  of 
Wingfield,  II eaton ,  Bolton,  are  applir;il)le  to  locomol  i and 
other  smoke  or  flue  tube  boilers.  Referring;  to  the  arrange- 
ment shown  in  Fig.  1，  D  are  tlie  enlarged.  Hue  1  uf>es  for  re 
ceiving  the  superheater  elements  and  A  the,  ordinary  sinoko 
or  flue  tubes.  B  is  the  saturated  steam  rerepl acle  <>i  li";i(l''r, 
secured  in  the*  usual  position  on  t  lie  u pjjoi-  pari  1  lio  smnl"' 
box  tube  plate  of  the  boiler,  and  is  in  ('("imumirat with 
the  steam  pip©  from  the'  regulator.  Tliis  sal  uratecl  .steain 
receptacle  or  header  is'  provided  wit li  a  nuniljet-  of  branches, 
P  and  H.  These  brandies  receive  the  inlet,  ends  C  of  Hi;' 
superheating  elements  or  pipes  J，  whicli  are  werured  to  1  ho 
branches  in  any  suitable  manner.  For  instance,  the  super- 
heating element  ends  C  might  be  provided  wit li  flanges  F,  l)v 
which  they  could  be  secured  to  the  brandies  P  ami  li  l)v 
means  of  bolts  or  studs.  Each  superlieat  ing  element  J  is  bent  as 
shown,  so  that  it  enters  one  of  tlie1  enlarged  smoke  tul)es  I)  ；  it 
is  continued  along  this  smoke  tube'  D  to  within  a  sliort.  distaiu-o 
of  the  firebox,  where  a  return  bend  G  is  provided.  It  then 
returns  along  the  smoke  tube  D，  and  takes  a  downward  beiul 
to  the  superheated  steam  chambers  E.    The  superheat  ed  stenni 


shows  the  method  by  wlncli  four  runs  of  pipe  are  arranged  to 
traverse  each  smoke  tube,  J  bein^  the  superheating  pipe  and 
G  the  return  beiuls  which  may  he  of  any  of  tlie  various  known 
and  suitable  kinds. 

I  ii  order  to  facilitate  the  withdrawal  of  either  the  satu- 
rated or  siif)erlieat&fl  steain  lieaders  or  receptacles  for  tlie 
])urpose  ol'  making  or  remaking  the  joint  between  the  lieaders 
Di*  re<'e|>t acles  1  lie  "，l)e  plate  or  the  steam  <*liest ,  respec- 
tively, withdrawable  liner  ]>lates  or  distance  blocks  N  O  »na v 
be  en)])lovf>fl  (se?  Fig.    * ) .       These   liner  plates  or  (listaix*' 


Fro.  2.— Hughes'  St'PERHEATKR 


LocO^fOTIVK  Boilers. 


blocks  are  placed  between  the  superheater  element  flanges 
and  the  header  or  receptacle,  and  are  made  in  such  a  manner 
that  wlien  tliey  are  removed  there  is  sufficient  clearance 
between  the  flanges  of  the  superheater  elements  and  tlie 
header  to  allow  the'  latter  to  be  lifted  clear  of  the  studs  bv 
whicli  it  is  secured  to  either  tlie  tube  plate  or  the  steam  chest , 
thus  avoiding  tho  necessity  of  disturbing  tlie  element  when 
removing  the  lieaders. 

The  saturated  and  superheated  steam  receptacles  or 
headers  being  separate  chambers  or  castings  of  simple  design 


〇 〇 〇 〇 
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Fig.  3.— Httghrs*  Superhfatkr  for  Locomotivk  Boilers. 

they  can  be  produced  and  fitted  in  an  economical  manner. 
Further,  tlie  saturated  and  superheated  steain  receptacles  or 
lieaders,  B  mikI  E，  respectively,  being  widely  separated  from 
each  other,  and  t  he  usual  smokebox  steain  pipes  being  dis- 
pensed with,  less  of  superheat  tluru)o  the  passage  of  the  super- 
heated steam  from  tlio  outlet  ends  of  the  superheater  elements 
or  pipes  to  the  engine  valve  rhests  is,  it  is  claimed,  reduced  to 
； i  ininimum  as  compared  wit  It  su]>erheaters  of  the  tvpes  now 
generally  used. 


■、     ；  s 
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Fig.  1.— Hughes'  Superheater  for  Locomotive  Boilers. 

receptacle  or  collectors  E  are  secured  to  the  upper  sides  of  the 
steam  chests  of  the  engine.  The  outlet  ends  K  of  the  super- 
heating elements  are  secured  to  these  collectors  in  a  manner 
similar  to  that  described  with  refereno©  to  the  attachment. 
of  the  saturated  steam  inlet  ends  C  of  the-  elements.  The 
superheated  steam  receptacles  or  headers  E  ar©  provided  with 
branches  L  and  M，  to  which  the  elements  are  secured.  Tlie 
saturated  steam  leaving  the  boiler  enters  the  saturated  steam 
receptacle  or  header  B,  from  whence  it  passes  through  the 
branches  P  H，  along  the  superheating  elements  J，  and 
through  their  outlet  ends  K  to  the  superheated  steam  t'ecep 
tacles  E，  the'  superheated  steam  entering  the  receptacles 
through  their  branches,  respectively  M  L. 

Referring  to  the  arrangement  shown  in  Fig.  2,  the  ^at n 
rated  steam  receptacle  or  header  B  is  similar  to  that  described 
in  Fig.  1，  E  being  the  branches  to  whicli  the  inlet  ends  C  of 
the  superheating  elements  J  are  secured.  The  superheated 
steam  receptacle  or  header  E  in  this  case,  however,  is  formed 
as  a  single  casting,  so  as  to  communicate  with  the  steam  chests 
of  the  engine.  This,  it  is  claimed,  is  advantageous  in  that  tlie 
full  supply  of  superheated  steam  is  available  for  either  cylin- 
der when  the  valve  is  open  for  admission.  The  superheating 
elements  J  are  run  in  a  similar  manner  to  that  described  with 
reference  to  Fig.  1，  either  two  or  four  runs  of  pipe  being 
•within  each  smoke  tube  D.    The  lower  illustration  in  Fig.  2 
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POWER  SUPPLY  ON  THE  RAND, 

BY  A,  E.  HADLEY. 
Thk  Victoria  Falls  ； ind  Tr;iusvaal  Pown-  Company,  Ltd.,  was 
foi  iihmI  al  t  lie  end  of  I  DOG,  with  the  object  of  supplying  power 
in  Soul  li  Af  rica  and  Rhodesin,  ； ui(l  of  acquiring  the  roncos 
sionul  l'i^lits  lo  develop  t  ho  Victori"  Kails.  Under  I  Ik1 
on'oiniil  proposal  a  supply  io  the  Rand  was  to  be  given  partly 
hv  1  runsinitlin^  power  from  the'  Victoria  Falls,  700  miles  (lis 
t ;i ni ,  and  pari  1  v  l>v  slcam-generating  stations  located  on  the 
reef.  Tlie  increase  in  the  coal  supplies  in  the  Transvaal 
bringing  about  a  reduction  in  the  price  of  local  fuel,  the  neces- 
sity tor  starting  operations  without  any  delay,  and  tlie  objec- 
tions istnl  hv  various  vested  interests  io  the  impoi'tal  ion  o\' 
power  from  outside  the  Colony,  were  among  the  principal 
reasons  for  delaying  t he 山1 vel。|>m''iit  of  t  ho  "ills  until  1  lio 
|)(  pulal  ion  ol"  Rhodesia  increases  or  unt  il  the  <l(Mnaiul  in 
Sout  h  A  t'ricii  for  nuuiu Facturino-  sites  with  cheap  electric 
power  available  justifies  the  expenditu re.  It  was  therefore 
decided  lo  supply  t he  WH watersr;m(l  i'r()m  steam  plant  using 
local  fuel. 

Electric  Power  on  the  Rand. — The  Victoria  Falls  Coni])any 
took  over  the  two  existing  supply  companies  in  1907,  and  pur- 
chased the  \rereeniging  wayleaves,  at  the  same  litne  ei"'eM'in《 
into  an  agreement  for  tlie  ri»hl  to  est ahlisli  a  power  station 
at  Vereeniging.  In  1907,  pending  the  installation  of  modern 
plant ,  a  supply  totalling  4,000  kw.  was  ^iven  from  the  exist- 
in^  steam  stations  which  had  been  purchased.  As  soon  as  it 
was  appreciated  that  a  cheap  power  su])ply  was  available,  the 
mining'  groups  entered  into  cont racls  with  tlie  conipany,  and 
t  he  doinands  for  power  have  since'  increased  so  quickly  that  it 
has  throughout  been  the  greatest  difficulty  for  the  company 
to  raise  capital  and  install  plant  rapidly  enough  to  satisfy  I  lie 
(Uniand.  Ju  addition  to  the  supply  of  electricity  to  this  group 
of  mines,  the  ronditions  called  for  the  supply  of  compressed 
air  foi'  working  tlie  rock  drills. 

The  ])eak  load  of  the  combined  undertaking  has  reached 
88,000  kw.,  and  the  sales  average  1,350,000  units  per  day. 
These  figures  include  the  sales  of  compressed  air  by  the  Rand 
Alines  Power  Supply  Company  to  10  mines.  The  air  units  repre- 
sent practically  the  same  amount  of  energy  as  if  these  10  mines 
had  converted  their  compressors  to  electric  drive  and  pur- 
cliased  electricity.  When  tlie  furtlier  demands  for  power 
v/liirh  have  already  been  notified  are  met  by  the  plant  now 
on  order,  the  sales  will  reach  2,000,000  units  daily.  The 
monthly  load  factor,  based  on  the  hour  of  maximum  output, 
varies  from  70  to  74  per  cent. 

Tai^le  I. 


Na,mo  of  Station. 

Total  Capacity 
of  Electric 
Generating 

Plant  Installed. 

Steam -driven  Aiv 
Compressors 
Installed. 

Extensions  in 
Progress. 

Rrakpun   

Two  :i000-kw. 

sets 

Sinimerpn  n      ...  ... 

Six  3,000-kw. 

Roshervillo       ...  ... 

sets 

Five  10,001). 

Six  3,500-kw. 

Three  7,000-ku. 

k、v.  sets 

machines 

steam  -  driven 

air  enmpns- 

sors 

Voroeni*>iiv2      ...  ... 

Tmmh-  10.000- 

k  w .  sets 

Extensions  in       :t  ... 

Two  10.000.kw  . 

sets 

114,000-k\v. 

21. (KHI  kw. 

41,000  kw. 

Total  onpacity  of  plant  instalit-d  and 

in  progress*   17<»,0(>0 


The  supply  is  furnished  to  all  mining  consumers  at  2,100 
v"lts  ； uul  525  vol  Us.  The  necessary  stejMlown  transfoniuM-s 
and  switch  gear  are  provided  by  tlie  power  company,  while 
tin-  coiisumer  supplies  the  sub-station  building  and  pays  the 
power  coitipany  a  sum  equal  to  2  per  cent,  of  the  power  bill  to 
cover  the  looses  in  the  step-down  transformers.  The  standard 
price  in  mining  contracts  covering  not  less  than  12  years  is 

' Abstract  of  pa]irv  read  before  tlie  RfatU'ln  stcr  st'i-Lion  of  the  Institution  of 
】':lecti'ici\l  Knj'iiu't'vs. 


0.525(1.  per  unit,  as  long  as  tlie  monthly  load  factor  is  above 
70  |>er  cent.,  the  load  factor  l>ein^  on  tl"，  liour  of  maxi- 

mum consumption.  The  introduction  of  these  prices  on  tlie 
H;iikI  has  reduced  tlie  cost  of  power  to  tlu*  mines  hy  40  |"'r 
cent/"  and  lias  reduced  the  cost  of  prtnlucl ion  of  *.'ol«l  bv  ； m 
amount  varying  from  (id.  to  Is.  !"'r  ton  of  ore  milled.  It  lias 
further  resulted  in  considerable  saving  of  capital  ex|>eii(lit uro 
on  plant,  vvhicli  in  the  case  of  a  new  mine  may  aniouni  to 
100,000.  Tlie  area  over  which  a  power  supply  liad  to  l>o 
given  lies  within  a  st rip  of  about  t wo  miles  broad  and  fltretrh- 
ing  50  miles  from  east  to  west.  Tim  lot  a  I  ]k>wov  usf'd  by  tlio 
mines  at  the  present  time  is  estiiriat^d  n\  a!>oul  100,000  Ii.|>. 
The  town  of  Joliaiineshurg,  wliich  lias  its  own  olwtrir  plant , 
is  situated  about  the  middle  of  this  strip,  while  the  township 
of  Grermiston,  about  nine  miles  to  t  he  east ,  is  supplied  by 
the  company. 

Power  Stations.  ―  Tlie  local  卜，  uf 屮 1、'  "）miitio，" 
restricted  the  choice  of  the  station  sites  to  certain  artificial 
lakes  situated  along  the  reef  and  to  the  Vaal  River,  whicli 
runs  parallel  to  the  reef  and  is  35  miles  south.  Power  plant  < 
aggregating  nearly  180,000  kw.  have  been  installed  in,  or  are 
under  construction  for,  the  stations  eimmenUed  in  TaJilo  I. 


Fig.  1.— Anchor  M  \st. 


Th-ey  are  set  out  ill  the  order*  in  which  they  were  built.  At 
Robinson  Central  air  station  there  are  also  six  electrically- 
driven  air  compressors  each  of  3,500kw.  capacity.  At  all  stations 
steam  turbo-electric  generating  sets  are  employed,  and  produce 
3-phase  energy  at  50  cycles.  Step-up  transformers  raise  tlie 
generator  pressure  to  40,000,  20,000,  or  10,000  volts,  and  their 
interposition  gives  additional  security  to  the  machines  against 
pressure  rises.  This  method,  in  which  the  generator  voltage 
is  optional,  gives  the  further  advantage  of  enabling  the  stators 
to  be  constructed  with  bar  winding  having  one  bar  per  slot. 

Electrical  Transmission  System. ^  The  main  、\  、"  'i  t  - 
mission  is  effected  by  means  of  40,000-volt  overhead  lines 
stretching  practically  the  whole  length  of  tlie  reef.  At  the 
present  time,  liowever,  the  western  extremity  is  working  as  a 
20,000-volt  distribution  line.  Where  the  load  is  most  dense 
the  transmission  system  consists  of  two  rows  of  towers,  each 
arranged  bo  carry  two  circuits.  The  40,000-volt  transmission 
system  is  fed  at  four  points,  viz.,  al  Brakpan,  Simmer  Van . 
I^osherville,  and  at  Robinson  Central,  where  the  supply  from 
the  Vereeniging  station  joins  the  reef.  In  addition  to  these 
distribution  stations  the  transmission  lines  pass  through  t wo 
i'\irt her  distrihutinsf  centres  at  Hercules  to  the  east  and 
Bantjes  to  the  west.  From  these  six  points  distribution  net- 
works, laid  out  as  ring  mains,  supplv  tlie  various  substations 
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tn\  the  mines.  The  three  eastern  distribution  stations  supply 
the  system  through  10,000-volt  overhead  lines.  The  central 
portion  of  the  area  is  served  by  an  Tuulergrouiid  20,000-volt 
cable  system,  and  the  western  distribution  network  is  working 
at  20,000  volts  by  overhead  lines.  The  Vereeniging  station  is 
connected  to  the  Rand  l)y  iin  80,000-volt  line,  approximately 
35  miles  long,  terminating  at  the  Robinson  Central  distribu- 
tion station,  where  the  pressure  is  transformed  to  eitlier  40,000 
or  20,000  volts,  these  pressures  being  also  coupled  together 
through  transformers  aggregating  16,000  k. v. a. 

80,000-volt  Pole  Line.  —This  line  cmisisls  two  rmvs  (,f 
lattice  steel  masts  equipped  wiili  four  circuits  of  stranded 
copper,  each  conductor  having  a  section  of  60  sq.  nun.,  aiul 
carrying  three  earthed  guard  wires  above  the  conductors. 
Every  fourth  mast,  commonly  called  an  anchor  mast  (Fig.  1)， 
is  of  sufficient  strength  to  take  the  full  strain  of  the  conduc- 
tors in  a  lateral  direction  :  and  Hie  three  intermediate  masts 
(Fig.  2)  are  designed  to  take  tlie  strain  due  to  wind  pressure 
in  a  direction  transverse  to  the  line.  Extra  anchor  masts  are 
also  used  whenever  tlie  line  changes  its  direction,  and  at,  rail- 
way crossings.  A  special  end  tower  is  use-cl  at  the  ends  of 
the  line.  The  masts  are  normally  spaced  500ft,  apart.  The 
anchor  masts  have  an  overall  height  of  71ft.  Gin"  the  lowest 
cross-arm  being  34ft.  6in.  from  the  ground.  On  these  masts 
the  conductors  are  placed  vertically  above  each  other,  and  are 
separated  by  a  distance  of  9ft.  Each  mast  was  required  to 
deflect  J;in.  at  the  top  when  subjected  to  a  horizontal  pull  of 
4]  tons  applied  44ft.  from  the  ground  at  an  angle  of  30°  from 
the  line  direction. 

The  intermediate  masts,  when  carrying  the  weight  of  the 
insulators,  conductors,  and  guard  wires,  were  required  to  give 
a  temporary  deflection  at  the  top  of  |^in.  when  subject  to 
a  horizontal  pull  of  35  cwts.,  applied  35ft.  from  the  ground 
and  at  right  angles  to  tlie  line  direction.  The  conductors  on 
these  masts  are  arranged  three  on  each  side,  in  the  shape  of 
an  equilateral  triangle  having  sides  8ft.  long.  The  lowest  sup- 
port for  the  conductors  is  34ft.  6in.  from  the  ground,  and  a 
10ft.  sag  is  allowed,  so  that  the  lowest  part  of  any  conductor 
is  never  less  than  24ft.  Gin.  from  the  ground.  All  mast's  are 
provided  with  a  safety  screen  to  prevent  any  possibility  of 
men  working  on  one  circuit  coming  into  contact'  witli  the 
circuit  on  the  opposite  side  of  the  pole.  This  screen  consists 
of  a  rectangular  steel  framework  interlaced  with  galvanised 
steel  wire  netting. 

The  80,000-volt  insulators  used  are  of  the  disc  type,  lOin. 
diam.,  and  connected  six  in  series  at  each  suspension  and 
straining  point.  Before  erection  each  insulator  is  subjected 
to  a  mechanical  stress  of  1+  tons,  and  while  in  this  condition 
is  tested  to  60,000  volts  for  five  minutes.  The  latest  type  of 
40,000-volt  transmission  line  is  of  a  similar  design,  but  pin 
insulators  are  employed  on  the  intermediate  lattice  masts, 
and  four  discs  are  used  in  each  string  of  insulators  on  the 
main  towers  which  take  the  lateral  strain.  All  the  20,000-volt 
cables  have  circular  conductors  of  100  sq.  mm.  section,  and 
are  paper-insulated,  lead-covered,  and  armoured.  Each  cable 
is.  capable  of  transmitting  about  7,000  k.v.a.  The  cable  was 
specified  to  stand  a  test  pressure  at  the  factory  of  50,000  volts, 
and  a  test  pressure  of  40,000  volts  for  10  minutes  after  laying. 

Protective  Arrangements.  -~ -  All  transtuission  and  distribu、 
tion  circnils,  with  the  exception  of  the  long-distance  80,000- 
volt  lines,  a  re  t'quipped  av  i  1 1 1  Hie  Mer'/'-Pric"  balanced  relay 
system  tor  autoinatic  .swilcli  conl  vo\ ,  wit hout  which  a  reliable 
supply  on  t  he  rin^  main  system  could  not  liave  been  given, 
a  nd  I  he  more  expensive  radial  1  y j >e  of  net  work  would  liave 
heeu  necessibited.  This  balanced  relay  syslein  is  also  em- 
ployed for  tlu*  protect  ion  all  1  ransForincrs,  and  tor  tlie  lar^t.1 
generators.  Tlie  pilot  wires  for  operating  this  system  on  the 
40,000-volt  i ransinission  li ues  are  combined  wit h  t eleplione 
circuits  in  a  lead-covered  cable  suspended  overhead,  while  on 
all  distribution  networks  ( Itol  li  overheat!  and  uiKlergrouiul) 
combined  pilot  and  telephone  cable  are  laid  undergrovuid. 

Normal  Control  of  Operation. ― A  complete  telephone  sys- 
tem has  been  installed,  connecting  up  all  points  on  the  trans- 
mission and  distribution  system  and  the  residences  of  the  staff. 
A  special  feature  of  the  lay-out  of  the  telephone  system  is  the 
arrangement  whereby  the  control  of  all  switching  and  the 


control  and  regulation  of  load,  voltage,  power  factor,  and 
other  operating  conditions  are  in  the  hands  of  the  control 
department.  Great  importance  is  attached  to  the  organisa- 
tion whereby  the  control  of  the  whole  system  when  in  opera- 
tion is  in  the  liands  of  this  department,  thereby  greatly 
increasing  the  safety  both  of  the  engineering  staff  and  of  the 
supply.  By  means  of  this  telephone  system,  one  control  engi- 
neer or  load  dispatcher  is  responsible  for  all  routine  switching 
and  linking  carried  out  at  any  point  on  the  electrical  system 
during  his  shift,  and  under  the  regulations  no  switching  can 
be  carried  out  without  his  consent.  The  load  dispatcher,  as 
soon  as  any  switching  has  been  carried  out,  adjusts  a  large 
diagram  in  the  control-rcom,  so  that  it  shows  every  connection 
en  the  system . 

Lighting  and  Atmospheric  Conditions. 一 Tlie  atuicsplieric  ron 
ditions  on  the  Rand  are  in  many  ways  abnormal,  both  in 
summer  and  winter.  During  the  winter  violent  wind  and 
dust  storms  are  encountered,  while  for  six  months  during  the 
summer  (from  September  to  April)  the  reef  is  the  centre  of 
frequent  and  violent  lightning  storms  accompanied  by  heavy 
rain  and  sometimes  phenomenal  hail.  The  Rand,  which  is 
the  watershed  of  tliat  part  of  South  Africa,  is  probably  about 
the  worst  district  in  the  world  for  lightning,  the  altitude  of 
Johannesburg  being  53760ft.  At  this  altitude  the  range  of 
temperature  is  very  large,  and  rapid  changes  in  temperature 
occur,  disturbing  the  atmospheric  conditions.  Every  storm 
exerts  some  influence  of  greater  or  lesser  severity  upon  the 
overhead  system,  but  year  by  year  the  number  of  troubles 
caused  have  been  largely  reduced,  so  that  interruptions  to 
supply  are  now  infrequent,  and  the  loss  of  apparatus  seldom 
takes  place.  As  a  general  rule  the  effect  of  lightning  is 
brought  about  through  an  induced  effect  on  the  overhead 
lines,  setting  up  a  high-frequency  surge.  Experience  goes  to 
prove  that  the  inteusity  of  the  induced  effect  is  in  the  majo- 
rity of  cases  localised  to  some  part  of  the  transmission  line, 
and  only  in  the  minority  of  cases  does  it  reach  the  end  of  the 
line  with  its  full  severity.  Further,  it  is  quite  a  rare  thon^li 
not  unknown  occurrence  for  the  line  to  be  actually  struck  by 
lightning  ；  and  it  is  possible,  though  not  determined,  that 
this  may  be  the  result  of  the  earthed  guard  wires. 

The  means  whereby  the  effects  of  lightning  have  been  ]> re- 
vented  in  tlie  great  majority  of  cases  from  disturbing  the 
system  are  】naiiilv  ：  (^)  The  erri])]oynieiit  of  earthed  overhead 
guard  wires  ；  (/y)  eartliing  tlie  neutral  ("  eicli  separate  se<-tion 
of  the  system  ；  and  (r)  by  careful  selection  and  ad justinent 
of  lightning  arresters  to  deal  with  the  different  conditions 
arising.  When  the  supply  was  first  started  four  years  ago 
little  accurate  information  existed  regarding  lightning 
arresters,  consequently  many  interruptions  of  the  service 
occurred,  and  apparatus  was  frequently  damaged.  In  analys- 
ing the  effects  of  any  lightning  disturbance,  it  has  proved  diffi- 
cult to  trace  definitely  the  effect  of  any  individual  protective 
apparatus.  Experience  has  shown,  however,  that  the  guard 
wire  constitutes  one  of  the  most  efficient  systams  of  line  pro- 
tection, and  contributes  largely  to  successful  operation  during 
storms. 

During  the  earlier  liglitning  seasons  the  neutral  of  tlie 
system  was  not  earthed,  and  unquestionably  many  interrup- 
tions and  much  loss  of  apparatus  resulted  from  not  employing 
1  iiis  system.  One  of  the  troubles  caused  by  liglitning  is  occa- 
sioned l)v  t lie  arciu^-ovei'  of  insulators,  which,  with  an  insu- 
lnted  vSyslem  liaving  considerable  ca]>acit y  lo  e:i rth,  generally 
results  in  an  intermittent  arc  to  eartli,  t  lierehv  settint:  up 
<l;in^<u*oiis  surges  in  the  system.  These  surges  lead  to  cumu- 
lative trouble  and  cause  (liscliarges  on  the  arresters  of  the 
oilier  two  ])has:js,  increasing  in  vseverity  until  finally  a  second 
Ihisli-over  takes  place  (generally  at  tlie  arrester  gear  itself) , 
;uh1  short-cii*cuits  the  phases.  By  earthing  the  neutral  through 
a  resistance,  any  arc  to  earth  is  ininiediatelv  isolated  bv  the 
operation  of  the  Merz-Price  balanced  relay  system,  and  the 
arresters  are  not  called  upon  to  continue  operating.  A  star- 
delta  transformer  is  employed  for  earthing  to  avoid  distur- 
bance to  telephones. 

At  the  time  of  the  initial  installation  the  aluminium 
arrester  was  not  on  the  market,  and  in  consequence  a  complete 
system  of  horn  arresters  was  connected  uj).  Tlie  most  careful 
records  have  since  been  kept  of  the  operation  and  discharges 
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occurring  on  these  arresters.  The  number  of  pressure  risos 
on  each  of  the  ])hases  witli  an  cart  hed  iiiMit  ral  lias  t'omul 
t'j  be  equal,  and  of  2,100  discharges  recorded  between  Ock)ber, 
ini()，  and  April,  1912,  33  per  cent,  occurred  on  each  ！) lias". 
Tlic  host-  romhiimtion  ("  the  iiuml">r  of  horns,  the  sjKiriii'— '  ''I 
arc  gaps,  and  the  amount  of  resistance  to  earlli,  liad  t-o  l>(' 
tleterrniiHMl  l)y  experience  and  "x|)pnmt'n"  During  last 
season  some  ahuniiiiuni  arre«t-ers  were  installed,  l>ut  \m  ro\i 
elusive  observations  of  llicir  opeiat ions  were  obtained.  This 
system,  however,  has  been  adopted  for  the  protection  ul'  tin.- 
80,000-volt  lines. 

I^osherville   Power   Station. —― Tlic   silo  for  llu'  s(ai  itni  was 
selected  at  the  Roslu'rvillc  Darn,  vvliidi  is  ilie  largesl  lake  ('ii 
Rand,  being  eiu'loscd  mi  I  he  sout  Ium'ii  sidt1  of  ； i  dam.  The 
ccnl  storage  arrangements  are  very  coin])let>e,  the  coal  Ihmu^  (lis- 
cliarged  froin  a  height,  of  M  i'l.  1  limu^li  tlie  of  '10  "m 

r;iil\vay  trucks  in")  ()ut'si(lr  storage  l)iml""'s，  imder  wliich  coal 
conveyers  are  arranged.  The  whole  structure  is  ope",  as 
roofing  is  unnecessary  owin^  to  tho  favourable  clirnatic  r(m- 
ditious.  Tlie  conveyers,  each  capable  of  (h'alin^  with  40  i()ns 
of  co;i!  per  liour,  run  in  tunnels  under  the  ext-eriial  coal  store, 
and  are  fed  with  coal  by  gravity  through  shoots  from  feho  coal 
pile-  above.  Weighing  machines  are  installed  in  the  conveyer 
tiniiiiels,  and  the  coal  is  weighed  as  it  passes  in  the  conveyer 
buckets.  The  ashes  are  discharged  from  the  rear  of  the  stokers 
into  haiul  trucks  in  the  basement.  Tlie  coal  has  an  average 
calorific  value  of  about  11,000  B.Th.U.  per  pound. 

The  large  percentage  of  asli,  viz.,  18  to  25  per  cent,  of  tlio 
coal,  and  the  higli  load  factor  at  which  the  plant  is  ()iK'r;it('(l ， 
necessitated  a  combination  of  boiler,  superheater,  and  econo- 
niiser,  that  would  give  the  highest  possible  efficiency  ；  and  the 
high  cost  of  white  labour,  and  the  inefficiency  of  that  of  the 
native,  also  required  that  the  plant  should  be  mechanically 
operated.  In  view  of  these  oonsiderations  and  tlie  great  cost 
of  constructional  work  in  South  Africa,  the  ejector  system  of 
induced  draught  originally  devised  by  Mr.  Pratt  has  been 
adopted  in  all  the  power  stations.  The  system  has  been  found 
to  giv«  the  utmost  satisfaction.  The  boiler  unit  selected  is  the 
Babcook  &  Wilcox  marine  type,  fitted  with  cliain-grate 
stokers,  each  having  an  integral  superheater  and  economiser. 
The  boilers  are  arranged  in  two  rows  in  each  boiler-house, 
with  a  central  and  oommon,  firing  floor.  Each  boiler  lias  a 
rated  capacity  of  32,0001bs.  of  sb&am  per  hour  at  a  pressure 
of  2201bs.,  with  a  temperature  of  feed  water  at  100°  Fah.,  and 
is  capable  of  producing  38，0001bs.  of  steam  without  undue 
forcing.  The  heating  surface  of  the  boiler  is  5,520  sq.  ft"  of 
the  superheater  1，720  sq.  ft.,  and  of  the  economiser  2/200  sq.  ft. 
A  six-hour  test  on  on©  of  the  boiler  unit®  gave  a  combined 
efficiency  of  boiler,  superheater,  and  economiser,  of  80  per 
cent. 

The  turbine^rcom  at  present  contains  five  turbo-generators 
each  of  12,000  k.v.a.,  and  six  steam  compressors  each  having 
an  input  of  3,500  kw.:  three  more  steam  compressors,  each 
taking  7，030  k\v.，  are  also  being  installed.  The  turbines  are 
of  the  A. E.G.  Curtis  horizontal  type,  liaving  one  high-pressure 
wheel  with  three  rims  of  blades.  The  admission  pressure  at 
the  intake  nozzles  is  brought  down  from  2201bs.  at  a  tempera- 
ture of  300°-350°  C.  to  about  201bs.  with  a  superheat  of  about 
20°  C.  In  the  low-pressure  portion  of  the  iurbine,  the  steam 
is  expanded  through  12  stages.  Both  hand  and  motor  regula- 
tion of  the  speed  are  arranged  for. 

The  stators  of  each  of  the  6 -pole  generators  are  bar  wound, 
having  one  bar  per  slot.    The  machines  running  at  1,000  rows. 

minute  produce  50-cycle  3-phase  energy  at  5,000  volts, 
、vliidi  is  stepped  up  to  either  10,000,  20,000,  or  40,000  volt«, 
by  transformers  directly  connected  with  tiie  stat-or  terminals- 
Substantial  clamping  is  employerl  on  the  end  windings  of  the 
stator  so  as  to  withstand  short-circuits.  Tlie  rotor  coils  are 
lined  with  metal  casings  before  being  attached  to  the  rotor 
by  dovetailed  grooves  and  wedges.  The  rotor  carries  a  ven- 
tilating fan  at  each  end.  Each  turbine  set  is  provided  with 
a  direct>driveu  exciter,  while  a  stand-by  supply  is  also  avail- 
able from  a  motor-generator  and  battery. 

The  condensers  liave  a  cooling  surface  of  17,750  sq.  H. : 
each  set  has  a  centrifugal  circulating  pump  ot'  about.  iWi.'i.unn 
gallons  per  hour  capacity,  and  a  (rut ri fu^al  air  pump,  both 
couuect-ed  ou  one  shaft  and  driven  direct  by  a  steam  turbine. 


The  exhaust  from  the  auxiliary  iurliino  is  i;ik<*n  to  tin*  middle 
stage  of  the  main  turbine,  w  lie  re  tlie  nMnaiiiin^  energy  in  tlio 
st  c-;i  in  is  utilises  I  down  to  t  lie  vannuii  of  tin*  ",n'"'"s''r.  Willi 
the  exception   of  certain  ri'  ally 山 i 、丄" i  bearing  cooling 

|)iitii|is,  ail  auxiliaries  ； in'  i  urbin**  driven. 

Tlie  '((Mirrator  t ranstorincrs  ； in'  r'，im'''.l"l  I'v  t', 
tlieir  ('(jrr(\s|>oiuIin^  geiK'r;""rs，  and  a ro  (，； "'Ii  ol  l'J，,'"'<)  k.v.a. 
capacity.    Wlieix?  largor  IranstoniMTs  li;iv"  n-^mn-d ,  ； i、 

for  the  last  two  »et«  ； it  Vereeni^ing,  Iavo  t ransformers  lor 
each  machine  have  been  installed.  Tlio  transt'ormers  at 
Rosherville  are  of  the  shell  type  and  w;il cr  coolod,  llie  wind- 
ings nearest  the  temiinaLs  heiii<(  s|>e<'i;illy  iii:siiU"'<l  to  witli- 
stand  between  arljaceiil.  t urns  ； l  pressure  of  25,000  volt«  for 
live  minutes.  A  test  pressure  of  160,000  volts  was  ajjpliod  to 
the  wliole  of  tlie  windings. 

The  steam  t u r b o-co m ] ) vi^< > rs  at  Rosliervill<;  am  similar  to 
the  motor-driven  oomprossoi-s  at.  K (山 i"soii  (V,ifr;il，  ； m'l  aro 
each  designed  to  deal  with  22,000  nil,.  I'l.  of  free  air  jkt 
minute,  wit II  an  out  1ft  pn'ssm'"  of  iiim'  ；"  m''sj 山" r'、s  ('aljsijlute). 
The  power  rctjuired  on  the  shaft  is  rovi^hly  ."5,500  k、v.  In  tlio 
case  of  electrically-driven  sets  at  Rubiiison  Central,  eacli  unit 
is  divided  into  two  halves  on  separate  sliafts,  each  "lotor  hav- 
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ing  a  capacity  of  about  2,000  k.v.a.,  and  being  designed  to 
operate  at  full  load  at  a  leading  power  factor  of  85  per  cent. 
The  sets  run  at  3,000  revs,  per  minute.  The  steam-driven 
compressors  are  arranged  iu  two  sections  on  the  same  shaft 
with  an  intercooler  between  them.  Tlie  cooling  water  required 
for  the  jackets  of  the  compressor  and  intercooler  amounts  to 
about  40,000  galls  per  hour.  The  air  leaves  the  compressor  at 
a  temperature  of  about  70°  C.  Between  the  compressor  and 
the  pipe  line  an  automatic  non-return  valve  is  fitted,  wliicli 
allows  a  compressor  to  drop  out  to  atmosphere  when  its  pres- 
sure falls  below  that  of  the  air  system.  By  the  use  of  the 
rotary  compressors  the  air  entering  the  pipe  system  is  kept, 
entirely  free  from  oil  and  other  impurities  liable  to  be  intro- 
duced into  the  air  system  when  piston  compressors  are  em- 
ployed. Tlie  speed  regulation  of  the  steam  turbo-i'oinpressors 
is  automatically  controlled  by  the  pressure  in  the  air  pipes. 
The  regulation  of  the  electrically-driven  compressors  at  Robin- 
son Central  is  effected  by  tlirottlini:  tlie  intake. 

The  switch  gear  is  laid  out  in  a  building  at  tlie  souUum  n 
end  of  the  station,  and  the  stej^up  transfonnere  are  in  cubicles 
arranged  along  the  outer  side  of  the  switcli-liouse.  The  last- 
mentioned  is  constructed  with  four  iloors  ；  the  upper  floor 
contains  the  lightning-arrester  gear,  the  third  floor  the  bus- 
bars, the  second  floor  the  40,000  and  20,000- volt  oil  switches, 
whilst  the  lower  floor  is  occupied  witli  cable-ways  and  pipe- 
passages.  Duplicate  busbars  are  installed  for  both  the 
40,000  and  20,000-volt  systems,  tlie  various  oil  switches  being 
provided  with  knife  selector  switches  to  connect  to  either 
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busbar.  The  40,000  and  20,000- volt  syst  eins  are  coiinecied 
together  through  coupling  transformers.  The  switches  con- 
sist of  three  single-phase  coupled  switches  operated  frojn  a 
remote  control  board. 

Since  the  Rosherville  station  came  into  commercial  servi(  。， 
troubles  have  been  experienced  owing  to  failurcvs  of  swit<"lies 
on  short-circuit.  When  the  Brakpan  and  Simmerpan  stations 
were  started  to  supply  the  4())()(H)-voll  1  r;i  nstn  is.sion  and  also 
the  10,000-volt  local  lines,  their  total  capacity  was  24,000  kw.， 
and  no  trouble  was  experienced  when  a  short-circuit  occurred 
on  the  system.  When,  by  the  addition  of  Rosherville,  the 
system  grew  to  60,000  and  70,000  kw.  capacity,  switch  break- 
downs occurred,  conclusively  proving  that  no  apparatus  was 
available  which  could  be  relied  upon  to  interrupt  the  immense 
rush  of  current  occurring  on  short-circuit.  Some  serious  line 
interruptions  have  in  the  past  been  caused  by  the  wilful 
throwing  of  bare  wires  over  the  lines.  When  this  form  of 
sbori>circuit-  has  occurred  near  a  po^ver  station,  apparatus  has 
usually  been  lost. 

Dynamos  running  at  a  high  speed  have  a  low  internal 
reactanoe.  The  step-down  transf  ormers  in  the  present  case  were 
designed  with  a  low  reactance  to  give  a  good  regulation,  so 
that  probably  the  total  reactance  in  circuit  on  a  short-circuit 
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was  about  7  or  8  per  cent.  The  moonentary  rush  of  energy  on 
short-circuit  could  therefore'  reach  the  tremendous  proportions 
of  500,000-700,000  kw.  No  oil  switch  as  at  present  designed 
could  interrupt  this  rush  of  power  unassisted.  The  intensely 
hot  gases  formed  by  the  arc  after  rising  through  the  oil  oome 
into  contact  with  the  air  and  cause  an  explosion,  which  more 
often  than  not  is  productive  of  a  switch  failure.  Many 
methods  have  been  tried  at  Niagara,  Chicago,  and  other  places, 
and  it  has  become  generally  recognised  tliat  it  is  lieoessarv  to 
insert  additional  reactances  in  order  to  limit  the  rush  of 
energy  on  short-circuit.  In  certain  cases  this  precaution  lias 
proved  entirely  satisfactory.  In  others  additional  methods  for 
assisting  the  oil  switch  have  been  necessary,  such  as  (i.)  sec- 
tionalising  the  system  on  to  separate  busbars  and  limiting  the 
amount  of  machinery  that  would  be  affected  by  one  short- 
circuit;  (ii.)  the  placing  of  two  switches  in  series  timed  so  that 
one  opens  first  and  inserts  a  non-inductive  resistance,  the 
circuit  being  actually  broken  by  the  second  switch  ；  ( iii. )  Hie 
use  of  a  special  type  of  switch  having  two  moving  systems, 
one  of  which  first  introduces  reactanoe®,  and  thei  other  then 
breaks  the  circuit. 

These  methods  liave'  been  tried  on  the  Rand.  The  earthing 
of  the  neutral  through  a  resistance  lias  proved  most  valuable, 
as  more  than  90  per  cent,  of  the  faults,  start  as  faults  to 
earth.  At  Rosherville  and  Vereeniging  reactances  having  a 
value  of  about  6  per  cent,  have  been  installed  between  the 


dynamos  and  the  step-up  transfonuers.  The  latest  practice  is 
to  design  both  generators  and  transformers  required  for  power 
service  with  large  internal  reactances.  At  Vereeniging  and  at 
the  Rand  end  of  the  80,000-volt  line  two  systems  of  switching 
have  been  installed.  On  the  first  two  Vereeniging  machines 
two  switches  employed  are  in  series,  one  introducing  a  non- 
inductive  resistance ;  while  on  the  last  two  machines,  both  of 
which  have  not  yet  been  put  into  service,  a  two-movement 
reactance  switch  is  being  installed.  This  switch  is  constructed 
on  the  lines  of  an  oil-break  switch,  but  is  provided  with  a 
svrond  pair  of  contacts  for  the  final  break.  The  separation  of 
the  first  pair  of  contacts  introduces  two  reactances  placed 
centrally  one  on  each  terminal  bushing  inside  the  oil  tank, 
and  the  second  pair  of  contacts  finally  breaks  the  circuit.  At 
some  early  date  the  system  will  also  be  sectionalised  in  order 
to  reduce  the  rush  of  power  on  short-circuit,  and  in  doing  so 
reactances  of  relatively  large  value  can  be  inserted  between 
sections  in  those  cases  where  it  is  not  economical  to  separate 
adjacent  sections  permanently.  This  problem  of  switch  gear 
for  dealing  with  enormous  rushes  of  power  has  proved  one  of 
the  most  difficult  that  has  been  encountered  so  far  on  the 
Rand  and  also  in  America.  It  has  not  yet  been  finally 
solved. 

Technical  Returns.  ―  The  supervision  of  the  power  stations 
by  the  administration  is  based  on  weekly  balance-sheets  from 
each  station,  showing  the  efficiency  of  each  process.  The  form 
in  which  these  returns  are  made  is  based  upon  the  underlying 
idea  of  energy,  and  all  energy  in  whatever  form  it  appears, 
whether  as  heatt  in  the  coal  or  in  the  steam,  is  expressed  in 
the  electrical  engineer's  unit,  i.e.，  the  kilowatt-hour.  The 
energy  value  of  each  pound  of  coal,  usually  expressed  in 
British  thermal  units,  is  converted  to  kilowatt-hours  by  mul- 
tiplying by  0'000293  ；  thus  a  coal  of  11,300  B.Th.U.  per  pound 
has  a  value  of  3*3  kw. -hours  per  pound. 

The  product  of  the  number  of  pounds  of  coal  burnt  per 
kilowatt-hour  and  the  energy  value  per  pound  gives  the  coal 
energy  required  for  each  unit  of  electrical  energy  sent  out  ； 
and  the  reciprocal  of  this  multiplied  by  100  gives  the  overall 
efficiency  of  the  station.  Thus,  taking  an  average  figure  for 
Rosherville  of  2^1bs.  of  coal  per  unit  sent  out,  and  3*3  kw.- 
hours  (11,300  B.Th.U.)  for  the  heat  value  of  the  coal  per 
pound j  the  overall  efficiency  is  12  per  cent.  In  a  similar 
manner  the  energy  in  the  steam  is  calculated  in  kilowatt-liours 
from  M'ollier，s  steam  tables.  The  boiler  efficiency  is  the  ratio 
of  the  kilowatt-hours  in  the  steam  (less  the  energy  supplied 
from  the  hotwell)  to  the  kilowatt-hours  in  the  coal.  The  effi- 
ciency of  the  engine-room  plant  is  expressed  as  the  ratio  of 
1  kw.-hour  of  electrical  output  to  the  kilowatt-hours  of  avail- 
able energy  in  the  steam,  i.e.,  to  the  total  energy  of  the 
steam  less  the  heat  rejected  to  the  condensers.  The  ratio  of 
the  available  energy  in  the  steam  to  the  total  energy  in  the 
steam  gives  a  measure  of  the  efficiency  of  the  condensing 
process. 

The  Compressed-air  System  of  the  Rand  Mines  Power  Supply  Com- 
pany.― The  compressed  air  required  for  the  various  mines  had  to 
be  supplied  at  an  average  pressure  of  lOOlbs.  per  square  inch, 
delivered  on  the  property  of  each  of  the  consumers.  The 
initial  demand  involved  a  maximum  load  of  about  30,000  kw., 
but  this  has  since  been  nearly  doubled.  All  the  advantages  of 
centralisation  of  power  production,  such  as  the  use  of  large 
units,  saving  in  capital  and  operating,  diversity  amongst  the 
mines,  spare  plant,  &c.，  apply  to  this  form  of  power  sw]>)>lv. 
The  system  of  centralising  the  compressor  plant  and  transmit- 
ting by  pipes  was  therefore  adopted.  The  distance  between 
the  two  extreme  mines  served  by  the  air-pipe  syst-em  is 
approximately  14  miles.  The  total  length  of  pipe  laid  is 
'J I »  miles,  varvini;  in  dia meter  from  *」 lin.  to  9in. 

The  problems  attaching  to  this  method  of  power  distribu- 
tion had  not  previously  been  considered  on  so  large  a  scale, 
and  in  view  of  the  small  amount  of  data  aud  experience  avail- 
able the  successful  installation  and  operation  of  this  air  system 
are  of  some  interest.  After  a  consideration  of  a  number  of 
possible  alternatives  for  giving  this  supply  both  economically 
and  reliably,  it  was  filially  decided  t-o  install  steam-driven 
rotary  compressors  at  Rosherville  Dam,  and  to  erect  an  elec- 
trically-driven compressor  station  at  Robinson  Central  Deep, 
a  point  six  miles  to  the  west,  where  a  supply  of  water  was 
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available  for  cooling  purposes,  the  two  stations  opcrat in^r  in 
parallel  on  ； l  commmi  trunk  |>i|)t'  syslctn.  Tlic  additional  r(ist 
of  two  stations  as  compared  with  one  wa«  found  bo  be  mora 
than  offset  by  the  saving  in  the  cost  of  air  mains  and  by  I  \\r 
beneficial  iiifluenoe  on  tlio  power  factor  of  the  coinprcssor 
niolors  at  Robinson  C.1(Mit  ral  ；  t  hcsc  motors  wvvv 山' sigm'tl  to 
operate  at  a  leading  power  factor  of  85  per  cent,  at  full  load. 
Six  steani-d riven  rotary  compressors  have  consequently  l)et"i 
icslallcd  at  Kosherville,  and  six  similar  compressors,  elect  ri 
c;t  llv  (I  ri  veil ,  a  I  Robinson  Central,  each  cfHiiprossor  hein^  rat 
at  about  3,500  kw.  input.  These  machines  are  the  largest  com- 
pressors yet  constructed,  1,250  kw.  capacity  representing  the 
coiistruclion  limit  previously  reached .  To  meet  the  iiirr";isf'  in 
the  deinand  three  additional  steam  c'onipi'essms,  each  rated 
at  7,000  kw.,  are  under  construction. 

Before  electrification  the  mint's  ()l)taim'(l  t heir  rmnptvss'"  1 
air  supply  by  reciprocating  steam-driven  compressors  at  each 
inine.    The  agreement  defined  that  the  consuniers  should  v 

1 1  ic  same  pi' ice  for  any  given  (juantiiy  com  pressed  air  as 
they  would  have  paid  for  the  indicated  ste;im  energy  neoes- 
s;u'v  to  enable  their  reciprocating  compressors  to  produce  this 
(|uaiiiity  of  air,  assuming  that  they  bought  this  steam  energy 
at  the  same  rate  per  kilowatt-hour  as  tliey  were  paying  for 
electrical  energy  for  other  purposes.  This  involved  measuring 
the  quantity  of  compressed  air  which  could  be  delivered  for 
eacli  1*34  i.h.p.-lumr  (1  kw.-hour)  developed  in  the  cylinders 
of  the  consumers^  reciprocating  compressors.  The  weighted 
average  overall  efficiency  of  the  reciprocating  mine  compressors 
was  t'ouiul  to  be  64"  1  per  cent"  so  that  the  oonniiercial  air 
unit  was  fixed  at  0*641  of  the  quantity  of  air  which  would 
hv  compressed  isothernially  by  the  expenditure  of  1  kw.-hour. 

The  teste  of  th©  six  compressors  on  the  mines  had  to  be 
cotidin'ted  in  South  Africa,  and  as  no  liictcr  existed  then,  and 
tin1  usual  method's  of  testing  compressors  w^re  far  from  accu 
r;i"'，  new  methods  had  to  be  devised  lo  (lot enuinat-e  a  unit  on 
which  the  purchase  of  power  worth  £250,000  a  year  for  2() 
years  was  to  be  based.  Tlie  nieasurement  of  the  discharge  from 
tlic  comj)ressors  through  orifices  was  decided  upon  with  tlie 
t  hat  the  performance  of  the  compressors  oould  be  recorded 
against  these  orifices.  A  master  meter  was  designed  by  the 
Rand  Mines,  Ltd.,  and  constructed  by  Messrs.  Fraser  and 
Chalmers,  which  was  ultimately  erected  in  an  air-testing 
station  at  the  Ferreira  Deep  Gold  Mine.  This  meter  is  a 
3-crank  displacement  meter  of  a  very  large  size,  and  has  been 
specially  designed  so  that  any  clearances,  leakages,  &c.，  which 
"  mil(l  reduce  the  accuracy,  have  been  made  a  liuniinum.  Beiiii;. 
a  clisplacemont  meter,  a  direct  measurement  of  the  air  is 
obtained  without  the  introduction  of  empirical  t'onnulju. 
Tliough  a  large  macliine,  sta  ndin^  a  bout  10ft.  high  and  If)  ft. 
long,  it  is  so  sensitive  that  it  gives  consistent  and  accurate 
results  for  a  flow  of  air  through  an  orifice  yi.in.  (liam.  Tlie 
orifices  used  in  the  compressor  tests  were  compared  with  this 
master  meter  and  their  coefficients  determined. 

Subsequently  an  opportunity  ]> resented  itself  of  compar- 
ing the  work  clone  in  air  measurement  in  South  Africa  with 
tlie  collateral  work  done  in  England  when  developing  the  air 
meters.  When  the  results  were  compared  it  was  found  that 
there  was  not  more  than  ^  per  cent,  difference  between  tlie 
two.    The  work  of  testing  the  six  sample  compressors  occupied 

12  months. 

、' Air  Meters. ― A  general  description  of  tlic  principle  of  tlir 
Veuturi  meter  adopted  may  be  of  interest.  It  lias  been  agreed 
tllat  the  mean  annual  temperature  on  the  Rancl,  60°  Fall., 
should  be  taken  ^throughout,  and  similarly  also  the  mean 
ammal  atmospheric  pressure  of  12'0861hs.  ]>er  square  inch,  was 
adopted.  Measurement  of  the  weight  of  air  by  means  of  a 
Venturi  tube  is  found  by  taking  the  drop  in  pressure  across 
tlie  throat,  and  ilie  temperature  and  pressure  at  the  ]>oiut  of 
supply,  jn  acronlanco  with  the  formula  W  =  K  (P  H/T,)  I  ; 
where  K  is  a  constant,  II  is  the  pressure  drop  across  the 
t!u'oat，  and  P  and  T,  are  the  pressure  and  temperature  respec- 
tively at  the  point  of  supplv. 

The  recording  mechanism  has  lo  multiplv  continuously 
two  variables,  one  dependent  upon  the  w^i^lit 'of  air  passing, 
ami  the  oilier  on  a  tuiu-tion  of  tlio  pressure  of  supplv.  The 
weight,  of  air  is  measured  hy  tlie  dn.p  of  procure  across  a 
Veiitm'i  tube  (T  iu  Fig.  3)  fixed  in  the  pipe  line.     In  the 


！ (ict  cr  ； u|u|)t  f*<l  1  lie  \'»Mit  uri  li«-;nl 卜 m*.:i"ii'',i  i,v  i〖i'',ui、  ,,l  ,m 
inverted  bell  (13)  sealed  by  oil  (())，  t  lie  imov (； nniiit  of  wlii'  li  is 
controlled  hy  a  specially-shaptMl  float  ( K)  1  hat  cnlerH  and 
leaves  a  mercury  batli  (M).  This  float  is  so  shaped  that  the 
displacement  of  the  bell  corresponding  lo  ； in v  V*-ni  uri  Iwi  is 
proportional  to  the  logarithm  of  tlie  mimbi'r  ol'  |>ouikIh  ni  air 
passing  at  a  given  pressure  and  temperature.  Tlu*  a rraii^'Mii^nt 
is  sensitive  to  a  Venturi  head  of  less  ilian  oim*  K)(00()tli  of  a 
pound  per  square  inch,  and  it  will  measure  a  Venturi  bead 
up  to  0  8511).  per  square 

The  pressure  of  delivery  is  ineasu reel  by  steel  diaphragms 
(P),  and  a  displacement  proportional  to  the  logarithm  ot  t  Ik* 
required  pressure  function  is  obtained  from  theni  by  "•'•;， 
of  a  cam  (PC).  These  two  displacements,  each  proportional 
to  the  logarithm  of  one  of  the  variables  to  be  measured,  a  re 
added  together  by  means  of  a  difTerential  gear  (D  G),  sirnila r 
on  a  small  scale  to  that  used  on  the  back  axle  of  a  inotor-r-ar. 
This  coiiibinerl  displacement  is  finally  ('(>iiv('rt('f!  1'v  mraiis  of  a 
logarithmic  cam  (L  C)  into  a  displacement  proportional  to 
the  power  (kilowatts)  in  the  pounds  of  air  being  delivered. 

The  meter  is  provided  with  directs  reading  recording  dials 
which  are  capable  of  being  connected  with  a  clock-driven  sha \\ 
running  at  one  revolution  every  two  minutes.  The  f!is|'l"'.''- 
ment  proportional  to  the  kilowatts  regulates  the  length  oi' t 
that  the  train  remains  in  gear  during  each  revolution  of  the 
clock-driven  shaft  by  means  of  a  cluU-h.  To  avoid  winding, 
the  clock  is  driven  by  a  small  coiistant^speed  air  turbine.  The 


Fig.  4.— Air  Pipe  Joint. 

guaranteed  accuracy  which  has  been  maintained  in  operation 
is  as  follows  :  Full  load,  1*5  per  cent.  :  half  load,  l'To  j>er  cent. ； 
one-tenth  load,  2*25  per  cent.  The  meters  were  coiistrii'  t"'l 
by  Messrs.  George  Kent,  Ltd.,  of  London. 

Operation  of  Air  System. — The  msult^  oi  Hi*'  <'j"'nni''n  n\ 
the  air  system  have  beeu  observed  over  the  20  months  si  nee 
the  supply  was  first  put  into  commercial  use,  and  have  been 
very  satisfactory.  Experience  has  shown  that  tliere  is  no  flifli- 
culty  in  parallel  running  with  the  compressors  installed,  and 
that  the  engineers  in  charge  are  able  to  operate  the  com- 
pressors satisfactorily.  It  has  been  found  that  of  the  air 
units  sent  out  95  per  cent,  have  been  recorded  at  the  con- 
sumers' ineters,  3  per  cent,  have  been  lost  in  transmission,  and 
2  per  cent,  are  unaccounted  for.  The  inontlilv  ； ur  load  !'art<«r 
is  at  present  50  per  cent.  The  drop  in  pressure  to  the  various 
mines  varies  according  to  the  distance  and  tlie  size  of  tlie 
pipe,  but  with  the  pipe  system  laid  down  the  average  pressure 
drop  is  not  more  than  Gibs.  Careful  observations  are  be  in;; 
taken  of  the  conclition  of  the  pipes,  and  up  to  the  pro，''it 
there  is  no  reason  to  suppose  that  miirli  deterioration  will 
take  place.  Of  4,000  joints  which  a  re 山1 signed  to  allow  for 
contraction  and  expansion  only  those  wit  liin  a  radius  o\  half 
a  n»ile  from  the  stations,  where  the  tempcrat urr  vari;it ions  are 
greatest,  have  required  attention.  The  joint  used  in  the  pipe 
line  is  of  the  spigot  and  socket  type,  the  jointing  material 
consisting  of  an  india-rubber  ring,  which  is  made  tii'lit  I>v  a 
^laiul  as  shown  in  Fig.  4. 

Consumers'  Sub-stations. ― Tin.'  elect v\ra\  supply  at  •」， mil ► 
volts  and  550  volts  to  the  consumers  j> remises  is  effect sd  from 
st©i>down  transformer  stations,  、vlii('li  are  built  by  the  row 
suniers,  but  are  equipped  with  s、vi"'li  i^o  ir  and  tr;uisf(>r，ii"i、 
by  the  power  company.  There  are  60  of  these  consumers' 
sub-stations  connected  to  one  system,  and  their  individual 
capacity  varies  from  10,000  k.v.a.  to  2,000  k.v.a.,  tlie  normal 
size  beinp  5,000  k.v.a.  The  standard  sizes  of  consumers' 
transformers  are  1,000，  500，  ami  '2;一>1>  k.v.a.,  dosi«;i)ed  with 
the  primary  wimliiigs  an';mwl  for  oithor  *Ji  1,01)0  nv  10,( M)0 
volts.    A  temperature  rise  of  40°  C.  is  allowed  above  au  air 
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temperature  of  40°  C.  The  windings  near  the  outgoing  ter- 
minals will  stand  a  pressure  of  15,000  volts  between  adjacent 
iurus.  The  liigh-tension  windings  are  tested  to  the  secondary 
windings  and  core  with  a  pressure  of  40,000  volts,  and  the 
insulators  with  60,000  volts. 

The  transformers  are  exported  filled  with  oil,  thereby 
i  rducin^  the  cost  of  trans])ori  and  disjKMisin^  with  the  neces- 
sity of  drying  out  after  erection.  In  order'  to  allow  for  the 
expansicn  and  contraction  of  the  oil  eacli  transformer  tank  is 
connected  with  a  second  smaller  tank  fixed  on  the  wall  of  ilie 
sub-station.  This  expansion  tank  is  fitted  with  a  vertical  vent 
pipe,  so  that  only  a  small  surface  of  oil  is  in  contact  "witli  t  ]»*； 
air,  and  by  this  means  sludging  is  prevented.  Each  sub- 
^t-ation  cliamb&r  has  a  short  stack,  which  induces  a  naiuntl 
draught  and  provides  effectual  ventilation.  Double  busl 川 is 
are  provided  for  eacli  voltage.  The  high-tension  and  low- 
tension  switch  gear  in  each  sub-station  is  arranged  in  different 
chambers  with  a  central  operating  passage  between  containing 
no  "live"  material.  The  "live"  chambers  are  locked,  and 
stringent  regulations  as  to  the  possession  of  the  keys  ensure 
that  no  authorised  person  can  obtain  access  ；  in  no  case  is  one 
man  allowed  to  enter  alone.  The  total  capacity  of  the  trans- 
formers in  operation 3  including  generator  transformers  and 
coupling  transformers,  is  unusually  large,  amounting  at  the 
present  time  to  450,000  k.v.a.  ；  but  this  will  be  increased  to 
508,600  k.v.a.  when'  the  transformers  delivered  and  on  order 
are  brought  into  commission. 


ing  opening  in  the  sleeve  B,  whilst  the  collet  abuts  against  a 
cap  O,  carried  by  the  fixed  sleeve  A，  and  it  will  thus  be 
obvious  that  when  the  sleeve  B    moves  longitudinally  its 


BAR  CHUCKING  MECHANISM  FOR  MACHINE  TOOLS. 

We  illustrate  herewith  two  arrangements  of  chucking 
mechanism  for  lathes  and  other  machine  tools,  the  invention 
of  Messrs.  H.  W.  Ward  &  Co.，  Ltd,  Lionel  Street,  Birming- 
ham. In  the  arrangement  shown  in  Fig.  1，  two  longitudinal 
sleeves  are  employed,  one  of  which  A  is  fixed,  whilst  the  second 
one  B  is  longitudinally  movable.  At  the  rear  of  the  headstock 
is  a  member  C，  which  is  keyed  upon  the  fixed  sleeve  A，  but 
slidable  along  same  under  the  influence  of  the  controller 
marked  D.  In  this  member  C  is  a  pair  of  helical  slots  E, 
indicated  by  dotted  lines,  and  in  these  slots  are  lugs  F,  carried 
by  a  sleeve  G,  which  is  adjustably  oomiected  to  an  abut- 
ment H.  AVithin  the  sleeve  G  is  a  liner  piece  J，  having  at  its 
rear  end  face  a  plurality  of  cam  surfaces  K，  which  co-act  with 
corresponding  cam  surfaces  and  a  member  L  secured  to  the  fixed 
sleeve  A.  When  the  member  C  moves  longitudinally  it  gives 
a  partial  rotation  to  the  sleeve  G,  and  thus  to  the  member  J， 
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-Bak  Chucking  Mkcham^m. 


tliis  member  being  moved  endwise  under  the  influence  of  the 
cai"  faces  K,  and  as  the  part  J  is  connected  to  the  sleeve  G, 
it  is  obvious  that  they  will  both  move  longitudinally  together, 
and  being  connected  to  the  part  H  this  will  also  move  longi- 
tudinally. The  part  H  abuts  against  the  rear  end  of  the  sleeve 
B，  so  that  the  longitudinal  movement  of  the  former  will  be 
imparted  to  the  latter  to  close  the  collet.  The  oollet  M  has 
a  tapered  shoulder  portion  N，  which  fits  within  a  correspond- 


Fig-  2— Bar  Chucking  SIechani6M. 

tapered  mouth  co-acting  with  the  incline  M  on  the  split  collet 
will  cause  the  collet  to  contact  about  the  work,  without  im- 
parting to  it  any  longitudinal  movement. 

In  the  arrangement  shown  in  Fig.  2  there  is  a  shell  A 
whioli  carries  a  controlling  lever  and  pinion,  which  engages 
corresponding  teeth  in  a  rotatable  member  B.  The  casing  A 
has  projecting  studs  C  carrying 
anti-friction  rollers  D，  which  engage 
helical  slots  E  in  the  rotatable  sleeve 
B,  so  arranged  that  when  this 
sleeve  is  partially  rotated  a  longi- 
tudinal niovemeut  is  also  imparted 
to  it.  Movable  witli  the  sleeve  B  is 
a  second  sleeve  F,  having  au  incline 
G,  which  engages  with  a  series  of 
balls  H  carried  in  radial  holes  in  a 
sleeve  J，  this  sleeve  being  fixed 
against  longitudinal  movement.  The 
collet  K  abuts  against  a  cap  L, 
secured  to  part  J,  and  between  these 
two  parts  is  a  sliding  member  M, 
which  co-acts  with  the  inclined  por- 
tion of  the  collet.  The  member  M 
has  an  annular  recess  N，  which  re- 
ceives the  innermost  portion  of  the 
balls,  being  so  arranged  that  when 
the  sleeve  F  is  moved  to  the  left, 
i.c.y  to  the  position  illustrated, 
the  inclined  portion  G  forces 
the  steel  balls  inwardly  iu  a  radial  direction  wheu  they  abut 
against  the  hole  in  the  fixed  sleeve  J,  and  the  annular  recess 
in  the  sleeve  M,  the  latter  being  so  arranged  that  when  the 
steel  balls  are  forced  inwardly  a  IcmgitucUnal  movement  is 
imparted  to  it,  and  obviously  a  longitudinal  movement  of  the 
part  M  will  compress  the  oollet.  It  will  be  seen  that  a  move- 
】neut'  in  the  opposite  (lii'ecticm  will  uncover  the  steel  balls, 
wlien  the  collet  、vill  expand  under  the  influence  of  its  owu 
spring  pressure  moving  the  sleeve  M  eudwise. 
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PROPORTIONS  OF  THE  MOULD  TO  MAKE  SOUND  INGOTS, 

HY    EMU,  OATHMANN. 

In  presenting  this  paper  I  will  attempt  to  answer  certain 
(juestioiis  proposed  at  this  meeting,  and  (lewribe  and  illus- 
trate methods  of  producing  sound  steel  in  an  eoonomioal  ;nnl 
hence  commercial  man ner,  wliicli  arc  a(l;iptal)le  to  the  pro- 
duction of  practically  all  steel  manufact  ures,  l>y  readily - 
effect-ed  rational  changes  in  the  methods  of  casting,  (ooling, 
and  suhsequejit-  haiutliii^'  ()「  U"、  ingots. 


Fig.  1 .— Gathmann  Ingot  Mould  and  Stool  on  Cab. 

In  some  of  the  high-grade  mills  of  America,  where  it  is 
essential  to  obtain  perfectly  sound  billets  or  blooms,  it  is  the 
practice  to  discard  from  35  to  40  per  cent,  of  the  crop  or  pipe 
end,  and  even  with  this  excessive  discard,  secondary  pipe  or 
shrinkage  cavities  are  frequently  discovered  during  subse- 
quent working  of  the  blooms  aud  billets  into  their  various 
manufactured  products.  The  usual  discard  of  from  10  to  20 
per  cent,  from  the  crop  end  of  the  ingot,  which  is  customary 
with  the  form  of  ingot  and  method  of  solidifying  generally 
employed,  certainly  does  not  give  the  slightest  assurance  of 
the  saleable  product  being  physically  sound  or  cheniically 
homogeneous. 

Physically  sound  steel,  as  I  would  classify  it,  must  be  free 
from  blowholes  as  well  as  pipe.  The  line  of  demarcation 
between  harmless  and  harmful  blowholes  is  exceedingly  diffi- 
cult to  define.  It  is  certainly  the  better  and  safer  practice  to 
eliminate  blowholes  from  the'  saleable  portion  of  the  ingots, 
and  to  form  a  well-defined  shrinkage  cavity  or  pipe  at  the 
"upper  crop -end  of  the  ingot.  The  higher  grades  of  steel  are 
all  piping  steels.  Is  not  their  superior  physical  quality  due 
to  this  fact  as  well  as  to  their  better  chemical  composition  ？ 
Such  is  the  case,  in  my  opinion.  Steel  has  frequently  been 
chemically  excellent  in  the  furnace  or  ladle,  but  of  very  poor 
or  indifferent  quality  in  the  ingot  and  in  the  subsequent 
manufactured  shapes. 

It  has  been  my  experience  that  the  freezing  or  solidifying 
of  an  ingot  which  has  been  practically  deoxidised  or,  as  it  is 
termed,  "killed"  in  the  mould,  depends  entirely  upon  the 
shape  of  the  horizontal  cross-section  of  the  ingot  at  its  various 
planes  from  top  to  bottom,  and  also  upon  the  thickness  and 
consequent  heat-absorptive  power  of  various  parts  of  the 
mould  walls. 

Specifically,  the  new  method  here  described  employs  a 
metallic  mould  constructed  to  accelerate  the  cooling  of  the 
lower  or  greater  portion  of  the  molten  mass  of  the  teenie'l 
ingot  (approximately  from  80  to  85  per  cent.)  and  retard  the 
cooling  of  the  uppermost  portion  of  the  ingot,  thus  causing 
the  upper  portion  to  remain  liquid  longer  and  to  act  as  a 
feeder'  The  upper  portion  does  not  actually  remain  liquid 
画 ('h  longer  than  in  the  usual  practice  for  ingots  of  similar 
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cross-sectional  area,  but  as  the  cooling  of  the  lower  poitiou  is 
greatly  hastened  a  differential  in  cooling  is  obtained,  which  is 
really  what  is  to  be  desired.  Similar  results  have  been 
ohtaiiiftcl  by  employing  firehrirk,  or  heating  ll"'  ii|,|)''r  p;u  t 
of  the  ingot  by  coke,  charcoal,  av  the  like  ；  but  these  methods 
usually  off-set  any  saving  in  a  reduction  of  t  In*  n  oj>  fnds. 

In  ordinary  "  big-eiul-iij)  "  prar*t iro(  、、，l"'r''  sufli-  ifiit  tap^r 
or  difToi  out  ial  in  distancf*  from  t  lie  v«'rti'  al  axis  to  tin-  -  u  t 
face  of  the  ingot  is  given  to  ac-coinplish  any  notable  redu<  i  ion 
in  depth  of  piping,  the  actual  cross-sectional  area  of  I  li"  I', v.  ' 寸 
part  of  the  ingot  is  much  less  than  that  at  the  uppf  r  j>;u  t  ； 
hence  the  depth  of  pipe  is  not  the  true  index  of  the  act  ual 
volume  or  weight  of  cropping  neressary  to  ohtain 【 山 vH"'ally 
sound  steel. 

One  of  tlie  advantages  of  the  system  described  is  that  it  is 
possible  to  obtain  a  practically  uniform  cross-sectional  area  at 
top  and  bottom  of  t  he  ingot  and  still  obtain  the  benefits  of 
the  big-end-up  type  of  mould.  Lifting  of  segregation  is 
generally  conceded  to  follow  the  reduction  of  pipe,  aiul  where 
the  pipe  is  lifted  the  steel  below  uiulouhterllv  Ikm  oiik's  mioi  o 
homogeneous  and  freer  from  segregation. 

For  open-hearth  practice  with  tlie  big-end-up  ingot,  one 
of  the  greatest  difficulties  has  been  to  devise  a  method  of 
stripping  and  handling  the  ingots.  I  have  worke<l  out  a 
method  which  will  accomplish  this  result,  and  not  interfere 
with  the  prevailing  administrative  practice  or  reduce  tlie  ton- 
nage productions  ；  in  fact,  if  anything,  these  new  methods  of 
stripping  should  increase  the  tonnage,  as  well  as  ensure  the 
sound  steel  with  a  greatly  reduced  cropping. 

Fig.  1  shows  the  Gathmann  ingot  mould  and  stool  on  a 
car  or  buggy  after  teeming.  The  big-end-up  mould  will 
require  a  special  type  of  stool  to  avoid  sudi  (lifTiculties  as 
might  ordinarily  be  experienced  in  stripping,  due  to  fins 
forming  at  the  base  of  ingot  and  locking  it  to  the  mould.  A 
downwardly  tapered  plug  seals  the  base  of  the  mould  ； m'l 
projects  through  the  stool.  When  the  teeming  is  finished  the 
metal,  by  reason  of  the  wedge-like  taper  at  the  lower  portion 
of  the  ingot,  is  forced  into  virtual  contact  with  the  walls  of 
the  mould,  whioh,  due  to  their  thickness,  rapidly  absorb  tlie 


Fig.  2.— Stripper  Arranged  for  Bi^-esd-up  Moulds. 

heat  of  the  ingot  A  slight  differential  or  reverse  taper  of 
the  ingot  cavity  is  made  15  to  20  per  cent,  from  the  top  of 
the  mould.  The  ingot  in  shrinking  will  automat icallv  pro- 
vide an  air  space  at  this  portion,  thus  breaking  the  contact  of 
the  ingot  with  the  mould  walls,  and  retarding  the  flow  or 
loss  of  lieat  from  this  portion  of  the  ingot. 
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Fig.  2  shows  a  stripper  of  well-known  construction,  with 
some  (letails  changed  to  suit  the  stripping  of  the  big-end-up 
mould.  The  usual  plunger  is  pi-ovidt'd  witli  a  yoke,  whert'bv 
the  lifting  lugs  on  the  mould  may  be  engaged.  The  plunger 
may  then  be  raised  or  lowei-ed,  thus  raising  or  lowering  the 
mould,  and  in  case  of  the  ingot  sticking  in  the  mould  upon 
lowering,  the  yoke  is  forced  downward  ou  the  mould  which 
rests  on  the  combined  sealing  and  stripping  plug  ；  the  ingot 
is  thus  protected  above  t  lie  u]>j)fr  pa  it  of  tlie  mould,  or  rather 
the  mould  is  lowered  down,  exposing  the  upper  part  of  the 
ingot.  If  a  "sticker"  is  encountered,  the  weight  of  the 
thrust  from  the  yoke  on  the  upper  portion  of  mould  is  ta"ken 
up  by  the  hanging  arms,  wliicli  engage  the  lugs  on  the  stocl. 
The  usual  soaking-pit  crane  is  employed  to  remove  the  ingot 
entirely  after  it  is  exposed  above  the  mould  walls. 

Fig.  3  shows  a  slab  ingot  mould  designed  for  plate  or 
sheet  mills  desiring  to  roll  directly  from  the  ingots.  This 
ingot  is  made  similar  to  the  crucihle-steel  ingots,  with  uniform 
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Fig.  3.— Design  of  Slab  Ingot  Mould. 

cross-area  at  top  and  bottom  so  as  to  obtain  equal  width  from 
finished  plates  or  sheets.  The  ingot  may  be  designed  of 
approximately  the  following  genera]  dimensions  ：  10in.  by 
20in.  at  the  upper  portion  and  7 in.  by  26in.  at  the  lower  por- 
tion. The  nearest  distance  from  the  vertical  central  axis  of 
ingot  to  the  surface  of  the  same  would  thus  be  5 in.  at  the 
top  of  the  ingot,  and  but  3'5in.  at  the  lower  part,  with 
approximate  progressive  dimensions  intermediate.  This 
ingot  is  cast  in  a  similar  design  of  mould  to  that  previously 
described,  wherein  the  cooling  is  greatly  accelerated  by  the 
absorptive  action  of  the  heavy  mould  walls.  This  mould  is 
necessarily  made  in  two  parts,  and  held  together  with  clamps 
in  order  to  allow  ready  stripping  of  the  ingot. 

Tlie  general  practice,  as  outlined,  reduces  the  pipe  in  the 
deoxidised  or  killed  steel,  so  that  with  an  average  discard,  of 
12  per  c-ent.  sound  metal  will  "be  obtained.  Segregation  will 
undoubtedly  be  disposed  of  in  direct  ratio  to  the  lifting  of 
the  pipe.  The  stripping  apparatus  and  bottom-sealing  stool 
make  practicable  the  use  of  the  big-end-up  ingot  without  roin- 
plications  in  removing  the  ingot.  The  system,  which  is 
patented,  is  not  in  an  experimental  stage,  as  many  tons  of 
steel  are  daily  being  cast  in  both  open-hearth  and  crucible 
plants  in  accordance  with  it. 

The  features  which  require  special  mention  are :  (1)  No 
increase  in  cost  of  manufacture.  (2)  Simplicity  in  (a)  con- 
struction and  (h)  operation.  (3)  No  radical  interference  with 
present  plant  practice.  (4)  No  skilled  labour  or  supervision 
and  attention  required  beyond  such  as  may  at  present  pre- 
vail in  any  mill.  (5)  It  reduces  the  piping  and  provides 
physically  sound,  steel  l、v  ilie  accompanying  reduction  of 
segregation. 


SOME  EFFECTS  OF  SUPERHEATING  AND  FEED-WATER 
HEATING  ON  LOCOMOTIVE  WORKING. 

BY  F.  H.  TKEVITHICK  AND  1》. J.  COWAN. 

{Continued  from  j)a9e 
Anothkr  test  is  inteiesting,  though  made  with  a  lighter 
class  of  engine,  fitted  with  a  type  of  installation  since  great] v 
improved  upon.  These  trials  covered  the  service  working  of 
the  Upper  Egypt  expresses  for  a  period  of  over  two  months, 
extending  to  88,480  train-miles,  run  by  16  heater  and  18  non- 
heater  engines.  The  trains  are  worked  in  three  sections ― 
Cairo-Miiiieh  (154  miles),  Minieh-Sohag  (138  miles),  Sohag- 
Luxor  (128  miles).  Coaling  was  clone  at  Cairo  and  Sohag 
only,  from  the  latter  engines  working  both  north  and  south. 
Engines  were  given  sealed  sacks  of  coal  sufficient  for  both  Die 
out  and  home  trips.  The  distance  in  Section  I.  (Cairo-Minieh) 
is  accomplished  with  three  intermediate  stops,  in  Section  II. 
(Miiiieh-Soliag)  with  11  stops  and  10  slacks  for  staff  changing, 
and  in  Section  III.  (Sohag-Luxor)  with  13  stops  and  seven 
slacks  for  staff  changing.  The  results  are  given  in  Tables  VI. 
and  VII.  Train  loads  were  kept  uniform  througliout  the  test, 
an  extra  coach  being  added  at  intervals,  until  the  capacity  of 
the  non-heater  engines  was  exceeded. 

Table  VI. ― Upper  Egypt  Express  Trials.     Average  Results 
for  separate  Sections  and  for  all  Sections  together. 


Sections 


I. 


No.  of  engines 
with  (tr  、、ith',ut 

heaters    3  6 

with  with 
out 

Aggregate  train 

mileage    18,172  18,172 

Average  tan'  l>c- 

hind  tender    .  .  302- fi  ：?(»].(； 

Coal  con-sifmpfion, 
Average  lb.  per 
mile    29.fi  I  37-8 

Economy  in  fav- 
our of  heater  en-;  21«7 
gines,  per  cent. 

Average  lb.   per  0-00770- 1255  0 
ton-mile  ！  - ^ ， 一 


Economy  in  fav- 
our of  heater  en- 
gines, per  cent. 


22.1 


II. 


、、 ith 


13.524 

：购. n 


5 

with- 
out 

i:i.r>24 

301-8 


III. 


1..11.，  &  III. 


8    I     7  10 
with    with-  with 
out 


32.5  43-0 


12.544  12,544 
300-5  302 


302-3 


18 
with- 
out 


44?240  44.240 


301.8 


33-6  :  44.8    31-6  41.4 

_ , _ —-  * — , ~ ―' 

iM  -  i  25-0  23-6 

卜、— 1427  0.  lllO'0. 14900. 10470- 1373 


24-1  25-5  23. 


The  coal  economy  per  ton-mile  varied  in  these  trials  for  the 
heater  engines  from  221  per  cent,  in  Section  I.  to  25'5  per 
cent,  in  Section  III.,  with  an  average  of  237  per  cent,  for  the 
whole  test.  These  tables  are  reproduced,  however,  to  show 
the  effect  which  load  and  stops  have  upon  the  economy.  On 
light  trains  in  Section  I.,  with  three  stops  only,  the  non-heater 
engines  took  36'71bs.  of  coal  per  mile  and  the  heater  engines 
took  28'41bs.  For  similar  trains,  in  Section  III.,  with  13 
stops  and  seven  slacks,  the  consumptions  were  42'91bs.  and 
33'51bs.  respectively,  the  heater  engine  taking  o  llbs.  extra  per 
mile,  but  the  non-heater  6"21bs.  extra.  For  the  heavy  trains 
the  difference  is  increased.  In  Section  I.,  for  trains  of  337 
tons  tare  behind  the  tender,  the  non-heater  engines  took 
38-41bs.  ；  but  in  Section  III.  they  took  47-llbs.,  a  difference  of 
8'llbs.,  while  the  heater  engines  took  30'61bs.  for  Section  I., 
and  only  34*41bs.  for  Section  III.,  a  difference  of  3  Slbs.  In 
an  extension  of  this  test,  in  Section  I.,  the  heater  engines  were 
able  to  handle  satisfactorily  trains  of  a  weight  whicli  com- 
pletely outclassed  the  non-heater  engines,  it  being  quite  im- 
possible to  keep  time  with  the  latter. - 

In  regular  service,  engines  fitted  with  the  apparatus,  Tvpe 
B，  Appendix  I.，  have  confirmed  the  tests.  Engines  of  the  706 
type  have  run  consistently  on  an  extremely  low  consumption, 
in  complete  accord  with  the  test  results.  Direct  comparison 
with  sister  non-heater  engines  is,  unfortunately,  no  longer 
possible  in  this  case,  since  the  use  of  the  non-heater  engines  on 
the  heaviest  schedules  had  to  be  abandoned,  owing  to  tlie  time 
they  lost.  For  two  months  for  which  the  records  were  recently 
taken  out,  Engines  Nos.  706  and  714  averaged  respective"' 
trains  of  349.3  and  345.5  tare  tons  behind  the  tender  (loads 
which  the  sister  non-heater   engines  cannot    touch  on  this 
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per  cent.  The  loss  in  tlie  waste  gases  lias  Iwii  n*<lu<  r»<l  f>7  |"'r 
cent.,  and  that  by  unliurnt  coal  7.'>  p'  r  卜  TIk-s**  Ur'-"' 
s'Lvin^H  seem  to  be  subsUintiat^l  in  |»r:i'  ti'  *'. 

A  smoke-tube  superheater,  giving  200  Pah.  niperheat,  may 
not  be  considered  to  he  representative  of  usual  practice,  but 
the  figure  is  chosen  because  of  tlie  iinavrMflable  fall  of  flujx'r- 
lieat  already  referred  to.  Witli  tl"'  lesH4'""l  boilf'r  duty  tli'' 
intensity  of  draught  is  re<luced,  and  as,  i'or  a  wide  range, 
superlieat  varies  approximately  as  t  rlraii^ht ,  ； i  drop  on 
conversion  is  natu ral. 

(>" the  Egyptian  State  Railways  an  engine,  No.  712,  ！; i. 
ing  about  200-220°  Fall.  su|>erlieat  before  conversion,  gave 
after  the  addition  of  tlie  feed-water  heaters  ("  t'  Ty|>e  C, 
Appendix  I.)  superheat  of  about  150°  Fah.  Nevertheless  the 
results  proved  very  satisfactory.  For  reasons  identical  with 
those  previously  stated ,  this  en^inf*  could  not  l>e  teeted  at 
its  best  loads  against  sister  non-heater  engines.  A  trial 
attempted  Iiad  to  be  abaiuloned.  Kn^iiie  No.  712  was  there- 
fore run  against  the  heater  Engines  Nos.  706  and  714,  and, 
compared  with  them,  with  average  tare  loads  behind  the 
tender  of  346.8  tons,  showed  a  consumption  of  only  27'71ba. 
per  mile  or  0  07981b.  ]>er  ton-mile  ；  this  is  an  economy  of  '」',  '》 
per  cent,  over  the  Type  B  heater  Engines  Nos.  706  and  714. 
In  the  1911  trials  Engine  No.  706  worked  at  exactly  the  same 
coiisumptioii  as  during  tliis  latter  period,  and  the  consumption 
of  Engine  No.  712,  fitter  1  with  the  high  degree  feed  and  lii</li 
superlieat  combination,  may,  in  default  of  more  direct  means' 
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be  compared  with  that  which  the 
non-heater  engines  then  showed. 
Tf  running  at  an  economical 
load,  Engine  No.  712  would  tlius 
show  an  economy  of  45  per  cent, 
over  sister  non-heater  engines. 

Directt  comparison  being  im- 
possible on  the  heavy  workings. 
Engine  No.  712  was  transferred, 
for  a  short  time,  to  a  link  of 
lighter  trains  handled  by  the 
non-heater  engines.  On  these 
trains,  however,  Engine  No.  712 
was  under-rated,  and  was  not 
working  at  its  best.  It  averaged, 
for  trains  of  262  tons  tare  be- 
hind tender,  0'09521b.  per  toft- 
mile,  against  the  average  for 
^        w' 0  -   「  several    non-heater    engines  of 

fig.  ^.-Relation  of  Economy  of  015281b.  on  trains  of  256*5  tons 
Various  Systems  to  Incrkase  load,  or  an  economy  of  37*7  per 
op  Weight. 

cent. 

The  Blast. ―  In  a  paper  on  tlie  eniriem-v  of  the  metliod  of 
creating  draught  by  means  of  the  blast,  read  recently  by  Mr. 
H.  B.  MacFarland  of  the  Atchison,  Topeka,  and  Santa  Fe 
Railway,  before  the  International  Railway  Fuel  Association, 
the  author  showed  how  disproportionate  is  the  effect  produced, 
to  the  power  consumed  in  maintaining  tlie  smokebox  varuiun. 
By  ensuring  equivalent  output  with  reduced  draught,  im- 
])rovement  in  this  direction  is  secured,  and  the  engine  is  made 
freer,  in  addition  to  the  boiler  losses  being  reduced. 

The  use,  in  all  the  heater  systems  here  dealt  with,  of  part 
of  the  cylinder  exhaust  for  feed-heating,  is  equivalent  to  an 
enlargement  of  the  blast^pipe  top.  The  volume  of  steam 
driven  through  the  orifice  is  diminished  by  over  12  per  rent. 
The  diameter  of  tlie  blast- pipe  top  is  thus  virtually  increased 
from  the  actual  4Ain.  to  a  corresponding  4^n.,  or  from  1  vin. 
to  a  corresponding  5in.  top.  Again,  enolosilig  the  blast  in  a 
comparatively  small  chamber,  as  in  the  later  Eiryptian  State 
Railways  systems,  increases  the  inducing"  action  and  results 
in  comparatively  high  vacua  with  a  larger  nozzle  tlian  is  used 
in  the  standard  engine.  In  the  latter  a  top  of  4Ain.  is  used 
above  the  netting,  and  produces  in  front  of  t lie  tube  space  a 
vacuum  of  about  Gin.  in  normal  working.  With  the  high 
degree  superheat  system  alone,  as  fitted  to  Engine  、''》■  7 1  'J . 
it  was  necessary  to  reduce  the  top  from  4iin.  to  4 gin.  to  obtain 
a  proper  vacuum  with  the  reduced  quantity  of  steam  then 
used.  Since  fitting  the  feed-heaters  to  this  engine  (Type  C\ 
A]>i>endix  I.)  the  blast-pipe  has  been  again  enlarged  to  4 Ain., 
and  as  part  of  the  exhaust  is  used  for  foeil-lieiitini:,  it  is  now 


(3)  High  Degree  Feed-heating  and  High  Degree  Super- 
heating.― Owing  to  the  lack  of  sufficient  data  it  is  not  pro- 
posed to  go  at  length  into  calculations  regarding  this  com- 
bination. It  is  not  known  how  far  the  curve  d.  Fig.  2,  agrees 
with  the  performance  of  a  combined  high  degree  superheater 
and  boiler.  Further,  when  hi^h  degree  feed-heating  is  com- 
bined with  superheating,  the  superheat  is  reduced,  but  to 
what  extent  is  yet  uncertain.    Also,  superheater  engines  are 


Table  YHI.Service  Working  for  Upper  Egypt  Enqines 
"612"  Class. 


Average 
tare. 
Load 
tons. 

Coal  per 
ton-mil(\ 

Economy 
in  favinir 

of 
heaters. 

1909 

1910 
1909-10 
9  months 
1910 

f  16  Engines  before  fitting 
1     with  heaters.  [ 
Same  Engines  after  fitting 
19  Engines  not  fitted  .... 
f  l(i     Engines    fitted    witli ) 
(    heaters.  j 

C5  二： i    10  1 

1 

Per  cent. 
1  '20 

I  26- 1 

23-7 

0  months 
1010 

1  19  Engines  not  fitted    . . . . 

(1-1565 

23-7 

commonly  fitted  with  piston  valves,  to  which  part  of  their 
performance  should  rightly  be  credited,  instead  of  tlie  im- 
provement being  wholly  imputed  to  the  superheating  system . 

If,  however,  superheating  to  200 J  Fah .  wit li  feed-lieat  in^ 
to  290°  Fah.  be  considered,  using  the  curve  d,  Fig.  2,  as  tW 
basis,  the  following  results  are  shown  :  Fig.  9  shows  for  this 
superlieat  21'  15  per  rent,  steam  economy.  The  original 
542'571bs.  of  engine  steam  would  therefore  he  reduced  to 
427-821bs.,  and  the  lieat  needed  would  be  427.8'—'  ( 1 ,307-H。7 ) 
=  545,010  B.Th.U.  The  pump  takes  saturated  steam  repre- 
senting (427-82  x  0-022  x  1,164  63)  =  10,960  B.Th.U.,  (he  total 
being  555,970.  Subdividing  this  ainono-  tlie  puinp  heater,  tlio 
main  exhaust  heaters,  t lie  smokebox  heater,  and  tlie  super- 
heater and  boiler,  it.  is  found  that.  457,050  B.Th.U.  have  to 
be  provided  by  the  sujierlieater  and  boiler.  Tlie  point  on  tlie 
curve  d  correspondin»-  with  this  represents  a  rate  of  firing  of 
49" libs,  per  square  foot ,  as  against  80,  or  a  saving-  of  .18  64 


timing)  at  a  coal  consuni pt  ion  j"'r  t  (ni-inile  of  0'  1  OOfilh. ,  i ncl ui I 
ing  lighting  up,  &c.，  and  are  very  consistent  over  long  periods. 
This  consumption  is  identical  wit h  1  lial  of  No.  70(i  during  t  lie 
trials  mentioned  above.  The  t  rial  results  t'or  t  he  Upper 
Egypt  "  G12  "  class  are  likewise  sup|>(>rt('<l  l)y  Table  VIII. 
taken  from  the  registers. 

Tahle  Yll.  — Upper  Egypt  Express  Trials  ；  A  veracjc  Results 
for  Sections  anil  Tm  in  Loads. 
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virtually  one  4^in.  diam.  for  about  15  per  cent,  lees  steam 
than  passes  through  the  standar*]  top  of  tlie  ordinary  engine. 
The  size  to  which  this  4^in.  top  actually  corresponds  is  thus 
about  Sin.  diam.  In  the— case  of  the  engines  witli  liigh-degree 
feed,  or  with  moderate  feed-heating  and  superheating  com- 
bined, 4|in.  tops  are  used,  the  virtual  size  being,  therefore, 
about  5in.  The  cylinders  benefit  greatly  by  this  increased 
area,  and  the  resultant  reduction  of  back  pressure. 

With  these  blast-pipe  tops  a  vacuum  of  from  Gin.  to  8in. 
is  obtained  in  the  small  blast-cliamber.  This  is  reduced  by 
the  resistance  offered  by  the  heater  tube®,  and  there  is  a 
vacuum  in  the  smokebox  proper  oi'  fi-oiu  ！ 2in.  to  3in.  compared 
with  Gin.  or  more  in  the  ordinary  engine.  This  is  in  accord 
with  the  reduced  rates  of  firing  necessary,  to  which  a  lighter 
draught  corresponds.  The  natural  accompaniment  of  the 
softer  draught,  which  allows  a  thinner  and  more  efficient  fire, 
is  higher  boiler  efficiency  with  reduced  loss&s  in  unburnt  coal. 

The  Reduction  in  the  Loss  of  Unburnt  Coal. ― The  lighter 
draught  just  considered  results  in  less  loss  in  unburnt  fuel. 
Tlie  Egyptian  State  Railways  engines  show  progressively,  less 
accumulation  of  cinders  in  the  smokebox  with  increased 
economy.  In  the  non-heater  engines  the  quantity  of  cinders 
retained  in  the  smokebox  is  large,  and  after  a  certain  length 
of  run  practically  all  cinders,  coming  through  the  boiler  tubes, 
except  the  largest,  are  probably  ultimately  forced  through 
the  spark  arrester  mesh  amd  ejected.  In  one  class  of  passenger 
engines  the  smokebox  cinders  amounted  to  2'1731bs.  per  inile, 
equivalent  to  about  l'871bs.  of  coal.  In  sister  engines,  fitted 
for  moderate  feed-heating  and  "loclerate  superheating,  the 
asli  collected,  in  the  smokebox  was  only  0 '7961b.  per  mile, 
equivalent  to  0'681b.  of  coal.  Tn  another  class  of  engine  with 
installation's  of  this  type,  the  ash  retained  was  found  to  be 
l'1681bs.  per  mile,  compared  with  3'8231bs.  for  tlie  non - 
lieatei'  engines,  equal  t'o  a  saving  of  2'281bs.  of  ooal  in  the 
smokebox  cinders  alone,  on  a  consumption  of  about  47'75U)s. 
per  mile. 

The  engine  with  the  high-degree  superheater  only,  showed 
very  similar  results,  wliile  after  the  addition  of  the  high- 
degree  feed-water  heating  apparatus',  the  smokebox  cinders 
collected  only  amounted  to  0*261b.  per  mile.  Taking  into  con- 
sideration the  ash  ejected,  the  actual  saving  is  much  greater 
than  these  figures  indicate.  On  account  of  the  lighter  draught 
a£  the  heater  engines  and  the  obstruction  offered  by  tlie  heater, 
it  is  probable  that  a  larger  proportion  of  the  cinders  drawn 
through  tlie  boiler  tubes  is  retained  in  the  heater  engine 
smokebox,  than  in  that  of  the  non-heater.  The  total  saving 
is  therefore  probably  very  considerable.  Absolute  deductions, 
however,  are  impossible  on  this  point. 

The  reason  why  the  heater  engines  show  greater  economy 
over  the  ordinary  engines  when  on  stopping  trains  than  "when 
on  fast  non-stop  expresses,  is  connected  with  the  blast  and 
】ieat>er.  The  smokebox  beater  offers  some  resistance  to  the 
flow  of  the  gases,  and  has  the  effect  of  damping  the  heavy 
pulsations  of  the  blast  when  the  engine  is  working  at  or  near 
full  gear.  The'  fire  is  not  lifted  in  the  same  way.  The  loss  of 
coal  is  thus  reduced.  This  becomes  marked  when  loads  are 
heavy  and  stops  frequent,  as  is  shown  in  Tables  VI.  and  VII. 

The    Reduction   in   Smokebox    Temperatures. ― A  reduction 

in  the  final  temperature  of  the  waste  gases  naturally  results 
from  the  us©  'of  a  smokebox  heater.  On  ordinary  engines  of 
the  class  chiefly  dealt  with  in  this  paper,  the  temperature  in 
tlie  smokebox,  when  on  a  fast  and  heavy  schedule,  will  be  as 
high  as  800°  Fah.  with  a  6in.  smokebox  vacuum.  The  r&duoed 
vacuum  in  the  smokebox  proper  of  the  heater  engines  lowers 
this.  In  the  case  of  engines  Type  A,  with  the  high  degree 
feed-heating  system,  750°  Fah.  is  a  typical  smokebox  figure, 
while  in  passing  through  the  smokebox  foed-heater  the  gases 
fall  further,  to  about  463°  Fah.  In  the  engines  Type  B,  with 
the  moderate  feed-heating  and  moderate  superheat,  the  smoke- 
box temperature  is  about  730°  Fah.  and  the  final  temperature 
492°  Fah.  In  engine  Type  C  (high  feed-heating  and  】iigh 
degree  superheating)  the  draught  is  so  light  that  the  smoke- 
box temperature  is  no  more  than  668°  Fah.  at  heavy  load,  and 
about  634°  Fah.  on  a  slightly  lighter  rating,  with  final  tem- 
peratures of  410°  Fah.  and  389°  Fah.,  respectively,  the  steam 
temperature  being  about  530°  Fall, 


Economy  and  Permissible  Engine   Weight. ― It  lias  already 

been  stated  that  if  increase  of  weight  permit,  an  enlarged 
boiler  will  result  in  a  certain  degree  of  economy.  Bass<l  upon 
American  practice,  Dr.  Goss  has  drawn  the  full  line  AB,  Fig. 
15,  to  show  the  economy  that  would  be  expected  when  an 
allowable  increase  in  weight  is  utilised  in  enlargement  of  the 
boiler  capacity  of  an  engine.  No  great  improvement  can  be 
looked  for  by  the  use  of  this  compared  with  other  methods 
available.  The  ordinary  standard  4—4—0  engines  (695-724 
class)  of  the  Egyptian  State  Railways  weigh  about  50  tons 
15  cwb.  without  tender.  The  addition  of  tlie  Type  B  heating 
apparatus,  and  a  trimming  slab  at  the  trailing  end,  involves 
;m  increase  of  about  3*75  tons,  that  is,  about  7*6  per  cent., 
while  coal  economy  amounting  to  30  per  cent,  results  from  the 
addition.  The  Tyj>e  C  combination  fitted  to  Engine  No.  712 
results  in  an  economy  of  45  per  cent,  for  an  increase  of  4*75 
tons,  or  9*7  per  cent.  These  weights  are  comparatively  small 
for  the  improvement  shown.  Points  representing  the  installa- 
tions Types  A,  B,  and  C,  are  shown  in  Fig.  15,  and  indicate 
tlie  superiority  of  these  systems  as  compared  with  the  mere 
enlargement  of  boiler  capacity.  A  further  point  in  tlie 
diagram  indicates  tlie  position  of  the  De  Glehn  compounds. 
These  engines  weigh  67  tons  1  cwt.  without  the  bender.  They 
show  an  economy  over  the  non-heater  four-coupled  engines  of 
13.3  per  cent,  on  an  increase  of  weight  of  32  per  cent.  Judged 
by  the  li  additional  weight  "  standard  these  engines  show  up 
less  well  than  would,  according  to  Dr.  Goss,  the  simple  large- 
boilered  engine,  at  least  as  far  as  continuous  work  is  con- 
cerned. However,  the  heater  engines  easily  have  tlie  ad  van- 
tages in  this  respect,  both  over  the  large  locomotive,  as  sucli, 
and  over  heavy  compounds  of  the  De  Glehn  type. 

Additional  Power. ― A  diagram  complement  a  ry  to  Fi^.  ]:', 
would  be  one  showing  the  increase  of  power,  obtained  for  tlie 
increments  of  weight  resulting  from  tlie  introduction  of  heater 
systems.  Owing  to  the  impossibility  of  carrying  out  tests  in 
great  detail  on  the  Egyptian  State  Railways,  the  necessary 
information  for  this  is  not  available.  There  is,  however, 
ample  evidence  that  enhanced  power  results  from  the  use  of 
these  systems.  Their  effect  is  similar  to  that  of  the  enlarge- 
ment of  the  boiler,  viz.,  to  move  the  "  characteristic  "  outwards 
on  the  diagram,  so  that,  at  the  usual  working  speeds,  addi- 
tional capacity  results  in  increased  draw-bar  pull,  which  may 
be  utilised  either  in  increase  of  speed  or  load. 

It  is  frequently  advanced  that,  because  at  equal  loading 
an  economy  in  coal  is  shown,  at  equal  rates  of  firing  a  pro- 
portional increase  of  power  is  secured.   When  an  engine  shows 


20  per  cent,  economy  in  coal 


100  -  80 
100 


， it  is  held  that  at 


，  .  , .  •  ，  ，  ，  100—80 
equal  rates  of  firing  the  increase  m  power  should  be  ~ 

or  25  per  cent.  Such  an  example  is  given  in  Herr  Garbe's 
book  entitled,  "The  Application  of  Highly-su perheated  Steam 
to  Locomotives,"  and  others  are  constantly  met  with.  The 
argument  is  fallacious.  While  the  coa  1-co n su m j)t i on  increases 
along  the  steep  line  "，  Fig.  2,  the  output,  upon  which  power 
is  dependent,  only  increases  along  the  line  d,  that  is,  at  a 
much  slower  rate. 

The  effect  in  the  first  case  of  liigh  degree  feecl-lieating 
(Tvp©  A)  is  to  give  the  boiler  of  that  engine  an  increase  in 
output  of  from  531,720  B.Th.U.  to  632,000  B.Th.U.  at  equal 
consumption.  This  is  equivalent  to  an  increase  of  18'8  per 
cent,  compared  witli  the  coal  economy,  at  equal  loads,  of  24 
per  cent.,  and  with  a  figure  of  31'5  per  cent,  found  by  the  com- 
mon method.  If  general  conditions  remain  unchanged,  the 
increase  in  available  power  is  greater  than  18*8  per  cent.  If 
at  speeds  of  about  200  revs,  per  miuute  the  power  absorbed 
in  engine  friction  be  taken,  for  the  sake  of  an  example,  to  be 
20  per  cent,  of  the  total,  the  actual  increase  in  power  avail- 
able for  overcoming  external  resistances,  of  the  feed-heater 

.      .           rt                   ，  98-8—80 
engine,  is  not  18  8  per  cent.,  but —— gQ        x  100  =  23*5  per 

cent. 

In  the  second  case  (Tvpe  B  installation),  the  increase  in 
boiler  output  would  be  'from  514,560  B.Th.U.  to  632,000 
B.Tli.U.,  or  22  8  per  cent.,  equivalent  to  28  5  per  cent,  extra 
power.      Tn  case  III.  (Ty]>e  C  installation),  the  combined 
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boiler  and  superheater  out  put  would  bo  i  nn  fiised  from 
.|：)7,()50  B.Th.U.  to  632,000  B.Th.  U,，  or  38  2  per  cont.,  c<|in 
valent  to  47*7  per  cent,  extra  aviiilable  power.  It  is  here 
assumed  that  tlie  heater  engine  smokeboxes  are  iionruil. 
Actually  tins  is  not  so.  I  lead  resistance  must  he  ('oml)ii'p(l 
wit  li  intorniil  (Mi^ino  resistance  wIhmi  csl  imat  in*;  additional 
power  at  the  draw-bar,  or  loading. 

Atlditioiial  power  has  resulted  from  all  the  heater  systems 
ussd  on  the  Egyptian  State  Railways.  Table  IX.  shows  tlio 
results  for  the  trials  of  Engines  Nos.  71 1  (Typp  A  inslnll;il  ion) 
r'ud  695.  Table  III.  also  shows  t  hat ,  in  ordinary  servi (？， 
Engine  N().  71  1  witli  li(':it(>rs  lias  averaged  heavier  trains  t  han 


Tahle  IX. ― Additional  Loading  of  Fcrd-hrafrr  Enqine 
No.  711" 
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when  the  heaters  were  out  of  use,  and  also  trains  heavier  than 
sister  n on -heater  engines.  Other  engines  showed  similar 
results. 

The  engines  fitted  with  the  Type  B  arrangement  are  regu- 
larly employed  for  the  heavier  trains.  Engines  of  one  class 
in  Upper  Egypt  were  specially  converted  to  meet  the  demand 
of  the'  traffic  department  for  more  power,  when  it  was  not 
expedient  either  to  purchase  new  stock  or  to  strengthen  the 
road  sufficiently  for  engines  of  much  greater  weight.  Tliey 
have  averaged  loads  about  20  tons  greater,  at  a  smaller  con- 
sumption, than  the  ordinary  sister  engines,  and  are  capable 
of  dealing  economically  with  still  heavier  loads.  Engines  Nos. 
706，  714,  &c.，  work  in— a  link  with  large  De  Glehn  compounds 
and  heavy  4 ― 6 ― 0  type  passenger  engines,  and  handle,  well 
to  time,  trains  of  405  tons  tare  behind  the  tender  ；  this  is  an 
increase  of  about  50  per  cent,  above  the  loads  for  which  they 
were  originally  intended.  They  average  regularly  350  tons 
cojiipared  with  th-e  270  for  which  this  class  of  engine  is 
scheduled. 

The'  limiting  load  of  Engine  No.  712  (Type  C  installation) 
has  not  been  determined  by  steam  production.  This  engine 
runs  in  the  link  of  heavy  trains,  and,  as  far  as  ability  to  keep 
time  is  concerned,  is  thoroughly  efficient.  Its  capacity  is 
limited  by  the  risk  of  running  hot  with  the  additional  loads, 
at  high  speed.  The  bearing  surfaces  are  not  now  up  to  the 
standard  suitable  for  loading  tlie  engine  to  its  ni-axiitmni 
capacity.  Thes&  points  could  be  met  in  the  case  of  new 
engines,  while  if,  for  these  reasons,  the  fullest  advantage  can- 
not be  taken  of  increased  power  after  conversion,  the  engine 
will  always  give  some  increase  in  hauling  capacity  with  very 
considerable  economy  in  ooal  consumption.  The  additional 
load  taken,  at  equal  consuniption,  by  the  Egyptian  State  Rail- 
ways heater  engines,  is  greater  than  the  estimates  based  on 
the  diagrams  given  in  the  paper.  Fig.  12  shows  this  to  be 
correct,  the  consumption  lines  for  heater  aiul  non-lieater 
engines  having  different  slopes.  This  must  be  attributed 
partly  to  the  srnokebox  heater  and  its  moderating  e fleet  on  a n 
increase  of  vacuum. 

Practical  Features. ― Certain  matters  bearing  on  the  value 
of  the  systems  dealt  with  in  this  paper  have  been  reserved  for 
Appendix  II，  since  they  are  largely  affected  by  local  condi- 
tions. Practical  features  of  general  interest  will  now  be  taken. 
As  the  Type  A  smokebox  heater  has  been  discarded,  its 
features  will  not  be  discussed.  The  smokebox  heater  in  tin1 
Type  B  installation,  employed  on  engines  like  No.  706,  is  its 
superior  in  every  way.  The  Hn.  tubes  used  give  no  trouble. 
All  tlie  attention  these  heaters  receive  is  to  have  the  front 
tube-plate  swept  clown  with  a  wire  brush  vvlien  the  smokchox 
is  being  cleaned.  The  tubes  keq)  clean  alon^  the  bore,  and 
are  self  clearing  with  proper  arrangements  at  tlie  cliimnev 
end  of  the  heater. 


A  flue  door  was  introduced  into  tlu'  uptake  in  the  case  of 
tlie  installation  Type  B  and  C,  Appendix  I,，  in  onlfv  to  |»;iss 
the  gases  of  ('oml)iist")ii  diwt  to  t Iio  rl"mii'*y，  wliil**  r;i 卜 mt/ 
steam,  thus  enabling  ligliti""'  up  to  he  carried  out  in  tlie  onli 
nary  way.  Wit  liout  I  liis  means  of  lomporarilv  cutting  out  the 
heaters  the  engines  would  take  loii^'r  to  get  ready.  I n  tlio 
last  ty[>e  (D)  a  flue  door  lias  iu》， 1,, 屮' i  "'''  ''";ir、'，  i',r,  "wiiig  to 
tlie  more  direct  (low  nud  to  t  lu*  iish  oi  t  iiIh\s  oi  r.itluM*  l;u  l"  i 
here  (.^in.),  the  resistance  to  the  gases  is  less,  aiul  lighting  up 
t  akes  its  iioitn;t  1  rom、''. 

The  systems  described  rerjuire  no  s;>f*ri;il  skill  in  "|"'!  i 
tion,  such  as  is  needed,  for  instance,  willi  ，  ',m|"，mi'ls  wit  Ii 
independent  cu"o『  The  installation  Tv|"'  ('  n'(|iiin、  tl"' 
small  amount  oi'  additional  attention  involved  in  Uk*  working 
of  high  degree  superheater  engines.  Willi  Kiij.mii**  No.  7 1 'J 
this  is  eliminated,  so  far  as  operation  on  the  road  is  ron- 
cerned,  because  the  superheater  elements  are  never  r;iise<l  to 
the  limiting  temperature,  owing  to  the  greatly  rerliirfil 
d ra ught.  It  appears  j)rohahle  that,  with  so  light  a  drauL'lit , 
the  superlieater  element  looj>s  might  be  len^t  1mmk*(|  somewhat 
without  harm,  provided  that  the  dampers  were  properly  rnain- 
t;  ined. 

In  the  Tyj>e  B  arrangement  there  are  no  ； ul  ju.-t  m**nt  -  to 
be  made  nor  dampers  to  be  considered,  in  ciiniectioii  with  tl"' 
smokebox  heater,  which  needs  no  attention  No  change  is 
involved  with  this  type  in  lubrication  practice,  the  tempor.t 


Fig.  Ifi.— Combined  Boileii  Clach  and  Blowing  Throuoh  Valvk. 

lures  attainable  with  the  waste-gas  heater  not  bein«  high 
enough  to  give  trouble.  Slide  valves  with  sight-feed  lubri- 
cation may,  therefore,  be  retained.  Mechanical  lubricators 
are,  however,  gradually  replacing  the  sight-feeel  type  on  the 
Egyptian  State  Railways,  but  quite  apart  from  any  connec- 
tion with  the  heater  systems. 

The  waste-gas  smokebox  heater  is  exposed  to  temperatures 
having  a  maximum  in  tlie  neighbourhood  of  75l)°  Kali.  At 
these  temperatures  there  is  no  risk  of  damage,  if  the  heater 
be  empty  of  steam,  wlien  it  is  used  for  superheating.  During 
any  stop  a  certain  amount  of  liot  gas  continues  to  pass  from 
the  firebox  to  the  chimney  by  way  of  the  heater,  which  is  thus 
kept  up  reasonably  near  to  its  working  temperature.  The  use 
of  the  blower,  or  the  act  of  blowing  off  the  brakes,  increases 
this  flow,  and  superheat  results  from  the  start.  Tlie  s'，mke 
tube  superheater,  on  the  other  luind,  takes  several  miinito  tn 
reach  its  working  temperature,  unless  special  arranirements 
are  provided.  These  points  have  an  effect  on  the  et'onomy 
shown  in  stopping  service. 

If  the  smokebox  '"eater  be  used  for  feed-heating,  it 
becomevS  effective  as  a  thermal  storage  system  during  stops  ami 
periods  of  light  work,  siu-h  as  drifting.  The  temj>erature  in 
this  heater  may  rise  to  360°  Fall,  (with  1801bs.  pressure)  dur- 
ing a  stop,  although  the  exliaust  heaters  are  not  then  in 
operation,  and  there  is  thus  a  supply  of  hot-  water  rea<lv  for 
transfer  to  tlie  boiler  at  the  first  demand.  The  same  ap]>lies 
in  drifting.    This  form  of  thormal  storage,  taking  advantage 
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of  otlierwise  waste  products,  is  a  gain  in  every  sense.  Both 
in  feed-heating  and  in  su  peril  eating  tlie  harder  the  engine 
works  the  higher  the  temperatures  attained.  On  】'isiiig 
grades,  therefore,  wlien  all  the  steam  is  needed,  the  feed  tem- 
perature and  superheat  are  both  rather  above  the  average.  Tn 
normal  working,  with  about  30  per  cent,  or  so  cut-ofr,  the 
si v.i ki  pressure  in  tlie  oxli;iust^sbeam  feed-heaters  amounts  to 
about  311)s.  per  square  inch.  The  delivery  from  t  hose  lieal  crs 
then  lias  a  temperature  about  210°  Fah.  When  working  liard 
with  later  cut-off,  the  pressure  may  rise  to  4'51bs.  per  square 
inch,  equivalent  to  a  steam  temperature  of  about  226°  Fah., 
and  slightly  higher  feed  temperatures  are  obtained.  In  the 
case  of  the  smokebox  heater,  the  greater  draught  with  the 
increased  cut-off  involves  an  increase  in  the  smokebox  tem- 
perature, favourable  to  an  increase  in  feed  tempera!  ure  or 
superheai . 

When  smokebox  feecl-lieating  is  installed,  oare  must  be 
taken  when  th&  regulator  is  closed,  in  order  to  avoid  waste  and 
the  nui&ance  caused  by  blowing  off.  The  use'  of  the  injector  is 
then  recommended  instead  of  the  pump,  in  order  to  reduce 
the  risk  both  of  blowing  off,  and  of  trouble  frmii  l("iky  heater 
tubes. 

It  is  found  advisable  to  blow  the  feed-heating  system 
through  at  regular  intervals.  On  the  Egyptian  State  Rail- 
ways this  is  done  after  about  300  miles,  when  over  a  pit  or 
drain.  A  tumbler  cock,  fitted  on  the  pump  side  of  tlie  main 
exhaust  heaters,  with  a  drain  pipe  set  in  towards  the  pit,  is 
opened,  and  the  special  clack,  Fig.  16，  is  then  raised  off  its 
s&at,  by  turning  the  screwed  spindle,  which  engages  loosely 
with  jaws  on  the  clack  valve  head.  The  heaters  are  thereupon 
blown  thrown  in  series,  including  the  smokebox  heater,  if  used 
for  feed-heating.  The  process  is  simple  and  quickly  accom- 
plished, so  that  it  is  readily  adopted  as  one  of  the  regular 
routine  duties.  A  large  part  .of  the  doposit  is  thrown  down 
in  the  exhaust  heaters,  and  this  operation  removes  a  consider- 
able amount  of  scale-forming  matter. 

All  heater  systems  dealt  with  are  handled  equally  well  by 
Egyptian  as  by  European  drivers.  The  fastest  and  heaviest 
trains  on  the  system  are  regularly  entrusted  to  both  classes  of 
men,  indifferently.  In  order  to  get  the  best  results,  some  little 
co-operation  is  necessary  on  the  part  of  the  men ,  but-  expe- 
rience has  shown  that  after  a  few  days  they  become  fully  alive 
to  the  benefit  of  tlie  systems,  on  the  heavier  trains  especially. 

It  is  desired,  in  conclusion,  to  place  on  record  an  apprecia- 
tion of  the  persevering  efforts  of  those  members  of  the 
Egyptian  Stat©  Railways  looomotive  staff  \vlio7  during  the 
past  12  years,  have  been  closely  connected  with  the  develop- 
ment of  the  various  systems  dealt  with  in  this  paper. 

(To  be  continued.) 


FRASER  &  CHALMERS'  SPEED  GOVERNOR. 

The  accompanying  illustration  shows  a  design  of  speed  gover- 
nor of  the  type  in  which  variable  pressures  are  set  up  in  a 
liquid  by  the  action  of  centrifugal  force,  the  pressures  being 
utilised  to  effect  the  governing,  the  invention  of  Messrs.  Fraser 
and  Chalmers,  Ltd.,  3，  London  Wall  Buildings,  London,  E.C.， 
and  Mr.  B.  F.  Pochobradsky.  A  represents  tlie  end  of  the  main 
shaft  of  a  turbo  or  other  machine,  and  is  formed  with  a  cylin- 
der B.  Within  this  cylinder  is  a  sliding  piston  C,  having  on 
its  inner  face  a  number  of  radial  vanes  L，  which  are  adapted 
to  engage  corresponding  recesses  in  a  block  D，  disposed  at  the 
bottom  or  closed  end  of  the  cylinder,  so  that  the  piston  and 
cylinder  rotate  together.  A  spring  E，  disposed  between  the 
piston  and  a  nut  F  which  screws  into  the  end  of  the  cylinder, 
tends  to  force  the  piston  to  the  right.  Another  spring  G， 
arranged  between  a  ring  nut  II  that  screws  into  an  axial  hole 
in  the  frame  of  the  turbo,  and  a  flange  M  of  a  sliding  tubular 
member  J，  also  tends  to  force  the  piston  to  the  right.  Between 
the  tubular  member  J  and  the  piston  is  a  ball  bearing  K.  The 
piston  is  centrally  bored  to  establish  communication  between 
the  tubular  member  J  and  the  cylinder,  and  a  liquid-tight 
joint  is  provided  betwen  tlve  piston  and  the  tubular  member. 
The  tubular  member  J  is  slidin^ly  supported  by  the  nut  H, 
aiul  terminates  in  a  union  to  which  is  connected  a  flexible  pipe 
N  that  communicates  witli  a  liquid  reservoir.    A  recess  in  the 


tubular  member  J  is  engaged  by  two  inwardly  projecting  pins 
carried  by  the  forked  end  O  of  one  arm  of  a  bell-crank  lever. 
This  hell-crank  lever  is  pivoted  at  T  to  a  bracket  P  extend- 
ing f rom  the  turho  frame,  and  its  otlier  arm  U  is  connected  to 
a  link  Q,  wliich  in  turn  is  connected  to  one  end  of  an  arm  V， 
the  other  arm  of  which  is  pivoted  to  the  governor  valve  rod  R, 
the  latter  being  connected  to  the  power  piston  of  an  oil  relay 
S,  wiiicli  is  adapted  to  operate  the  governor  valve.  The  arm 
V  is  also  ]>ivot>ed  to  the  rod  of  a  piston  valve  controlling  the 
oil  relay  S. 

The  operation  is  as  follows  ：  Tlie  space  between  the  piston 
C  and  the  closed  end  of  the  cylinder  B  is  filled  with  oil  from 
the  reservoir.  As  the  cylinder  B  and  the  piston  C  rotate  with 
the  shaft  A,  the  oil  is  caused  to  rotate  witli  tliem  by  means  of 
the  vanes  L，  so  that  the  oil  is  forced  radially  by  centrifugal 
action  thus  setting  up  pressure  in  the  cylinder,  wiiicli  pres- 
sure varies  with  the  speed  of  the  shaft  A.  This  pressure  forces 
the  piston  C  and  tubular  member  J  outwardly  against  tlie 
action  of  the  springs  E  G,  so  that  under  normal  running  con- 
ditions these  springs  are  under  compression.  If  the  load  on 
the  turbo  macliine  is  increased  tlie  speed  of  the  shaft  A  will 
fall,  and  consequently  there  will  be  a  corresponding  drop  in 
pressure  in  tlie  cylinder  B,  with  the  result  tliat  the  j)iston  C 
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and  tubular  member  J  will  be  moved  to  the  right  by  the 
springs  E  G.  This  movement  of  the  tubular  member  J  causes 
the  bell-crank  lever  to  turn  about  its  pivot  T，  and  the  arm 
U，  link  Q,  and  arm  V  to  move  downwardly,  the  latter  arm 
turning  about  its  pivot  on  the  rod  R.  The  result  of  this  is 
that  the  piston  valve  of  the  oil  relay  S  is  opened,  so  that  oil 
under  pressure  flows  to  the  under  side  of  the  power  piston  of 
the  relay  wliich  opens  the  governor  valve  wider.  On  the  speed  of 
the  shaft  A  increasing  beyond  tlie  predetermined  limit  the 
reverse  action  takes  place.  In  order  to  regulate  the  governor, 
that  is  to  say,  to  determine  the  speed  at  which  the  governor 
will  operate,  the  tension  of  the  spring  G  may  be  varied  by 
means  of  tlie  hand  wheel  on  the  nut  H. 


Automatic  Voltage  Regulation. —— At  a  recent  meeting  of  the 
West  of  Scotland  branch  of  the  Association  of  Alining  Electri- 
cal Engineers,  held  at  Glasgow,  a  paper  on  this  subject  was  read 
by  Mr.  W.  J.  Belsey.  At  the  outset  he  remarked  that  in  the 
past  sufficient  attention  had  not  been  given  to  the  subject  of 
voltage  regulation  in  industrial  installations.  To  tlie  central 
station  engineer  dealing  largely  with  a  lighting  load,  voltage 
regulation  was  one  of  the  most  important  subjects  with  which 
he  had  to  deal,  because  defects  of  such  regulation  were  at  once 
visible  to  the  eye.  Voltage  regulation  was,  however,  of  just 
as  much  importance  to  the  colliery  engineer,  and  it  was  with 
the  purpose  of  pointing  out  the  desirability  of  a  steady  vol- 
tage that  lie  had  prepared  his  paper.  Mr.  Belsey  thereafter 
dealt  in  detail  with  various  types  of  regulators,  losses  in  the 
generator  fields  and  transmission  lines,  tlie  oj>eration  of  motors, 
together  with  i he  effect  of  voltage  variation  on  lamps. 
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NOTES  ON  A  BITUMINOUS-PRODUCER  OAS  ENGINE  PLANT.* 

BY  J.  II.  COWELL. 

It  is  my  intention  to  give  some  particulars  of  is  engines 
using  gas  produced  from  ordinary  Sout  li  A  fricjin  hit  mninous 
coals.  The  notorious  fiasco  with  llic  "as  ciigincs  installed  liv 
the  Johaiinesl)ur^  i\l  utiicipalil  v  is  not  y'i  f'('i，""'ii，  m>r  has 
the  indueiH-o  of  such  failure  ceased  to  be  felt  in  Soul  li  Alrin 
When  last  I  had  the  honour  of  reading  a  paper  on  internal- 
combustion  engines  before  this  Institution,  lliat  stheine  was 
only  being  discussed.  Even  at  thai  lime  I  gave  s()im'  par- 
ticulars of  successful  gas-engino  plants  which  were  running 
in  Great  Britain  using  <;as  produced  troni  hit uniinous  Fuel  l»y 
the  Mond  process. 

I  lad  similar  ])lanl.  hecn  i  nsl  a  I  In  I  in  ，Ioliaimesl>m'u.  Uirr(，  is 
evcrv  reason  to  believe  i  li;it  t  he  ,1  im(、shurg  M  unirip;i  I  it  \ 
would  still  b(、  usiui;  y;»s  eMi^incs.  An  idea.  ('xisk'(l，  and  si  ill 
seems  to  be  held  by  many  ptx)p】（'， t  liat 
ordinary  South  African  t'oal  is  not 
suitable  for  use  in  gas  producers,  "ml 
also  that  the  altitude  caused  difiicul- 
ties.  I  would  point  out,  however, 
that  the  altitude  only  affects  t  lie 
dimensions  of  the  engines  or  producer 
j)laiit,  and  that  gas-engine  plants  art1 
running    successfully    at    altitudes  of 

000ft-.,  or  more  than  double  Hie 
altitude  of  Johannesburg.  And  that 
witli  respect  to  South  African  coals,  I 
know  of  no  coal  produced  in  South 
Africa  which  cannot  be  successfully 
used.  It  is  true  that  some  coals  are 
more  difficult  to  work  with  than  others, 
ami  ihat  the  form  of  producer  plant 
has  to  be  modified  to  suit  different  fuels. 
The  greatest  difficulty  presents  itself 
with  coals  that  run  or  fuse  together 
very  much,  or  that  produce  bad 
clinker,  as  in  such  cases  extra  labour 
is  required.  But  when  one  considers 
that  such  fuels  as  green  wood,  sawdust, 
slack  coal,  and  wet  peat,  containing  as 
much  as  60  per  cent,  of  water,  are  to- 
day being  used  in  gas-producer  plants 
and  running  gas  engines  for  power 
purposes  in  many  parts  of  the  world,  it 
would  be  absurd  to  think  for  one 
moment  that  South  African  coals  pre- 
sent any  special  difficulties. 

All  of  you  will  be  aware  that  the  ordinary  suction-gas 
plant  burning  charcoal  or  anthracite  can  be,  and  is,  a  most 
economical  and  successful  power  producer,  and  I  am  very 
pleased  to  be  able  to  give  you  some  particulars  of  a  plant 
which  has  been  working  most  successfully  on  ordinary  Trans- 
vaal bituminous  coal.  This  plant  has  now  been  at  work  for 
some  18 】nonths，  so  that  it  is  in  no  way  in  the  experimental 
stage,  and  is  the  first  really  successful  attempt  to  use  such 
coal.  It  is  situated  at  the  Groenfontein  Tin  Mines  in  the 
Waterberg  district  of  the  Northern  Transvaal.  It  was  erected 
chiefly  for  the  purpose  of  supplying  power  for  treating  bir^e 
quantities  of  alluvial  ground  by  hydraulic  sluicing.  TUe 
general  arrangement  of  the  plant  is  shown  in  Fig.  \}  wliidi 
gives  plan  and  elevation  :  A  being  Hie  gas  producers,  B  gas 
coolers,  C  rotary  tar  extractors  and  pressure  fans,  D  filters,  E 
gas  engiue,  F  3-phase  alternator. 

The  gas- producer  jilant  is  of  the  suction-pressure  type, 
and  was  constructed  by  tlie  Power  Gas  Cor[)oralion  Coinpan v, 
of  Stockton-on-Tees,  owners  of  the  "  Mond  "  and  other 
patents.  The  plant  was  designed  with  special  reference  to 
the  conditions  under  which  it  was  to  work,  viz.,  continuous 
running,  in  a  semi-tropical  climate,  at  a  high  altitude,  and 
with  Transvaal  coal,  and  has  tuidoubiefUv  fulfilled  the  re- 
quirements. Samples  of  the  coal  which  was  proposed  to  1)(、 
used  were  sent  to  the  makers  for  trial  and  exaniiiKition  so  as 
to  obtain  as  far  as  possible  the  best  results. 


The  producers  are  ihrco  in  miiiilx.r,  t  Ik*  ca|i;n  it  v  of  h 
Immii^  halt'  the  rated  full  load  of  «'ii"'iii<'，  so  thai  one  is  always 
available  as  a  siand-by.  During  t  l"'  lirsl  vear'n  working  only 
two  of  these  were  erected,  so  that  tl"  r(*  was  not  a  span*  '，m*. 
Tlie  producer  is  very  similar  io  \  lie  onliiiary  siirtion-gaH  pro- 
rlu<*or  for  anthracite,  《V('.  It  r( 川 sists  of  a  ryliiulrical  steel 
shell  with  firebrick  lining,  t lu*  i(>p  boin^  rovwl  bv  a  xteel 
plate  carrying  the  (Iiarging  Iiopper,  aiul  |>rovi(l*;<l  with  a 
nmnher  of  j>oke  Iioles  lo  <Mial>le  tlie  fuel  to  l>e  broken  up,  aiifl 
any  clinker  to  be  loosened  from  the  sides.  There  is  al、"  ； in 
annular  steel  boiler  or  vaporiser  on  llio  u|，|)'，r  part  of  th''  fir«- 
l>rick  lining,  fed  with  water  from  a  visible  si^ht  feed  whi'  li 
])rovi(lcs  I  lie  lHM-ossarv  si  cam  for  t  Im- '一, ；卜、 \n  <><\\u-t*r ,  ]{ouii'l 
the  main  steel  shell  of  tlie  generator  there  is  an  outside  c;ihin^ 
provided  with  small  circular  floors  r)|»eniiig  to  tlie  air,  ； ni'l 
provided  with  ； i  srrew  for  adjusting  ilie  ； 'mount  of  o|>eniii^. 
The  lower  part  of  tlie  casing  opens  into  U"，  lower  jiart  of  tlie 
gas-producer  luriiare  below  tlie  firebars. 
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Fig.  1.— Gknehal  AitiiANGKMKNT  of  Plant  at  Gkoknfontkin  Tin  MiNEb. 

The  vaporiser  outlet  is  also  led  into  the  top  of  this  casing. 
By  regulating  the  screws  on  the  circular  doors  any  required 
amount  of  air  can  pass  into  the  furnace,  and  with  this  air  is 
jnixed  the  steam  from  the  vaporiser,  and  thus  the  air  is 
saturated  with  moisture,  and  being  taken  round  the  steel 
shell  of  the  producer  almost  all  radiation  losses  are  taken  up 
by  the  air  aud  steam,  the  mixture  thus  going  hot  to  the  fuel. 
At  the  lower  part  of  the  producer  are  small  doors  for  examin- 
ing the  fire  and  for  cleaning  the  firebars.  The  firegrate  is  of 
conical  shape,  having  horizontal  openings  which  enable  a 
straight  bar  to  be  thrust  into  the  fire.  The  lower  part  of  tlit' 
firegrate  is  open,  and  a  circular  pipe  is  carried  down  from 
this  some  2ft.,  ending  in  a  water  lute.  This  pipe  is  filled 
with  ashes,  &c"  at  starting,  aud  forms  a  bed  for  the  iiuan- 
descent  fuel.  As  any  ashes  or  cliukers  are  formed,  they  (even 
of  large  size)  can  be  readily  removed  from  the  bottom  of  the 
pipe  without  interfering  in  any  way  with  the  action  of  tlie 
producer,  and  without  opening  any  doors.  The  side  doors 
are,  however,  provided  with  a  small  water  jet,  which  is  turned 
on  if  it  is  desired  to  open  the  doors,  and  provides  sufficient 
steam  to  prevent  the  gas  falling  off  in  quality  whilst  the  doors 
are  open. 

The  gas  is  taken  out  from  the  top  of  the  producer,  and  is 
led  up  into  the  coolers  B.  These  are  divided  into  compart- 
ments, and  are  provided  with  a  wat^r  spray  on  the  top  of 
each  for  the  purpose  of  thoroughly  cooling  the  gas.  The 
bottoms  are  open  but  sealed  with  a  water  l\\U\  so  that  tlie  tar 
and  cooling  water  cau  run  away  freely.     Froui  the  coolers 
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the  gas  is  taken  to  the  rotary  exhausters  and  fans  C  C.  Tliese 
are  in  duplicate,  each  set  of  extractors,  with  its  coolers  and 
filter,  being  large  enough  for  the  full  capacity  of  the  plant. 
The  rotary  extractors  throw  off  all  tar  and  also  draw  the  ga» 
through  the  producers  and  force  it  under  a  slight  pressure 
through  the  filters  to  the  engine.  The  gas  passes  from  the 
extractors  to  the  top  of  the  filter,  whilst  the  tar  flows  down- 
ward to  a  water-sealed  sump.  Thus  at  all  points  of  the  plant 
no  undue  or  dangerous  pressures  can  occur,  as  the  pressure  Is 
limited  to  a  few  inches  of  water.  The  filter  D  consists  of  a 
steel  box  containing  wooden  grids  packed  with  shavings  and 
sawdust.  The  gas  filters  from  the  top  downward,  so  that  if 
necessary  to  change  the  filtering  medium  it  can  be  seen  at 
once  by  taking  off  the  cover.  However,  this  filter  is  only  put 
on  as  a  safeguard,  as  rarely  does  the  material  have  to  be 
changed.  I  saw  the  side  of  'the  filter  opened  up  a  year  after 
it  was  filled,  and  the  material  was  hardly  soiled. 

The  gas  engine  E  was  built  by  the  Premier  Gas  Engine 
Company,  of  Saiuliacre,  and  is  of  their  well-known  scavenger 
type.    It  is  a  3-cylinder  3-crank  engine,  having  cylinders 


Fig.  '2.— Section  of  "  Pkkmikr  "  Positive  Scavkngkb  Gas  En  gink 


20in.  diam.  by  26in.  stroke,  and  rated  to  develop  450  b.h.p. 
at  sea  level  when  running  at  170  revs.  ]>er  nnnute,  and  is 
the  largest  gas  engine  at  present  working  in  South  Africa, 
It  is  fitted  with  heavy  flywheel  crowned  for  belt  drive.  The 
scavenger  type  engine  is  so  named  because  the  products  of 
combustion  are  swept  out  after  each  explosion  by  a  charge  of 
air.  With  the  exception  of  the  use  of  a  scavenger  charge, 
the  cycle  of  operations  is  the  well-known  4- stroke  one,  and  tlie 
action  will  be  readily  understood  on  referring  to  the  section 
of  this  engine  shown  on  Fig.  2，  in  conjunction  with  the  fol- 
lowing description  ： ― 

Assuming  that  the  engine  is  commencing  its  first  or  suction 
stroke,  the  admission  valve  E  will  be  open,  exliaust  valve  H 
nearly  shut,  and  the  gas  valve  G  shut,  but  opening  when 
piston  has  moved  a  small  distance  on  the  suction  stroke.  The 
air  supply  is  admitted  through  a  pipe  S  B  and  thence 
through  light  lift  valves  F.  It1  will  be  seen  that1  the  piston  is  of 
the  differential  type,  and  therefore  that,  when  it  moves  for- 
ward, the  air  entering  through  the  valves  F  will  divide  up, 
a  portion  entering,  by  way  of  tin1  ])ort 】）， the  enlarged  cylin- 
der N,  and  another  portion  goin^  tlirough  the  passage  C, 
ports  1)  P  and  valve  E  to  the  motor  cylinder  Z.  The  gas  is 
fed  through  a  pipe  and  gas  cock  to  the  space  marked  M， 
whence  it  passes  through  the  annular  gas  valve  G,  past  the 
ports  1)1)，  w  lie  re'  it  meets  and  thoroughly  mixes  w  i  1 1 1  air 
entering  through  them.  Towards  the  end  of  the  stroke  the 
gas  valve  is  closed,  and  shortly  thereafter  the  admission  valve 
I  also,  and  at  this  stage  the  cylinder  is  filled  with  a  mixture 
consisting  of  air  and  gas. 

Second  Stroke. —— This  mixture  is  compressed  into  the  clear- 
ance space  Z，  while  the  air  which  entered  the  cylinder  N  is 
also  compressed,  but  owing  to  the  comparatively  large  volume 
of  the  clearance  spaces  in  conne (； tion  with  it,  the  pressure 
behind  the  piston  A  rises  to  only  about  5 lbs.  above  the 
atmospheric  pressure,  whereas  the  pressure  iu  the  space  Z 


rises  to  between  lOOlbs.  and  180lbs.,  depeiuling  on  the  volume 
of  this  space,  which  is  made  suitable  for  the  kind  of  gas 
used. 

Th  ird  Stroke, — When  the  compression  stroke  is  nearly 
completed,  the  compressed  mixture  is  ignited  by  means  of  an 
electric  spark,  ami  the  piston  is  propelled  forward,  the  air 
which  had  been  coin  pressed  by  the  piston  A  expanding  and 
falling  again  to  atmospheric  pressure.  Towards  the  end  of 
this  stroke  the  exhaust  valve  H  is  opened,  and  the  pressure 
in  the  motor  cylinder  falls  nearly  to  that  of  the  atmosphere. 

Four  lit  Sf/f)/,f , —— The  piston  moves  backwards,  expelling 
the  products  of  combustion  from  the  motor  cylinder  and 
re-compressing  the  air  behind  the  large  end  A  of  the  piston 
till  the  crank  reaches  the  point  shown  on  the  diagram.  At 
this  point  the  admission  valve  E  is  opened,  and  the  air  com- 
pressed by  the  piston  A  flows  through  the  ports  P  P  and  the 
valve  E,  spreading  out  and  displacing  the  products  of  com- 
bustion in  the  upper  part  of  the  space  Z,  as  iirli(';iU'(l  \>y  t  Ik- 
arrows.  The  continued  backward  movement  of  the  piston 
keeps  up  the  supply  of  air,  which  flows  at  an  increasing  rate 
throu^li  the  diminishing  space  Z，  and  even- 
tually clears  out  all  the  products  of  conibu-s- 
tion  from  that  space  and  fills  it  with  pure 
and  comparatively  oool  air. 

A  considerable  excess  of  air  is  supplied 
by  the  piston  A  to  ensure  the  complete  clear- 
ing out  of  the  space  Z，  and  this  excess  passes 
through  the  exhaust  valve.  The  latter  re- 
mains open  till  after  the  crank  has  passed  the 
dead  centre  in  order  to  allow  the  pressure  in 
the  cylinder  to  fall  to  that  of  the  atmosphere. 
Therefore,  not  only  is  the  space  Z  filled  with 
pure  and  cool  air  instead  of  hot  products  of 
combustion,  but  also  the  passage  of  a  large 
excess  of  cool  air  over  the  valves  and  internal 
surfaces  which  come  in  direct  contact 
with  the  flame  helps  to  cool  these  sur- 
faces, and  thus  in  two  ways  teuds  to 
prevent  that  overheating  which  is  t  he 
greatest  difficulty  met  with  in  large  engines. 
As  the  charge  is  cool  before  compression,  it 
is  possible  to  work  with  a  higher  compression  than  can  be 
used  in  other  engines  without  premature  ignitions.  The 
loss  of  heat  to  the  cylinder  walls  is  also  less  in  proportion  to 
the  power  developed,  owing  to  the  greater  density  and  lower 
initial  temperature  of  the  charge,  and  for  these  reasons,  a 
similar  engine  installed  at  the  BiiTiiinghain  University  holds 
the  record  for  thermal  efficiency  among  gas  motors.  It)  will 
be  seen  that,  although  the  system  of  scavenging  is  very  com- 
plete, the  engine  is  little  more  complicated  than  a  non- 
scavenger  engine,  and  possesses  many  mechanical  advantages 
which  are  not  found  in  other  engines. 

The  governing  of  the  engine  is  controlled  by  varying  the 
quality  of  the  charge.  A  typical  indicator  diagram  is  shown 
in  Fig.  3.  These  were  taken  with  gas  of  a  value  of  135-140 
B.T.U.  per  cubic  foot,  and  show  the  effect  of  governing  by 
throttling  down  to  quarter  load  and  also  the  overload  tlie 
engine  is  capable  of  carrying.  Another  special  feature  of  the 
engine  is  the  sparking  plug.  This  is  of  the  self-cleaning  type, 
and  I  have  hefe  one  for  your  inspertion.  The  contacts  a  re 
arranged  so  that  the  moving  part  has  a  slight  end  jilav,  but  is 
kept  in  position  hy  a  spring.  At  everv  coin])ression  and 
explosion  the  pressure  in  tbe  cylinder  drives  out  the  movable 
striker,  the  spring  forcing  it  back  after  the  explosion,  so  that 
any  dirt  that  might  collect  is  being  constantly  rubbed  off. 

The  dynaino  F  was  made  by  the  A. E.G.  of  their  st;indard 
type,  of  a  rated  capacity  of  300  K.V.A.,  550  volts,  50  cycles, 
3-phase. 

Having  thus  briefly  described  the  plant,  T  propose  to  give 
you  some  of  the  results  obtained.  The  coals  that  have  been 
used  in  the  plant  on  regular  work  are  round  and  nut  coal 
from  the  Douglas  Colliery  and  mit  coal  from  the  Premier 
Colliery  and  the  Oogies  Colliery.  Douglas  and  Premitir  coals 
are  chiefly  used  because  they  are  tbe  nearest  collieries  to 
Groeufonteiu  and  therefore  the  cheapest.      1  have,  however, 
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tested  on  a  smaller  plant  nearly  all  the  ； iv;iiUl"c  Tr;msv":il 
coals,  inchuiiii^  Witbaiik,  rI\vet'l  foiilcin,  Soutli  Raiul  C^llicrv, 
Springs,  and  miscellaneous  coals  obtained  from  the  coal  agen- 
cies, and  have  not  yet  found  any  that  <^uve  any  special 
trouble.  As  before  nientioned,  coals  thai  ('use  and  ('linker 
are  the  worst  to  deal  with,  as  they  mean  more  labour  in  st ok- 
When  the  plant  was  first  started  a  trial  rim  was  in;i(l'', 
the  load  being  put  on  by  an  ； ul  jiistahl*1  \v;i( cr  rt^ist ;uice. 

On  a  coniinuous  run  of  12 ^  hours  3,100  b.li 屮. lioui-s  wen- 
produced  from  4,0951bs.  coal  =  l'321bs.  per  brake  horse-power 
hour.  For  a  four-hours'  run  1,250  hours  from  】，（）ir)ll's 

coal  =  *8331bs.  per  l)rake  liorse-power  hour.  Tht>  power 
developed  during  part  of  this  run  was  up  to  -100  b.li.p.  This 
was  Douglas  romul  coal,  having  an  average  caloiific  value  ol 
11,600  B.T.U.  per  pound.  The  thermal  efliciency  works  out 
at  about  26*34  per  cent.  Tests  ina(le  under  ordinary  working 
conditions  about  two  months  after  the  lirst  trial  run  were  :t、 
follows : —— 

Test,  10^  hours  ；  engine  running  ahout  half-lo;ul. 
B.1I.P.  developed  1  77  b.h.]).  avcragt',  carrying  from  tuv  load 
to  233  b.h. p. 

Weight  of  fuel  consumed,  4,0201bs. 

Weight  of  fuel  consumed  per  brake  horse-power  Ikmij-, 
216. 

Clinker  and  ash  removed,  3501bs. 
Fire  cleaned  once  per  hour. 

Water  consumed  in  producer  per  pound  fuel,  '  1  lll>s. 
Analysis  of  gas. 

Per  cent. 

CO.,   4-4 

O  「   "42 

- CO    16  37 

H    20-6 

CH4    2  92 

N   55*29 

Total  '— ,onibustible，  39  89  per  cent. 
The  calorific  value  of  this  gas  is  about  160  B.T.U.  per 
cubic  foot.  In  this  particular  case  the  gas  is  specially  rich 
in  hydrogen.  The  average  composition  of  "  Mond  "  ^ras 
would  be  from  145  B.T.U.  io  160  B.T.U.  per  cubic  foot  at 
sea  level,  and  the  composition  as  follows:  — 

Per  cent. 

CO    23 

H   • •••••   17 

CH4    3 

C02   5 

N  and  moisture    52 

Average  ordinary  suction-producer  gas. 

Per  cent. 

CO    22 

H    9 

CH4   ■   2 

CO.,   5 

N   62 

and  the  heat  value  about  130  B.T.U.  per  cubic  foot.  TIk1 
quantity  of  gas  used  per  brake  horse-power  hour  is  about 
65  cub.  ft.  This  is  equal  to  an  engine  efficiency  of  about 
30  per  cent,  of  heat  in  gas.  The  producer  will  give  an  effi- 
ciency of  about  80  per  cent,  of  the  fuel  value  in  the  favour  of 
gas,  so  that  the  combined  efficiency  gives  a  heat  value  in 
brake  horse-power  of  plant  of  24  per  cent.  A  hi^li-rlass 
steam  plant  will  give  at  most,  say,  13  per  cent,  of  the  heat 
value  of  the  fuel  in  the  form  of  power. 

Mr.  A.  Stuart,  the  manager  of  the  Gro(Mit-<>ntein  I\I ine, 
lias  kindly  sent  me  the  following  particulars  under  date  of 
February  3rd,  1913  :  "  As  you  are  probably  aware,  cur  plant 
has  not  yet  been  run  to  its  full  capacity,  but  I  hope  by  tli(、 
end  of  the  week  to  give  it  another  80  h.p.  I  am  driving  the 
mill  and  pumps  off  the  plant,  and  the  load  factor  should  come 
up  to  about  "75  to  '8.  At  present  it  is  not  more  than  '5，  and 
has  been  as  low  as  3,  so  that  any  figures  relating  to  past 
running  cannot  be  taken  as  representing  the  true  focts.  I 
give  below  an  average  consumption  for  tlie  last  eight  inontlis, 
and  also  some  figures  whicli  yon  can  accept  as  fairly  reliable, 
showing  what  the  plant  will  do  when  running  with  a  good 
load. 


" Particulars  of  a  3G0  h.p.  Premi<  i  二'； "  '  lum  i  umiin^  on 
hilumiiHHis  coal : — 

" Data  average  over  an  eight-inoiitlis'  i  un.  A、vrw'  r tin- 
ning time  per  moi"li，  b'M)  liours  (  do  rmmm 二'  1 1  om  Sat  unlay 
to  Sunday  midnight).  Average  coal  consumpt ion,  UI'h.  |>er 
brake  horse-power.  Oil  consu!n])tioii,  7.1  tins  ；'; is  c'nyin''  m\, 
10A  tins  heavy  bearing  oil,  *fec.  Coal  cost,  29s.  G'l.  a  ton 
(2,()0()lbs.)  at  mine.  Labour,  one  white  driver  ； m'l  inur 
natives,  each  eight-hours'  shift.  Cost  per  liiak**  hors**  -  power 
hour,  based  on  a  coal  consuinption  of  1  oHjs.  per  lior.sc-powcr 
hour,  and  a  running  time  of  550  liours  per  moiitli.  Total, 
145,5121bs.  Coal  cost,  29s.  6(1.  per  2,0001bs.  Total  crjsl  of 
fuel,  £158.  Running  costs,  incluflin^  white  aiifl  nativ** 
wages,  oil  and  sundry  stores,  native  food,  anrl  workshop 
charg-es,  £175.  (Workshop  charges  average 丄 35  a  montli, 
and  could  be  taken  out  of  this  account.)  Making  a  total  ol' 
£333,  or  a  cost  per  brake  horse- power  hour  of  '.jfj.l. 

"The  plant  runs  usually  144  hours  per  week,  '••''•，  from 
Sunday  midnight  to  tlie  following  S;iLur<l;i v  "ii 山 It  was 
intended  to  run  30  days  per  month,  but  I  uiulerstanfl  that 


Fig.  3.— Typical  Indicatoh  Di,\ghams. 

A  shows  normal  load  card ;  B  overload  card  (about  33/ )  ；  C  approximately 
halt-load  card  ；  D  appi-oxiiiiately  auarter-load  card. 

tlie  law  does  not  permit  the  special  work  for  which  the  plant 
is  used  to  be  carried  on  during  Sundays.  During  January 
the  plant  was  run  667  liours  out  of  a  possible  672  hours." 

The  efficiency  of  all  producer  gas-eugine  plants  falls  ofl 
very  rapidly  as  the  load  decreases,  so  that  the  engines  should 
be  worked  as  near  as  possible  to  full  load  to  get  the  best 
results.  A  considerable  amount  of  tar  is  obtained  from  the 
tar  extractors.  This  tar  is  different  in  composition  from  the 
ordinary  gas  tar,  as  the  lighter  oils  are  burnt  from  actual 
contact  with  the  fire,  and  also  the  tar  contains  a  considerable 
percentage  of  water,  from  20  per  cent,  to  30  per  cent.  It  is 
used  in  other  countries  for  briquette  making,  road  makini:, 
and  when  freed  from  water  makes  a  good  preservative 
coating  for  ironwork,  &c.  No  troubles,  however,  have  been 
experienced  from  tar  in  the  engine,  as  the  gas  is  perfectly 
clean. 


A  Study  of  Blastfurnace  Conditions.  Tlir  ， 
of  blastfurnace  tests  are  given  in  "  Stahl  unci  Eisen  "  by  Dr. 
Norbert  Metz.  The  tests  were  carried  out  on  a  blastfurnace 
using  minette  ore  and  having  six  tuyeres.  Its  height  from 
the  base  of  the  hearth  to  the  throat  is  55ft.  8iin.  ；  the  \wai  \  li 
is  9ft.  2in.  diam.,  and  the  cubical  contents  are  12,077  cub.  ft . 
The  average  daily  output  is  120  to  130  metric  tous  of  basic 
Bessemer  iron,  with  a  coke  consumption  of  2,6451bs.  per  metric 
ton.  The  average  blast  pressure  is  4*821bs.  per  square  inch 
and  the  blast  temperature  varies  from  800°  to  870°  C.  The 
author's  general  conclusions  from  t  lit'  tests  are  ：  ( 1 ) 
The  decomposition  of  calcium  carbonate  is  only  brought 
about  in  a  well-marked  zone.  (2)  Tjie  sfpar;ition  of 
carbon  is  probably  not  the  cause  but  the  result  of  the  furnace 
hanging.  (3)  Four  distinct  zones  may  be  separated  for  tho 
formation  of  hydrogen  :  (a)  The  highest  part  of  the  shaft , 
where  the  reduction  of  water  by  means  of  carbon-monoxide  is 
the  greatest,  (h)  The  lowest  part  of  the  shaft,  where  a  smaller 
amount  of  hydrogen  is  produced,  (r)  The  bosh,  where  the  last 
traces  of  water  introduced  with  the  charge  are  dissociated. 
(d)  The  tuvere  zone,  where  water  is  introduced  by  tlie  blast 
or  by  leaks  in  the  water  cooling  arrangements.  (4)  The 
variations  in  blast  temperature  brought  about  by  clian^ing  the 
stoves  can  be  uoticed  until  at  least  the  upper  part  of  the  bosh 
is  reached. 
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ARRANGEMENT  FOR  COOLING  AND  CLEANSING 
PRODUCER  GAS. 

1  n  i;as  |»roduccrs  usin^  bituininous  fuel  11"—'  '''"'l('r  is  used  to 
reduce  the  temperature  of  the  gases  before  they  pass  to  the 
mechanically-driven  tar- extracting  fan,  the  gases  hitherto  hav- 
ing generally  entered  at  the  lower  end  of  the  cooler  and 
j);issed  upwards  through  material,  such  as  coke,  down 
which  cold  water  flows  so  as  to  cool  the  gases  on  their  way 
to  Hie  outlet  at  the  top  of  the  cooler,  from  which  the-  gases 
pass  by  me-ans  of  piping  to  the  fcar-extracting  fan.  Hereto- 
fore, it  has  also  been  proposed  to  purify  coal  gas  by  the  action 
of  water  in  divided  streams,  or  sprays,  impinging,  on  the  gas 
whilst  being  caused  to  pass  downwards  in  a  circuitous  course 
between  trays,  or  screens,  in  a  closed  chamber. 

From  bitu niinous  fuel,  such,  for  instance,  as  lignites,  vola- 
tile ltiatter  de])Oisits?  particularly  in  Hie  piping  l)eUve'Mi  t  ho 
outlet  from  the  top  of  the  cooler  and  the  in  lei  to  1  lie  tar- 
extracting  fan.  In  the  case  of  some  fuels,  this  deposit  takes 
plao©  so  rapidly  that  this  pipiug  becomes  choked  even  in  a 
few  hours,  and  causes  stoppage  of  tlie  working  of  the  gas- 
producing  plant.  It  has  been  found  in  practice  that  if  water 
be  caused  to  flow  through  this  piping  it  will,  in  a  great 
measure,  keep  it  free  from  this  deposit  for  a  longer  period,  but 
an  objection  to  this  is  that  the  volatile  matter  is  washed  to 
one  end  of  the  piping,  and  gradually  accumulates  there,  and 
ultimately  causes  stoppage  unless  frequently  cleaned  out  of 
the  piping. 

To  overcome  theso  objections,  without  using  an  additional 
quantity  of  water,  the  arrangement  illustrated  lierewitli  lias 
been  designed  and  pat&nt/ed  by  Messrs.  Tangyes,  Ltd.,  Corn- 
wall Works,  Soho,  Birmingham,  in  conjunction  with  Mr. 
James  Robson.    A  is  the  generator  in  which  the  fuel  is  decoin- 


of  volatile  matter  that  iiiighi  tend  to  take  place  is  imme- 
cliateiy  carried  forward,  by  the  flowing  water,  into  and 
through  the  tar-extracting  fan  .1.  The  water  and  volatile 
matter  leave  the  tar-extraciing  fan  J  by  the  outlet  pij>e  K， 
and  run  ink)  a  tar-oollecting  vessel  Jj  which  is  fitted  with  the 
usual  overflow  piping  to  allow  of  the  water  running  away. 

T!ie  "rases  now  having  been  freed  (or  practically  so)  from 
volatile  matter,  pass  from  the  tar-extracting  fan  J  to  the 
t  dryer  M，  which  contains  a  number  of  trays  carrying  、vu<"l， 
wool,  or  sawdust,  for  the  purpose  of  removing'  any  jnoisture 
before  the  gases  pass  through  the  expansion  chamber  N  on 
tlieir  way  to  the  engine.  Th-e  tar-extracting  fan  J，  which  is 
mechanically  driven,  requires  water  to  pass  througli  it 
whilst  il  is  in  operation,  but,  as  in  the  arrangement  under 
notice,  the  water  from  the  cooler  E  passes  through  the  fan, 
a  material  reduction  in  the  total  quantity  required  is  effected. 
Tlit*  usti.-i]  hlow-od"  pipe  P  and  va】ve  R  are  shown  fitted  to  the 
piping 】3  for  the  purj>ose  of  carrying  the  waste  gases  to  the 
atmosphere  when  blowing  up  the  fire  in  the  generator  at 
starting. 


- AltRANGKMENT  FOB  COOLING  AND  ClKANSING  PRODUCKK  GAS. 


po&ed,  and  tlie  gases  produced  before  passing,  hy  inenns  of  the 
piping  B,  to  the  dus1>collecting  chamber  C.  The  gases  pass 
from  this  chamber,  by  way  of  D  to  the  top  of  tho  cooler'  E， 
where  they  meet  a  spray  of  cooling  water  admitted  by  the 
pipe  F.  The  gases  along  with  the  cooling  water  then  flow 
together  downwards  over,  or  througli,  a  number  of  inclined 
baffle  trays  G  bo  the  bottom  of  the  cooler  E.  The  traysi  G 
are  for  bringing  ihe  gases,  and  water  into  intimate  contact 
with  each  other,  so  that  tlie  ga-s&s  will  be  sufficiently  r(、（lii('ed  in 
teniperatur&  before  leaving  the  cooler  E.  The  trays  G  are 
loosely  supported  in  tlie  cooler  E  on  pins  Q,  aud  tlres&  trays 
can  be  removed  when  desired,  through  the  top  of  the  cooler, 
for  cleaning  purposes.  The  cooled  gases  and  the  water  then 
pa-ss  througli  the  outlet  II  to  the  tar-extraclini;  fan  J,  which 
is  directly  connected  to  the  outlet  II  of  tlie  cooler  E  without 
the  use  of  any  intervening  piping.    In  this  way  any  accuniu- 


CONDENSERS  FOR  TURBINES. 

A  meeting  ol'  the  Yorkshire  branch  of  the  A&sociation  of 
Mining  Electrical  Engineers  was  held  at  Leeds  on  Saturday 
last,  when  Mr.  John  A.  McLay  read  a  paper  on  "  Condensing 
Plant  for  Steam  Turbines,"  in  which  lie  expressed  the  opinion 
that  the  surface  type  of  plant  was  the  only  one  which  should 
be  used  with  a  steani  turbine.  It  was  true  that  other  tyi)es 
were  cheaper  in  first  cost,  as,  for  instance,  the  ejector  type  and 
the  low-level  jet  and  barometric  jet  types,  but  the  objections 
to  their  use  with  turbines  overcame  the  advantage  of  their  low 
first  cost.    A  serious  objection  to  any  form  of  jet  condenser  at 

a  colliery  was  the  fact  that  usually 
the  cooling  water  available  was  un- 
suitable for  boiler-feeding  purposes. 
The  pure  water  from  condensed 
steam  was  mixed  with  the  injection 
or  cooling  water,  and  so  was  lost. 

His  reasons  for  advising  the  use 
of  surface-condensing  plants  were 
that  pure  condensed  steam  water 
free  from  impurities  was  available 
for  the  boilers,  the  power  consump- 
tion was  low,  the  operation  was  easy 
and  safe,  and  the  maintenance  was 
low.  The  surface  plant  was  the 
most  efficient  in  power  consump- 
tion, but  there  were  other  points  of 
greater  importance  whose  value 
could  scarcely  be  reckoned  in 
figures,  such  as  boiler -feed  con- 
siderations, and  boiler  troubles  due 
to  bad  feed  water  and  air. 

Dealing  with  the  arraugement 
of  a  successful  turbine  installation 
with  surface  condenser,  he  suggested 
that  the  prevalent  practice  of 
placing  the  condenser  iu  the  base- 
ment should  be  done  away  with, 
and  that  the  condenser  should  be 
put  on  the  same  floor  as,  and  alongside,  the  turbine.  He 
advocated  bringing  tlie  exhaust  branch  out  at  the  side  of  the 
turbine  casing,  and  directing  the  steam  into  the  bottom  of  the 
condenser,  so  that  it  travelled  up  through  the  condenser.  This 
arrangement  meant  taking  the  circulating  water  in  at  the  top 
of  the  condenser  and  out  at  the  bottom,  also  taking  the  dry  air 
pump  suction  from  the  top  of  the  condenser  and  withdrawing 
the  condensed-steam  water  from  the  bottom  of  tlie  condenser. 
In  addition,  a  connection  should  be  placed  in  the  exhaust 
branch  of  the  turbine,  and  the  feed  make-up  water  sprayed 
into  the  exhaust  pipe.  A  feed  pump  of  the  turbine  type 
should  be  placed  in  series  with  the  condensed-steam  water 
extracting  pumps,  so  that  the  water  withdrawn  from  the  cou- 
ilniser  never  came  into  contact  with  the  air,  hul  passed  direct 
into  the  feed  heater,  econoniiser,  and  boilers.  This  arrange- 
inent,  lie  considered,  would  be  advautageous  in  various  ways. 
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STANDARD  COAL  SPECIFICATION. 

The  following  are  the  juincipal  features  of  a  model  spcrilira- 
tion  and  conditions  of  contract  for  the  purchase  oi'  (  <ki1  1)v 
nlectricity  works,  which  have  been  agreed  upon  by  u  <() 出 
mittee  representing  the  principal  London  firms  of  coal  con- 
tractors on  the  one  hand,  and  a  couninttee  representing  the 
Associated  Municipal  Electrical  Engineers  of  Greater  Loml('ii 
on  t  lie  other.  The  former  coinmit t m(  lmle(l  M i . (；. ('. 
Locket  (cliairman),  of  Messrs.  Gardner,  Lccket,  Hii' "川， and 
Co.,  Ltd.,  and  cliaiiinan  of  the  London  Society  ot  (_Vjal  Mer- 
chants ; Mr.  C.  Fitzsteplien  ('orr,  of  Messrs.  Htephenson , 
Clarke,  A:  Co.,  Lid.  ；  Mi*.  Jolm  Robertson,  of  Messrs,  1 1  udson 
and  Co.,  Ltd.  ；  Mr.  W.  Valder,  of  Messrs.  Wm.  ('()rv  A-  Son, 
Ltd.  ；  and  Mr.  C.  MtRea,  of  Messrs.  J.  il.  lU^iiw  &  (、,.' 
Ltd.  Tlie  Municipal  Engineers'  Coininittee  romprised  »lu' 
ele<  i lical  engineers  of  Poplar,  Stepney,  Finchley,  Shoi-editch, 
hihI  Hornsey,  and  was  reprcsentat  i of  Greater  London 
generally. 

Qi/ft/ttitt/. ― (8)  The  quantity  of  coal  to  be  delivered  sliall 
}>e  -  -  tons,  but  the  purchasei  s  shall  have  the  opt  ion  ot 
purchasing  5  per  cent,  in  excess  of  or  5  per  cent.  less  t  lian 
such  ({iiantity  within  the  period  of  the  contract,  such  option 
to  )>e  declared  before  the  expiration  af  three-quarters  of  the 
period  of  the  contract. 

R<t1v  af  /Jcli rtrt/. ― (9)  The  coal  shall  be  delivered  in 
remilar  weekly,  monthly,  or  quarterly  quantities  as  follows : 

 , but  the  purchasers  shall  liave  tlie 

option  of  taking  10  per  cent,  in  excess  of  or  10  per  cent,  less 
tlian  such  weekly,  monthly,  or  quarterly  quantity  in  any 
week,  nioiitli,  or  quarter,  provided  that  the  total  quantity  so 
taken  is  within  the  limits  described  in  Clause  8. 

\Y  fhfli  fs. ^ (11)  The  purchasers  shall  pay  for  the  ''out 
turn  ''  weight  of  coal  delivered  as  measured  on  the  Council's 
weighing  apparatus  excepting  in  so  far  as  these  weights  may 
he  affected  by  the  conditions  of  the  guarantee.  In  contracts 
where  delivery  is  】na(le  in  truck,  and  the  purchasers  cart  tlie 
contents  to  works,  the  colliery  weight  to  be  accepted,  unless 
the  ])urcliasers  have  the  trucks  re-weighed,  full  and  empty, 
； it  receiving  station. 

Tr/  //ts  o  f  Puijnt  r/tf. ― (12)  The  contractor  shall  render  in 
duplicate  upon  his  own  and  upon  the  purchaser's  form  a 
correct  account  of  what  is  due  to  him  by  the  7th  day  of  the 
month  following  the  month  in  which  delivery  has  been  】na(le， 
hihI  the  ])xir<*hasers  shall  pay  the  contractor  upon  the  certio- 
rate of  the  engineer  within  one  month  of  the  date  upon  which 
the  correct  account  has  been  delivered  to  the  purchasers. 

J)rm  urnujv. —— (16)  In  the  case  of  coal  sold  in  truck  tlie 
purchasers  sliall  be  allowed  three  clear  working  days  from  the 
date  of  arrival  of  trucks  at  the  railway  station  or  sidings,  such 
date  to  be  determined  by  railway  companies'  arrival  note, 
after  which  demurrage  shall  b&  paid  to  the  contractors  at  the 
rate  of  6d.  per  wagon  per  day.  In  the  case  of  sea-borne  coal 
four  clear  days  at  or  off  wharf  shall  be  allowed,  after  which 
demurrage  shall  be  paid  by  the  purchasers  to  the  contractors 
a i  tlie  rate  of  Id.  per  ton  per  day. 

E/H/i/uer1  s  IJf<  fsio/t. ― (20)  All  decisions  of  the  engin eer 
shall  be  subject  to  the  provisions  of  Clause  23. 

Strikes. ― (22)  In  the  event  of  a  strike  or  lock-out  of  the 
workmen  at  the  collieries  or  elsewhere,  or  if  any  cirt'uinstances 
wliatsoevcr  over  which  the  contractor  shall  have  no  control, 
preventing  delivery,  the  contractor  shall  not  be  required  to 
deliver  the  descrij)! ion  of  coal  herein  contracted  for  during 
sucli  strike,  lock-out,  or  obstniction,  and  the  quantity  which 
would  otherwise  have  been  delivered  shall  be  cancelled,  but 
the  contractor  sliall,  if  required  by  the  purchasers,  supply 
other  coal  approved  by  the  engineer  at  a  price  to  be  agreed 
upon. 

A  t'hit mfi'w. — (23)  1  i  at  any  time  any  question,  dispute, 
or  difference  shall  arise  between  the  purchasers  or  their  engi- 
neer and  the  contractor  upon  or  in  relation  to,  or  in  connec- 
tion with  the  contract,  either  party  may  forthwith  give  the 
other  notice  in  writing  of  the  existence  of  such  (im'stimi, 
dispute,  or  difference,  and  such  question,  dispute,  or  difference 
shall  be  referred  to  arbitration  of  a  person  mutually  agreed 
upon,  or,  failing  agreement,  to  some  person  appointed  by  tlie 
President  for  the  time  being  of  the  Institution  of  Electrical 
Engineers.    The  award  of  the  arbitrator  shall  be  final  and 


))iii(ling  on  the  parties.  .  .  .  This  suljinisMton  slwill  he 
deemed  to  be  a  submission  to  arliit  ration  wit  Inn  tlif  mcauing 
of  the  Arbitration  Act,  1899. 

Specifications. ― There  are  alternutiv*;  i, 山、.     A  " 

for  coal  of  a  particular  (lescripUon,  or  "  named  "  coal,  wliile 
H  is  for  coal  guaranteed  to  hav**  dclinitf  physical  ；i、 
a  fuel  for  steam-raising  pu r poses. 

The  principal  features  of    this    latter    specification  for 
•  guaranteed  coal  "  are  as  follows  ： ― 

Tlie  tenderer  shall  set  out  in  his  details  t  h  •  < 
for  whicli  he  is  tendering,  corresponding    with    t  lie  rlasBen 
referred  io  in  the  1  ifjle  of  st -mdards. 

7V. 、,////,/. ― ( A )  A  represeitt'itive  sample  shall  be  taken  on 
dalivery  from  eacli  or  any  consigiinieiit,  and  sliall  divided 
and  sealed  in  three  airtight  vessels  ；  the  contractor  shall  be  ； it 
liberty  to  be  represented  when  the  sample  is  taken,  and  shall 
bs  entitled  to  one  portion  thereof.  The  ( out r;ictor  sliall  have 
iio  opportunity  at  a  later  date  of  objecting  to  tlie  manner  in 
which  the  coal  lias  been  sampled. 

(B)  Samples  taken  in  the  manner  herein  defined  shall  be 
taken  from  each  consignment  and  tested  by  the  purchaser,  or 
in  the  event  of  dispute  by  a  competent  expert  wlio  shall  be 
a  proved  from  time  to  time  by  the  purchaser,  and  whose  fees 
shall  be  paid  by  the  contractor  if  the  purchaser's  test  is  con- 
firmed. The  tenderer  is  invited  to  set  out  in  the  tenderer's 
details  the  names  of  three  experts,  either  of  wliom  he  is  agree- 
able sliall  be  employed. 

Table  of  Standards  to  be  Applied  in  Connection  with 
Guaranteed  Coals. 
A. ― Bm-MiNors  Dt  iiham  and  Vokkshire. 

Moisture.  Small  C<ial  through 

1.  Washed  double  nuts,  13,250  B.T.U.'s     8%  \"  square  mesh  15% 

'二  Washed  single  nuts,  13,000  B.T.U/s      9%  \"     ，，        ，，  17J% 

X  Washed  peas,  12,750  B.T.U.'s    10%  ]"     ,，        ，，  i>or>(( 

B. ― BlTTJMINOTTS  SCOTCH  WASHED  COALS. 

Moisture.  Small  Coal  through 

I.  WasluHl  (Ioul)lt*  nuts,  12,750  B.'I'.U/s      10°o  square  moli  I.V'1( 

丄 Washetl  single  nuts,  12,50<)  B.T.U.'s, .     1 1%  Y      ,,         ,,  2""" 

a.  Washed  pe^s,  12,000  B.T.U.'s                  13%  ft"     ，，        ，，  'J<>"„ 

C. ― SEMr-HlTUMIXOUS  AND  P.SET'DO  AXTHKACITE  \Vi:i>H   W \>HKl>  (  '  I  \I>. 

Moisture.     Small  Coal  tlir、'iwl» 
1.  Washed  large  nuts,  14,300  B.T.U.'s  5%       l"  square  nu-sh  1,'",, 

'2.  Washed  small  nuts,  13,900  B.T.U.'s  . .      6%       \"     ,,        ,,  -2o"() 
3.  Washed  peas,  13,350  B.T.U.'s    6%      ^*     ，，  ，， 

D. ― Bitttmixous  Durham  and  Yorkshire  Dry  8ckkenki>  Coai.s. 

Moisture.    Small  Coal  thniii<rli 

1.  Double  nuts,  12,750  B.T.U/s    5%       V  square  mesh  I7!°0 

2.  Single  nuts,  12,500  B.T.U/s    J" ,， '丄 V'。 

3.  Peas,  12,250  B.T.U.'s   G%       y     ，，  ，， 

M ― BiruMixoirs  Dkhbvshiue  and  Nottixghamshihe  Dry  Sckk..nkd. 

Coals. 

Moisture.     Small  Coal  thnniLrh 

1.  Double  nuts,  12,250  B.T.U.'s    9%       J,  square  me>h  l  —>'  ,, 

2.  Double  screen e<l  small  nuts,  Il'jm  id 

B.T.U.'s   9%       I0     ,，        ，，  ■-,,»'，,， 

3.  Pea  nuts,  11,500  B.T.U.'s   10%     ^*     ，，        ，，     20" 0 

F.— BjTiTMixors  Leicester- Warwick  and  South  ； ST.、n'tii:i>、mi:K  】），：、■. 
Screened  Co.vi.s. 

,  Moisture.    Small  Coal  through 

1.  Double  nuts,  12,000  B.T.U.'s    10%     V  square  mesh  J.V'1( 

2.  D.S.  small  nuts,  11,750  B.T.U.'s    10°o      Y       .，  二'"'，， 

3.  Pea  nuts,  11,250  B.T.U.'s   12%      ^*     .,         ,，  2""。 

Bonus  and  Ptnalty, ― No  variation  of  tlie  contract  price 
shall  be  made  for  any  variation  from  the  standard  not  exceed- 
ing one-twentieth,  up  or  down,  of  the  figures  given  in  the  table 
of  standards. 

(//)  If  the  calorific  value  exceeds  the  standard  value  in 
British  thermal  units  per  pound,  the  prioe  per  ton  shall  be 
increased  in  the  same  percentage  ratio  as  the  increase  in  the 
calorific  value. 

(b)  If  the  calorific  value  be  less  than  the  standard  value 
in  thermal  units  per  pound,  the  price  per  ton  shall  be  decreased 
in  the  same  percentage  ratio  as  tlie  decrease  in  calorific  value, 
provided  always  that  the  purchaser  shall  have  the  right  to 
reject  the  whole  consignment  if  the  calorific  value  be  more 
than  7i  per  cent,  below  the  standard. 

(c)  If  the  moisture  be  less  than  the  standard  percent.ii：'- 
by  weight,  the  weight  of  coal  to  be  paid  for  shall  be  increased 
beyond  the  quantity  actually  weighed  out  by  a  percental 
equal  to  the  percentage  decrease  of  moisture. 

(d)  If  the  moisture  exceed  the  standard  percentage  bv 
weight,  tlie  weight  of  coal  to  be  paid  for  shall  be  decreased 
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l)elow  the  quantity  actually  wei^lien  out  by  a  percentage  ecjual 
i  o  the  percentage  increase  of  moist  ure.    Provided  always  that 
the  jmn-liaseis  sliul!  havi'  Uh'  fi^lil  1  o  re ject         wliolc  rmisiuii 
meat  if  the  total  moisture  exceed  \\  times  t  he  moist  ure  given 
iti  t  he  table  ol'  standards. 

(t)  If  tlie  percentage  of  small  coal  be  less  than  the  stan- 
dard percentage  by  weight,  the  weight  oi'  coal  to  be  paid  for 
shall  be  increased  beyond  tlie  qiiantil y  weighed  out  by  a  ]>er- 
centage  equal  to  oneKjuarl er  oi'  the  ]>ercentage  decrease  of 
small  coal,  perc(jnl a^es  to  be  taken  on  tlio  bulk  anfl  not  on  t  lie 
si  a  ndard. 

(/)  I  i  t  lie  proportion  of  small  coal  exceed  the  standard  per- 
centage by  weight,  the  weight  of  coal  to  be  paid  foi-  shall  be 
decreased  below  the  quantity  actually  weiglied  out  by  a  per- 
centage equal  to  one-quarter  of  the  percentage  increase  of 
small  coal,  provided  always  that  the  purchasers  shall  liave  the 
right  to  reject  the  whole  of  tlie  consignment  if  tlie  proportion 
of  small  coal  exceed  25  per  cent,  by  weight,  percentages  to  be 
1  ;;ken  on  t he  hulk  and  ikj!  on  the  standard. 

British  I  hernia  ]  units  s  1 1  a  1 1  be  ascertained  on  roal  dried 
at  220°  Fall,  for  an  limu'  })y  means  of  a  Mahler  bomb  calori- 
meter. 

Moisture  shall  be  represented  by  the  total  loss  in  weight  of 
the  coal  as  delivered  after  air-drying  and  exposing  to  a  t etn- 
perature  of  220°  Fah.  for  one  hour. 

The  percentage  of  sulphur  shall  be  based  on  the  analysis 
of  the  coal  'as  received,"  and  must  not  exceed  2  per  cent. 

Tlie  sieves  used  for  determining  the  percentages  of  "small" 
shall  be  of  square  mesh  witli  openings  in  the  clear  to  tlie  sizes 
given. 

The  full  form  of  tender  may  be  obtained  from  Mr.  Harold 
Wright,  the  lion,  secretary  of  the  Coal  Contractors'  Commit- 
i' 屮， c/o  Messrs.  Gardner,  Locket,  &  lIii]toii，  Ltd.,  3,  Fencliurdi 
A  venue,  London,  E.C.,  price  10s.  per  copy., 


NEW  OPEN  HEARTH  FURNACE  DESIGNS.  : 

BY  HERBERT  F.  MILLER,  .ll'N. 

For  a  long  time  I  have  believed  that  the  gas  and  brick  costs 
of  open-hearth  furnaces  using  producer  gas  could  be  greatly 
decreased  by  a  change  in  the  design  of  the  port,  which  would 
materially  reduce  the  first  cost  of  the  furnace,  the  rebuilding 


(list  a  nee  from  the  batli.  Tliis  latter  fact  means  that  tlie  t^ni- 
jjerature  is  sufficient  to  melt  steel  at  the  edge  of  the  port . 
From  tliis  time  on,  ihe  furnace  decreases  in  efficiencv.  What 
is  the  reason  ？ 

As  C  moves  further  back,  the  gas  is  released  from  the  gas 
port  at  a  point  where  there  is  little  or  no  overhead  layer  of 
air.  The  result  is  that  the  ^as  floats  along  the  roof,  with  the 
air  mostly  underneath  it.  Why  the  air  does  not  stay  over  the 
gas  is  readily  seen  in  Fig.  1  -  The  lines  of  draught  naturally 
run  parallel  to  the  length  furnace.  The  air  uptakes  being  on 
the  sides  and  the  gas  port  in  the  middle,  most  of  the  air  will 
naturally  he  drawn  along  the  sides  of  ihe  furnace,  and  the 
】ayer  of  air  will  be  thin  nest  over  the  gas  where  it  is  most 
needed.  Thus,  as  C  moves  back,  the  overhead  layer  of  air 
becomes  tliinner  until  C  lias  reached  a  point  where  it  is  in 
line  with  uptakes  AA，  and  where  there  is  no  overhead  layer 
of  air.  The  gas  then  goes  to  the  roof.  The  life  of  this  type 
of  furnace  is  180  to  250  heats. 

Tlie  foregoing  history  of  the  run  of  producer-gas  furnaces, 
showing  the  causes  of  loss  of  control  of  the  gas  anrl  its  reMills 
in  poor  combustion,  with  consequent  comparative!)*  short  run, 
suggests  tlie  question,  Can  a  furnace  be  designed  for  pio- 
d ucer  gas  which  will  have  a  good  gas  control  and  a  good  com- 
bustion to  the  end  of  a  run  of,  say,  from  400  to  700  heats  ？ 

This  end  can  be  attained  by  either  of  two  designs,  both  of 
which  involve  the  same  principle  of  putting  a  single  air 
uptake  directly  back  of  the  gas  uptake,  as  is  shown  in  Figs. 
2  and  3.  In  Fig.  2  the  port  has  about  one-third  of  the 
width  of  the  hearth,  whereas  the  present  type  has  the 
full  wifltii.  The  roof  of  the  port  dips  sharply,  compressing 
the  air  down  on  the  gas,  and  the  roof  of  the  heart li  is 
gradually  dropped'  to  meet  it.  The  gas-port  arch  is  retained, 
although  flattened  to  the  width  of  the  port.  The  end  C  is 
6ft.  to  10ft.  from  the  edge  of  the  bath.  There  is  a  small  seal 
door  on  each  side  of  the  port  at  C  to  permit  the  repair  of  the 
port  or  the  removal  of  the  brick  which  might  fall  from  the 
gas-port  arch.  The  point  C  will  move  back  slower  than  in 
the  present  type,  because  it  will  be  less  exposed  to  the  flame, 
which  will  always  be  under  the  air. 
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Fig. 


Pig.  2. 

Arrangement  of  Ports  for  Open-hi:arti【  FrR、'.、cKS  using  PRonrcETi  Gas. 


Fig.  3. 


。ost，  and  the  repair  cost.  The  defects  of  the  present  type  of 
such  furnaces,  which  lias  done  duty  for  so  many  years,  may 
be  studied  in  Fig. 】， in  wliich  AA  are  the  two  air  uptakes, 
B  is  the  gas  uptake,  and  C  the  end  of  the  gas  port. 

In  the  present  type  of  furnace,  C  is  practically  on  the  edge 
of  the  bath,  and  therefore  combustion  begins  to  take  phwv  at 
t  hul  point,  but  has  no  effect  until  the  gas  passes  5ft.  to  10ft. 
into  the  hearth.  As  the  furnace  grows  older,  C  moves  back 
by  reason  of  the  burning  or  falling  down  of  the  arcli.  The 
furnace  reaches  its  highest  efficiency  when  C  has  moved  a 
certain  distance,  but  is  still  near  enough  to  the  bath  for  tlie 
overhead  layer  of  air  to  hold  the  gas  down  on  the  l)ath,  and 
far  enough  back  to  permit  combustion  to  take  place  at  soim、 

x  Abstract  of  paper  read  before  the  American  Institute  of  Miiih】g  Eu^'iiiecrs, 
February  19,  1913. 


The  possible  defect  of  this  design  is  that  wlien  tlie  gas- 
port  arch  has  become  short,  combustion  will  coimnence  ton  far 
from  the  bath,  and  make  a  high  gas  cost.  Another  objection 
is  that  tliis  design  could  not  be  applied  to  existing  furnaces, 
because  their  ports  would  have  to  be  lengthened  considerably. 
If  tlie  flame  in  the  above  design  ran  always  be  controlled, 
even  when  the  gas-port  arch  has  burned  bark  to  the  gas  up- 
take, why  have  a  gas- port  a ivh  at  all  ？ 

The  design  shown  in  Fig.  3  is  the  solution.  Hero 
it  will  be  seen  that  the  furnace  is  similar  in  outline  to  the 
present  open-port  type  in  use  at  Homestead.  The  aiv  uj^take 
A  is  back  of  the  gas  uptake,  from  whiclv  it  is  separated  by  a 
substantial  wall.  The  gas  uptake,  wliich  is  as  wide  as  the 
port,  is  6ft.  to  10ft.  from  the  bath.    The  port  is  open  aud 
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smooth,  narrow  and  low.  Tlie  small  cross-so<  l ion  oi'  t his  ]myi 
assui-es  a  speedy  union  of  t  ho  |)re-heated  air  and  ga、  n»sull  in^ 
in  ； i  short  flame  of  intense  lieat,  which  will  l>e  ihh1(m-  ('(""ml 
1  lirou^hout  I  he  run. 

Some  may  think  I  hat  tlio  gas  rising  at  right  angles  to  t  he 
； lir  will  make  a  hi^li  llamo.  1  f  t  ho  port  is  low  cnou^li  tlii" 
will  not  f)c<-ur.  I  I'ave  put  a  stream  of  air  having  a  piessurc 
of  7()lbs.  per  square  iiirli  un(l('r  a  u;it urul-^Hs  llame,  ； irul  ton nd 
that  there  was  very  little  deflection  of  I  he  llame.  This 山' si^ii 
could  he  applied  to  t  lie  (trescut  1  vj»«i  of  |>ro( I  iicci'  ^as  t'ui'iiarcs. 
Tli(、  only  alleral ion  imi>(,rt;m"'  would  l>t'  a  reversal  of  1  lie 
n;ts  checkers  from  ilio  outside  to  1  lie  inside  ])osit  ion. 

lit  huilding  ； i  new  furna<f  ;l  ^rcat  saving  in  hcick  、v()ul'i 
he  made  in  t  lie  ]>orls,  us  can  he  r('a(lilv  soon.  Repairs  to  t  he 
dividint;  w;ill  can  he  made  through  small  seals  t>y  t  Ik*  side  of 
i  1h»  oas  porl.  The  flame  will  always  Ix1  under  control,  ； i  nil 
the  furnace  should  slow  up  only  Ihh-husc  of  dirty  clicckci's  and 
insudicient  drau^lit.  Natural  ^as  could  hf'  used  i f  dt'sirc;!  I»y 
iut  i'o<lu<*in^  il ,  as  usual,  at  t  he  sides  and  ill  I'mnt  of  1  he 
uptake  (;. ' 


METHOD  OF  OVERCOMING  LEAKAGE  IN  STEAM-METAL 
VALVE  CASTINGS. 

The  greatest  difficulty  encountered  in  the  jnanufacture  of 
stcain-inetal  valves  is  their  lea kage  when  tested.  By  this  is 
not  me;iiit,  of  coiu-sc,  t  lu-  leaks  hi  the  sense  that  tlie  ordinary 
observer  wonkl  imagine  or  around  the  joints  or  connections, 
hui  in  the  actual  metal  itself.  In  other  words,  when  this 
kind  of  leakage  occurs,  i  he  metal  has  the  appearance  of  being 
porous.  Valves  are  always  tested  before  shipment  and  ;it 
\  arving  pressures,  depending  upon  the  class  of  work  for  which 
t  hey  are  to  be  used .  Valves  to  be  used  for  hydraulic  work, 
or  high-pressure  steam  lines,  are  always  tested  at  a  hifrher 
pressure  than  those  to  be  employed  for  ordinary  uses.  Valves 
； ue  generally  tested  after  finishing,  as  it  has  been  found 
easier  to  do  so  than  in  tlie  rough  casting,  and  the  actual 
finished  product  is  then  tested,  a  matt  er  that  is  now  considered 
good  practice.  In  case  of  leakage,  the  only  loss  is  in  tlie 
machine  work  done  on  the  valve,  and  this  is  not  considered 
of  much  importance,  as  the  metal  itself  is  not  lost.  The 
valves  may  be  tested  by  water  (hydraulic  pressure),  air,  or 
steam,  and  it  matters  not  what  means  are  used,  if  the  valve 
casting  is  porous,  leakage  will  occur.  The  walls  of  the  metal 
contain  cavities  through  which  water,  air,  or  steam  can  pass. 

The  brasses  and  bronzes  have  the  same  properties  as  far 
as  porosity  is  concerned,  and  it  is  a  mistaken  idea  to  believe 
that  any  one  mixture  will  show  less  leakage  than  a  not  her. 
To  be  sure,  there  is  a  difference  in  the  tensile  strength,  elastic 
limit,  elongation,  and  reduction  in  area,  but  the  factor  of 
safety  employed  in  constructing  a  valve  is  so  great  that  it 
matters  not  what  the  physical  properties  are.  Leakage  is 
never  caused  by  any  lack  of  tensile  strength  in  the  metal  itself, 
but  invariably  from  the  presence  of  dross  blowholes,  or  other 
iniperfoctions  in  the  metal.  To  be  sure,  one  mixture  may 
cause  more  of  these  imperfections  than  another,  but  the  pro- 
portions of  copper,  tin,  lead,  and  zinc  which  may  be  prest'tit 
in  a  valve  casting  can  vary  within  very  wide'  limits  without 
in  any  material  way  affecting  the  leakage,  although  it  has 
been  found  that  to  obtain  the  necessary  physical  properties 
the  mixture  must  remain  nearly  uniform.  For  this  reason , 
it  will  be  found  tliat  the  steam-metal  mixt  ure  used  by  each 
valve  manufacturer  does  not  vary  to  any  great  extent . 

The  cause  of  the  leakage  in  valve  castings  is  the  pnwmv 
of  imperfections  in  the  castings,  and  iliei'ei'ore  it  is  a  matter 
of  foundry  practice.  C1ontr;irv  to  the  belief  of  many  persons, 
this  is  true,  and  tlie  re  is  nothing  else,  provided  a  suitable 
mixture  is  used ,  that  will  cause  the  difficulty.  It  is  true, 
of  course,  that  any  metal  with  aluminium  in  it  will  give  an 
abnormal  number  of  leakages,  but  no  one  in  the  valve  1 川 sim'ss 
would  ever  think  of  usin^  sm-li  a  mixture  to  ]>ul  into  v;ilvt'、 
Given  a  suitable  inixture,  and  tlie  c;iuso  of  leakages  can  1"' 
traced  every  time  to  foundry  practice,  either  in  the  melting, 
moulding,  pouring,  or  in  the  making  of  tlie  pal  tern .  Tlu* 
metal  itself,  however,  is  quite  ini|>ortant ,  as  there  are  siunc 
conditions  which  must  be  met,  and  the  presence  of  aliiminiiun 
in  tlie  metal,  too  much  zinc,  or  otlier  al)nonnal  c]i;uii:es,  will 


necessitate  siK'h  radical  variations  in  thf  foundrv  tli.it  it  ran 
"ot,  he  met,  and  the  n-sult  will  l><  mi  ""t'-wI  mmil"'r  " 
leaks.  It  is  assumed,  as  ； ilmcst  invarial>U  t  1h*  ' w,  tl""  :i 
Jnixture  suitable  for  in;tkin^  valve.s  is  ii、'"l 

The  leakages  in  valve  <"astin^s  will  run  all  th«-  w;iv  from 
3  to  25  per  cent 山卞 upon  t  he  manner  of  '""1 
the  foundry  practice.  A  loss  of  ；5  per  cent,  is  excellent,  ami 
if  it  is  possible  to  keep  the  leakages  down  to  t  his  .iinoiuit , 
then  t  he  inamil'a (； turer  should  consider  l"i'is*'lf  cx<  *-pt  ionallv 
l。r"malt'  and  believe  his  foundry  \nn*  ti<  f  ,  :mii('l  -in 
passed.  In  the  best  re^u\n\i'<\  <'st;il"islim'''"s  t  Ik-  IcakaL'**  vm 1 1 
ordinarily  run  about  5  |""'  c<Mit.,  \vlif*ii  evervt liin^  is  ^oiun 
on  nornially  and  when  t  he  best  nudhorls  for  t  ns\  m»  v:il、  '、 
are  used .  As  one  maker  says :  "  If  the  leakage  of  "111  、'；"、  ，• 
castings  remains  at  about  '「）  per  cent,  we  an*  、atiMi'*'l  and  ； in* 
not  disturbed,  but  if  it  begins  to  averaf'  i/r';iter  than  tli" 
amount,  we  immediately  start  and  invest  i»;alc  in  t  \w  I'oundrv 
to  ascertain  the  cause  of  the  trouble."  In  rriauv  valve  manu 
facturiiig  establishments  the  percentages  of  leakaj/^s  will  run 
from  10  to  15  percent.,  and  it  is  (:(>nsi("'ml  wil;"  \trm-\  nr 
Tliis,  however,  seems  excessive,  ami  would  appear  to  iiidi<  .tt<* 
that  there  is  some  room  for  improvement . 

On  account  of  the  leakages  which  occur,  it  is  usually 
customary  in  many  valve  estahlislnrients  to  u>c  n<*w  itu-tals 
for  tlie  mixture  to  be  used  in  the  bodies  and  liuhs  or  raj>s. 
The  spindle,  too,  in  large  valves  is  usually  made  of  new  m*  \  al 
in  order  to  obtain  the  necessary  strength.  The  st uiliim-ljox*  - 
and  other  small  parts  are  made  of  scrap.  K.\«-t-|»t  i<ms  to 
thesa  rules  are  small  valves  or  those  wliich  are  t o  he  us*  <|  fol- 
low steam  pressure  or  hot  water.  In  such  cases,  all  scrap  is 
used.  The  use  or  avoidance  of  scrap  does  not  determine,  by 
any  means,  whether  leakage  will  occur  or  not.  In  fart ,  it  is 
a  very  common  practice  to  lay  leakages  to  the  U9e  of  scrap, 
when,  in  reality,  other  tilings  are  t  he  cause. 

The  following  are  the，  causes,  as  far  as  now  known,  of  the 
leakages  in  steam-metal  valve  castings :  (1)  Pouring  the  motal 
too  "cold";  (2)  too  short  gate;  (3)  oxidation  of  the  m"t'tl 
in  melting  ；  (4)  walls  of  valve  too  thin  ；  (5)  alumiiiium  in  the 
metal  ；  (6)  sulphurising  of  the  metal  during  melting  ；  (7)  core- 
box  or  pattern  badly  made,  so  that  the  casting  is  thick  on 
one  side  and  thin  on  ot  her  ；  (8)  wrong  metal  mixture  ;  (9) 
gated  in  wrong  place  ；  (10)  use  of  large  quantity  of  phosphorus 
as  deoxidiser  ；  (11)  too  little  tin  in  the  mixture  ；  (12)  sharp 
corners  on  the  pattern. 

The  pouring  of  the  metal  too  "  cold  "  or  at  too  low  a 
temperature,  as  it  is  preferably  called,  is  unquestionably  tlio 
cause  of  more  leakages  than  any  one  thing.  It  is  the  pt  in- 
cipal  cause,  in  fact,  and  if  valve-makers  would  look  after  this 
one  feature  they  would  find  in  it  reason  why  tlieir  leakages 
have  become  excessive.  Not  only  is  it  the  principal  cause  of 
leakage,  but  it  is  a  matter  very  easily  brought  about  by 
regular  methods  of  foundry  practice.  Valve-makers  say : 
<l  We  are  making  valves  just  the  same  to-day  as  we  always 
did.  Our  patterns  hav^  not  been  changed  in  the  least,  we 
melt  the  same,  use  the  same  metal,  and  there  has  been  no 
alteration  in  any  way,  shape,  or  manner,  and  yet  we  find  our 
leakages  running  up  to  a  high  figure,  sometimes  rearhini: 
25  per  cent.  It  must  be  in  the  metal."  "When  one  comes  to 
look  carefully  into  this  question,  it  will  readily  be  seen  that 
cold  pouring  is  about  all  that  is  left  for  the  reason  of  this 
abnormal  number  of  leakages. 

As  there  is  a  reason  for  all  things,  there  must  \ye  an 
explanation  for  the  leakage  produced  by  cold  pouring.  Ti、 
explain  it  without  aduallv  i-omiii 二'  in  contact  with  tho  join- 
ing operation  would  be  difficult,  but  as  soon  as  one  really 
sees  the  effect  of  cold  pouring  and  that  prodiueW  l>y  hot  metal, 
he  will  at  once  realise  that  there  is  much  to  the  matter  ； 
and  when  he  watches  the  streams  of  metal  entering  tlie  mould, 
one  "  cold  "  and  the  other  at.  the  right  pouring  tem]>erat  ui  »\ 
he  will  at  once  realise  that  the  temperature  is  the  mo>t 
import  ant  feature  of  successful  valve  pouring. 

When  steam-metal  is  poured,  tlie  st  ream  of  metal  1>eronu-s 
covered  or  coated  with  a  film  of  oxide,  on  iu.rom"  of  its 
ex]>osure  to  the  air.  This  oxide  rapidly  breaks  off.  as  tl"' 
metal  runs,  and  passes  in  with  the  metal.  Watrh  a  st  ream 
of  steam-metal  going  into  the  mould  at  too  low  a  temj>eratuni, 
and  it  will  readily  be  seen.  This  oxide  int(M*niin^les  with 
the  metal  and  acts  like  so  much  dirt.  Frequently,  if  the 
temperature  of  the  metal  is  too  low,  large  pieoes  ran  be  found 
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in  the  casting.  This  is  dross  (oxide)  pure  and  .siri)]>]o,  and  is 
the  cause  of  the  leakage  of  the  valve  casting. 

If  the  steam-metal  is  poured  "  hot  "  (by  this  is  meant  the 
temperature  at  which  the  best  results  are  obtained),  iho 
stn'am  of  metal  ruiuiitig  into  1  lie  mould  will  liave  a  (lifl'(Mcnl 
aijjx^arance.  It  will  run  clear  and  (  It'aii  and  there  will  be  no 
film  of  oxide  on  the  surface,  but  instead  there  will  be  a  blue 
flame  caused  by  the  burning  zinc  as  it  is  exposed  to  the  air. 
It  is  this  Ininiin^  zinc  that  really  solves  the  problem,  and 
the  reason  is  as  follows  :  Zinc  acts  as  a  strong  reducing  agent , 
Init  it  does  not  burn  in  tlie  air  unless  tlie  right  temperature 
has  been  reached  ；  and  this  tamperature  s&ems  to  be  that 
which  will  cause  the  zinc  to  burn.  If  the  stream  of  molten 
metal  is  pou red  at  too  low  a  temperature,  the  zinc  does  not 
burn,  but  th&  tin,  lead,  and  zinc  in  the  metal  oxidise  and 
produce  the  oxide  film  as  previously  explained,  and  which 
enters  the  casting,  causing  leakage.  When  the  temperature 
of  the  metal  is  right,  the  zinc  burns  on  the  stream  of  metal 
as  it  enters  the  mould  and  is  exposed  to  the  air,  and  actually 
prevents  the  formation  of  the  oxides  of  copper,  tin,  and  lead 
while  it  is  itself  being  oxidised.  The  oxide  of  zinc,  being  so 
light,  does  not  seem  to  cause  the  difficulty  when  it  enters 
with  the  metal  in  the  mould.  It  will  be  found,  therefore, 
that  when  the  steam- metal  is  poured  at  too  low  a  temperature 
the  castings  will  have  a  good  appearance,  but  will  leak. 
W lie n  the  metal  is  poured  at  a  higher  temperature,  so  that 
the  oxide  film  does  not  form  on  the  stream  of  molten  metal 
as  it  enters  the  mould,  the  appearance  of  the  casting  may  not 
be  quite  as  good,  but  a  far  less  number  of  leakages  will  result. 
It  may  safely  be  said  that  the  presence  of  dross  (oxide)  in 
the  metal  is  the  cause  of  nearly  all  leakages.  Even  in  metal 
poured  at  the  right  temperature  it  will  be  found,  and  whether 
it  is  present  in  a  greater  or  less  q uantity  will  determine 
whether  the  valve  leaks  or  not.  Pouring"  too  cold  is  un- 
doubtedly the  real  cause  of  valve  leakages,  and  the  effect  is 
that  small  particles  of  oxide  intennijigle  with  the  metal, 
enter  the  casting,  and  form  channels  through  which  water 
or  air  can  pass. 

The  other  causes  are  easily  remedied.  Too  short  a  gate 
allows  dross  to  enter  the  casting,  and  tlie  result  is  the'  same 
as  would  be  produced  by  dull  pouring. 

Metal  overheated  during  the  melting,  or  allowed  to  "  soak  ，， 
in  the  fire,  after  it  has'  been  melted,  for  some  time  is  injured 
and  oxidised.  Such  metal  forms  dross  readily  and  does  not 
run  as  clean.  The  result  is  the  lodging  of  dross  in  the  casting 
and  leakage  follows. 

The  fact  that  the  pattern  is  "  skinned  down  "  to  save 
weight  is  often  tlie  cause  of  leakage.  There  is  a  limit  to  tlie 
thinness  of  the  walls,  but  the  average  valve-maker  well  knows 
that  he  cannot  reduce  the  thickness  too  rnucli.  This-  cause  of 
leakage  is  not  a  frequent  one. 

Aluminium  in  the  metal  is  a  frequent  source  of  leakage 
when  scrap  is  used.  This  metal  is  now  so  prevalent  that  it 
is  not  surprising  that  it  enters  scrap.  Even  a  few  hundredths 
of  a  per  cent,  will  influence'  the  leakage,  although  not  in  n 
marked  degree.  As  the  amount  increases,  then  tlie  leakages 
becomes  greater.  The  reason  is  that  aluminium  oxidises  very 
readily,  and  the  oxide  film  on  the  stream  of  molten  metal  is 
not  reduced  by  either  hot  or  cold  pouring  or  any  other  con- 
dition. Tli&  oxide  enters  the  metal  and  forms  channels 
through  which  water  or  air  may  pass. 

Sulphurising  the  metal  during  melting,  caused  by  the  ust* 
of  scrap  high  in  sulpliur  or  fuels  which  contain  it,  is  the 
cause  of  a  leakage  tendency. "  Metals  containing  sulphur 
are  dirty  and  drossy,  and  this  is  instminental  in  filling  the 
casting  with  particles  tf  dross. 

The  use  of  a  poorly-made  pattern  can  easily  be  remedied . 
S  ivvin^  a  valve  casting  in  half  will  readily  determine  whether 
the  core  fits  the  pattei'ii  so  i  hat  tlie  casting  is  even  on  both 
sides. 

The  use  of  a  poor  metal  mixture  is  often  instrumental  in 
producing  a  greater  percentage  of  leakages.  Too  lmirh  zim'， 
together  with  too  Httle  tin,  will  often  cause  it.  Such  metal 
must  he  poured  at  such  a  high  heat,  on  account  of  its  sluggish 
nature,  that  there  is  an  abnormal  amount  of  spelter  smoke 
given  off  and  this  enters  the  casting,  causing  imperfections. 

Gating  in  the  wrong  place  may  cause  leakage,  as  it  is  well 
known  that  the  portion  of  the  casting  near  the  gate,  or  at 
which  the  gate  is  joined,  contains  more  dross  than  other  parts. 


Pliosphorus,  in  tlie  form  of  phosj)hor-tin  or  pliosplior- 
copper,  is  often  used  for  deoxidising  purposes.  If  too  much 
is  used,  it  will  <-ause  j)inholes  in  the  casting,  and  these  will 
form  cavities  through  which  air  or  water  may  pass. 

Too  little  I  i!i  in  the  mixture  will  cause  local  shrinkage  in 
valve  castings.  A  certain  amount  is  required  to  cause  the 
valve  to  remain  even  all  over  and  shrink  normally.  It  will 
be  found  that  steam-metal  with  too  little  tin  will  shrink  in 
spots  with  a  sort  cf  depression.  This  rnav  take  place  in  the 
thick  portions  aiul  usually  does,  but  it  results  in  the  casting 
" drawing  ，'  and  (  racking.    Cracks  may  cause  leaks. 

It  often  happens  that  in  sharp  corners  shrinkage  results 
with  the  formation  of  a  slight  crack.  This  often  results  in 
leakage  at  the  crack.  Corners  should  be  rounded  with  suit- 
able fillets.    -''  The  Brass  World." 


TOOL  STEELS.* 

liV  C.   M. 】U(; (； 

With  tlie  high-grade  tool  steel  manufacturer  only  three 
general  classifications  are  usually  recognised,  under  present 
conditions.  These  are  what  are  known  as  the  water-harden- 
ing carbon  steels,  alloy  steels,  and  high-speed  steels.  The 
procsss&s  and  methods  of  tool  steel  manufactures  have  whollv 
changed  within  the  past  10  or  12  years.  In  addition  to  the 
usual  grades  and  tempers  of  carbon  steels,  numerous  alloy 
steels,  such  as  nickel  steel,  nickel-chrome  steel,  nickel-vana- 
dium steel,  chrome  steel,  chrome-vanadium  steel,  vanadium 
steels,  tungsten  and  tungsten-vanadium  steels,  are  made  to 
meet  countless  conditions  and  requirements. 

Carbon  Steels. 一-  Let  us  first  refer  in  our  discussion  to  what 
ars  generally  known  as  the  water-hardening  carbon  steels.  In 
1908  a  board  on  tool  steel,  appointed  by  tlie  U.S.  Navy 
Department  to  investigate  the  quality,  shape,  size,  and  brands 
of  tool  steels  to  be  used  in  the  Navy  Department,  reported 
these  requirements : —— 

" That  first  in  importance  of  the  desirable  qualities  tool 
steel  should  have  is  that  it  shall  be  of  uniform  quality  through- 
out for  each  and  every  grade. 

" That  it  shall  be  of  such  chemical  composition  that  it  is 
not  likely  to  fire-crack  in  hardening,  under  proper  conditions. 

" That  this  chemical  composition  should  be  such  as  to 
render  it  as  little  liable  as  possible  to  be  ruined  through  care- 
lessness in  forging  the  tools  or  in  subsequent  grinding,  and 
that  the  tools  shall  be  as  strong  as  practicable  in  the  body. 

" That  the  composition  permit  of  forging  through  a  com- 
paratively wide  range  of  temperatures  ；  and,  finally,  the  steel 
sl)uuld  he  free  from  seams,  cracks,  and  other  surface  imper- 
fections.M 

When  one  reads  these  requirements  he  is  impressed  with 
the  precautions  that  the  manufacturer  must  take  to  make  his 
steel  "  fool  proof."  Carbon  steels  generally  group  themselves 
into  three  classes.  Each  of  these  grades  is  made  to  meet  a 
certain  class  of  trade,  and  it  will  be  found  that  all  the  manu- 
factures are  well  equipped  to  yield  a  ]>roduct  of  high  standard 
in  eacli  class.  Each  of  these  grades  are  made  in  various 
tampers  ；  that  is,  they  contain  varying  percentages  of  carbon 
to  suit  the  different  conditions  of  service,  and  the  heat  of 
forging,  annealing,  or  hardening,  and  the  temperature  to 
which  the  temper  is  drawn  after  hardening  is  regulated  by 
the  amount  of  carbon  they  contain.  In  general,  steels  con- 
taining a  lower  ])8iventage  cf  carbon  require  a  higher  heat  in 
encli  operation  than  those  <'oiitai"ing  liiglier  percentages  of 
( his  element. 

Temper  and  Quality. ―. Ti  may  he  well  to  state  here  that 
quality  and  temper  of  steels  are  two  very  different  tilings. 
The  tenipar  of  steel  does  not  constitute  its  quality.  The 
different  grades  and  qualities  of  stsel  are  made  in  the  same 
t emper,  ami  the  price  is  regulated  hy  the  quality.  Quality 
in  this  sense  is  (letenniiied  by  t lie  grades  of  material  used  in 
tlie  manufacture  of  the  steel,  while  temper  means  the  carbon 
contained  in  the  steel.  I  wisli  to  call  attention  to  the  fact 
t liat  the  word  temper  in  this  sense  must  not  be  confused  with 
the  same  word  used  in  relation  to  drawing  a  hardened  piere 
of  steel.  In  drawing  we  say,  draw  to  a  light  straw  temper, 
a  dark  straw  temper,  a  dark  blue  temper,  ； 1  light  blue  temper, 
a  black  temper,  as  the  case  may  be.     In  these  connections 

*  Abstract  of  jmper  read  \>efove  the  Metal  Trades  Foremen's  Club.  Dayton  , 
Ohio,  Febvuaiy  27th,  1<U3. 
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the  word  temper  lias  no  relation  whatever  to  tl"、  carljon  (  。n 
iaincd  in  tlie  steel.    A  great  man y  tiim's  I   have  lie,ir(l  men 
say  t lvey  wanted  "  a  hi^h-ca i-bon  steel,"  whon  in  rcalil y  tli'.v 
wanted  only  a  hi^h  "rn"l(*  of  ca rhon  steel.     You  can  get  t  !)■■ 
same  amount  of  (virbon  in  cacli  of  tin-  l;  fades  incut  ioikm  I . 

In  ca  rhou  steals  t  lie  muiufact  uvvv  usually  runs  I)  is  lemp-t 
in  six  classes  :  First,  steels  cont aining  f rom  0  70  to  0'80  per 
(•("it..  carl)()n  ；  second,  steels  conlainin^  from  0.81  to  ()■!)(，  pfr 
cent .  carbon  ；  third,  steels  containing  from  0'9 1  to  1  00  per 
cent,  carhon  ；  fourth,  steels  containing  From  l'Ul  to  1 '  1  0  |"  r 
cent,  carbon  j  fifth,  steels  coiitainin^  from  I'll  to  1'20  per 
cent,  carbon  ；  and  sixth,  steels  containing  I'roin  卜'」 1  t o  I  .>< ) 
j)er  rent,  carbon.  These  various  trm|"'rs  are  used  in  1  lit1 
different  grades  for  about  the  followiim'  purposes  :  】n 
7  cent,  grades,  si  eels  containing  from  0'70  to  0*80  p'r  cent . 
carbon  are  used  for  such  work  as  anvil  facings,  pinch  liars, 
blacksmith's  tools,  drift  pins,  ；  steels  containing  from 
0*81  to  0*90  per  cent,  carbon,  for  jxhmi  hammers,  skate  i)l;i«l"、， 
cold  chisels,  &c.  ;  those  containing  from  0*91  to  1*00  carbon , 
ior  chuck  ja vvs，  springs,  hatchets,  ；  tliose  cont ainin •： 
from  r01  to  1*10  per  cent,  carbon,  for  lathe  cenires,  auger 
bits,  axe  bits,  »kv.  ；  those  containing  from  111  to  1'20  per 
cent,  carbon,  for  files,  cold  cutters,  stone-cuttintj;'  bits,  ami 
similar  purposes  ；  and  those  containing  from  1'21  to  】  •：；（） 
cent,  carbon,  for  dies  for  heading  inacliines  or  similar  pur- 
poses. The  best  grades  in  the  different  tempers  are  used  for 
such  purposes  as  button  sets,  handsaws,  drop  forging  dies, 
cutlery,  large  and  small  taps,  t hreading  dies,  milling  cuttei's. 
twist  drills,  cliasers,  gravers,  and  many  other  purposes. 

Hardening  and  Temperiryg.—— Considerable  progress  has  been 
made  in  the  hardening  and  tempering  of  carbon  steels  within 
the  last  few  years  ；  but  a  visit  to  the  hardening  rooms  of 
many  plants  that  are  supposed  to  be  up  to  date  in  all  particu- 
lars reveals  the  fact  that  adequate  equipment  for  hardening 
and  a  knowledge  of  the  critical  points  of  steel,  with  the 
changes  that  take  place  when  it  is  heated,  as  well  as  others 
that  occur  in  drawing  the  temper,  are  in  many  cases  lacking . 
The  results  of  not  heating  or  drawing  the  temper  accurately 
and  the  irregularities  of  antiquaied  methods  of  forging  or 
treating  have  in  a  great  many  cases  wrought  disaster  to  a 
piece  of  good  steel,  and  the  entire  blame  lias  been  placed  on 
the  manufacturer. 

It  is  impossible  in  the  scope  of  this  paper  to  give  accurate 
forging  or  hardening  tempers  for  each  grade  or  temper  of 
steel ,  or  even  to  state  the  exact  degree  to  which  tliev  shoulrl 
be  drawn.  In  general  when  forging,  however,  it  is  good 
policy  to  heat  slowly  and  uniformly  at  first,  before  raising  the 
temperature  to  the  exact  forging  point ,  to  ensure  an  even 
distribution  of  heat  throughout  the  piece.  When  heating  in 
a  blacksmith's  forge  the  fire  should  be  kept  clean  and  of 
ani])le  volume  to  surround  the  piece  completely.  Always  use 
extreme  care  so  that  the  air  blast  does  not  strike  the  steel 
when  heating  ；  also  see  that  there  is  a  good  bed  of  clean  fire 
between  the  tuyere  and  the  steel.  Dirty  fires  are  the  cause 
of  many  failures,  and  in  many  cases  of  local  overheating  or 
burning. 

When  heating  for  hardening  ample  time  should  be  taken 
to  heat  the  steel  slowly  to  the  hardening  point.  Extreme 
('are  should  be  taken  to  protect  it  from  the  action  of  a  direct 
furnace  flame  and  also  from  any  other  causes  that  may  inter- 
fere with  successful  hardening.  The  greater  the  care  the 
better  the  results.  Always  be  sure  of  a  perfect  distribution 
of  heat.    Avoid  overheating  thin  ]>arts  or  edges. 

Hardening  Expensive  Tools. ― A  good  suggestion  to  follow  m 
hardening  tools  when  the  operator  does  not  know  the  amount 
of  carbon  contained  in  the  steel  is  to  cut  a  small  piece  from 
the  end  of  the  original  bar  and  harden  it  at  different  tem- 
peratures. A  hardness  i  est  witli  a  file  and  the  aj>pea ranee  of 
a  fracture  will  enable  you  to  determine  the  leas!  [)ossiblc 
liardeiiing  heat  that  it  will  be  necessary  to  give  the  steel  to 
ensure  the  proper  liardness.  This  plan  should  followed 
especially  \vlien  makiiii;  up  expensive  tools,  as  the  results 
obtained  will  more  llian  coinpensato  for  tli,、  amount  of  labour 
expejidtnl. 

Best  results  in  lia nlcniu^  are  obtained  when  the  lieatinu 
is  done  in  a  nuiffle  furnace,  cither  oil  or  gas  fii'(、（l，  as  in  these 
furnaces  the  steel  does  not  ('()mt、  in  direct  <-out act  with  tlie 
ilaino.  The  successful  hanlenini;  of  delicate  tools  (h'prnds 
largely  on  the  condition  of  the  at  mtisphoiv  to  which  the  s""'l 


is  subject  ；  whether  it  is  oxidising,  ivducin^,  or  iifut  ral  in 
<*lia racter.  Carbon  steel,  it  is  geiM-iallv  ,o"<"U，  cun  !><• 
hardened  most  favourably  in  ati  ； it  mo、|,l"'n'  where  the 
oxygen  in  the  air  is  entirely  consume! .  I  n  an  atmoNplicn 
of  this  nature  the  scaling  or  oxirlation  is  rwli"','"  to  a  mini 
mum.  It  is  because  of  these  general  roiulitions  tliat  th** 
electrically  heated  furnace  is  now  spoken  of  so  highly  for 
hardening  purposes. 

It  is  very  evident  that  to  get  the  best  results  from  tool 
steels  they  must  be  hardened  ； iml  t'  i"|"'r"l  |jroporlv.  To 
flo  tliis  cert ain  amounts  of  apparatus  arc  necessary,  bik'Ii  as 
proper  heating  furnaces,  adequate  cooling  baths,  the  projKT 
tools  and  tongs,  and,  last  but  by  no  means  least,  a  good 
pyrometer.  Whether  the  operation  is  forging,  hardening,  or 
tempering,  there  is  for  each  ^rade  and  temper  of  steel,  and 
the  particular  use  thereof,  a  well-defined  tein|>eraturf*  point 
that  alone  gives  the  best  results  in  work.  A  marked  varia- 
tion from  this  temperature  may  do  irreparable  damage.  The 
use  of  a  suitable  pyrometer  is  recomnieiui*^!  for  all  hardening 
purposes,  and  a  pyrometer  or  thermometer  for  ohtaining  the 
temperatures  of  all  drawing  baths.  When  using  a  pyro- 
meter reasonable  care  ni list  be  exercised  to  see  that  the  read- 
ings are  truthful  and  reliable.  Pyrometers  may  frequently 
go  wrong,  and  unless  the  operator  is  an  exj>eriencefl  hardener 
the  results  may  bt'  disastrous. 

Cooling  Baths.  —  In  most  '  山' , '、 ' 卜 .'i  ,i、  .i  li;ml*'mii;_' 

medium  for  carbon  steels.  Where  extreme  hardness  is 
desired,  a  solution  of  salt  water  or  brine  or  ice  water  can  be 
successfully  used.  In  other  cases  articles  to  be  hardened 
are  quenched  in  a  bath  of  water,  and  before  they  are  cold  or 
have  ceased  contracting  they  are  removed  from  the  water 
and  placed  in  oil.  This  is  true  of  such  articles  as  milling 
cutters,  some  forms  of  punching  dies,  taps,  reamers,  &c. 
Some  steels  require  to  be  quenched  in  cils  only.  Lard,  fish 
or  whale  oil  is  preferable  for  this  purpose,  but  any  recognised 
light  tempering  oil  will  do.  However,  heavy  fatty  or  mineral 
oils  should  be  avoided.  In  all  cases  the  cooling  baths  should 
be  of  ample  size,  and  a  temperature  as  nearly  uniform  as 
possible  should  be  maintained.  All  tempering  of  carbon 
steel  should  be  done  in  an  oil  heated  bath  or  other  medium 
by  which  the  drawing  temper  can  be  kept  uniform.  For  taps, 
dies,  reamers,  milling  cutters,  &c.，  relieving  the  strain  is  all 
that  is  required.  In  other  tools  where  toughness  is  the  pre- 
dominating" factor  the  temper  may  be  drawn  slightly  more. 

When  we  say  a  piece  of  steel  is  decarbonised,  we  mean 
that  the  surface,  for  a  few  thousandths  of  an  inch  deep,  has 
lost  some  of  its  original  carbon  during  the  process  of  anneal- 
ing. All  annealed  steel  is  more  or  less  decarbonised,  and 
when  intended  for  tools  of  any  description  that  are  to  be 
subsequently  hardened,  sizes  large  enough  to  permit  the 
removal  of  at  least  ^in.  on  a  side  should  be  ordered.  Failure 
to  remove  the  outer  surface  of  annealed  steel  of  all  grades  or 
tempers  will  consequently  give  trouble  in  hardening. 

Alloy  Steels.  ―  The  term  alloy  steel  is  used  to  distinguish 
steels  containing  nickel,  chromium,  vanadium,  titanium,  or 
other  elements  in  varying  percentages,  from  the  carbon  steel 
in  which  the  characteristic  properties  are  dependent  upon  the 
presence  of  carbon  alone.  Up  to  the  last  two  or  three  years 
nickel  steel  was  perhaps  the  most  used  of  all  the  alloy  steels. 
It  is  usually  made  in  the  open-hearth  furnace  and  contains 
from  0*20  to  0*50  per  cent,  carbon  and  about  3o0  per  cent, 
nickel.  Lower  carbons  than  these  are  sometimes  used  for 
case-hardening  purposes.  This  st eel  has  many  excellent 
mechanical  qualities,  and  is  generally  conceded  to  be  a  good 
free  cutting  steel. 

Referring  to  chrome  steel,  I  am  personally  familiar  with 
a  variety  of  this  steel  containing  from  0  80  to  120  carbon 
and  from  3  to  3*50  per  cent,  chromium.  This  steel  is  used 
specially  for  hot  work  with  excellent  results,  as  for  gripper 
dies,  bolt  header  dies,  riveting  (lies,  and  what  are  known  in 
fabricating  or  boiler  shops  as  bull  dies.  It  can  be  easily 
annealed  under  exactly  the  same  conditions  as  carbon  steel , 
excepting  that  the  annealing  ten»p<T;itun»  is  slightly  higher: 
in  this  state  it  is  very  free  cutting.  When  properly  hardened 
and  used  for  the  purposes  stated  above,  the  users  expert  to 
»t»t  from  six  to  ten  times  as  nuirh  work  from  this  steel  as 
from  ordinary  die  steels.  Actual  records  show  where  riveting 
dies  have  drivtMi  over  a  quarter  million  Jjin.  by  2 in.  rivets 
without  redressing. 
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Clirornc-x  aiiadiiun  steels  of  jiunierous  types  are  now  man u- 
factured.  The  service  and  test  records  of  this  class  of  steel 
show  remarkable  results,  and  its  use  will  be  greatly  increased 
in  tlie  near  future.  Vanadium  in  steel  is  supposed  to  impart 
anti-fatigue  properties.  Under  proper  heat  treatment  this 
steel  has  been  made  to  assume  higher  physical  properties 
(expressed  by  the  elastic  limit ,  tensile  strength,  torsional 
test,  impact  test,  and  bending  test)  than  any  other  type  of 
steel.  It  is  largely  used  in  automobile  construction  iov 
driving  axles,  for  gears,  pinions,  pins,  pressed  or  stamped 
parts,  valve  and  valve  steam,  &c.  ；  in  fact,  it  gives  excellent 
service  in  any  parts'  calling  for  strength  or  durability.  It 
is  especially  recommended  for  all  spring  requirements,  and 
it  is  guaranteed  to  have  three  times  the  life  of  carbon  steel 
spring. 

Tests  were  made  recently  to  determine  the  relationship 
between  carbon  spring  steel  and  chrome-vanadium  steel  for 
motor-cycle  springs.  The  greatest  durability  was  the  prime 
requisite  of  these  springs,  and  the  test  was  of  vital  importance. 
A  very  ingenious  device  was  constructed  so  that  the  end  of 
each  spring  was  mad©  to  ascillate  under  force  from  a  shape r 
at  the  rate  of  4,980  vibrations  per  hour.  It  was  found  under 
proper  heat  treatment  that  carbon  steel  stood  this  test  for 
a ；，  average  of  36  min.  only,  while  chrome-vanadium  steel 
averaged  5  hours  and  40  min.  The  chrome-vanadium  steels 
require  a  special  heat  treatment.  The  springs  referred  to 
were  heated  to  1,350°  Fall,  and  quenched  in  oil  ；  the  temper 
was  then  drawn  to  700°  to  900。  Fab. 

Chrome-vanadium  steel  for  gears  is  proving  the  superiority 
of  this  class  of  steels.  For  this  purpose  it  is  made  in  case- 
hardenmg  and  oil-hardening  tempers.  The  oil-hardening  type 
contains  about  0*45  to  0'60  per  cent,  carbon ,  so  that  by 
merely  heating  to  the  proper  temperature  and  quenching  in 
oil  tlie  gears  are  made  sufficiently  surface-hard  to  withstand 
all  ordinary  wearing  conditions,  while'  the  core  is  tough  and 
strong. 

High-speed  Steel. ― Since  1901  high-speed  steel  has  had  a 
rapid  growth  and  extensive  sales.  Only  those  who  have  kept 
in  close  touch  with  its  manufacture  and  uses  can  appreciate 
the  tremendous  amount  of  work  in  the  way  of  efficiency  tests 
that  has  been  necessary  to  bring  it  to  its  present  state  of 
perfection.  With  the  introduction  of  vanadium  into  this 
grade  of  steel  about  1908  a  very  important  step>  was  taken. 
Now  all  good  grades  of  high-speed  steel  contain  more  or  less 
of  this  eTement.  In  regard  to  this,  numerous  tests  have 
proven  that  a  steel  that  will  cut  at-  10  per  cent,  faster  speed 
will  last  twice  as  long  between  grinding  (if  the  speed  is  not 
changed),  and  a  steel  that  will  stand  a  20'  per  cent,  faster 
speed  will  run  four  times  as  long  between  grindings.  A  steel 
that  will  stand  30  per  cent,  faster  speed  before  it  reaches  tlie 
breaking-down  point  will  last  eight  times  as  long  witho at 
sharpening,  if  the  same  speed  is  used . 

Each  addition  of  0*3  per  cent,  of  vanadium  adds  10  per 
cent .  to  the  possible  cutting  speed  and  doubles  the  life  of  a 
tool  at  tlie  same  speed  and  feed.  It  has  been  shown  that 
()■:;  per  cent,  vanadium  allows  10  per  cent,  increased  speed 
or  10.  per  cent,  more  metal  removed  in  the  same  tim&;  that 
0*6  per  cent,  vanadium  allows  20  per  cent,  increased  speed 
or  20  per  cent,  more  met'al  removed  in  the  same  time  ；  t hai^ 
0'9  per  cent,  vanadium  allows  30  per  cent,  increased  speed  or 
30  per  cent,  more  metal  removed  in  the  same  time.  Stating 
the  effect  in  terms  of  increased  times  between  grinclings,  it 
has  been  shown  that  0"3  per  cent,  vanadium  doubles  the 
time  between  regrindings,  that  0*6  per  cent,  vanadium  quad- 
ruples the  time  between  regrindings,  and  that  0'9  per  cent . 
vanadium  gives  eight  times  as  much  metal  cut  between 
grinding  at  the  same  speed  and  feed. 

I  contend  that  high-speed  steels  containing  v ana<liuiu 
will  run  much  longer  between  sharpening,  in  proportion  to 
the'  quantity  of  vanadium  they  contain,  up  to  1^-  per  cent. 
High-speed  steels  are  used  for  such  purposes  as  lathe  and 
])la.ner  tools  ；  it  is  invaluable  for  swan-neck  tools  ；  special  dies, 
wliich  have  heretofore  required  very  great  care  in  hardening  ； 
})unclies,  boring-  tools,  cutters,  straight  drills,  twist  drills. 
yj)ocial  taps,  liard-wood  knives,  and  all  kinds  of  milling  cutters, 
and  it  is  especially  valuable  for  involute  or  gear  cutters  in 
which  accuracy  of  form  and  long  life  are  necessary.  These 
steels  are  usually  furnished  annealed  by  the  manufacturer, 
and  it  is  the  best  policy  to  permit'  the  niaiiufacturor  to  do  all 
the  aiincaliii^  for  the  user.     However,  should  it  be  found 


necessary  to  anneal  a  piece  of  this  steel,  the  following  is  a 
good  method  of  procedure : — 

" For  all  annealing  purposes  use  an  iron  box  or  pipe  of 
sufli<'ient  size  to  allow  at  least  Ain.  of  packing  between  the 
steel  to  be  annealed  and  the  sides  of  the  box  or  pipe.  Pack 
carefully  with  powdered  charcoal  or  lime.  Cover  with  a  cap 
which  should  be  air-tight.  Heat  slowly  to  a  full  red  heat, 
day,  about  1,500°  to  1,550°  Fah.,  hu<1  hold  at  this  heat  from 
2  to  8  hours,  depending  on  the  size  of  the  piece  being  annealed. 
Cool  as  slowly  as  possible  and  do  not  expose  the  steel  to  the 
air  until  it  is  cold." 

Electrically  or  gas-fired  furnaces  designed  for  high  heats 
are  now  made  to  clo  very  satisfactory  work  in  hardening  tliis 
class  of  steel.  Tools  to  be  hardened  should  be  heated  to  a 
white  heat  just  below  the  blistering  point.  The  heat  slioulrl 
be  the  highest  possible  in  view  of  the  importance  of  preserving 
the  cutting  edge.  The  higher  the  heat  the  better  the  results. 
Proper  care  should  be  taken  to  heat  slowly  and  uniformlv  to 
the  proper  hardening  temperature,  also  to  avoid  overheating 
thin  parts  or  sharp  edges.  Tools  of  this  class  of  steel  can  be 
either  quenched  in  oil  or  other  semi-active  mediuni,  or  in 
some  cases  the  whole  tool  can  be  cooled  in  the  air  blast.  In 
all  cases  the  temper  should  be  drawn  to  relieve  the  strain,  or 
to  the  proper  degree  to  get  the  best  results. 


CUPOLA  CONSTRUCTION. 

Undku  the  auspices  of  the  British  Foundrymen's  Association, 
Mr.  M.  E.  Gallon  delivered  a  lecture  at  Newcastle  on  Satur- 
day last  on  "  Cupola  Construction/ 7  He  stated  that  t  lie 
cupola  was  one  of  the  most  important  items  in  the  great  iron- 
founding  industry  in  the  country.  When  cupolas,  or  iron 
furnaces,  were  first  constructed  be  could  not  definitely  tell 
them,  but  to  come  down  to  comparatively  recent  times,  say, 
150  years  ago,  cupolas  were  made  square  and  in  rectangular 
oblongs.  They  were  built  of  red  brick,  and  the  inside  was 
lined  with  any  refractory  material  that  the  ironfounder  could 
get.  Their  method  of  blowing  was  to  place  a  blast  main  in 
the  ground,  and  from  this  they  led  away  two  leather  hose 
pipes,  to  the  free  end  of  which  were  two  copper  nozzles.  Tlie.se 
cupolas  served  their  purpose  fairly  well  at  t ha t  time,  but  ； »s 
the  commerce  of  the  world  increased,  the  engineer  demaiwlcfl 
more  castings,  and  it  became  necessary  to  improve  upon  the 
old  condition  of  things.  This  incentive  to  inventive  genius 
resulted  in  square  cupolas  giving  place  to  the  cylindrical  or 
round  cupolas,  and  the  rectangular  oblong  cupolas  to  the  elip- 
t ical  cupolas,  both  of  which  thev  liad  witli  llieni  tu-flay.  r. 
Gallon  afterwards  conniiented  on  the  cupola  invented  t>v 
Woodward,  which  was  worked  by  a  jet  of  steam  placed  in  tlie 
chimney.  Referring  to  the  Steward  rapid  melting  cupola,  he 
said  that  the  method  of  blowing  was  similar  to  the  Grenier 
system .  Various  other  cupolas,  notably  those  in  use  at  the 
lecturer's  own  foundry  at  Dunston-ou-Tyne,  were  dealt  with. 


CORRESPONDENCE. 
Burglar  Alarms. 

To  the  Editor  of  "  The  Mechanical  Engineer 

Sir, ― 1  should  be  glad  if  any  of  vovu"  readers  would  givr 
their  experiences  of  the  various  kinds  of  hxirgla r  alarms —— iiot 
necessarily  confined  to  tlio  ultimate  test ~ as  suited  to  an 
occupied  house,  />.，  where  comniuiiication  with  a  police  station 
or  boy  messenger's  office  is  not  important.  I  am  aware  of  the 
system  of  "  treads  "  in  the  floor,  working  bells  and  liglit-s  by 
clock-work,  which  has  been  satisfactorily  tried,  but  desire  to 
know  of  anv  other  eflicient  nielhods.— Yours  faithful] v. 

'- 13." 


Air  Pumps  for  Low  Vacuum. 

To  the  Editor  of  "  The  Mechanical  Eftt/inccr." 
Sir, ― I  should  he  obliged  if  anv  of  your  readers  would 
kindly  furnisli  me  with  the  address  of  makers  of  small  port- 
able power-driven  air  pumps,  capable  of  producing  a  vacuum 
down  to  about  '001  niillimetres,  such,  for  instance,  as  is  pro- 
duced in  vacuum  or  Moore  light  tubes. ― Yours,  iVc, 
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INDUSTRIAL  AND  TRAD 已 NOTES. 

Important  Industrial  Establishment  for  Canada.  According  I"  l  lie 
lt  .Montn^l  (；; iw>U(',，，  Sir  Willi;im  Anol  A:  Co..  Ltd..  annn^in^ 
to  ostablisli  (  (nislrnctioiKil  stcrl  works  in  .Mont  rc;il  lor  tin-  |>io 
(I  iictioi)  ol  ； ill  t>pcs  o\'  via  lies.  li\  (liaulic  maciiim'  todls,  ainl  ''tlii'r 
:i l>l>li:ui('(、s,  and  otliiM  W  iso  to  (^xtciid  t  r  ui"'rati("is  in  tlic 
Dominion. 

Tinplate  Trade  Depression.  Discussing  t  he  condil  ion  of  I  lie  I  inphit  r 
t i*;ulc  ill  liis  inontlily  icpoft,  \l  i  Thomas  (iriflitlis  (South  、V:il,'s 
or^Miiiscr  of  tl"、  St(、（'l  S"i(、l"'rs'  1'iiion)  says  the  tv.ulr  is 
t  lirou«rh  \  ory  trying  timt's.  "  Tl"'  117  mills  iluit  、、  《''•«'  nisli,'(l  ii|> 
(luring  tho  last  two  years,"  lit'  sa.vs,  "  :in>  ('("ltrihutin^;  tlitMr  (|iiot;i 
lou  ； irds  alrcudy  glutted  m:u'k('t.  W  li.it  J  lie  result  will  I"'  no 
oih>  can  prt'dict.  im  some  eniploViT.s  ； m'  ui'll  |>l:"'t'(l'  ior  orders, 
a\  hilr  tlir  majority  of  tli，'ni  :iiv  simply  s('r:»pmg  a\  hat  they  c;m 
jrot.  During  the  iniiuM's'  strike  tin'  Aninicans  ('aptmvd  st'、rnil 
i"  (»ur  markets." 

Petroleum  Production  in  Roumania.  ― Tin*  total  production  of  crude 
pel  roltMim  itt  Houmania  in  )  :mm!mt(、（l  tn  I  .^()7J)( H)  metric  tons, 
as  coinpa rt'd  with  1  .~>4">,00()  metric  tons  in  the  previous  vrar.  Tli*' 
contrnct  I'oi'  the  construction  ol  1  he  \\;\  icoi  ( 'oiisiaiitzji  pipe  lint' 
luis  ln'cn  ； iwMi'drd  to  a  Dutch  firm,  acting  on  lnilialt'  ol'  a  United 
Stairs  compiuiv  ；  tho  cont i-;ict  |)ricr  is  L*  I(i7,2().:).  A  coin!iKMHM'nn*]i t 
]i;is  ht'cn  w  itli  tlu1  w  nek,  、、  liirli  will,  it  is  cxpoctod,  hv  com 

plctcd  in  I  loin  six  to  eight  moiit  lis.  Tlioiv  is  to  be  ； i  l(*in.  [)ijx' 
1  roni  Haicoi  to  JMoeshti  and  om，>  1  !  in.  :m(l  two  -lin.  pipes  i  rum 
JMoesliti  to  C'onstantza. 

Electrically  Propelled  Seagoing  Vessel.  Tlielaunch  of  the  ^Tyiieniount  " 
a\  iiicli  took  place  i  rom  tl"'  yard  of  Sniith's  Dock  Company,  Ltd., 
at  M  iddlcsln'oii^h,  mi  tlx1  L'iitli  nit.,  nun'ks  :m  interesting  d('v(、l()p- 
iiir'it  in  m:ir""'  propulsion.  Tl"'  、i'ss,'l  is  tilted  with  the  Diesel 
cn^iiu1  in  coinljinatioii  、、  ith  electric  tr;i nsinission  to  promote  efli- 
{•iciic.v  and  rolia Itility.  The  vessol,  w  hicli  is  i'or  us,'  on  the 
('； m;uli;m  canals,  is  the  iirst  sea-gomg  ship  to  bo  electrically  pro 
pt'lletl.  Slie  im 、： isiin's  '2">(Ht.  in  l<Mi^tli,  ll'i t.  (； iii.  in  lu-eadth,  19ft. 
in  (h、i)Ui,  and  、vill  c;u  r.v  ;»  total  deiuhveight  of  2,400  tons  on  a 
mean  draught  of  14tt.  in  fresh  water.  The  oil  engines  are 
two  hi  iHinil)or,  eucli  of  ：>()(>  brake  horse-power,  of  the  stan- 
tlard  type,  developed  by  Messrs.  Mi rr lees,  Bickerton,  &  Day, 
Stock  port,  and  the  、（'tri(-  inst;ill;it  ion  tlirou^hout  is  hv  ^Messrs. 
-M;u or  A:  ( \)\iIsoji,  oi  (； las^c\\ .  Tl"、  liiill  h;is  Ikmmi  Imilt  liv  Sniith's 
Dock  Company  as  i\  s\\\)  contriu-t  i  rom  Messrs.  Swan.  H  untcr,  ； m'l 
William  l{  icliardson,  W'allsciid  on  T,vi"'，  w  lio  (山 Uum'd  the  order 
i  rom  the  Montroal  Traiispoctation  (V)nipanv  through  M<'sm  s 
John  Wvid  A:  Co. 

Shipyard  Wages. ― Tlie  claim  which  has  been  made  by  the  shipyard 
lr;nlrs  lor  mii  ； i(lv;ui(v  in  、、  ； igt、s  w  as  ； in  ('misidt'ivd  on  tho  28th 
nil.  at  a  <'oiifoienc(»  hi'kl  in  Larlislc  hetwecn  the  l':xt'c'iUve  ()i  the 
Slii})l)uildiii^  Kinplo.vcrs'  l'V(li、nit imi  and  rcpiv.seiitativcs  of  tlie 
trades  unions.  The  cini) lovers  first  mot  tlie  Standing  Coniniittrc 
of  tiui  Ship.vanl  Trades  I'niuiis.  On  U'li:ill'  ol  tlio  ('inplovcrs  it 
w  as  urged  that  trade  conditions  did  not  warnuit  an  ； nl\  ;inc(»  ot 
>\  a^cs.  There  Avert1  doculocl  indications,  they  .stated,  that  tl"' 
" liooin  "  ill  tlie  industry  had  iv:i('h。（l  its  zt'iiith.  a iul  that  ;i Irradv 
then^  was  ； i  decline  in  the  demand  lor  new  tonnage.  The  mei^s 
rcprosciitatives,  on  the  other  hand,  argued  that  tho  gr(、at  dcniaiul 
tor  Li  lumr  ini])lic(l  :i  prospt'rit.v  w  liich  justiiicd  :in 】 iirr<>;is*— '.  Nd 
agreeniont  could  bo  rca('l"、（l  witli  tlu'.so  conHicting  views,  and  tho 
onqjloyrrs  propost'd  that  t'ino  shoukl  In*  allow  cd  to  prove  or  (lis- 
pro\e  the  theories  which  were  ;"lv;m('t'd  as  to  trade  conditions 
;ind  i)rospects.  Tlio  nieii,  ho\ve\er,  <lid  not  agree  to  this,  aiul 
a  iter  al»out  t\\  o  hours'  sitting  the  conlori'iicr  ； uljourncd.  Tlir 
employers  ai'terwa rds  mot  the  Executive  Council  oi  the  BoiK'i- 
makers'  Society,  and  tho  proccodin^s  wore  practically  tl"'  sa inc. 
The  Ijoik'inia kcrs  do  not  come  uiulcr  tlu*  shipyard  a^rociiUMit, 
which  provided  for  calling  a  Jurtlu'r  cont'ereiico,  I>ut  it  is  expectod 
that  tlu\v  will  follow  the  jsanur  proct'duro  in  tlie  matter  as  the 
other  shipyard  tratlos. 

British  Trade  with  Brazil. ~~ A  report  hy  tlie  Acting  British  Cunsul- 
(iciu'ial  at  I{ io  (le  Janeiro  on  tin*  tr;i(lr  of  that  district  in  HM  ] 
and  1912  states  that  it  is  almost  impossible  io  attempt  to 
eiiunierato  in  dotail  the  diroctions  in  、vlii('h  British  trado  might 
be  increased.  Tho  years  1 911-12  have  been  niarkwl  l>y  develop 
inonts  in  nearly  all  Itriuichos  ot  l^razilian  conmierct1.  B*'、i(l,、、  t:\k 
iiig  a  large  share  in  tho  supply  of  capital  to  Brazil,  tl"'  l  nitt'd 
Kingdom  is  cliioily  conccnu'd  、、itli  the  import  trade  in  nianuliu- 
tuixul  articles,  inacliiuorv.  iron  and  st(H、l  ^oods,  &(•..  tl"' 
itoins  of  cli i of  intrrost.  Although  a  consideraMo  increase  h;is 
takon  place  in  tl"'  importation  oi  industrial  nuu-liiiHTy.  it  is 
roj;i'cttablo  that  practically  no  incnsiso  has  to  l>o  rocordtvl  in  thr 
iuiportation  of  agricultural  inachineiy.    It  is  gratiiying  to  notice 


tl»at  during  tl"'  yi-ars  1011   and  tli<-rc  、'： i、  a  '  "I'l" 

in(iv;if^'  in  the  nuniljcr  not  m<-n*lv  ol  (-oiuiiMTci.-il  travi  tlrih  lint 
nl so  of  heads  ni  iinns.  ciiuincci  s.  aixl  n  ;ill\  r<'|,r«'、.+iit;it  i 、 '•  i".'n 
in  various  branches  ot  indu.strv  in  tin*  l  iiit'-'l  K  in^loni  w  ho  ha\i* 
visitwl  Kio  (\o  Janeiro.  TIht**  ； 1|,|，'':,|、  to  I"'  no  r'siw,"  to  hup- 
}>'>sc  tliat  Mritisli  maniilactiirtTs  t-nunot  1"m'|，，  ； m'l  ••、       m'  r'  "、''. 

pro])ortion  ot  tin*  Hi  aziliait  import  tnult'  w  Iiicli  js  now 
tlioirs.  Too  great  cini)ha.sis  cannot  l>c  \mt\  on  tin*  、； il'i'.  ,,，  tin- 
personal  tactor,  not  only  in  .si'rmi'ig  l'iis"i<'ss.  I,iit  alvi  in  oKtain- 
ing  impressions  aiul  "leas  at  first  liaiul  of  tin*  ：m'l  |">sm 

bilities  ot  the  Brazilian  marlvi-t 

Russia's  Iron  Industry.    Th*'  Hi  it  i-h  \       * ' '山、 "1  ； u  if'|",it- 

that  tlie  larg"  South  K  u.ssian  ironuoi  ks  w  ere  in  :i  m"、t  |'i ''、j"'r''，ih 
(miditioii  in  19 12.  and  paid  large  dividoiwls.  Willi  ,，ii,'  i  \ri<|ftioii. 
however,  ironworks  have  not  attrarUiI  British  r;i|,u:'l.  ； iltlioimli 
； m  iriinx'iiso  iron  anrl  coal  industry  has  sprunu  ii!>.  in  w  \iu  \i  Hi  ! 
gian  ;i nd  French  capital  has  Tl"    main  olijrct 

the  pioneer  company  (a  British  coinjiany)  hud  in  、" -、、  \v;ih  tin; 
production  of  rails  ior  the  Jiussian  (； o\ crnniciit.  tlif  jfhmt 

was  on  a  licavy  scale,  with  just  enough  light  rolls  to  j>io'Iik-<* 
the  ordinary  'sections  necessary  for  it、  own  uv.  I'''"l',、、iiig  in  iin 
iootsteps,  all  the  sucx-eodin^  immv()rks，  w  liir  h  lat*T  spnmy  up 
like  mushrooms  in  tho  Donct/-  district,  wen*  t\tU  <\  out  on  th*- 、门 m 
l>l:m.  with  lnachinory  oapaMo  ot  producing  r;iils.  yir'l''r、.  l"':im、. 
heavy  angles,  boiler  plates,  sleepcr.s.  Arc.  ；  I 川 t  tl"'  tact  thut  tin* 
market  r(、（iuir(»(l  a  large  (|uantity  ot  or<iinaiy  wroii^lit  iron 
s(|iiiiros,  rounds,  flats,  <fec,  was  cntiroly  "、  i'rlook<''l.  ami  c\  «•!■  ； it 
the  present  time  tho  question  of  whore  to  o，'t;i in  tli"i r  r;i 、、 
inatciiii  1  is  Uocoming  a  serious  problem  tor  limi(lr('ris  nt 
working  coiiccriis.  Tlu»  machine  works  especially  :m'  tin- 
want  of  r.nv  niiitorialj  and  the  Association  of  K  ii、、"i'i  A^i  k  iiI 
tural  Machino  .Manutactui'crs  propose  to  open  n''\v  w  oi  ks  、iMH'iall,v 
for  supplying  their  wants  in  iron  and  >ti'  l 

World's  Record  Output  of  Copper, 一  (  m  乂  to  、t;it 卜 ti'  、 ，'山1 
pilod  hy  Messrs.  Hemy  li.  .Mrrton  A.  Co.,  tlie  prodiiction  ot  coppi  i- 
last  y^-.n  was  the  largest  on  record.  Tlui  total  is  <>n  as 
】，()04，48;5  tons,  an  increase  oi"  1  .'V2,-5G.>  tons  as  rompan'd  w  ith  1  !M  I . 
(Mjual  to  al>out  lo  per  cent.  This  in  turn  w  as  also  tl"'  l:'w、t 
increase  in  any  one  yea r.  Tl"'  increase  was  largely  due  to  lii^ln  r 
prices  and  consequent  activity  in  mining,  particularly  in  tl"' 
United  States,  where  the  output  inc reaseJ  t'roni  卜: ton-  i <• 
554,835  tons.  The  production  in  J apau  incr(ias<i<l  l>y  1  ( i. '>i « >  t'>,,、 
to  65,o()0  tons  ；  in  Spain  liy  tons  to  t«>iiN  :  in  Anstra 

lasia  by  5,180  tons  to  47,020  tons  ；  in  Cannula  l>y  ",7、（>  tons  to 
:J4,710  tons  ；  in  Chili  l>y  7.710  tons  to  :\7,'M )■'>  ton>  ;  in  Mexico  l>y 
9,940  tons  to  70,845  tons;  and  in  J^ussia  l»y  4.7(MI  toiifs  to  :"!.n|i> 
tons.  Among  the  countries  in  wliich  a  smaller  prothirtimi  is 
itcorded  are  Pei-u,  Ar<;ontiiia.  and  Alricn.  Tli"  h^nrrs  、lmu  th;ii 
the  world's  production  ot  ('oppcr  has  .steadily  iii(n;i、''（l  almost 
without  interruption  for  the  |>ast  twenty  years.  I'rict's.  too.  1i:iv，' 
risen,  the  average  of  standard  copper  on  tlie  first  oi  t';"  li  inontli 
in  1893  being  £4:i.  6s.  9(1.，  as  companul  witli  L7:l  1>.  M.  in  V,)12. 
It  is  pointed  out  that,  iti  spit(»  of  tho  large  amount  oi  coppiT 
prodm'(、（l  last  voar,  tlu*  visil'lc  supplies  in  Europe  and  A m''ri':i 
(1('ci'c;is(m1  l>y  o  \  »t  tuns,  jjj  v         ,i  '  "ii  、'i      't  ，'>'i  « »r .  .i  j ,  |,i '  •  、  i 

inatclv,  1  J)24,">(H1  tons.  I  u  1911.  w  lien  tin*  pioductioii  ； ui""iiit，'fl 
to  S71 ,920  tons,  the  visil 山、 supplies  、、（'，•，'  rcducttl  l>v  4i*,4")7  t'm、. 
so  that  the  consuinption  in  1912  incroasod  l>y  sli^litlv  mt'i'  11  jmt 
cent. 


METAL  QUOTAIIONS. 

TUESDAY,  Al'Kir 卜 i. 

Aliinii"iura  ingot   0o/-  per  cn t. 

，，         wire,  according  to  sizes,  &c  from  1 12/-  ,, 

，，        eheets        ，,  ,,   ，  1 20/-  ', 

Antimony  £31/-/-  to  £3:5/ — / 一  per  ton. 

Brass,  rolled    S^d.  per  Jb. 

，, tubes  (brazed)    "二 cl.  " 

，，       ，,     (solid  drawn)   SJd.  ,， 

，，       ,,     wire   8|d.  " 

Copper,  Standard   £07/.~>/-  per  ton. 

Iron,  Cleveland   i)i't/\0h  ，, 

，， Scotch   72/lOi 

Lead,  English    £l"/17/*i  ，， 

，, Foreign  (soft)    £1';/'、/!'  " 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  "  ,，       medium   3/6  to  6/-  ,, 

，，  ，,  ，,       large   7/6  to  11/ -  ，， 

Quicksilver   £7/10/-  per  boltlc. 

Silver   2<»id.  per  oz. 

Spelter    £24 /!.*»/-  per  ton. 

Tin,  block   £21S/5/-  ,, 

Tin  plates   14/—  ，， 

Zinc  sheets  (Silcaian)   £2S/-/-  , 

„  (8tettiu  ；  Viciile  Montague)   £2S/2/«;  ,, 
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paper  on  ' '  Superintending  the  Erection  of  Largs  Steel- 
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The  man  stood  on  the  boiler  top,  whence  all  but  be  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ; 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  BUiile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 
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American  Locomotive  Development. 

One  of  the  most  important  features  in  the  modern  develo])- 
Tr.ent  of  locomotives  is  the  increase  in  size  and  weight  neces- 
sitated by  the  continuous  demand  for  increased  power.  In  this 
country  loading  gauges  and  inter-rail  space  are  so  fixed  by  the 
dimensions  of  tunnels  and  bridges  of  crystallised  railway  prac- 
tice, that  the  limits  of  development  may  be  said  to  be  practi- 
cally reached.  In  the  United  States,  engineers  are  not  limited 
to  the  same  extent  by  these  considerations,  and  as  a  result 
locomotives  there  have  attained  mammoth  dimensions,  and 
though  the  boundaries  as  regards  size  still  leave  room  for 
increase,  other  considerations  indicate  that  the  limits  of  prac- 
tical development  caunpt  be  pushed  much  further  without 
serious  fundamental  changes  in  track  construction  and 
methods  of  firing.  The  subject  does  not  perhaps  directly  con- 
cern British  locomotive  engineers,  since  it  deals  with  matters 
outside  their  practice,  but-  tlie  problems  are  none  the  less  inte- 
resting or  worthy  of  note  on  that  account.  Some  idea  of  the 
potentiality  of  track  troubles  may  be  gathered  from  the  fact 
that  loads  of  50,0001bs.  to  60,0001bs.  per  driving  axle  are 
general,  while  in  some  recent  engines,  we  believe  it  has  reached 
even  70，0001bs.  While  it  does  not  appear  that  these  loads  are 
directly  responsible  for  fractures  in  rails  of  good  quality, 
they  do  undoubtedly  tend  to  materially  increase  wear  and  tear 
and  aggravate  any  weakness  due  to  initial  defects,  for  the 
hammer  blow  of  such  weights  at  high  speeds  is  particularly 
trying,  and  the  question  of  its  diniinution  is  already  present- 
ing to  American  engineers  some  serious  problems  in  engine 
design,  since  high  speeds  preclude  the  coupling  together  of 
more  than  three  driving  axles,  and  the  generation  of  more 
power  from  a  given  weight,  when  details  are  already  cut  fine, 
as  they  often  are  in  American  practice,  is  not  easy.  The  use 
of  special  steels  and  alloys  would  seem,  in  this  direction,  to 
afford  the  only  means  of  providing  a  solution,  but  progress 
with  these,  however,  can  only  be  made  slowly,  and  in  the  light 
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of  experience,  tli©  failures  of  parts  may  become  excessive,  and 
so  render  1  lie  working  uneconoTnical  and  unreliable.  For  low 
speeds  these  difficulties  are  not  so  pronounced,  siiu-e  four- 
coupled  axles  are  pr;""i('al)l(\  and,  in  \'ari  ,  are  u.sod  on  sfm'ral 
roads. 

The  boiler  is,  however,  the  real  basis  of  locomotive  power, 
and  the  dimensions  it  lias  attained  have  already  passed  the 
limits  of  hand-firing  and  human  endurance.  With  grates 
over  10ft.  in  length ― approximating  to  100  sq.  ft.  in  area ― 
and  coal  consumptions  of  over  two  tons  per  hour,  some  method 
of  mechanical  stoking  becomes  more  or  less  imperative.  This 
particular  feature  of  locomotive  development  is  one  with  which, 
of  course,  we  have  no  experience  in  this  country,  and,  in  fact, 
the  size  of  British  engines  would  not  permit  of  their  applica- 
tion. Even  when  locomotive®  are  large,  the  adoption  of  a 
mechanical  stoker  presents  problems  quite  different  to  those 
of  stationary  practice,  and  much  more'  difficult  of  practical 
solution.  Necessity  is,  however,  the  mother  of  invention,  and 
for  years  many;  ingenious  minds  in  the  States  have  been 
devoted  to  the  working  out  of  apparatus  of  this  kind,  with 
the  result  tliat  some  half- dozen  types  are  now  offered  for  choice, 
though  from  the  comparative  few  in  actual  service  they  can- 
not as  yet  be  said  to  have  passed  much  beyond  the  experiment  al 
stage,  and  before  any  type  is  adopted  generally  many  im  pro  ve- 
il vents  will  require  to  be,  and  doubtless  will  be,  worked  out. 
The  principal  benefit  to  be  secured  by  tlie  application  of 
mechanical  stoking  to  large  locomotives  is  the>  realisation  of 
maximum  boiler  capacity,  thereby  supplementing  the  advan- 
tages reaped  by  superheating,  better  engine  proportion's,  and 
other  detailed  improvements. 

An  interesting  suggestion  with  respect  to  what  may  be 
termed  the  "  fuel  aspect  "  of  locomotive  capacity,  was  made 
recently  by  Prof.  Goss,  of  Illinois  University*,  whose'  research 
work  in  connection  with  locomotive  problems  will  be  familiar 
to  many  of  our  readers.  His  suggestion  appears  to  have 
sprung  out  of  some  tests  and  experiments  with  tto  Jacob- 
Schuperti  firebox ，十  the  construction  of  which  lends  itself 
readily  to  much  greater  increase  of  dimensions  than  is  prac- 
ticable with  th&  ordinary  radial  stay  construction.  It  con- 
sists in  boldly  enlarging  the  firebox,  and  adopting  grates'  of 
20ft.  to  25  ft.  in  length ― with  an  area  of  as  much  as  150  sq.ft. 
―' and  diminishing  the  rate  of  combustion  so  as  to  diminish  the 
spark  losses  which,  with  present  blast  pressures,  is  serious 
and  more  or  less  inevitable.  His  idea,  which  he  suggests  only 
in  broad  outline,  would  necessitate,  of  course,  not  only 
mechanical  stoking,  but  material  modification  of  general 
engine'  design,  owing  to  the  abnormal  length  of  the  boiler, 
and  some  articulated  form  with  a  space  of  at  least  25ft. 
between  the  two  systems  of  wheels.  The  step  between  the  out- 
line of  an  idea  and  its  working  out  is,  of  course,  a  big  one, 
and  when,  as  in  this  case,  the  idea  is  so  far  in  advance  of 
anything  previously  attempted,  its  consummation  may  seem 
distant.  But  American  engineers  are  not  daunted  by  diffi- 
culties, and  in  view  of  the  eminence  of  the  author  of  the  sug- 
gestion, and  of  his  opinion  that  further  locomotive  develop- 
ment with  coal  fuel  is  only  possible  on  the  line's  proposed,  it 
is  pretty  certain  that  serious  efforts  will  be  made  to  put  it 
into  practice. 

*  See  "  Mechanical  Engineer,"  June  21st,  1912,  page  782. 
t  See  "  Mechanical  Engineer,"  pages  304  and  339  ante. 


Fata(  Steam-pipe  Explosion. ― Shortly  after  the  arrival  at 
Dartmouth,  on  Sunday  last,  of  the  steamship  "Simferopol," 
of  the  Russian  Volunteer  Fleet,  bound  from  Libau  to  Vladi- 
vostock,  a  fatal  accident  occurred  on  board.  The  vessel  was 
going  up  to  the  coal  hulk  when  her  main  steam  pipe  burst. 
An  assistant  engineer  was  killed  and  three  others  injured. 


HOW  TO  IMPROVE  THE  STATUS  OF  ENGINEERS  AND 
ENGINEERING. 

At  a  meeting  of  the  Society  of  Engineers  (Incorporated), 
on  Monday,  April  7th,  Mr.  William  Ransom,  A.M.Inst.C.E., 
read  his  essay  on  r<  How  to  Improve  the  Status  of  Engineers 
ami  Engineering,  with  Special  Reference  to  Consulting 
Engineers/'  which  was  awarded  the  second  prize  in  the  Status 
Prize  Competition  last  year,  no  first  prize  having  been 
awarded.  The  author  pointed  out  that  the  civilisation  of 
to-day  had  become  possible  only  because  of  the  efforts  of  the 
engineer,  but  that  the  public  did  not  sufficiently  appreciate 
the  advantages  they  had  gained  or  the  men  whose  work  had 
secured  those  advantages.  Engineers  had  many  lessons  to 
learn  from  the  legal  and  medical  professions,  both  of  which 
excluded  unqualified  men  and  exercised  a  benevolent  pro- 
fessional control  over  their  members,  and  the  State  should 
recognise  the  engineering  profession  by  giving  it  an  official 
standing  equal  to  that  of  other  professions.  The  State  should 
require  engineering  aspirants  to  pass  a  qualifying  examina- 
tion, and  should  give  facilities  to  pupils  and  assistants  for 
inspecting  large  engineering  works.  Admission  to  the  pro- 
fession required  to  be  carefully  guarded,  and  the  number  of 
pupils  allowed  to  an  engineer  should  be  regulated  by  the 
extent  of  his  practice,  while  the  climax  of  the  period  of 
pupilage  should  be  a  State  examination.  Much  more  might 
be  done  to  make  examinations  of  practical  value  to  those 
who  prepared  for  them,  but  no  other  form  of  test  was  pos- 
sible. When  State  recognition  was  obtained  for  engineers, 
the  m&mbers  of  the  profession  would  constitute  one  great 
society,  amalgamating  the  existing  societies  into  one  body, 
which  should  have  the  control  of  professional  matters  and 
be  the  mouthpiece  of  the  profession.  Such  a  society  would 
necessarily  have  sub-sections  dealing  with  special  branches 
of  the  profession.  While  the  growth  of  specialisation  must 
be  recognised,  it  was  essential  for  those  who  were  beginning 
their  training  for  the  profession  to  acquire  a  sound  general 
scientific  knowledge  before  he  began  to  specialise.  The 
engineer  should  not  be  behind  his  brethren  of  the  legal  and 
medical  professions  in  regard  to  professional  conduct  and 
etiquette,  while  the  society  that  represents  him  should  main- 
tain a  high  standard  of  professional  honour,  and  must  have 
power  to  enforce  its  regulations.  The  State  should  fix  a  scale 
of  minimum  professional  fees.  Consulting  engineers  were 
comparatively  few  in  number,  and  on  that  account  the  public 
placed  a  high  value  upon  their  services.  They  played  an 
important  part  in  forming  public  opinion  on  the  profession 
and  tlie  ideals  they  now  placed  before  themselves  would 
make  their  impress  on  the  younger  generation  of  engineers. 
The  tone  of  the  profession  could  not  be  set  by  the  pro- 
fessional societies,  but  every  individual  must  live  up  to  a  high 
code  of  professional  conduct.  The  public  estimate  of  the 
profession  was  based  not  on  the  conduct  of  the  best  members 
but  that  of  the  average  member,  hence  the  importance  of 
every  engineer  setting  an  example  of  lofty  ideals  before  his 
staff,  his  clients,  and  the  public. 


THE  REGENERATION  OF  SULPHATED  STORAGE  CELLS. 

The  results  of  some  experiments  on  the  regeneration  of 
sulphated  storage  cells  were  given  iu  a  paper  by  Mr.  C.  W. 
Bennett  and  Mr.  D.  S.  Cole,  recently  presented  to  the 
American  Electrochemical  Society.  During  the  course  of  the 
experiments  the  authors  found,  rather  by  accident  than 
otherwise,  that  a  sulphated  grid,  when  placed  in  sodium 
hydroxide  solution,  became  reduced  to  lead  very  quickly. 
In  order,  therefore,  to  obtain  a  sodium  hydroxide  solution  in 
the  pores  of  the  lead  plate,  electrolysis  with  sodium  sulphate 
as  electrolyte  suggested  itself  at  once.  The  current  should 
be  sent  through  the  cell  iu  the  direction  of  charging  ；  sodium 
hydroxide  would  be  formed  at  the  lead  plate,  and  sulphuric 
acid  at  the  lead  dioxide  plate.  Thus  an  alkaline  solution 
would  be  formed  at  the  cathode  and  an  acid  one  at  the  anode. 
Now,  if  the  electrode  potential  for  the  liberation  of  hydrogen 
was  measured,  it  would  be  found  that  a  higher  voltage  was 
necessary  when  an  alkaline  solution  was  used  than  that 
required  for  a  neutral  or  acid  solution.  In  the  same  way 
a  higher  voltage  was  required  for  the  liberation  of  oxygen 
in  acid  solutions.    The  discharge  potentials  for  hydrogen  and 
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oxygen,  respectively,  would  ihereforo  b<v  incrcjiscd  over  Urns', 
it)  ； I  straight  acid  solution,  in  this  way  ilie  r;mge  oi'  nnluc 
t  ion  and  oxidation  would  be  increased,  for  a  liiglier  voltaic 
could  bo  impressed  without  the  liberation  of  liydro^cn  and 
oxygen .  Thus  there  was  a  greater  tendency  to  reduce 
sulphate  to  lead  at  the  lead  phile  or  <^at  liodc,  a  n<\  oxidise 
lead  sulphate  to  lead  dioxide  at  the  lead  dioxide  plate  or 
anode.  When  tliis  was  tried  on  cells  that  were  uniformly 
coated  with  lead  sulphate  the  results  were  astonishing.  ( Vlts 
with  a  capacity  of  one  anipere-ininute  were  brought  back  1  o 
their  original  rated  capacity,  and  in  sonie  cases  to  a  capacity 
over  100  per  cent,  of  the  original  rating.  The  concentration 
of  sodium  sulphate  recommended,  which  could  be  varied 
within  wide  limits,  was  200  grammes  of  the  crystallised  salt 
(Na2S04  lOH20)  per  litre.  The  sodium  sulphate  should  fulfil, 
as  regards  purity,  the  requirement  for  battery  acid,  /」.， 
it  should  b©  chemically  pure.  It  was  not  necessary  to  wash 
out  all  of  the  sodium  sulphalo;  the  plates  needed  only  to  be 
(lipped  once  in  water.  The  time  of  charging  in  the  sodium 
sulphate  solution,  for  the  worst  cells,  was  about  60  hours,  at 
the  8-hour  rate.  In  order  to'  verify  these  results  on  a  larger 
scale  than  had  previously  been  tried,  it  was  thought  desirable 
to  treat  a  battery  belonging  to  the  Department  of  Electrical 
Engineering,  of  Sibley  College,  Cornell  University.  As  a 
result  of  this  experiment,  it  was  found  that :  (1)  Badly- 
sulpliated  cells  could  bo  economically  regenerated  by  elec- 
tralysis  in  sodium  sulphate  solution.  (2)  Tlie  cost  need  not 
be  greater  than  lOd.  per  cell.  (3)  Allowing  24d.  per  kilowatt- 
hour  for  power,  the  increase  in  the  efficiency  of  the  cell 
would  pay  for  the  regeneration  in  about  90  charges  and  dis- 
charges, or  in  about  three  months'  daily  use. 


WROUGHT  IRON  AND  STEEL. 

At  a  meeting  of  Staffordshire  Iron  and  Steel  Institute,  lield 
at  the  Institute,  Dudley,. on  Saturday  last,  a  paper  was  read 
by  Mr.  David  E.  Roberts  on  "The  latest  developmente  of  the 
Roe  puddling  furnaces."  Now  that  steel  in  its  many  forms 
had  been  commercially  used  for  30  or  40  years  and  had  been 
replacing  iron  in  almost  every  field  of  activity  th©  test  of  time 
was  clearly  showing,  and  users  were  agreeing,  that,  after  all, 
the  old  wrought  iron  for  certain  purpose®  was  undoubtedly 
the  better  article.  For  such  work  as  chains,  buried  pipes, 
fencing,  wagon  under-frames,  steamer  decks,  roof  sheeting, 
and  much  exposed  structures  it  had  unquestionable  advan- 
tages. Doubtless  pure  chemical  composition  was  one  feature 
that  safeguarded  wrought  iron  against  corrosion,  but  the  real 
advantage  it  held  over  steel  in  this  respect  was  not  so  much  clue 
to  its  chemical  composition  as  to  its  physical  characteristics. 
Several  attempts  were  being  made  to  make  soft  steel  of  such 
a  very  pure  character  that  it  was  claimed  to  hold  all  the 
ad  vantages  of  wrought  iron.  This  material  was  put  largely  on 
the  market  under  the  name  of  "  ingot  iron,"  but,  although 
its  analysis  left  nothing  to  be  desired,  yet  the  very  fact  that  it 
was  not  finished  in  a  plastic  condition  prevented  it  from  hav- 
ing the  protective  influence  of  the  impregnated  slag,  and, 
therefore,  in  the  matter  of  corrosion  it  was  a  totally  different 
substance  and  was  not  at  all  comparable  with  wrought  iron. 
Some  authorities  had  put  forward  scientific  tests  that  had 
been  made  between  these  substances,  "  ingot  irou  "  and  the 
real  iron,  and  claimed  that  these  corrosion  tests  indicated  the 
superiority  of  the  former.  It  was  very  questionable,  however, 
whether  these  accelerated  corrosion  tests  could  really  be  relied 
upon  at  all.  It  was  claimed  from  the  experience  already  gained 
of  the  Roe  puddling  furnaces  in  operation  that  not  only  was 
the  product  much  cheaper,  but  that  it  was  improved  in  char- 
acter over  ordinary  puddled  iron  due  to  more  thorough  agita- 
tion, working  on  a  hot  bottom,  and  consequently  git'-i"'r 
uniformity  of  the  mass,  less  likelihood  of  laminations  when 
the  mass  was  rolled  direct,  and  more  scientific  control  of  the 
cinder  and  thereby  the  character  of  the  product.  It  was  also 
found  that  a  greater  range  of  pig  iron  was  made  possible  for 
a  given  product. 


Boiler  Explosion  on  the  ss.  "City  of  Lincoln."  ― The  fonnal  in- 
vestigation ordered  by  the  Board  of  Trade  to  be  held  in 
connection  witli  the  explosion  on  board  the  steamship  "  City 
of  Lincoln/'  is  fixed  for  hearing  in  tho  Grand  Jurv  K')。m,  St. 
George's  Hall,  Liverpool,  on  Thursday,  the  24tL*iust.,  at  11 
a.in. 


THE  WORKING  OP  GAS  PRODUCERS  * 

ItY   It.   .,,  DUULEY. 

Gas  producers  differ  in  design  a'ror'liiig  to  tli<*  ，、化 I  with 
which  they  are  to  be  operated  and  the  purpos*?  for  which  the 
gas  is  to  be  employed.  Gas  for  power  pur! 謂 e«，  to  be  uued 
successfully  in  an  iiiternal-combuHtioii  engine,  must  l>e  cleaner 
more  unifonn  in  composition  tlwin  is  nc^ssary  in  Ui<*  ,  ..  «• 
of  gas  to  be  used  only  for  fuel  or  metallurgical  work. 

The  term  producer  gas  is  used  to  denote  the  mixture  of 
gases  obtained  l>y  passing  air,  or  a  mixture  of  st^-ani 
ami  air,  through  a  body  of  incandescent  solid  car- 
bonaceous fuel  ；  coal,  coke,  peat,  or  wood  are  all  su< - 
cessfully  used.  The  simplest  kind  of  gas  producer  is  one 
using  a  fuel,  such  as  coke,  containing  little  or  no  volatile 
combustible  matter  and  supplied  only  with  air.  Tlie  arrange- 
ment of  a  simple  up-draught  producer  is  shown  in  Fig. 】， ； 
it  will  be  seen  to  contain  a  somewhat  deep  bed  of  fuel,  F, 
surrounded  by  a  gas  tight  envelope  of  plate  iron,  with  proper 
provision  for  tlie  supply  of  air  at  A，  the  introduction  of  fuel 
at  B,  and  the  removal  of  the  result  iu^  gases  at  G. 

rrhe  general  nature  of  tlie  actions  occurring  in  sucli  h  pro- 
ducer can  be  readily  followed  by  anv  one  liavin^  a  s 1 1 1' 1 1 1 
knowledge  of  cheinistry.    With  a  suffk-iently  deep  bed  of  fuel 
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Fig.  1.— Simple  Gas  Produckr. 


and  a  properly  adjusted  air  supply,  it  will  be  fouiul  that  tlu" 
carbon  of  the  fuel  unites  with  the  oxygen  of  the  air  to  form 
carbon  monoxide  (CO),  a  combustible  but  poisonous  gas, 
which,  if  supplied  with  a  further  amount  of  air  at  a  proper 
temperature,  will  unite  with  more  oxygen  and  form  carbon 
dioxide  (C02),  the  product  of  complete  combustion  of  carhon 
and  oxygen.  The  formation  of  carbon  monoxide  in  the  gas 
producer  thus  involves  partial  combustion  of  the  carbon,  and 
is  accompanied  by  the  evolution  of  only  about  30  per  cent,  of 
the  heat  which  could  be  produced  by  burning  the  same  weight 
of  carbon  completely  to  carbon  dioxide.  This  30  per  cent,  is 
lost,  being  dissipated  by  radiation  and  carried  off  as  sensil 山' 
heat  in  the  hot  producer  gas  ；  the  balance,  about  70  per  rent, 
can  be  utilised  by  burniug  the  producer  gas  with  more  air. 
The  efficiency  of  a  producer,  such  as  that  just  described,  can, 
therefore,  not  exceed  about  70  per  cent,  since  a  producer  of 
100  per  cent,  efficiency  is  one  giving  gas  which,  if  burnt, 
would  develop  100  per  cent,  of  the  calorific  value  of  the  fuel 
employed.    The  efficiency  of  a  producer  isy  in  fact,  the  ratio 

Calorific  value  of  gas  produced 

Calorific  value  of  fuel  consumed 
It  has  been  found  experimentally  that  the  beat  pp>'lu'  "'1 
by  burning  lib.  of  carbon  to  carbon  monoxide  (CO)  amounts 
to  about  4,200B.T.U.,  while  if  the  resulting  2Jlbs.  of  carbon 
monoxide  are  permitted  to  unite  with  a  further  supply  of 
oxygen  so  as  to  produce  3jlbs.  of  carbon  dioxide,  an  additional 
10,450B.T.U.  is  geuerated.  The  calorific  value  of  lib.  of 
carbon  is,  therefore,  14,650  B.T.U.  when  it  is  ooinpletvlv  burnt 
to  carbon  dioxide.  Hence,  as  has  just  been  explained,  the 
lieai  efficiency  of  the  process  of  formation  of  carbon  monoxide 
10  450 

will  be  ~ - ~ or  713  per  cent,  under  ideal  or  theoreticallv 
14,650 

perfect  ronditious.     I"  an   actual   prodiucr   of  the  kind 

*  From  a  roi>ort  publi^hod  by  tli，'  (  anacliau  IXpuituicut  of  Mines'  aod 
vcproducctl  horn  tho  *•  Irou  Trudc  Hcviuw." 
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just  described  even  tliis  Jigure  cannot  be  reached,  and  it  is 
necessary  to  adopt  some  means  for  utilising  a  portion  of  the 
heat  which  otherwise  would  be  wasted.  This  can  he  done 
most  simply  by  mixing  a  proper  amount  of  steam  with  the 
air  supply. 

If  steam  be  passed  over  incandescent  carbon  a  (chemical 
reaction  occurs  which  splits  up  the  steam  into  its  constituents, 
hydrogen  and  oxygen,  and  the  oxygen,  under  suitable  con- 


Fig.  2.  — Ruston-Proctob  Suction  Producer. 


ditions  of  temperature,  unites  with  the  carbon,  usually 
forming  both  carbon  monoxide  and  carbon  dioxide.  The  gas 
resulting  from  this  process  will,  therefore,  under  ideal  con- 
ditions, be  a  mixture  of  hydrogen,  carbon  monoxide,  and 
carbon  dioxide,  the  latter  in  small  amount  if  conditions  are 
favourable.  The  dissociation  of  the  elements  of  the  steam, 
however,  requires  more  heat  than  can  be  furnished  by  the 
combustion  of  carbon  with  the  resulting  oxygen  ；  hence,  on 
the  whole,  the  formation  of  water  gas,  by  passing  steam  over 
red  hot  carbon,  is  characterised  by  the  lowering  of  the  pro- 
ducer temperature  because  of  the  heat  absorbed,  and  if  heat 
is  not  supplied  from  an  external  source  or  from  some  ether 
chemical  reaction,  the  temperature  will  soon  fall  so  low  that 
the  decomposition  of  the  steam  ceases.  This  necessary  s  apply 
of  heat  could  evidently  be  furnished  by  carrying  on  the 
formation  of  air  gas  in  proper  quantity,  and  in  many  actual 
gas  producers  the  two  processes  are  in  fact  carried  on 
simultaneously,  the  supply  of  steam  being  so  proportional  to 
that  of  oxygen  that  the  heat  resulting  from  the  formation  of 
air  gas  by  burning  a  portion  of  the  carbon  to  carbon 
monoxide  by  means  of  the  oxygen  of  the  air,  is  used  up  in 
maintaining  the  water  gas  reaction  by  decomposing  the  steam. 
The  resulting  gas  is,  therefore,  composed  of  hydrogen,  carbon 
monoxide,  and  a  proportion  of  carbon-dioxide,  the  whole 
diluted  by  nitrogen  and  other  inert  gases  derived  from  the  air 
supply. 

It  should  be  stated  that  in  the  formation  of  air  gas  a 
proportion  of  carbon  dioxide  is  always  formed,  in 
addition  to  the  carbon  monoxide,  its  amount"  depending 
upon  various  circumstances,  one  of  which  is  the  tem- 
perature of  the  producer.  Further,  should  the  fuel  used 
be  one  like  anthracite  or  coke,  which  contains  any  compounds 
of  hydrogen  and  carbon,  the  resulting  gas  will  probably  con- 
tain a  proportion  of  volatile  or  gaseous  hydro-carbon  com- 
pounds. Table  I.  gives  an  analysis  showing  (a)  the  composi- 
tion of  a  sample  of  gas  furnished  by  a  producer  using 
anthracite  coal  and  supplied  with  both  air  and  steam,  which 
may  be  taken  as  typical  of  ordinary  producer  gas  as  used 
for  gas  engine  work  |  (b)  the  composition  of  typical  air  gas 
in  which  the  supply  was  air  containing  only  a  very  small 
proportion  of  water  vapour  and  the  fuel  was  coke  ；  (r)  the 
composition  of  waber  gas  made  by  blowing  steam  over  red 
hot  cok&.  Anthracite  and  coke,  the  fuels  used  in  generating 
the  gases,  whose  compositions  are  given  in  Table  f.，  contain 
a  very  large  proportion  of  fixed  carbon,  typical  analysis  of 
these  fuels  being  given  in  Table  II.  It  is  evident  thus  that  if 
anthracite  or  coke  of  good  quality  is  used  in  a  gas  producer 


A'  sectional  view  of  a  Ruston-Proctor  gas  producer  for  use 
with  fuel  containing  little  or  no  volatile  matter  is  given  in 
Fig.  2,  from  which  it  will  be  seen  that  the  arrangement  of 
Fig.  1  is  here  modified  so  as  to  provide  for  the  necessary 
supply  of  steam,  and  the  apparatus  is  intended  to  be  worked 
as  a  suction  producer  in  which  the  engine  itself  draws  into  the 
producer  the  quantity  of  air  needed  for  its  operation.  Slight 
constructive  changes  would  be  needed  if  the  producer  were  of 
the  pressure  type,  in  which  the  air  is  blown  in  by  a  fau,  or  if 
the  draught  were  maintained  by  the  suction  of  an  exhauster. 
The  steam  needed  could,  of  course,  be  supplied  by  a  separate 
boiler,  but  as  this  would  involve  additional  expense  n»d  wculd 
require  more  or  less  continuous  attention,  it  is  usually  ciesir- 
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able,  especially  in  small  installations,  to  arrange  the  producer 
so  as  to  generate  its  own  steam. 

Iu  Fig.  2  the  upper  part  of  the  producer  proper  ronsists 
of  a  cast>iron  vaporiser  or  boiler,  which  is  heated  by  the 
fuel  below,  and  is  so  proportioned  as  to  evaporate  as  nearly 
as  possible  the  amount  of  water  required  to  give  si  eain  io  the 
air  supply.  Fuel  is  introduced  through  the  hopper,  B.  The 
air  enters  at  A,  passes  over  the  heate<l  water,  and  carries  the 
required  amount  of  steam  along  the  pipe  E,  leading  to  the 


the  resulting  gas  should  contain  only  a  very  small  proportion 
of  hydrocarbon  compounds,  and  this  is,  in  fact,  found  to  be 
the  case. 

When  gas  is  to  be  generated  from  fuels  such  as  bituminous 
coal,  which  contain  a  considerable  amount  of  hydrocarlxjn 
compounds  and  give  off  a  large  quantity  of  volatile  matter  on 
heating,  the  problem  is  a  much  more  difficult  one,  especially 
if  the  gas  is  to  be  used  for  power  purposes.  This  is  because 
the  working  of  the  producer  itself  is  more  com  plicated  than  if 
non-bituminous  fuels  are  usod,  and  the  tarry  matters  and 
products  of  distillation,  arising  when  the  coal  becomes  heated, 
must  be  dealt  with  in  such  a  way  as  to  avoid  stoppage  in  the 
producer  itself,  in  the  pipes,  and  in  the  passages  and  valves  of 
the  engines.  This  aspect  of  the  question  is  considered  later, 
but  it  may  be  said  here  that  by  adopting  special  designs  of 
producer  and  gas  cleaning  apparatus  coals  containing  as  much 
as  40  per  cent,  of  volatile  matter  have  been  successfully  em- 
ployed for  power  gas  generation. 

Table  I. — Composition  of  Gases  by  Volume. 


Producer  gas. 
per  cent. 

Carbon  mwioxide  27*0 
Carbon  dioxide  ..  3*9 

Hydrogen        , .    15*3 

Methane    1-4 

Nitrogen,  &c   ，.  51 '8 


Total  combustible  gases  44*3 
Fuel      . .        . ,        . .        . .  Anthracite 


33-6  93  0 

Coke  Coke 


. (b)  (c) 
Air  gas,  Water  , 
per  cent.        per  ce 
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space,  C,  below  the  grate.    Tlie  gas  leaving  the  upp-r  p-'nf 
of  tlve  producer  passes  Llirou^h  a  water  seal,  D，  and  ei 山' rs  ( ！] 
bottom  of  a  wet  scrubber,  S,  consisting  of  a  cylindrical  vessel 
containing  a  body  of  loosely  packed  coke  through  whicli  w,' 山' r 
trickles,  thus  cooling  and  washing  the  gas  on  its  upward 

passage.  From  the  wet  or  coke 
scrubber  the  pipe,  F，  con 
ducts  the  gas  into  an  expan- 
sion box,  K,  and  then  to  the 
engine.  For  starting  the  pro- 
ducer, a  small  hand  fan  (nol 
shown)  and  a  waste  pipe,  G， 
leading  to  tli&  atmosphere,  are 
provided,  so  tliat,  when  start- 
ing, air  is  blown  into  the  space, 
C，  the  cock,  H，  is  opened  to  the 
atmosphere,  and  the  producer 
works  under  slight  pressure, 
whereas  in  regular  running  the 
pressure  in  the  whole  system  is 
slightly  less  than  atmospheric. 
Suction  producers  of  this  type 
ar©  in  use  up  to  about  500  h.p. ； 
larger  producers  are  usually  of 
the  pressure  type,  in  which 
air  is  supplied  by  a  blower  or 
steam  jet,  and  the  whole 
apparatus  is  under  a  plenum. 

It  should  be  noted  that 
in  suction  gas  producers  the 
vaporiser  or  boiler  is  frequently 
placed  in  the  pipe  leading  to 
the  scrubber,  and  not  ill  the  producer  itself.  An  apparatus 
of  this  kind  is  shown  in  Fig.  3,  which  represents  the  Pintsch 
suction  producer.  Here  the  hot  gas  from  the  fuel  bed,  leav- 
ing the  producer  by  the  pipe,  B,  passes  through  a  vertical 
tube,  C，  in  what  is  really  a  small  boiler,  fed  by  a  gravity  water 
supply,  and  discharging  steam  at  atmospheric  pressure  by  the 
pipe,  J,  into  tlie  space  below  the  grate  of  the  producer.  Auto- 
matic adjustment  of  the  steam  supply  is  arranged,  so  as  to 
suit  the  requiremenis  of  the  fuel  and  load.  The  producer  is 
provided  with  a  dust  trap,  D，  and  the  usual  wet  scrubber,  E， 
and  its  accessories. 

Table  II. ― Composition  "f  Atithrac/if  and  Coh'. 


Fig.  4.— Koebting   Producek  for 
Lignite  Brj^uettks. 


Kixed 

Volatile 

Fuel. 

carbon, 

matter, 

Ash, 

Per  cent. 

Per  cent. 

Per  cent. 

Anthrat'it (；      , ,        . . 

85'0 

8*5 

6-5 

Coke 

89  M) 

1-3 

9-7 

For  the  operation  of  an  anthracite  or  coke  producer,  pro- 
vision must,  of  course,  be  made  for  poking  the  fire,  for  the 
removal  of  ash  and  supply  of  fresh  fuel,  and  for  getting  rid 
of  any  dust  or  refuse  which  may  be  deposited  in  the  pipes  or 
scrubbers.  The  chief  troubles  to  be  guarded  against  a  rise 
from  the  formation  of  clinker  in  the  producer,  or  from  gas 
explosions  in  the  producer  or  pipes  ；  also  tb^re  is  the 
possibility  of  gas  poisoning  if  any  leak  or  opening  permits 
the  escape  of  gas  containing  carbon  monoxide  into  the  pro- 
ducer or  engine-room.  The  term  clinker  in  a  gas  producer  is 
used  to  denote  the  fused  ash  of  the  fuel.  If  the  temperature 
iii  the  inoaudesconb  zone  of  the  fuel  bed  is  such  that  the  ash 
melts  as  it  is  formed,  there  is  a  teiulency  for  the  melted  asli 
or  clinker  to  adhere  to  the  wall  of  the  producer  aiul  seriously 
intcrferevS  with  the  regular  working  of  the  apparatus.  S()m" 
tilings  a  ring  of  clinker  grows  out  from  the  wall  of  the  pr (卜 
ducer  and  seriously  interferes  with  the  regular  downward 
inovenient  of  the  fresh  fuel  which  ought  to  occur  as  that  below 
is  burnt  away.  In  such  a  case  it  is  necessary  to  remove  the 
adherent  mass  by  poking.  The  trouble  may  evidently  l)e 
avoided  either  by  using  a  fuel  whose  ash  has  a  high  melting 
point,  or  by  working  with  a  low  terii{>erature  in  the  fuel  bed. 
The  latter  result  is  easily  obtained  by  increasing  the  propor- 
tion of  steam  in  tlie  air  supply,  but  too  low  a  teni]>erature  is 
innlesirable,  since  it  is  found*  that  with  very  low  praduccr 
temperatures  the  resulting  gas  will  be  high  in  oarbon  dioxide 


aiul  low  in  carbon  monoxide  ；  tlie  '  ； ilorifi'  value  ai  the  gas 
generated  will  thus  be  lessoned.    Tlie  usual  temperature  in 
the  heated  zone  of  a  gas  producer  is  about  1,500°  to 
Fah. 

The  risk  of  gas  explosion  in  a  properly  operated  gas  pro- 
ducer plant  is  very  slight.  In  order  to  produce  an  explosive 
mixture,  the  gas  after  leaving  the  fuel  bod  must  be  niixwl  with 
air,  and  this  can  only  occur  through  leaky  jointn,  valves,  or 
cocks  in  a  suction  plant,  or  by  tin*  improper  use  of  openings, 
such  as  ash  pit,  cleaning,  or  poke  liole  doors.  The  pipe  system 
should  always  he  provider!  with  n  suilicient  huiiiIht  oi  wat<M* 
seals,  like  tliat  shown  at  the  bottom  of  the  gas  outlet  pipe  in 
Fig.  2,  so  that  the  effect  of  a  gas  explosion  in  the  piping  will 
simply  be  to  blow  out  the  water  in  one  or  more  of  the  seals. 
When  cleaning  out  a  scrubber  or  gas  holder,  no  fire  or  light 
should  be  allowed  in  the  prcwlucer  house,  and  all  precautions 
should  be  taken  to  avoid  possibility  of  explosion. 

Carbon  monoxide  is  the  only  poisonous  constituent  of  pro- 
ducer gas,  but  it  is  inodorous  and  occurs  in  sufii'  amount 
to  render  the  gas  dangerous  to  human  life  if  inhaled.  Every 
care  should,  therefore,  be  taken  to  guard  against  leakage,  ； ui'l 
the  producer  house  must  be  well-ventilated.  When  cleaning 
is  to  be  done  it  is  very  imprudent  to  enter  a  scrubber,  gas 
holder,  or  any  part  of  the  installation  until  it  is  completely 
cleared  of  gas,  and  has  been  blown  out  with  fresh  air.  Again, 
in  starting  a  suction  plant  care  must  be  taken  that  the  engine 
is  not  in  such  a  position  that  both  gas  and  air  inlet  valves  are 
open,  as  in  this  case  gas  might  possibly  be  driven  through  the 
producer  by  the  starting  fan  and  thence  into  the  engine-room. 
Unburnt  gas  should  not  be  allowed  to  escape  from  test  cocks 
or  other  orifices  into  the  producer  or  engine-room.  On  account 
of  the  fact  that  with  a  suction  producer  the  pressure  within 
the  gas  system  is  less  than  that  of  the  atmosphere,  any  leak- 
age occurring  when  the  engine  is  working  will  be  from  tli'' 
air  into  the  prcxlucer  or  ])i])ing.  With  a  ]>ressure  plant,  how- 
ever, the  leakage  is  outwards,  and  for  this  reason  such  plants 
require  more  care  to  guard  against  possible  leaks. 

The  efficiency  reached  by  well -designed  gas  producers  in 
practice  is  high.  Well -designed  installations  working  with 
suitable  fuel  have  produced  gas  whose  calorific  value  is  as 
much  as  85  per  cent,  of  that  of  the  fuel  burnt,  even  in  small 
sizes.  It  is  probable,  however,  that  in  every-day  workiug  the 
efficiency  of  the  ordinary  suction  producer  does  not  exceed 
75  per  cent,  to  80  per  cent,  and  most  installations  working 
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Fig.  5.— Looins-pETiiBOSE  Twin.  Dowx-nRACiiHT  Prodccers. 

with  bituminous  coal  show  a  considerably  lower  eflicienrv  than 
this. 

It  should  be  noted  that  when  producer  gas  containing 
hvdrogen  or  hydrocarbon  conipoimds  is  burnt,  the  heat  given 
up  by  the  products  of  combustion  is  greater  if  the  steam 
formed  is  condensed  than  if  the  steam  is  not  so  condenseel, 
because  of  the  relatively  large  amount  of  heat  giveu  out  by 
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each  pound  of  steam  in  being  turned  to  water.  ;When  speak- 
ing of  the  calorific  value  of  such  a  gas,  ifc  is,  therefore,  neces- 
sary to  know  whether  the  higher  value,  allowing  for  the 
(condensation  of  any  steam  formed,  or  the  】ower，  or  effective 
value  is  meant.  The  two  quantities  often  differ  by  as  much  as 
10  per  cent.  It  seems  right  to  take  the  lower  value  in  gas 
producer  work,  since  the  products  of  combustion  are  always 
above  212°  Fah.  when  tliey  leave  the  engine,  and  the  steaju 
tliey  fonlain,  therefore,  is  not  condensed. 

Table  III. ― Composition  of  Typical  Gases  from  Bdntit'nous 

Coal. 


Westing- 

Type  of  Producer 

R.  D.  Wood. 

house. 

Mond. 

Per  cent. 

Per 

cent. 

Per  cent. 

l'，uel  :— 

Moisture      . ,       , , 

4-21 

1 

39 

2-0 

Fixed  carbon         ,  • 

53-10 

74 

28 

65-0 

Volatile  matter      , , 

35-41 

1(> 

01 

27-0 

Ash  

7-22 

8 

32 

6-0 

Gas  (per  cent,  by  volume) ： 一 

Carbon  monoxide  , , 

23-4 

18 

1 

15-3 

Carbon  dioxLde      , , 

7-9 

7 

S) 

13-2 

Hydrogen    •  •       . . 

17-1 

12 

G 

19-：}5 

Methaue               ♦  ■ 

21 

2 

0 

3-85 

Oxygen  " 
Nitrogen,  &c.         , , 

0 

5 

49-5 

58 

3 

48-3 

Calorific  value  (low  er)  B.T.U. : 

Per  cubic  foot       . . 

150-d 

117 

8 

141-7 

Gas  for  use  in  gas  engines  must  be  clean,  that  is,  practi- 
cally free  from  du^b  or  tarry  matter  which  will  cause  obstruc- 
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EXHAUSTER 


Fig. 
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tion  in  the  passages  or  undue  wear  of  the  working  parts  of  tlie 
engine.  Such  gas  should  be  delivered  to  the  engine  at  as  low 
a  temperature  and  at  as  high  a  density  as  possible,  so  that  the 
engine  may  take  in  a  charge  having  the  greatest  possible  heat 
value.  The  gas  should  be  uniform  in  quality  and  uninter- 
rupted hi  supply,  whatever  the  rate  at  whicli  the  producer  is 
worked,  and  the  operation  of  the  producer  plant  should 
involve  but  little  supervision  and  itianual  labour  on  the  part 
of  the  attendants. 

Gas  producers  using  bituminous  coals  have  been  success- 
fully used  for  industrial  purposes,  such  as  cement  buniinu, 
steel  melting,  and  the  like,  since  the  introduction  of  the 
Siemens  producer  and  furnace  in  1861，  but  such  producers  aro 
usually  of  considerable  size,  and  furnish  gas  which  is  neither 
clean  nor  cool.  Freedom  from  tar,  aud  low  temperature  of 
gas,  are  qualities  of  little'  or  no  advantage  for  furnace  work  ； 
and  fuel  gas  producers  are,  therefore,  simpler  and  less  diffi- 
cult in  operation  than  is  the  case  .with  producers  supplying 
gas  for  power  purposes.  A  coal  may  be  capable  of  giving 
satisfactory  results  in  a  large  fuel  gas  producer,  and  】nay， 
nevertheless,  give  trouble  when  burnt  in  a  produce 
furnishing  gas  for  power  purposes,  especially  if  the 
producer  is  a  small  one.  Fuel  gas  producers  will  not 
bo    discussed    here,  but   the    construction    and  operation 


of  a  few  leading  types  of  power  gas  producers  will  l>e 
descril>ed,  in  order  to  illustrate  the  special  difficulties 
involved  in  the  use  of  bituminous  fuels.  Such  fuels  form  the 
major  part  of  the  world's  fuel  supply,  and  power  gas  plants 
must  be  capable  of  utilising  bituminous  coals  if  they  are  to 
compete  successfully  with  steam  plants  under  any  but  excep- 
tional circumstances.  The  composition  of  certain  typical 
gases  made  from  bituminous  coal  for  power  purposes  is  shown 
in  Table  III. 

If  attempts  are  made  to  use  bituminous  coal  in  producers 
of  such  types  as  are  shown  in  Figs.  1，  2,  and  3,  ilic  first  effect 
of  the  introduction  of  a  portion  of  fresh  fuel  is  that  a  quan- 
tity of  the  volatile  matter  is  driven  off  by  the  heat  of  the 
already  incandescent  fuel  bed.  The  resulting  gas  is  then 
charged  with  hydrocarbons,  the  products  of  partial  distillation 
of  the  fresh  fuel,  as  well  as  with  dust  arising  from  the  ash  of 
the  fuel  )>e(l.  The  tarry  matter  and  dust  are  partly  deposited 
in  the  pipe  system,  and  partly  removed  in  the  scrubber,  ivhich 
rapidly  becomes  clogged,  but  a  large  amount  of  objectionable 
material  passes  over  to  the  engine,  where  it  soon  makes  its 
presence  manifest  by  obstructing  the  ports  and  passages,  aud 
especially  the  gas  and  air  valves,  so  that  in  a  short  time  the 
engine  ceases  to  work. 

If  the  bituminous  coal  employed  is  of  a  caking  quality  the 
fresh  fuel  will  tend  to  form  a  more  or  less  solid  layer  adher- 
ing to  the  walls  of  the  producer,  and  permitting  the  formation 
of  a  hollow  space  as  the  rest  of  the  fuel  burns  away  below. 
This  layer  has  to  be  broken  down  by  poking,  a  process  which 
disturbs  the  regular  operation  of  the  producer,  and  is  liable 
to  cause  rapid  changes  in  the  quality  and  composition  of  the 
gas  generated,  even  if  it  does  not  render 
the  supply  insufficient  for  the  eugine.  The 
resistance  of  the  fuel  bed  to  the  passage 
of  the  gas  will  also  change,  and  this  change 
will  be  shown  by  an  increase  or  diminution 
of  the  pressure  in  the  producer  and  pipe 
system.  Iu  fact,  it  will  be  found  that  an 
ordinary  suction  producer  equipment 
which  will  work  perfectly  with  coke  or 
anthracite  fails  entirely  when  tried  Aviili 
bituminous  coal,  even  of  non-caking 
quality.  Difficulty  from  the  sticking  or 
hanging  of  the  fuel  bed  will,  of  course,  be 
more  serious  in  a  small  producer  than  in  a 
large  one,  for  if  the  producer  is  of  suffi- 
ciently large  diameter  the  fuel  layers  will 
1-end  to  break  down  under  their  owu 
weight  without  the  use  of  the  poker. 

Successful  power  gas  producers  for  bitu- 
minous coal  must,  therefore,  provide 
means  for :  (1)  Destroying  or  removing  the 
tarry  matter  arising  from  the  fresh  fuel  charged.  (2)  Insur- 
ing a  uniform  downward  movement  of  the  charge  as  the  fuel 
is  consumed,  without  excessive  manual  labour,  thus  obtaining 
continuous  and  uniform  quality  of  gas.  (3)  Avoiding  the  loss 
arising  from  unburut  carbou  in  the  refuse.  (4)  Removing 
refuse  without  disturbing  the  operation  of  the  producer. 

The  methods  by  which  these  euds  have  been  more  or  less 
completely  attained  in  actual  producers  will  be  seen  from  the 
descriptions  which  follow.  The  products  of  distillation  from 
bituminous  coal,  wood,  peat,  or  other  non-anthracite  fuel 
contains  various  hydrocarbon  compounds,  which  tend  to  break 
up  into  simpler  forms,  chiefly  inetliane  or  marsh  gas  (CH 
when  heated  to  a  t-emperature  corresponding  U)  a  hrighl  red 
heat,  this  process  being  often  accompanied  hy  the  deposition 
of  carbon  in  the  form  of  lamp  black  or  soot.  Hence,  if  the 
vapour  arising  from  the  fresh  fuel  in  a  bitiuninous  producer 
be  drawn  through  the  most  highly  heated  zone  of  that  or  of  a 
second  producer,  the  whole  or  the  greater  part  of  the  tar  will 
be  decomposed  or  burnt  and  further  difficulty  avoided  unless 
the  lamp  black  gives  trouble.  The  only  other  alternative  is 
to  remove  the  tar  by  some  kind  of  wasliing  or  cleaning  pro- 
cess applied  to  the  gas  after  it  leaves  the  producer. 

The  Koertiug  producer,  Fig.  4,  is  designed  for  use  wit  li 
briquettes  made  from  lignite,  and  may  be  taken  as  an  example 
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of  the  type  in  which  the  tarry  matter  is  destroyed  by  w, 
sure  to  a  high  temperature  within  the  pr"(lii('pr. 
apparatus  is  similar  in  general  principle  to  a  producer 
patented  by  Dowson  in  1903,  and  consists  of  a  vertical  Ixxlv, 
8ft.  or  10ft.  in  height,  arranged  as  shown,  with  a  grate,  G,  at 
the  bottom,  and  a  gas  outlet,  K，  about  ha  If- way  up  Air  is 
admitted  both  at  the  top  and  bottom  of  I  lie  producei*,  aurl 
when  running  on  lignite'  which  contains  from  ir)  per  ('('"1.  1o 
3()  per  cent,  of  moisture,  good  gas  can  be  obtained  witli  l:m 
oflicieiicy  without  the  admission  of  additional  steam.  The 
gas  outlet  is  so  formed  that  as  imich  as  possible  of  the  air 
<miI oring  at  the  fuel  inlet,  J,  must  pass  through  the  heated 
zone  of  the  fuel  before  reaching  K.  A  passage,  S，  wliich  h^uls 
from  the  top  of  the  producer  to  the  atmosphere,  is  used  for 
starting,  and  is  closed  by  a  valve  during  regular  l'uiuiiii". 
Provision  is  made  for  judging  (he  ('()ii(lition  o f  the  fire  and  for 
poking,  as  required,  by  means  of  proper  sight  holes  aiul  !>'""' 
holes.  The  position  of  the  zone  of  highest  temperature  can  1"' 
regulated  by  varying  the  relative  amounts  of  air  admitted  at 
the  top  and  bottom  openings,  in  such  a  manner  that  the 】"'卜 
ducts  of  distillation  from  the  freshly  clKU'^ed  fuel  are  properly 
dec^oinposed.  The  lower  portion  of  the  producer  when  work- 
ing well  contains  only  cokerl  fuel  resting  on  a  bed  of  ash .  Tiie 
whole  apparatus  may  be  regarded  as  a  combination  of  the 
co-called  lip-draught  and  down-draught  systenus,  the  p.issa'jc 
of  the  gases  being  downwards  in  the  upper  and  upwards  in 
the  lower  portion.  Such  a  producer  would  probably  not  work 
equally  well  with  caking  bituminous  coal,  as  this  fue】  sticks 
or  hangs  in  the  producer  much  more  thau  lignite,  and  ])okin^' 
in  a  deep  producer  of  comparatively  small  diameter  is  not 
easy. 

A  producer  plant  in  which  the  tar  is  decomposed  in  a 
second  separate  bed  of  hot  fuel  is  shown  in  Fig.  5,  whi<,li 
represents  the  Looniis-Pettibone  system.  In  this  arrangement 
two  producers  or  generators,  connected  at  the  top,  have  valves, 
A  and  B,  leading  from  the  spaces  beneath  the  grates  to  a 
boiler  or  vaporiser.  From  the  top  the  vaporiser  valves,  C  aiul 
D，  conduct  the  cooled  gas  to  either  of  two  gas  holders.  Fuel 
is  introflnced  through  the  hoppers,  E  and  F.  The  producers 
are  worked  in  such  a  way  that  the  products  of  distillation 
irotii  the  generator  that  has  been  coaled  have  to  pass  through 
the  hot  coked  fuel  in  the  other  generator.  There  are  several 
ways  of  doing  this.  One  method  is  to  work  the  two  generators 
in  parallel,  with  down-draught,  supplying  air  only,  until  the 
temperature  rises  sufficiently.  During  this  period,  the  tar 
from  the  top  of  each  producer  is  decomposed  in  its  own  heated 
zone  of  coked  fuel.  The  valves  are  then  manipulated  so  Hint 
on  supplying  steam,  without  any  air,  to  the  base  of  producer 
No.  1，  for  example,  and  thus  running  it  for  water  gas  with  uj>- 
draught,  all  gases  distilled  pass  downwards  through  pro 山 i'  rr 
No.  2  and  are  there  freed  from  tar.  During  this  water-gas 
ruu，  the  temperature  in  both  producers  will  fall,  as  tin1 
reactions  occurring  absorb  heat  instead  of  developing  it,  and 
Hie  water  gas  produced,  wliich  is  rich  in  hydrogen,  is  usually 
led  to  a  separate  gas  holder.  When  the  action  lias  proceeded 
sufiiciently,  steam  is  shut  off  and  air  is  admitted  to  bolli  pro- 
ducers, which  are  worked  down-draught  as  before,  so  that  an 
air-gas  run  is  made  during  which  the  producer  temperatures 
rise,  but  will  evidently  be  higher  in  No.  2  than  in  No.  1 
wliere  the  water-gas  has  been  made.  A  second  water- 
gas  run  is  then  made,  but  this  time  the  steam  is 
supplied  to  the  base  of  No.  2  while  t  he  gases  pass  down- 
wards through  No.  1  where  the  tar  is  dealt  with.  Another  air 
blow  follows,  and  the  process  is  repeated  indefinitelv.  Fuel 
can  be  charged  into  either  producer  while  it  is  working  with 
open  top  during  the  air-blow  period.  Installations  of  this 
type  have  given  excellent  results,  hut  there  is  often  some 
difliciilty  in  effecting  the  proper  removal  of  ash  and  clinker 
without  interference  with  continuous  operation,  and  close 
attention  is  required  to  maintain  the  uniform  quality  of  ^as 
a!id  regular  sequence  of  operations-  The  gas  produced  from 
bituminous  coal  is,  liowever,  of  good  quality,  ami  such  plants 
are  capable  of  economic  working  and  good  efficiency. 

. As  an  example  of  another  arrangement  for  dealing  wit  li 
bituminous  coal  by  destroying  tar,  the  Westingliouse  double- 
zone  i)rodm:er，  introduced  in  1909,  may  be  selected.  This 
appa ratus,  like  the  Kocrting  producer,  is  generally  similar  in 


principle  to  the  Dowson  j)ro*lu<-er  of  1903,  hut  contain»  mcaiiH 
for  generating  the  steam  it  requires.  It  has  no  grate,  the 
refuse  being  removed  through  a  water  seal  at  the  base,  and 
the  plant  includes  many  novel  accessories  and  featured  of 
construction.  The  producer  is  shown  in  Fig.  6，  and  from 
wlii<"h  it  will  be  seen  that  tho  cast -iron  v;i|'"r 卜 '•， .  •  ontainiii^ 
the  gas  outlet  passage  and  a  series  of  poke  holen,  divides  the 
producer  into  an  upper  and  a  lower  portion  of  rlifTercMit 
fliameters.  An  air  inlet  pi]>e  arlmits  air  to  the  h  tea  in  spa*  ••  ,'i 
the  vaporiser,  and  vapour  pipes,  provide/l  with  sujipleinentarv 
air  admission  cocks,  lead  respectively  to  the  spaces  at  the  top 
of  the  upper  portion  of  the  prwliw  aiwl  to  tli^  ； thh  )>e<\  just 
above  the  water  seal.  Air  and  steam  in  any  deeired  mixture 
can,  therefore,  be  supplied  U>  tho  fii'  l  \n-<\  either  ； it  top  nr 
bottom,  or  at  both,  and  the  gas  produced  is  flr,iwn  off  l>\  an 
exhauster  from  the  central  zone  to  the  gas  holder,  if  used,  ；" i'I 
engine.  Sight  holes  enable  the  operator  to  judge  of  tho 
condition  and  location  of  his  fire.  Toward  tli^  mi 小 lie  level  of 
the  producer  the  fuel  is  at  a  lower  temperature,  while  the 
coke  is  completely  burnt  and  another  zone  of  combustion 
occurs  near  the  bottom  of  the  lower  part,  of  the  producer.  In 
connection  with  this  make  of  producer,  a  gas- washer  of  special 
type  designed  for  the  removal  of  dust,  a  mixing  header,  and 
a  special  pressure  regulator  are  employed. 

The  producers  so  far  described  are  of  the  type  in  which 
the  tarry  matter  is  destroyed  by  exposure  to  a 】iigh  tempera- 
ture or  burnt  by  a  special  air  supply.  Many  successful  power- 
gas  plants,  however,  are  in  use  in  which  the  tar  is  i  emoved 
from  the  gas,  together  with  the  dust,  by  power-driven  washing 
and  cleaning  apparatus.  Probably  the  largest  and  most  highly 
specialised  power-gas  installations  now  at  work  are  those 
using  the  Mond  process,  in  which  the  gas  is  mechanically 
cleaned,  and  this  system  is  of  considerable  interest,  especially 
as  provision  can  he  made  for  recovering  certain  of  the  by- 
products, such  as  ammonium  sulphate,  which  are  of  conuuer- 
cial  value.  The  Mond  producer  is  of  the  up-draught  type 
with  a  water  seated  bottom.  It  is  worked  uuder  slight  pres- 
sure from  a  blower,  and  the  entering  air  is  mixed  with  a  large 
amount  of  steam  (about  2^  times  the  weight  of  coal  burnt), 
with  the  object  of  keeping  down  the  producer  temperature, 
so  that  any  ammonia  formed  may  be  recovered  and  there  may 
be  no  trouble  from  clinker.  The  hot  gas  leaving  the  generator 
is,  therefore,  mixed  witli  much  undecomposed  steam,  and  this 
mixture  gives  up  its  heat  in  a  regenerator  to  the  incoming  blast. 
The  gas  is  then  passed  through  a  mechanical  washer,  and 
enters  special  cooling  towers  where  the  ammonia  is  abstracted. 
Aininonia  recovery  is  not  usually  practised  in  plants  burning 
less  than  30  tons  per  day,  and  the  system  as  a  wliole  is  not 
easily  applicable  to  small  powers. 


CONTROLLING  VALVES  FOR  STEAM  TURBINES. 

It  is  important  that  the  steam  admission  of  the  first  rotor  of 
a  lu rbine  should  be  automatically  adjusted  to  the  existing  Io;itl 
on  the  machine,  so  that  the  steani  pressure  in  front  of  tlie  high- 
pressure  nozzles  may  remain  at  the  same  degree  also  at  small 
load,  and  that  the  whole  drop  of  pressure  may  be  used  for 
output  of  energy.  In  order  to  attain  tliis  objet  t,  constructions 
have  been  proposed  having  piston  valves  and  also  having 
single-seated  and  double-seated  valves.  The  arrangement 
shown  in  the  accompanying  sectional  view^,  patented  by 
Bergmann  Electric  Works  Coin]);uiyt  Oiulenardor  Stt  t、、，'， 
23/32,  Berlin,  N.，  has,  it  is  claimed,  several  advantages  over 
existing  designs.  It  consists  of  double-soateil  valves  moving 
witli  sufficient  play  in  a  cylinder,  in  such  a  manner  that  only 
tlie  lower  seats  of  the  valves  effect  the  control,  while  the  up|»er 
seats  maintain,  throughout  the  whole  length  of  the  stroke,  a 
uniform  passage  between  themselves  ami  the  wall  of  the  cylin- 
der. The  upj>er  pari  of  the  valve  body,  therefore,  operates  to 
a  certain  extent  as  a  piston,  upon  wliich,  in  consequence  of  tlie 
di (Terence  of  dimensions  between  the  upper  and  the  lower  valve 
seats,  there  is  an  excess  of  steam  pressure  in  the  "in  '  tio"  fur 
closing  the  valve.  Each  of  the  valves  controls  the  admission 
of  steam  to  a  uozzle  or  to  a  group  of  nozzles,  the  diameters  of 
the  several  seats,  as  shown  in  the  accompanying  drawnng, 
wliioli  is  an  axial  seotion  ilirough  tlie  controller,  increasing 
from  valve  B  to  valve  E,  successively,  so  that  all  the  valves, 
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B，  C,  D，  and  E  can  be  raised  together  with  the  valve  spiiulk 
from  the  cylindrical  casing.  Between  the  spindle  and  the 
body  of  the  valve  there  is  sufficient  play  to  avoid  contact  with 
each  other.  The  valve  is  lifted  by  a  collar  on  the  spindle,  and 
the  valve  is  securely  closed  by  joint  action  of  iLs  weight  and 
lit''  excess  of  steam  pressure  in  1-1  le  dire<'tion  for  closing.  The 
excess  of  steam  pressure  increases  continuously  as  the  valve 
approaches  the  closing  position,  wliich  is  of  importance  for 
obtaining  a  satisfactory  tightness. 

Tlie  mode  of  control  is  as  follows  ：  The  governor  adjusts  the 
oil-driven  piston  K.  This  piston  is  connected  with  the  spindle 
S.  Tlie  latter  carries  a  series  of  collars  A,  which  serve  as  bear- 
ing surfaces  for  the  several  controlling  valves,  B,  C，  D,  and 
E，  so  that  these-  valves  can  be  raised  and  lowered  in  succession 
by  the  movements  of  the  piston  K.  The  collars  are  conioally 
formed,  and,  when  they  are  raised,  enter  into  corresponding 

cavities  in  the  valves,  whereby 
tlie  latter  are  exactly  centred 
on  the  spindle,  when  tliey  are 
lifted  from  their  seats,  and  can 
move  freely  during  the  "whole 
stroke.  To  ensure  satisf  actory 
working  when  the  machine  is 
running  light  there  is  inserted 
a  double^seated  main  valve  F. 
The  steam  entering  through 
the  inlet  Z  into  the  steam  cham- 
ber must  first  pass  this  main 
valve.  The  dimensions  of  this 
valve  are  so  selected  that  the 
free  cross-section  whon  it  is 
open  increases  about  f  our  times 
as  rapidly  as  the  free  cross-sec- 
tion of  the  several  controlling 
valves,  so  that  this  valve  throt- 
tles  the  leakage  steam  only  in 
the  lowest  position,  and  at  all 
events  only  throttles  the  steam 
at  the'  first  group  of  nozzles  ； 
while  at  high  loads,  and  there- 
fore with  longer  stroke,  there 
is  no  longer  any  throttling 
by  this  main  valve.  By  this 
arran  ge'ment  it  is  ensured 
with  certainty  that  even 
should  there  bo  an  accidental 
leak  through  the  several 
controlling  valves,  racing  of 
the  machine  is  avoided  without 
necessity  for  loss  owing  to  throttling  at  higher  loads.  The  first 
va.lv©  B  begins  to  open  as  soon  as  throttling  substantially  ceases 
at  valve  F,  that  is  to  say,  when  the'  pressure  is  tlie  same  in 
front  of  and  behinid  the  valve.  The  valves  C，  D，  &c.，  close  in 
succession,  so  that  the  next  succeeding  valve  always  takes  up 
the  control  as  soon  as  the  preceding  one  has  opened  to  its  full 
extent.  In  this  manner  it  is  claimed  that  a  simple  and  con- 
tinuously-operating controlling  device  is  obtained,  all  loss 
through  throttling  being  avoided,  and  there  is  a  considerable 
decrease  in  the'  consumption  of  steam  at  low  loads  as  compared 
with  simple  throttling. 


Controlling  Valves  for  Steam 
Turbines. 


The  Incorporated  Municipal  Electrical  Association. ― The  18th 

annual  convention  of  this  Association  will  be  held  in  London 
from  June  17th  to  June  21st  next.  The  convention  will  be 
opened  at  10  a.m.  on  Tuesday,  June  17th,  in  the  hall  of  the 
Institution  of  Electrical  Engineers,  when  an  address  will  be 
delivered  by  the  ex-president,  Mr.  C.  E.  C.  Shawfield,  and 
a  paper  on  "Prime  Movers"  will  be  read  by  Dr.  Ferranti. 
In  the  afternoon  visits  will  be  made  to  the  West  Ham  and 
Deptford  electricity  works.  On  the  following  day  a  dis- 
cussion will  be  held  in  the  hall  of  the  Institution  of  Electrical 
Engineers  in  the  morning,  and  Lots  Road  power  station  will 
be  visited  in  the  afternoon.  The  annual  dinner  will  be  held 
at  the  Hotel  Cecil  in  the  evening.  On  June  19th  a  visit  will 
be  paid  to  Kingston-uj)on-Thames,  and  papers  on  "  Electric 
Vehicles/ '  by  Messrs.  Seabrook,  Watson,  and  Mitchell,  and 
on  "Air  Filtration,"  by  Mr.  J.  Christie,  will  be  read. 


SOME  EFFECTS  OF  SUPERHEATING  AND  FEED-WATER 
HEATING  ON  LOCOMOTIVE  WORKING, 

BY  F.  H,  TKEVITHICK  AND  I'.  J.  COWAN. 

(Concluded  from  page  372.) 

Appendix  I. ― The  Development  of  the  Heaters. 

In  the  heater  systems  developed  on  the  Egyptian  State 
Railways  the  principle  lias  been  followed  throughout  of  com- 
pelling all  the  waste  gases  from  the  boiler  to  pass  over  the 
heating  surface  of  the  smokebox  heater.  The  smokebox  is 
virtually  divided  into  two  by  the  heater,  the  smokebox  com- 
partment proper,  and  another  section  beyond  the  heater, 
wliich  may  be  termed  the  blast  chamber,  communicating  with 
the  chimney.  The  blast  ejects  into  this  latter  chamber,  and 
draws  the  gases  through  the  heater  tubes.  Table  X.  illus- 
trates some  of  the  steps  in  the  evolution. 

The  first  of  the  heaters  mentioned  below  was  composed  of 
two  large  ring-shaped  shells,  set  one  within  the  other,  Figs. 
17-19.  The  water  flowed  successively  round  a  |in.  space  in 
both  heaters  before  passing  to  the  boiler.  Plating,  fixed  to 
the  inner  shell  and  carried  back  to  the  smokebox  tube-j>lat-e, 
enveloped  the  tube  area.  The  blast^pipe  was  carried  up 
tlirough  this  plating  to  the  base  of  the  chimney,  the  gases 
being  drawn  forward  from  the  tube-plate  towards  the  smoke- 
box door,  then  back  through  the  annular  space  between  the 
shells,  and  sent  up  the  chimney.  This  was  a  cumbersome 
apparatus  of  small  heating  surface.  In  No.  2  (Table  X.) 
the  annular  space'  was  transformed  into  tube  space,  Figs. 

Table  X. ― Development  of  the  Smoke-box  Heaters. 


Sq.  ft. 

1 

Annular  Shell  Heater   

3*53  of  heating  surface  per  1  cwt. 

2 

Annular  Tubular  Heater  .... 

5*8  of  heating  surface  per  1  cwt. 

3 

24      of  heating  surface  per  1  cwt. 

4 

Single  Drum  Tubular  Heater 

36      of  heating  surface  per  1  cwt. 

20-23.  Subsequently  a  much  higher  ratio  of  heating  surface 
to  weight  was  secured,  by  adopting  small  drums  containing 
small  tubes  (Nos.  3  and  4,  Table  X.,  and  Figs.  24  to  32). 

A  heater  of  comparatively  high  efficiency  may  thus  be 
obtained.  The  design  possesses  two  valuable  features  of  equal 
importance  to  the  success  of  waste  gas  li eating  ：  ( 1 )  The  boiler 
tube-plat&  is  not  obstructed  ；  (2)  the  best  tube  proportions  for 
the  heater  may  be  adopted  without  regard  to  limitations  of 
a  purely  practical  character  imposed  by  the  boiler.  The 
utmost  amount  of  heat  may  thus  be  abstracted  from  the  gases, 
a  result  impossible  with  a  tubular  heater  in  the  barrel,  when 
the  size  of  the  heater  tubes  is  determined  by  questions  of 
rodding,  retubi ng  of  the  barrel,  &('.  For  heating  purposes, 
long  and  relatively  small  tubes  are  the  most  effective,  and, 
for  a  given  length,  a  heater  with  small  tubes  is  more  efficient 
than  one  limited  to  large  tubes.  Moreover,  in  the  small 
heater,  circulation  is  more  rapid  and  the  transmission  greater. 
If  the  boiler  tubes  be  shortened  in  order,  as  is  sometimes  done, 
to  provide  space  for  the  heater,  their  efficiency  is  reduced. 
The  resultant  lower  boiler  efficiency  must  be  made  good  in  the 
engine  before  any  net  gain  can  be  derived  from  the  U9e  of 
the  heater.  A  small  heater  with  small  tubes ，  combined  witli  a 
normal  boiler  barrel,  is  thus  better  than  a  large  but  short 
】ieat>er  with  large  tubes  and  a  shortened  boiler  barrel,  espe- 
cially when  approximately  similar  temperatures  may  be 
obtained  with  both.  From  the  practical  point  there  is  no 
comparison  between  the  two,  the  smaller  heater  interfering  in 
no  way  with  work  on  the  boiler. 

The  exhaust  heaters  have  been  of  the  tubular  type.  An 
early  form  is  illustrated  in  Figs.  17-19.  In  later  arrangements 
the  exhaust  heaters  were  placed  on  either  side  of  the  smoke- 
box on  the  running  board,  and  consisted  of  long  cylindrical 
shells  fitted  with  tube-plates  and  small  tubes.  The  water  cir- 
culated outside,  and  the  steam  through,  the  tubes.  The  pump 
exhaust  heater  was  similar,  but  arranged  vertically  below  the 
]>ump,  on  the  suction  side.  The  feed  passes  in  series  tlirough 
the  two  main  exliaust  heaters,  which  are  supplied  by  3in. 
brauch  pipes  from  the  exhaust  cavity  of  the  cylinder  casting. 

*  Paper  read  before  the  Institution  of  Mechanical  Engineers,  March  14th,  1913. 
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By  niOHiis  of  tliaplira^ms  ins"d('tl  ； imong  the  IuIjl'.s  it  is  m;ul" 
to  1  ravcrwe  1  lie  len^lli  two  or  more  times. 

The  Egyptian  State  Railways  engines  of  the  695-724 
class,  which  are  chiefly  referred  to  in  the  paper,  are  of  the 
4 ― 4 ― 0  type,  having  I8in.  by  26in.  cylinders,  a  boiler  j)re«suro 


//.  ///.、•/〃〃"/""/  iji  rt/u/  at  nth  raft  f/t  f/r*  »■  Ft  ttt-ltnitui  7 
and  moderate  Saperheatvngt  or  high  degree  Feed  heating  "/'/'/. 
(Engine  No.  706.)  —The  installation  shown  in  ¥'\^.  24  to  32 
is  simple  and  cheap  to  install.  It  includes  a  pump  *>n  thf 
driver's  side,  a  small  piunp  exliausb  heater  aurl  two  main 


and  19.— High  Dkghee  Feed-watku  Hkatxn (；  System  ；  S.Moivi:jio\  Hkatku 


of  1801bs.  per  square  inch,  and  6ft.  3in.  driving  wheels.  The 
grate  area  is  23*74  sq.  ft. ,  and  they  have  a  heating  surface  of 
1,108*4  sq.  ft.  provided  by  the  tubes,  and  141*1  in  the  fire- 
box. 


exhaust  heaters,  and  a  srtiokebox  heater  in  the  form  of  a 
single  drum  in  the  upper  part  of  the  smokebox.  Willi  simple 
alterations,  the  latter  can  be  adapted  either  for  feed-water 
heating  or  for  superheating.    On  the  Egyptian  State  Railways 


丄 貫 > 


mm 


Figs.  -20,  il  and  22.- 


-High  Degree  Feed- water  System.  Type  A  ( Set-  Aj>; 
Smokkbox  Heatkb,  No.  2  (Tabic  10). 


L^ndix  I, 


Fig.  23. 


MOKl 

(Table  10).  and  Spark  Arbkhteb 
and  Asu  Hopper. 


Type  A .  hisfalhit to)i  for  II hjh  Der/ree  Feed- water*  Heating.  it.  proved,  on  the  whole,  most  advantageous  when  used  as  a 
(Engine  No.  71 1).— This  class  of  installation  is  illustrat'ed  in  superheater.  Healers  iitlcl  to  tlic  ""C,  <  of  engine  ruiitain 
Figs.  20-23.  It  comprised  ^ 
pump  feed  and  (1)  a  pump 
exhaust  heater,  (2)  two 
main  exhaust  heaters,  and 
(3)  a  large  lieater  in  the 
smokebox,  all  arranged  in 
series.  The  smokebox  heater 
is  shown  in  longitudinal  sec- 
tion in  Figs.  20  and  23.  The 
shaped  ring-tube  plates  wero 
ift.  1  lin.  apart.  It  con- 
tained 671  tubes,  the  majo- 
rity being  A  in.  in  internal 
diamter.  The  boiler-tube 
area  was  again  eiiclQijeci  as 
described  previously,  and 
tlie  blast,  a rranget I  in  the 
outer  spac©  thus  formed, 
drew  the  gases  of  combus- 
tion forward  and  then  back 
through  the  heater  tubes. 
Fig.  23  shows  a  form  of 
spa rk  arrester  and  ash  Ik 屮 
})er  which  gave  the  best  re- 
sults.   This  heater  provided     :     ^ M^  ^-^a^T'1 

about  248  sq.  ft',  of  heating    ^  -7" 

surface,  and  the  exhaust 
heaters     altogether  about 

147  sq.  ft.  Feed  temperatures  (exceeded  with  later  pat"、rus) 
of  1>70°  Fah.  were  (>bt;uue(l，  wit li  temperatures  of  even  360° 
Fall,  for  short  spells  after  stops.  This  design  was  cumbersome 
and  was  not  adhered  to. 


Exhaust  Fekd-heatinq  and  Waste  Gas  Sim 、！ ami: 、ti、"  S、、ti:m.  Tvii;  li         Ai'inrnlix  I 
Smokkbox  Hkatkb  No.  1  (Tablo  10).  Sec 


also  FUis.  -2S-3-2. 


943  tubes  of  iin.  bore,  and  have  322  sq.  ft.  of  heating  surface. 
Inside,  baffles  are  provided  butting  alternately  against  the 
opposite  tube-plates.  These,  and  the  restricted  volume,  ensure 
rapid  circulation. 
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The  conoentration.  of  the  heating-  surface  in  such  a  drum 
overcomes  many  of  the  objections  usually  raised  against 
smokebox  heaters,  and  also  enables  effective  provision  to  be 
made  for  the  enclosed  blast.  The  blas1>pip6  top  is  enclosed  in 
a  hood  or  uptake  which,  depending  from  the  chimney, 
envelops  completely  the  back  tube-plate  of  the  heater.  A 


Waste  gas  heaters,  such  as  those  in  Figs.  24  to  30，  give 
superheat  of  85°-90°  Fah.  on  1801bs.  per  square  inch  boiler 
pressure,  but  heaters  liave  been  used  giving  rather  more  than 
this  (90。-100o)，  taken  at  the  root  of  the  steam  pipe  near  the 
steam  chest.  Used  in  this  way,  this  heater  lias  been  employed 
in  combination  with  feed-water  exhaust  steam  heaters  giving 
temperatures  of  about  210°  Fah.   When  used  for  feed-heating, 


Figs.  28  &  29.  Exhaust  Peed-heating  and  Waste  Gas  'Superheatixg  System, 
Type  B  (Appendix  I.)   (For  general  arrangement  see  Figs.  24-27.) 

short  petticoat  pipe  inside  the  hood  distributes  the  effect  of 
the  blast  evenly  over  the  tubes,  and  also  mak&s  it  possible  to 
use  a  blast-pipe  which  does  not  protrude  f  ar  into  the  uptake. 
The  uptake  itself  and  all  heater  tubes;  thus  become  self-clear- 
ing. At  the  back  of  the  uptake  is  fitted  a  flue  door  to  f  acilitate 
lighting  up.  The  blower  and  ejector  discharge  are  arranged 
within  the  uptake. 

The  spark  arrester  forms  a  special  feature  of  this  installa- 
tion. Effective  spark  arresting  is  essential  in  countries  such 
as  Egypt ,  where  conditions  are  often  extremely  favourable  to 
fire,  and  th©  climate'  favours  the'  transport  of  goods  in  open 
wagons,  unprotected.  The  standard  locomotives,  Fig".  33，  on 
the  Egyptian  Stat©  Railways'  are  all  fitted  with  spark  arresters, 
and  with  large  smokeboxes,  wliich  are  found  to  be  a  necessary 
accompaniment  of  an  efficient  arrester,  for  wliich  ample  area 
is  n'eo&ssary,  in  order  to  prevent  the  netting  becoming  blind 
during  working,  and  impeding  the  draught.  With  large  smoke 
boxes  ample  area  may  be  had,  and  al】 risk  of  the  engine  failing 
to  steam  removed.  In  some  of  the  heater  engines  of  the 
Egyptian  State  Railways  the  netting  extends  across  the  upper 
part  of  the  smokebox,  just  below  the  heater,  the  screen  being 
completed  by  netting  attached  vertically  to  the  door.  A  more 
convenient  form  is  shown  in  Figs.  24  to  32.  This  arrester  is 
like  a  sieve  with  both  sides  and  end  of  wire  mesh,  fixed  wholly 
to  the  door,  Fig.  30，  with  which  it  opens,  leaving  th©  interior 
clear.  The  netting  is  shaped  to  fit  round  the  heater,  the  tube- 
plate  of  "which  remains  uncovered.  The  heater  itself  assists  in 
quenching  such  live  sparks  as  may  get  through  the  netting. 
Their  passage  through  the  small  tubes,  and  the  intimate  con- 
tact into  which  they  are  brought  with  the  exhaust,  in  the 
small  blast  chamber,  is  very  effective  in  rendering  the  sparks 
innocuoiiSj  and  there  is  a  marked  absence  of  glowing  cinders 
ejected  from  the  cliiinney. 


Fig.  30.— Exhaust  Feed-heating  and  Waste  Gas  Superheating  S、  sti:、i. 
Type  B  (Appendix  I.)   (For  general  arrangement  see  Figs.  24-27.) 

in  conjunction  with  the  exhaust  steam  heaters,  feed  tempera- 
tures above  280°  Fah.  are  obtained. 

Type  G ,  Installation  for  High  Degree  Superheating  an  J 
High  Degree  Feed-water  Heating,  (Engine  No.  712.) ― In  this 
case  an  engine  was  first  converted  into  a  smoke-tube  super- 


FlGS.  31  &  3丄一 EXIUL'ST  FhKn-IIEATINt;   AND  、、.  、、l  l:  (  ；.\>  Si CEUIIKATlXi  SVsTI.M. 
Type  B  (Appendix  I.) 

heater  engiu-e,  to  the  reconimeiulations  of  the  Sdunidt  Su]>er- 
heating  Companv,  of  Wilhelmshohe,  and  with  parts  furnished 
by  Messrs.  Henschel  &  Sohii,  of  Cassel,  the  original  builder  of 
this  class  of  engines.  In  compliance  with  Messrs.  Schmidt's 
advice  the  engine  was  rebuilt  with  piston  valves,  in  place  of 
the  Egyptian  State  Railways  standard  slide-valve  cylinders. 
The  superheater  installation  gave  temperatures  rather  below 
usual  European  practice.    At  ISOlbs.  pressure  the  superheat 
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varied  between  200°  and  230°  Fall,  according  to  load.  T1m、 
engine  so  fitted,  and  having  the  advantage  oi'  pislon  valves, 
proved  to  b©  more  economical  on  coal  than  ordinary  sister 
engines  by  about  29*8  per  cent. 

The  further  addition  of  the  feed-heating  systom  was  car- 
ried out  as  in  Figs.  34  to  38.    The  pump  was  on  the  driver's 


Fio.  33.— Non-heateu  Engine  with  Standard  Smokrbox. 
side  with  its  exhaust  heater  bolow  it.  Two  main  cylinder 
exhaust  heaters,  7ft.  long  and  7in.  diam.,  were  placed  along- 
side the  smokebox.  They  each  contain  82  tubes,  and  provide 
together  150  sq.  ft.  of  heating  surface.  In  the  smokebox, 
two  horizontal  drum  heaters  were  placed  with  their  axis 
across  the  smokebox.    Each  contained  465  tubes,  and  together 


Fins.  34  and  35.— High  Degree  Feed-water  Heating  and  High  Dk^ih  k 
Superheating  System,  Type  C  (Appendix  I.)    See  also  Figs.  37  and  38. 

they  provided  heating  surface  of  339  sq.  ft.  They  were  con- 
nected by  the  cross  limb  of  a  large  inverted  tee-shaped  uptake 
continuous  with  the  chimney.  The  general  arrangement  of 
blast 广 pipe,  petticoat,  side  doors,  spark  arresters,  side  hoppers, 
&c.，  are  clearly  shown  in  Figs.  34  to  38.  At  the  elbow  of  the 
blast-pipe,  branch  connections 】ed  exhaust  steam  off  to  the 


main  exhaust  heaters.  On  the  un)>oltin^  of  two  pi[><- 
tions  to  each  heater,  the  latter  could  be  withdrawn  through 
tlie  side  doors.  The  sieve-shaped  netting  spark  arrestera  were 
fixed  to  the  side  doors.  The  side  ash  hoppers  were  fitted  with 
doors  and  sloping  floors.  The  water  heaters  were  all  connected 
in  series.  A  flue  door  was  provided  in  the  uptake.  The 
resultant  effect  of  this  installation  is  rather  complex.  Feed 
temperatures  of  over  290°  Fah.  were  obtained,  but  not  with 
the  original  degree  of  superheat,  for  reasons  already  ex- 
plained. 

Type  D.  Instrdlaiirm  for  II if/h  I /•/,',〃,'/,,/  mul 
II igh  Degree  Feed-water  Ileatmg.  (Engine  No.  712.) 一 Fig. 
39  shows  a  later  device  fitted  to  Engine  712,  in  order  to 
remove  as  much  apparatus  as  possible  from  tlie  srnok<*l>ox. 
The  smokebox  heater  is  carried  by  a  door-plate,  and  the  I'U.-t 
chamber  and  chimney  are  removed  to  tlie  forward  end  of  the 
heater.  The  flow  of  the  gases  is  direct,  and  less  resistance  is 
offered  to  their  passage,  tubes  of  ^in.  bore  having  been  used 
i"  this  case.  The  draught  is  lighter  than  in  the  other  deeigns. 
On  opening  the  smokebox  door,  tlie  heater  and  rhiinney  swing 
clear.  No  trouble  has  been  met  with  in  making  the  necessary 
joints,  &c"  for  this  arrangement,  which  therefore  appears  to 
have  ad  van  tapes  over  tlie  installation  Type  C，  above  described. 
Appendix  II. 

In  this  Appendix  information  and  deductions  based  on 
data  are  given,  "which  need  to  be  considered  in  connection 
with  the  fact  that  they  relate  particularly  to  conditions  in 
Egyi>t. 

Costs. ― The  Type  B  installation  has  been  applied  on  a 
sufficiently  large  scale  for  reliable  costs  to  be  available.  The 
new  parts  required  by  this  system  are  shown  in  Figs.  24  to 
27.  Figures  relating  to  the  yearly  savings  shown  by  the 
use  of  lieater  engines  in  Egypt  would  be  of  small  interest, 


Fig.  36.— High  Degree  Feed-water  Hkatint,  and  High  Dfoiiee  Super- 
heating System.  Type  C  (Appendix  I.).  See  also  FUis.  37  and  38. 

since  that  country  is  unique  in  many  ways,  and  costs  and 
savings  are  not  on  the  European  basis.  However,  from 
figures  based  on  Egyptian  State  Railways'  records,  the  rela- 
tive annual  expenses  shown  in  Table  XI"  which  would  fall 
on  ordinary  engines,  engines  with  the  Type  B  installation, 
and  on  De  Glehn  compounds,  are  given,  taking  50,000  as  the 
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yearly  mileage  and  15s.  per  ton  as  the  price  of  coal.  The 
standard  4 ― 4 ― 0  type  engines  cost  £2,568,  and  run  to  l'5d. 
per  mile  for  repairs.  New  heater  engines  of  the  same  class 
would,  according  to  figures  based  on  tenders,  cost  <£2,718,  and 
their  repairs  (allowing  for  no  reduclioii  r>f  boiler  repairs) 
would  then  be  slightly  under  1  7d.  per  mile.  The  De  Glelui 
engines,  which  are  typically  French,  cost  £4,800  each,  built 
l)V  and  to  tlie  designs  of  a  continental  firm,  and  their  repairs 
amount  to  2*7d.  per  mile.  Allowing  5  per  cent,  for  interest, 
depreciation  for  a  20-year  life,  and  deductions  for  the  two 


Figs.  37  and  38.— High  Degree  Feed-water  Heating  and  High 
Degree  Superheating  System,  Type  C  (Appendix  I.)- 

latter  types  for  coal  saving,  the  approximations  shown  in 
Table  XL  are  arrived  at. 

The  reduced  coal  bills  for  the  heater  and  De  Glehn  engines 
are  based  on  the  figures  of  Table  V.，  which  covered  lighting 
up  coal,  &c.，  and  approximated  to  service  working.  In  esti- 
mating" for  long  periods  some  discount  might  be  allowed  on 
-一  those    figures,     but,  to 

them,  the  inclusive  cost 
of   the  heaters,  whether 
fitted  to  existing    or  to 
new    engines,     is  small 
enough  to  be  covered  by 
the  savings.    On  existing 
engines,  it  may  be  pointed 
out,  the  actual  installing 
involves    no  expensive 
work  the  worst  matter  to 
be  taken  in  hand  being 
the  possible  lengthening 
of  the  smokebox. 
The  systems  C  and  D,  used  on  Engine  No.  712，  have  not 
been  applied  on  a  scale  large  enough  to  war'rant  figures  of 
cost  of  installation  being  given,  through  from  the  experience 
obtained  their  practical  success  would  seem  to  be  assured. 

Tlie  question  of  additional  power  has  often  an  important 
bearing'  upon  the  value  of  expenditure  entailed  in  conver- 
sion, and  this  alone  will  frequently  warrant  the  additional 
cost. 

Table  XI. ― Relative  Annual  Charges  against  Ordinary, 
Heater y  and  De  Glchn  Compound  Engines. 


Fig.  39.— Type  D  Installation. 


Ordinary 

Heater 

De  Glehn 

engine. 

engine. 

compound. 

£ 

£ 

£ 

Interest   

128 

4 

135-9 

240 

Depreciation   

128 

4 

135-9 

240 

325 

354  1 

562- 5 

581 

8 

625-9 

1042-5 

Coal   

754 

528 

654 

Total   

£1335 

8 

£1153-9 

£1696-5 

h\/f/cf  of  I'sdf/r.—The  efficiency  of  the  heaters  is  well  main- 
tained in  service.  In  high  degree  feed-water  heating,  the 
deposit  found  in  the  smokebox  heater  has  not  been  great. 
From  the  temperatures  and  pressures  reached,  it  appears  that 
the  carbonates  or  soft  deposi informing  salts  are  thrown  down 
in  the  exhaust  heaters.    Most  of  the  more  slowly  depositing 


sulphates  are  pro)>ab]y  precipitated  before  the  boiler  is 
reached,  but  if,  as  is  commonly  held  to  be  the  case,  these 
deposit  chiefly  where  conditions  are  favourable  to  a  gradual 
concentration  of  the  liquid,  they  are  most  likely  carried 
through  to  the  boiler,  much  as  usual.  Good  circulation  is 
encouraged  in  the  smokebox  heater.  Tliat  the  boiler  is  relieved 
ol  a  large  amount  of  scale-forming  matter  is  clear  from  the 
turbid  condition  of  the  water  coming  from  the  exhaust  heaters 
when  blowing  through.  There  is  no  incrustation  in  the  pump 
exhaust  heater.  The  artificial  softening  of  water,  now  fre- 
quently adopted,  would  naturally  be  beneficial  to  feed-water 
heaters.  When  the  smokebox  heater  is  used  as  a  superheater 
there  is  no  incrustation.  Records  taken  on  the  Egyptian 
State  Railways,  for  the  Type  B  system,  before  and  after  run- 
ning over  45,000  miles,  showed  an  apparent  drop  of  4°  Fall, 
in  the  superheat,  and  2°  Fall,  in  the  feed  t«inperature.  】n 
the  first  case,  however,  the  train  load  was  1G  tons  heavier 
than  in  the  second,  and  it  is  therefore  probable  that  no  real 
drop  occurred. 

Liff,  J)ef er'toration ,  <(r. 一 The  pump  deals  only  with  water 
of  about  90°-95°  Fah.  and  may  easily  be  kept  in  good  order. 
Tlie  life  of  the  heaters  is  partly  dependent  on  the  water  and 
the  irregularities  of  pitting.  The  heater  shells  stand  well, 
and  steel  tubes  only  ^in.  thick  are  found  to  last  in  most  cases 
for  about  63,000  miles,  a  mileage  frequently  largely  exceeded. 
The  life  may  be  increased  by  using  specially- treated  tubes,  or, 
by  increasing  their  thickness.  The  smokebox  heaters  keep  clean 
inside,  and  remarkably  free  from  wastage  outside,  if  raised  and 
kept  in  the  warm  dry  gases.  The  tubes  of  these  heaters,  when 
used  as  superheaters,  last  for  as  much  as  72,000  miles.  In  a 
recent  case,  after  82,000  miles,  only  a  few  bad  places  were 
found  in  the  wliole  set  of  tubes,  and  no  actual  failures.  The 
practice  has  been  adopted,  however,  of  renewing  all  heater 
tubes  when  shopping  engines  for  general  repairs.  This  is  the 
heaviest  repairs  expense,  but,  comparatively,  it  is  not  seriouSj 
and  might  even  be  reduced  by  the  use  of  brass  or  copper  tubes. 

No  conclusive  information  is  available,  unfortunately,  on 
the  effect  of  the  heater  systems  on  boiler  repairs.  From  the 
improved  condition  under  which  the  boiler  works,  it  would  be 
expected  that  heater  engines  would  show  up  better  than 
others  in  this  respect.  All  that  can  be  stated  is  that,  on  the 
Egyptian  State  Railways,  the  boilers  of  such  engines  are 
extremely  light  on  repairs. 


Iron  and  Steel  Institute. ― The  annual  meeting  will  be  held 
at  the  Institution  of  Mechanical  Engineers,  Westminster,  an 
May  1st  and  2nd,  commencing  each  day  at  10-30  a.m.  On 
tlie  Thursday  morning  the  Council  will  present  their  report 
for  the  year  1912.  The  Bessemer  gold  medal  for  1913  will 
then  be  presented  to  Mr.  A.  Greiner.  On  the  Friday 
morning  the  Andrew  Carnegie  gold  medal  (for  1912) 
will  be  presented  to  J.  Newton  Friend,  Ph.D.,  aiul 
the  awards  of  research  scholarships  for  the  current 
year  will  be  announced.  The  following  is  tlie  list  of  pa]>ers 
that  are  expected  to  be  submitted  ：  (1)  u  Critical  Ranges  of 
Pure  Iron,  with  Special  Reference  to  the  Point  A。，"  by  Dr. 
H.  C.  II .  Carpenter  ；  (2)  11  Influence  of  the  Metalloids  on  the 
Properties  of  Cast  Iron,"  by  H.  I.  Coe  :  (3)  "  Economy  of  Dry 
Blast,"  by  Prof.  J.  von  Ehrenwerth  ;  (4)  "  Corrodibility  of 
Nickel,  Chromium,  and  Nickel  CMnomium  Steels,"  by  Dr.  J. 
Newton  Friend,  J.  Lloyd  Bentley,  and  \V.  West  ；  (5) 
、' Influence  of  Silicon  on  the  Corrosion  of  Cast  Iron,"  bv  Dr.  J. 
Newton  Frieirl  and  C.  W.  Marshall  ；  (6)  *'  Influence  of  the 
Pi^esence  of  Sulphur  upon  the  Stability  of  Iron  Carbide  in  the 
Presence  of  Silicon,"  by  W.  H.  Hatfield  ；  (7)  "  A  New  Form  of 
Electrically-driven,  Two- high,  Continuous-running,  Reversing 
Mill,"  by  Andrew  Lamberton  ；  (8)  "  Studies  in  the  Cold  Flow 
of  Steel,"  by  Percy  Longmuir :  (9)  '-  Rolling-null  Practice  in 
the  United  States,  Part  II.，"  by  Dr.  J.  Puppe  :  (10)  ••  Faults 
in  Present-day  Furnaces  and  their  Remedies/'  by  Allevne 
Reynolds  ；  (11)  •'  A  New  Method  for  Accurate  Determination 
of  Phosphorus,"  by  C.  TT.  Ridsdale  and  N.  D.  Ridstlale  ；  (12) 
" Tenacity,  Deformation,  and  Fracture  of  Soft  Steel  at  High 
Temperatures,"  by  Dr.  Walter  Rosenhain  and  J.  C.  W.  Tliun- 
f rey  ；  (13)  "  Chromiferous  Iron  Ores  of  Greece,"  by  Herbert 
K.  Scott :  (14)  *"  Production  of  Sound  Steel  by  Lateral  Com- 
pression of  the  Ingot  whilst  its  Centre  is  Liquid,"  by  B.  Talbot  . 
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GRIFFIN'S  ABSORPTION  DYNAMOMETER. 

A  design  of  absorption  dynamometer,  the  invention  of  Mr. 
Samuel  Chiflin,  Kingston  Ironworks,  Bath,  is  shown  in  t  lie- 
accompany  ing  ilhistr.'it  ions,  Fig.  I  Ijcin^  a  frriut  sect  ional  elcva 
tion,  Fig.  2  a  cross-sectional  elevation,  and  Fig.  3  a  sec- 
tional plan  illustrating  the  arrangement  of  cooling 
water  connections.    Referring  to  the  illustrations,  A  is  the 


the  rotation  is  indicated  by  the  arrow.  Tlie  outer  end  of  the 
lever  P  carries  a  pivoted  link,  to  tlio  lower  end  of  whi'-li  is 
attached  any  suitable  static  weight,  tli"  ('iid  b'  m 二'  < '川 

necled  with  any  suitable  spring  balam  c  or  otlu-r  ineasurin^ 
device.  In  Fig.  3,  the  direction  of  rot-itioii  of  the  lower  por- 
tion of  the  rotor  B,  not  shown,  is  imli'  ated  by  tho  arrow  R, 


(iuii-rix's  Aiisoni'Tiox  Dynam(jmi:i'i,i(. 


Fio.  2. 


drum  in  the  interior  of  which  is  tlie  rotor  B,  mounted 
on  the  shaft  C,  to  which  the  transmission  coupling- 
is  attached.  The  adjustable  metal  segments  D  are  fitted  with 
friction  blocks,  which  make  contact  with  the  interior  of  the 
periphery  of  the  drum  A,  and  are  supported  by  means  of  the 
pins  F,  which  slide  in  the  hollow  members  of  tihe  rotor  B. 
Suitable  end-long  movement  is 
imparted  to  the  pins  F  by 
means  of  the  bell  crank  levers 
G，  which  are  actuated  by  the 
central  slotted  rod  H，  to  wliich 
an  end-long  movement  is  im- 
parted from  the  hand  wheel  E, 
levers  J,  and  sleeve  K,  which 
slides  on  rod  H.  The  compen- 
sating spring  Tj  makes  pressure 
contact  between  the  sleeve  K 
and  the  collar  nuts  M，  so  that 
tlie  outward  or  compressing 
movement  of  the  sleeve  K  from 
the  hand  wheel  E  is  trans- 
mitted to  the  si o tied  rod  H, 
through  tlie  compression  of  tlie 
spring  L,  contact  between  the 
friction  blocks  and  the  interior 
of  the  periphery  of  the  drum 
being  thus  effected  through 
the  metal  segments  D,  pins  F 
and  bell  crank  levers  G,  the 
ends  oif  which  engage  in  the 
slotted  end  of  the  pin  II.  It 
will  be  obvious  that  the  oppo- 
site or  inward  movement  of  the 
rod  H  will  release  the  contact 
between  the  frictional  surfaces 
of  the  blocks  and  interior 
of  drum.  The  central  bosses, 
tlirougli  wliicli  passes  the 
shaft  C，  are  mounted  on 
ball  bearings,  which  are  car- 
ried on  adjustable  supports. 
Cooling  water  passes  through  the  inlet  passages  N，  being  dis- 
charged (after  passing  entirely  around  the  interior  of  the 
drum  in  continual  contact  with  the  friction  surfaces)  throu^lt 
the  outlet  passages  O.  One  end  of  the  lever  P  is  inserted  in 
either  of  the  sockets  shown,  according  to  the  direction  of  rota- 
tion of  the  armature.    As  shown  on  Fig.  1，  the  direction  of 


Fig.  3.- 
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the  cooling  water  entering  the  lower  part  of  the  drum  by  tlie 
inlet  passages  N  in  the  same  direction ,  as  in(li'  at*"l  hy  tlie 
arrows  S.  The  water,  after  being  swept  completely  around 
the  interior  of  the  drum,  is  discharged  through  the  outlet  pas- 
sages O  in  the  direction  of  the  arrows  T  at  a  velocity  propor- 
tional to  that  of  the  rotor  by  which  it  is  actuated.  The  flexible 
pipes  Q,  attached  respectively  to  the  inlet  and  outlet  passages, 
admit  of  the  free  oscillation  of  tlie  drum  on  its  trunnions. 

The  action  is  as  follows :  The  transmission  shaft  being  put 
into  rotation  from  any.  source  of  power  to  be  measured,  the 
necessary  amount  of  cooling  water  is  passed  through  the  drum. 
The  friction  blocks  are  then  brought  into  forcible  contact  、vitli 
tlie  interior  of  the  drum  by  means  of  the  mechanism  described, 
actuated  manually,  the  force  exerted  on  the  friction  blocks 
being  proportional  to  th&  load  to  be  lifted  at  the  outer  end  of 
the  】ever.  The  compensating  spring,  through  which  the  neces- 
sary movement  to  operate  the  friction  blocks  is  transmitted, 
serves  to  maintain  a  uniform  pressure  on  the  friction  blocks, 
the  friction  between  which  and  the  interior  of  the  drum  thus 
remaining  sensibly  constant  for  any  given  load.  The  effect  of 
the  above-described  operations  will  be  to  slightly  rotate  the 
drum  on  its  trunnions,  thus  lifting  the  load  at  the  outer  om\ 
of  the  lever,  the  power  or  energy  transmitted  thereto  being 
measured  or  computed  in  the  usual  way. 

Canals  and  Canalised  Rivers.— At  a  recent  meeting  of  the 
Association  of  Birmingiiam  Students  of  the  Institution  of 
Civil  Engineers.  Mr.  J.  A.  Sauer  delivered  the  first  of  the  two 
Vernon-Harcourt  lectures  on  "  Canals  and  Canalised  Rivera." 
The  lecturer  said  he  proposed,  before  entering  on  the  technical 
side  of  the  subject,  to  give  some  historical  account  of  the  canals 
and  canalised  rivers,  and  proceeded  to  trace  the  development 
of  canals  from  the  earliest  times.  Giving  the  history  of  Eng- 
lish canals,  he  said  there  were  4,763  miles  of  canals  in  this 
country  at  the  present  time.  He  complained,  however,  that 
owing  to  the  number  of  different  owners  and  the  fact  that 
they  had  been  developed  as  individual  enterprises,  there  was 
no  uniformity  of  tlie  English  canals,  and  it  was  practically 
impossible  to  make  a  national  use  of  them.  There  were,  for 
example,  no  fewer  than  seven  different  ownerships  between 
London  and  Cheshire.  Many  of  the  canals  had  fallen  into  the 
hands  of  the  railway  companies,  who,  rightly  or  wrongly  had 
preferred  not  to  reconstruct  tliem.  He  referred  to  the  Royal 
Commission,  and  explained  the  reconunendations  they  made. 
The  Government,  he  said,  Iiad  not  yet  seen  their  way  to  adopt 
these  suggestions,  and  in  consequence  this  useful  system  of 
transport  remained  in  its  present  chaotic  condition. 
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RECENT  DEVELOPMENTS  IN  THE  MANUFACTURE  OF 
TINPLATES.* 

BY  H.  SPENCE  THOMAS, 

The  manufacture  of  a  tinplate  from  the  time  ilie  steel  bar 
is  received  at  the  works  until  the  finished  tinplate  is  conijtlci  ''， 
packed  ready  for  shipment,  practically  occupies  a  week.  The 
plate  goes  through  seven  departments,  and  the  approximate 
time  in  each  is  as  follows :  (1)  Mills  24  hours,  (2)  black 
pickling  ^  hour,  (3)  black  annealing  and  cooling  74  hours, 
(4)  cold  rolls  i  hour,  (5)  white  annealing  and  cooling  58  hours, 
(6)  white  pickling  ^  hour,  (7)  tinning,  assorting,  and  packing 
J  hour ― or  a  total  of  158  hours. 

In  the  engineering  side  of  the  tinplate  works  there  has 
been  great  development  in  order  to  deal  with  the  stronger 
and  heavier  machinery,  which  calls  for  repairs  from  time  to 
time.  For  example,  the  rolls  of  the  tin  house  are  now  over 
7ft.  long  as  against  3ft.  25  years  ago,  thus  calling  for  very 
much  stouter  and  more  exact  lathes.  In  some  works  grind- 
ing machines  have  been  employed  for  truing  up  the  tinhouse 
rolls,  but  there  is  not  any;  consensus  of  opinion  as  to  their 
suitability  for  this  purpose,  as'  a  good  man  witli  a  file  can 
generally  produce  satisfactory  resfults. 

Twenty-fiv©  years  ago  the  common  size  of  the  mill  rolls 
was  26in.  long  by  18^in.  diam.,  with  13^in.  diam.  necks,  but 
to-day  28in.  by  21in.  diam.  with  16in.  diam.  necks  is  quite 
common,  whilst  at  least  one  works  are  running  some  of  their 
tin-mill  rolls  28in.  long  by  24in.  diam.,  with  18in.  diam. 
necks.      The   steel   bars  were   6J>in.  wide  and  a  "piece" 
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weighed  271bs"  25  years  ago  ；  whilst  to-day,  the  bars  are 
g-enerally  9in.  wide  and  the  "  piece  "  often  weighs  351bs. 
Practically  no  lighter  substance  than  Common  was  produced 
(except  Taggers)  before  the  McKinley  tariff  ；  but  to-day 
light  ，，  plates  are  the  vogue,  and  the  workmen  are  paid  on 
the  same  scale  for  th&m  as  if  the  heavier  weight  was  handled. 

Whilst  there  has  been  no  alteration  in  the  shape  of  the 
mill  furnaces,  there  is  a  great  diversion  of  practice  between 
different  works  as  to  the  material  of  which  the  hearths  of 
the  furnaces  are  made.  Some  works  go  in  for  brick  bottoms, 
plain  or  corrugated,  others  for  cast  iron,  whilst  many  prefer 
to  have  the  hearth  made  of  ordinary  coals.  Producer-gas- 
fired  furnaces  have  been  tried,  but  the  advantages  have  not 
always  been  sufficient  to  justify  their  retention.  Gas  furnaces 
on  the  regenerative  plan  also  have  been  put  into  use,  and  are 
now  working.  Gas-fired  furnaces,  however,  have  not  found 
general  favour  in  English  practice.  "V"  sections  of  bed 
and  standard  possess  many  advantages,  and  are  sometimes 
used,  but  time  will  decide  as  to  their  retention. 

Streams  of  cold  air  or  water  on  the  necks  of  the  hot  rolls 
are  used  at  some  English  works.  Americans  lay  it  on  at  a 
stated  time  every  week.  In  America,  at  the  Newcastle  plant, 
there  are  30  mills  in  a  line,  one  engine  to  each  lot  of  10 
mills  of  one  pair  of  rolls,  all  rope-driven.    The  biggest  unit 

*  Abstract  of  paper  read  before  the  South  Wales  Institute  of  Engineers, 
March  18th.  1913. 


in  England  is  six  mills  of  two  pairs  of  rolls  per  mill.  Ameri- 
can practice  gives  1,500  to  2,000  boxes  per  mill  per  week, 
whilst  the  English  average  is  half  of  this  quantity.  In 
English  mills  only  about  25  per  cent  of  tVie  effective  rolling 
capacity  of  tlie  mill  is  utilised,  and  where  a  sufficiency  of 
engine  power  and  suitable  plant  exists,  the  output  in  England 
can  very  well  be  doubled  by  double-manning  the  mills,  as  in 
America,  and  still  leave  a  margin  of  50  per  cent. 

The  improvements  in  hammers  and  lathes  permitted  the 
introduction  of  direct-acting  engines  with  mills  on  both  sides 
of  the  crank,  with  large  flywheels  (sometimes  on  both  sides), 
and  some  fine  examples  are  to  be  seen  in  the  tinplate  works. 
On  the  other  hand,  various  troubles  have  eventually  arisen 
with  many  of  these  big  shafts,  which  doubtless  influenced 
the  decision  of  many  firms  to  put  down  the  fine  rope-driven 
plants,  largely  on  American  lines,  now  so  common  in  the 
trade.  Several  of  the  later  plants  have  adopted  the  Uni-flow 
type  of  engine.  This  is  quite  a  departure  from  the  ordinary 
compound  engine,  and  many  doubts  were  expressed  as  to  the 
practical  aud  economic  results  ；  but  apparently  the  users  are 
satisfied,  as  they  have  given  repeat  orders.  Simplicity  and 
low  first  cost  are  the  strong  features.  Electricity  has  been 
utilised  as  a  motive  power  to  drive  tinplate  mills,  and  to  the 
Redbrook  Tinplate  Company,  Ltd.,  is  due  the  credit  of 
being  the  first  to  adventure  and  succeed  in  this  connection. 
Lately  at  Swansea  there  has  been  laid  down  a  fine  electric 
installation  having  12  mills  driven  by  three  motors.  The 
whole  of  the  current  for  the  works  is  generated  by  steam  on 
the  spot,  and  it  is  said  to  be  a  part  of  a  huge  scheme  of  blast- 
furnaces and  steelworks.  At  only  one  works  has  a  gas  engine 
been  adopted  to  drive  tinplate  mills,  and  this  is  an  engine  of 
350  h.p.  running  at  170  revs,  per  minute,  driving  by  means 
of  ropes  on  to  a  flywheel  running  at  about  40  revs,  per  minute. 
Twenty-five  years  ago  a  40-ton  flywheel  20ft.  diam.  was  the 
biggest  known  in  the  tinplate  trade,  and  drove  four  mills  as 
a  unit,  whilst,  today  there  are  some  weighing  150  tons  by 
36ft.  diam.,  on  the  mill  shaft  driving  six  mills. 

The  vast  improvements  in  the  machinery  and  plant  at  the 
modern  tinplate  works  give  great  advantages  to  the  employes, 
permitting  more  work  to  be  turned  out  with  less  effort, 
mental  and  physical,  than  in  older  works  where  an  insuffi- 
ciency of  engine  power  may  exist.  This  improved  turn-out 
must  be  obtained  to  equalise  the  huge  capital  expenditure 
charges  for  interest  and  depreciation,  which  amount  to  about 
Gd.  per  box,  as  against  less  than  lid.  at  others. 

The  "  Crocodile  "  type  of  shears  is  universal  in  the  Englisli 
tinplate  trade.  Most  of  these,  both  for  the  doubling  as  well 
as  the  mill  shears,  are  generally  driven  from  the  mill  shaft 
by  means  of  cranks  or  rockers,  the  latter  drive  being  the 
favourite.  At  some  works,  however,  the  shears  are  driven  by 
means  of  a  line  shaft  down  the  mills,  driven  off  the  main 
engine  shaft,  or  actuated  by  an  independent  motor,  steam 
or  electric.  This  latter  gives  a  very  neat  arrangement,  and 
allows  the  line  shaft  to  be  idle,  as  well  as  the  doubling  shears 
when  the  latter  are  not  required  for  tlie  mill  work.  American 
practice  calls  for  an  electric  motor  for  each  of  the  doubling: 
shears,  so  that  this  shear  is  never  operated  except  when  it 
is  actually  required,  which  saves  wear  and  tear.  Witli  regard 
to  the  mill  shears,  in  American  practice  the  guillotine  squaring1 
shears  are  almost  universally  used. 

Scrap  bundling  is  mostly  done,  as  from  time  immemorial, 
by  tying  up  in  bundles,  but  some  eight  years  ago,  Major 
Lewis  first  introduced  a  most  successful  livdraulic  scrap 
press,  principally  to  deal  with  the  scrap  from  his  Gorseinon 
Works  backplate  circling  machines  ；  it  is  utilised  to  deal  with 
the  mill  scraps  as  well  now.  Messrs.  Broadbent  &  Sons,  of 
Huddersfield,  have  lately  delivered  a  somewhat  similar  press 
(see  Fig.  1)  to  Melingriffitli  Works,  where  it  has  just  been 
erected.  This  press  consists  essentially  of  a  large  strong  box 
provided  with  a  movable  lid.  Into  the  box  are  placed  the 
scraps,  rough  as  they  come  from  the  shears,  and  when  the 
lid  is  closed  the  horizontal  ram  is  made  to  travel  up  to  a 
fixed  point,  where  its  face  forms  the  fourth  side  of  the  box, 
and  is  locked  there.  The  vertical  ram  then  begins  to  move 
upwards,  and  so  compresses  the  already  partially-compressed 
bundle,  whilst,  in  order  to  give  the  block  of  scraps  a  greater 
degree  of  solidity,  an  intensifier  is  brought  into  action  on 
the  vertical  ram  and  the  block  (cross-etched  in  sketch)  pressed 
still  closer.    The  pressure  is  then  relieved,  the  lid  opened, 
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and  the  block  removed  ；  i  he  hydraulic  pressure  used  is 
1  ，r)001hs'.  to  the  square  incli,  and  t  hat  oht  ainocl  from  t  lie 
intensiiicr  is  4,00()ll>s.  per  square  inch.  The  hydraulic  pres- 
sure is  generated  by  a  motor  belt-driven  hydrauli*-  piun p 
t  hrou^h  the  acciunulator. 

There  lias  been  no  great  alteration  in  the  last  25  years 
in  black  pickliii"',  except  towards  greator  out  puis  jhm-  niacliinr 
owing  to  the  various  improvements  in  the  plants,  while  the 
consumption  of  vitriol  ； per  box  is，  if  anything1,  greater. 
Chemists  say  that  the  average  consumption  of  sulphuric  acid 
per  box  is  more  than  (Imil)h'  what  is  necessary.  Instead  of 
i)iiilding  up  the  'Greys"  type  of  pickling  machine  of  wood 
and  cast  iron,  sometimes  ； il.t acliin^"  it  even  to  the  roof,  a 
niuch  improved  plant  Ins  hi-en  int roduced  of  Imilding  the 
niacliine  up  wholly  of  st  I'uct  ural  ironwork  i ndepfMidejit  1  lui 
roof,  and  particularly  in  adding  to  the  machine  a  novel 
pull-over  device  which  rapidly  clwin^cs  tlie  cradle  from  ono 


poise  of  about  5  tons,  ('apal)le  of  hoiii^  movoA  hackwanls 
""(1  forwards  along  tli*»  l>f*ain.  Tliis  roimt  .-rpoisM  is  ；"  tu;",''l 
by  means  of  an  tilectric  motor  witli  clutch  yar  and  an  end- 
less chain,  and  is  locked  by  a  hrakf  in  sik  )i  a  |>r>sition  as  to 
maintain  tlie  beam  in  equilibrium  wliat**v<*r  weight  witliin 
its  capacity,  is  placed  at  the  rhar^in^  end  oS  tlie  This 
arrangement  allows  the  "charger"  to  enter  the  furnaces, 
which  are  situated  under  the  lean-to  and  outmde  the  main 
annealing  roof,  and  thus  adds  considerably  to  the  an*  i  'i 
ground  commanded  by  the  crane.  This  tool  has  l^en  working 
quite  successfully  for  more  than  12  months,  and  only  refjuin*^ 
one  man  on  the  floor.  It  was  found  flesirable  to  the 
legs  of  the  annealing  stands  Tin.  Iii^li  instead  of  '厶 U".，  so  as 
to  readily  allow  the  prongs  to  get  un<U-v  \  \io  shiiio  wliilnt  tho 
plates  were  better  annealed.  Again,  in  dfalin^  with  th'' 
annealed  plates  a  false  stand  was  invented,  wlii'-li  Ii''lp，  t  Im- 
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vat  to  another,  thus  doing1  away  with  a  goodly  portion  of  the 
hard  and  laborious  hand  labour.  The  spent  liquor  from  tlie 
black  pickling  is  conducted  to  the  copperas  plant  and  there 
crystallised  out,  and  sold  as  "  green "  copperas  in  crystal 
form.  There  are  three  methods  of  dealing  with  the  spent 
liquor  :  (1)  Cool  and  crystallise  out  in  tubs,  then  concentrate 
；。 i(l  repeat  ；  (2)  concentrate  by  boiling  by  means  of  steam 
(,oils，  and  then  cool  and  crystallise  ；  (3)  concentrate  in  bulk 
and  again  in  pans.  Nos.  1  and  2  produce  the  green  copperas 
of  commerce,  whilst  No.  3  proce&s  produces  cake  or  slab 
copperas. 

Tn  America  all  the  pots  are  handled  by  overhead  cranes 
with  hooks  for  the  annealing  pits,  whilst  with  floor  or  hori- 
zontal furnaces  a  charger,  termed  a  "  goose-neck,"  is  gene- 
rally used.  By  these  mechanical  means  America  is  a  great 
way  ahead  of  the  generality  of  our  English  works,  which 
usually  employ  the  old  long-handled  two-wheeled  coach,  and 
by  the  main  force  of  eight  men  move  the  pots  and  charge  tlie 
furnaces  under  most  trying  physical  conditions.  All  the 
modern  works  built  since  1907  have  overhead  cranes  com- 
manding their  annealing  furnaces  and  floors,  thus  minimising 
tlie  labour,  and  some  of  the  furnaces  have  movable  hearths. 
Most  of  these  modern  furnaces  are  coal-fired,  producer  gas 
presenting  some  difficulties.  At  one  works  there  is  said  to 
be  a  continuous  annealing  furnace,  where  the'  pots  are  pusluul 
in  one  after  the  other  on  a  ball  race  down  a  long  culvert  or 
furnace.  About,  midway  down  this  culvert  there  is,  on  the 
side,  a  firegrate,  and  tlie  gases  of  combustion  pass  over  and 
along  the  pots  towards  the  ent i-aiice  end,  and  are  drawn  off, 
regulated  by  dampers,  to  a  chimney.  A  similar  device  is 
l)eing  successfully  used  at  works  for  galvanised  sheets,  ami 
there  is  nuich  to  be  said  for  the  principle. 

At  the  Melingriffitli  Works,  owing  to  the  restricted  area 
and  the  increased  mills,  it  was  found  necessary  to  consi<ler 
the  remodelling  of  the  annealing  room,  when  the  following 
scheme  was  adopted  ：  (1)  To  retain  Ui&  existing  roof  principals 
span,  but  to  obtain  new  columns  and  lift  the  roof  l'」ft  .， 
making  a  headroom  of  27ft.  by  2H2ft..  】oiig.  (2)  To  put  in 
an  eleotru*  overhead  crane.  (3)  To  erect  three  new  ainiealilm 
furnaces  2ft.  higher  than  tlie  old  ones  under  the  lean-to  root'. 
(4)  To  construct  a  charging  device  capable  of  commaiiditi^ 
these  annealing  furnaces  outside  the  itiain  bay,  but  to  l»c 
attached  to  the  crane  in  the  main  bay.  (5)  To  have  anneal- 
ing pots  the  same  breadtli  and  length  as  before,  but  44in. 
high  instead  of  24in.  This  cliange  has  been  effected  with 
beneficial  results  to  all  concerned. 

The  charging  device  suitable  to  the  fore^oiii^  set  of  cir- 
cumstances at  Melingriffitli  Works  is  shown  in  Fig.  2.  The 
charger  consists  of  a  long  beam  suspended  from  the  overhead 
(Tcfne  liook  at  about  its  middle,  having  a  movable  counter- 


at  the  same  time  is  a  great  aid 
transporting  the  plates  from  place  to 
place,  apart  from  the  regular  .stands  and 
free  from  the  dusty  Hand.  In  order  to 
give  the  men  in  the  annealing  depart- 
ment a  better  comraarul  over  the  work, 
and  avoid  the  heavy  labour  of  Nledi^iiiii, 
a  compressed-air  plant  by  the  In^ersoll 
Hand  Company,  with  six  pi»'*m":iti' 
hammers,  was  installed. 

In  America  the  rolls  for  cold  roll- 
ing are  invariably  arranged  tandem 
fashion,  with  conveyers  between,  thus 
eliminating  about  60  per  cent,  of  the  labour  usual  in  English 
works.  In  the  last  25  years  there  has  been  practically  no 
alteration  in  the  practice  here,  except  that  the  engines  and 
machinery  generally  are  stronger,  and  possibly  a  heavier 
pressure  is  carried  on  the  rolls.  Rope-driven  plants  are 
common  to-day,  and  give  excellent  results  and  smooth 
i  uiining. 

The  remarks  on  black  pickling  largely  apply  to  white 
pickling.  In  addition ,  many  works  liave  installed  overhead 
single  mono-runways,  which  in  some  cases  are  used  in  order 
to  transport  the  cradles  from  tlie  white  pickling  machine 
down  into  the  tinbouse  alongside  the  tinman's  trough,  where 
the  plates  are  ranked  straight  from  the  cradle,  and  so  any 
handling  of  the  plates  in  the  white  pickling  department  is 
avoided.  This  arrangement  is  only  possible  in  the  recently 
erected  works.  Some  of  the  older  works  use  this  same  mono- 
rail system  to  take  the  plates  from  the  whits  pickling 
department  into  the  tinhouse,  thus  easing  the  work  v**rv 
considerably.  This  method  is  particularly  welcome  because  it- 
minimises  labour. 

In  the  last  25  years  great  changes  have  taken  place  in  tlie 
tinhouse,  but  all  practically  within  the  first  five  years  of 
tlie  period  under  review.  Firstly,  flux  (zinc  chloride,  usually 
made  by  "killing"  muriatic  or  hydrochloric  aci<l    l»v  the 
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Fia.  3.—"  Plater  "  Pot. 

addition  of  zinc,  first  introduced  ahout  18(55)  was  more  care- 
fully and  successfully  prepared  in  the  latter  'eighties,  and 
replaced  the  palm  oil,  then  almost  universally  used,  for 
fluxing  the  prepared  steel  plate  preparatory  to  dipping  it  in 
the  molten  tin,  or  terne,  mixture.  Serondlv,  this  perfo*  tion 
in  the  manufacture  and  use  of  flux  permitte<l  the  more  ready 
adoption  of  machinery  to  coat  the  plate,  and  with  the  ter- 
rible blow  of  the  McKinlev  tcirifT  in  1S91  the  brain  of  the 
industry  concentrated  itself  \\\xm  improving  the  tinning 
machines,  wliich  appeared  in  the  following*  approximate 
clironological  order  ：  DufTrvn  machine,  Taylor-Struve  machine. 
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Thomas  A_'  White  macliino,  Player  machine,  Lyduey  machine, 
and  Melingriffith  machine.  Most  of  these  are  working 
to-day,  but  so  improved  that  tlieir  capacity  has  been  doubled, 
and  in  same  cases  nearly  trebled,  while'  the  wage  rate  per 
box  remains  the  same.  The  tinning  machines  to-day  can  be 
roughly  divided  into  two  types,  viz.  :  (1)  The  "  vertical,"  of 
which  "Player's"  is  the  best,  example  (see  Fig.  3)，  and  (2) 
the  "  half-round,"  sn  example  of  which  is  the  Melingriffitli 
pot  (see  Fig.  4).  All  are  well  known  in  the  trade,  and  need 
no  description  here,  except  to  .  say  that  the  "  Player's  ，， 
machine,  certainly  the  most  original  and  ingenious,  contains 
within  itself  a  catching  device  ；  hence  all  the  other  machines 
have  been  handicapped  to  that  extent,  but  the  last  seven  years 
have  seen  many  schemes  advanced  to  overcome  this  drawback. 

Of  these  devices,  perhaps  the  James  is  the  favourite . 
In  the  James  machine  the  leading  edge  of  the  plate',  as  it 
emerges  from  the  top  pair  of  groase-pot  rolls  in  a  vertical 
direction,  is  guided  towards,  and  threads  itself  through,  three 
roller  guides  which  lead  the  plate  over  towards  the  conveyer, 
but  at  the  same  time  maintain  the  rearmost  end  of  the 
plate  in  such  a  position  as  to  minimise  the  "  list  ，，  or  thick 
line  of  tin  along  the  lower  edge  of  the  plate,  as  it  leaves  the 
top  pair  of  grease-pot  rolls.  The  plate  is  then  guided,  as 
mentioned  before,  towards  the  conveyer  on  to  which  it  falls, 
and  the  conveyer,  travelling  in  a  horizontal  direction,  deposits 
the  plate  into  the  branning  machine,  without  being  touched 
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' Melingbiffith  "  Pot. 


or  handled  at  all.  A  device  is  placed  in  connection  with  the 
branning  machine  so  as  to  only  permit  the  plate  to  enter 
the  machine  when  the  latter  is  ready  to  receive  it.  Several 
of  these  machines  are  working  at  various  works,  and  it  is 
claimed  by  the  inventors  that  considerably  less  tin  is  wasted 
upon  the  "  list  ，，  edge  of  the  plate  than  is  the  case  when  the 
plates  are  dealt  with  by  hand,  or  even  by  any  other  mechanical 
device. 

America  is  equipped  from  end  to  end  with  catching  devices 
of  various  kinds,  working  satisfactorily  in  conjunction  with, 
the  "  half-round  ，，  tinning  machines  (mostly  of  the  "  Thomas 
and  AVhite "  type).  Combined  branning,  of  the  w  half- 
round  ，， type,  and  dusting  machines  are  employed  in  the 
majority  of  works,  although,  some  plates'  of  a  special  character 
are  still  cleaned  by  hand.  The  present  method  of  coal-firing 
under  the  tinning  machines  is  most  crude,  and  it  would 
appear  as  if  better  heat  control  must  be  obtained  to  give  the 
best  results.  On  the  Continent',  in  many  of  the  modern 
works,  pyrometers  are  regularly  fixed  on  the  tinning  machines 
and  other  paints  to  indicate  the  working  temperatures. 

To-day  the  consumption  of  tin  per  box  of  tinplates,  whilst 
kept  a  profound  secret,  probably  varies  but  little  as  between 
one  works  and  another,  whereas  25  years  ago'  the  difference's 
were  great.  In  any  event,  it  is  known  that  a  quarter  of  a 
century  ago  some  works  were  consuming  almost  as  low  as 
21bs.  of  tin  per  standard  box  of  tinplates,  but  it  is  with  a 
degree  of  regret  that  one  is  forced  to  admit  that  to-day,  after 
25  years  of  endeavour,  them  is  but  very  little,  or  at  all  events 
insufficient,  improvement  in  this  respect. 

It  has  been  the  dream  of  many  to  coat  the  iron  or  steel 
sheet  with  tin  by  means  of  electricity,  and  so.  eliminate  the 
very  costly  labour  at  present  employed  in  this  depart-ment, 
and  at  the  same  time  reduce  the  consumption  of  the  expensive 
metal,  tin,  and  still  obtain  a  well  and  properly-coated  sheet. 
But  apparently  there  is  something  in  the  nature  of  tin,  in 
its  relation  (electric  or  magnetic)  to  iron  and  steel,  which 


prevents  the  formation  of  an  alloy  and  the  proper  union  of 
the  two  metals,  so  far  as  experiments  up  to  date  have  gone. 
Steel  plates  have  been  coated  with  tin  by  means  of  electricity, 
but  only  in  an  experimental  stage . 

A  beginning  has  been  made  in  the  Swansea  district  to 
coat  backplat-es  with  aluminium  (it  is  said  by  a  cold  wet 
electric  process),  but  it  is  early  yet  to  state  whether  they  will 
grow  into  general  use,  as  it  depends  on  their  cost  as  com- 
pared witli  tinplates,  and  what  their  comparative  utilities 
are  as  against  the  better-known  article.  In  any  case  it  must 
be  admitted  that  in  all  probability  the  recent  high  cost  of 
the  tinplate  has  favoured  the  introduction  and  extended  use 
of  competing  substitutes  for  packing  conserves. 

Assorting-rooms  are  still  constructed  much  on  the  old 
lines,  although  some  works  have  made  departures  from  the 
old  practice  in  the  arrangement  of  their  tinhouse  and  assort - 
ing-room,  having  in  view  a  saving  in  the  handling  of  the 
finished  plate. 

There  is  but  very  little  difference  between  the  sizes  of  the 
castings  and  other  such  machinery  used  at  the  different  tin- 
plate  works  ；  for  instance,  the  wobblers  in  Welsh  works  have 
always  four  flutes,  but  it  is  seldom  that  these  are  inter- 
changeable except  at  their  own  works,  because  even  where 
the  greater  and  lesser  dimensions  across  the  wobblers  are  the 
same,  the  shape  is  different,  thus  preventing  the  interchange 
of  castings.  If  only  a  standard  for  this  and  other  such 
matters  could  be  agreed  upon  by  the  trade,  a  very  large 
economy  would  be  effected.  Possibly  a  committee  formed  on 
the  same  lines  as  the  Engineering  Standards  Committee 
could  take  these  matters  in  hand,  and  probably  the  Tinplate 
Makers'  Association  may  feel  inclined  to  take  up  the  subject. 

There  is  so  much  of  an  apparently  mysterious  nature  that 
is  unknown  in  regard  to  the  tinplate  trade,  and  the  factors 
governing  the  consumption  of  tin,  that  one  would  like  to 
see  some  of  the  younger  generation,  who  have  had  the  benefit 
of  a  scientific  training,  devote  their  time  and  energy  in  the 
direction  of  systematically  investigating  these  matters  with 
a  free  use  of  both  microscope  and  pyrometer .  The  followinir 
points  occur  to  nearly  every  tinplate  works'  manager  as 
worthy  of  research  ：  (1)  The  result  of  hot  and  cold  rolling  in 
the  mills  ；  (2)  the  result  of  a  high  peripheral  roll  speed  in  tlie 
mills;  (3)  the  boshing  and  non-boshing  of  the  iron  in  the 
mills  ；  (4)  over  and  under  black  pickling,  and  influence  of 
strength  and  temperature  of  the  acid  solution,  also  of  time  ； 

(5)  effect  of  varying  temperatures  and  time  of  annealing  ； 

(6)  light  and  heavy  cold  rolling  ；  (7)  temperature  effects  in 
the  tinning  operations  ；  (8)  differences  from  the  tinplate  trade 
point  of  view  between  acid-Bessemer  steel,  basic  Bessemer 
steel,  acid  open-hearth  steel,  basic  open-hearth  steel,  and  the 
comparative  tin  consumption  for  each  kind. 

The  raw  material  supplied  by  the  steel-makers  in  the  shape 
of  steel  bars  shows  great  improvement  in  quality,  and  par- 
ticularly in  its  regularity,  permitting  deeper  stamping  to  be 
made  and  creating  greater  confidence  in  the  minds  of  those 
who  work  up  the  tinplates  into  various  shapes.  To  several 
has  occurred  the  idea  of  the  establishment  of  an  office  which 
would  probably  incorporate  some  of  tlie  present  tinplate 
samples  into  a  kind  of  Lloyd's  Proving  House,  whose  certificate 
as  regards  the  quality,  condition,  sheetage,  and  weight  of  the 
tinplates  should  be  accepted  by  all  concerned  ；  a  clause  em- 
bodying this  as  a  condition  to  be  inserted  in  all  tinplate 
contract  notes.  This  would  be  welcomed  by  most  buyers  and 
sellers,  aud  would  avoid  many  causes  of  friction  in  the  nier- 
chanting  of  the  cheapest  finished  article  in  the  world. 

There  is  at  the  present  time  considerable  development  in 
the  tinplate  trad©  abroad,  particularly  on  the  Continent  ； 
existing  works  are  extending,  while  a  number  of  important 
schemes  are  projected.  Needless  to  say,  these  works  are  to 
provide  primarily  for  their  o\v n  home  consumption,  now 
mostly  supplied  by  England.  When  it  is  remembered  that 
only  20,000  boxes  of  tinplates  were  produced  in  the  United 
States  of  America  in  the  year  1891，  whilst  to-day  such  a  vast 
industry  has  been  created  within  the  short  period  of  22  years 
as  to  easily  exceed  the  English  trade,  which  has  been  in 
existence  nearly  two  centuries,  one  is  struck  with  the  possi- 
bilities of  the  position. 
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TESTS  TO  DETERMINE  THE  RELATIVE  VALUES  OF  HIGH 
SPEED  AND  CARBON  TOOL  STEELS. 

In  the  transactions  of  the  Amcri ('； m  Society  of  Naval  Archi- 
tects ； uul  Mamie  Engiiiws,  Mr.  L.  II.  Kcimcy  gives  Hi.* 
t'ollowui^  pa  rticulars  of  I  he  tests  ； "l(>pt(nl  by  the  Um"'<l 
Slates  Navy  to  detciin i nc  i \w  i-clativ©  values  of  】iigh  speed 
and  carbon  tool  steels. 

Previous  to  1909  each  navy  yard  prepared ,  requisitions 
for  the  purchase  of  tool  steels  for  its  own  purposes.  Tl"' 
requisitions  specified  either  proprietary  material  or  that  I  In* 
contract  would  be  awarded  from  the  information  ohtainotl  by 
a  test  of  samples  submitted.  By  this  method  there  was  no 
luiiforniity  in  the  specifications.  In  order  to  centralise  ihr 
purchase  and  standardise  the  tool  steels,  a  tool  steel  board, 
in  1909，  recommended  that  the  Philadelphia  navy  yard  be 
the  purchasing  station,  and  prepared  specifications  for  one 
high-speed  and  three  carbon  steels. 

The  chemical  composition  of  the  lii^li-speed  tool  steel 
specified  differed  from  any  of  the  commercial  steels,  and  the 
carbon  tool  steels  were  varied  principally  in  the  carbon  con- 
tent, in  order  to  adapt  them  to  the  purposes  for  which  such 
steels  are  generally  used.  The  contracts  were  awarded  under 
these  specifications  to  the  lowest  responsible  bidders.  As 
part  of  the  inspection  for  acceptance  of  the  material,  physical 
tests  were  prescribed  in  addition  to  the  chemical  analyses, 
but  the  physical  tests  never  gave  satisfactory  or  decisive 
results,  and  evidently  were  not  co-ordinate  with  the  chemical 
compositions.  The  specifications  did  not  provide  a  means  for 
either  ascertaining  the  relative  merits  of  the  tool  steels 
offered  by  the  bidders  or  if  there  were  better  tool  steels  than 
those  within  the  limits  of  the  chemical  compositions  specified. 

It  was  therefore  considered  advisable  to  revise  the  speci- 
fications so  that  the  bidders  would  be  required  to'  submit- 
samples.  The  samples  would  be  manufactured  into  tools  and 
subjected  to  physical  te?ts  devised  to  investigate  the  relative 
merits.  The  data  thvs  obtained  would  form  the  basis  for 
recommending  the  award  of  contract.  The  chemical  com- 
positions would  be  given  with  maximum  and  minimum  limits, 
in  order  to  indicate  to  the  bidder  the  kind  of  tool  steel 
required,  but  as  the  physical  test  would  form  the  basis  for 
recommending  the  award  of  contract,  a  statement'  would  be 
included  to  the  effect  that  the  bidders  could  submit  samples 
of  chemical  compositions  differing  from  those  specified.  The 
object  of  this  provision  was  to  introduce  competition  as  to 
the  qualities  of  the  tool  steels  instead  of  simply  competition 
in  price.  By  modifying  the  specifications  as  outlined,  means 
would  be  provided  for  learning  something  of  the  relative 
merits  of  the  commercial  tool  steels,  and  for  taking  advan- 
tage of  developments  and  progress  made  by  the  manu- 
facturers. Definite  information  would  also  be  obtained  of 
the  qualities  of  the  steels  before  the  contract  was  awarded. 

Specifications  were  prepared  for  the  purchase  of  high- 
speed tool  steel  for  the  United  States  Naval  Academy.  The 
limits  of  the  chemical  composition  were  varied  to  permit 
bidders  to  submit  proposals  on  their  commercial  standard 
tool  steels,  and  the  feature1  of  a  selective  test  was  introduced. 
The  selective  test  provided  means  for  investigating  the  relative 
suitability  of  the  tool  steels  offered,  and  the  recommendation 
for  award  of  contract  was  based  on  the  information  thus 
obtained.  The  specifications  required  each  bidder  to  furnish 
a  sample  bar  of  the  tool  steel  covered  by  his  bid,  and  this 
sample  bar  would  be  delivered  to  the  engineer  officer  for  liiin 
to  direct  the  selective  test.  The  proportion  of  the  tool,  its 
heat  treat ment,  and  the  conditions  of  the  test  are  covered 
hy  the  selective  test.  A  lathe  tool  was  selected  for  the  test, 
and  it  was  kept  cutting,  without  lubricant,  until  it  failed  by 
tlie  cutting  down  of  the  cutting  edge'  due  to  lieat  iu^;  caused 
by  the  friction  of  the  chip,  and  a  record  of  the  elnpsed  time 
of  run,  or  cutting  life  of  the  tool,  was  made.  By  keeping 
the  otlier  conditions  constant  the  elapsed  time  of  run  \v<is 
the  principal  variable.  Each  tool  after  failure  was  re^rouiul, 
cure  being  taken  to  remove  the  effects  of  the  heati""r  <lur  *<> 
the  previous  cut,  and  again  tested  until  tlie  tool  broke  down, 
after  which  it  was  reground  ami  tested  a  third  time. 

It  was  considered  that  the  cutting"  life,  as  shown  by  the 
elapsed  time  of  run  prescribed  and  cost  of  the  material,  woro 
the  principal  factors  in  doterinining  a  selection,  because  the 


munhe r  of  times  the  tools  could  b''  rHory'l  ； tnd  r«'gmm"l, 
and  tlie  cost  for  keeping  tlu-in  in  '"1"  i'"it  io"'liti""，  wmild 
be  pra(tt ically  the  sam<*  r<"— ';ir'lh'、s  f>f  t  In*  qualil  v  of  I  lu*  tool 
steel.    Therefore  the  ariilniietical  Mt<*;ui  of  t  t  )rn<- 

of  all  runs  of  the  tools  of  one  sanipli*  whs  「（'m|,ii，"l  anrl  this 
mean  was  divided  by  the  price  |>er  pouii<l  of  the  ，'" 山 ri-il 
The  quantity  thus  obtained  was  called  the  selective  fa<tor, 
and  the  tool  steol  of  highest  select  ivc  far  tor  was  n'r"mni''ii"''" 
for  award  of  contrari 

An  estimate  was  made  to  deteriniiie  the  relative  values 
of  the  several  tool  steels  tested  by  computing  first  tin-  value 
for  each  sample  which  would  give  it  a  selective  factor  equal 
to  tlie  highest  factor,  and,  se<oiul,  to  determine  the  value  of 
the  tool  steel  of  highest  selective  factor  to  obtain  ;i  wlw  tiv,' 
factor  equal  to  that  of  each  sample.  A  test  was  made  of  tool 
steel  which  had  been  purchased  uiuler  specifications,  to  learn 
if  it  were  equal  or  superior  to  the  commercial  tool  steels,  and 
it  proved  conclusively  that  some  of  the  r-ornnu'n  ial  tool  st"'ls 
were  superior. 

The  selective  test  was  conducted  under  uiiifonu  i  on 
ditions,  so  that  the  principal  variable  was  the  elapsed  tim'- 
of  run  of  the  tools.  Electrical  observations  were  made  of 
the  input  to  the  motor  which  drove  the  latl"'.  Tli«'v  showed 
that  the  work  done  by  the  tools  varied.  It  \va> 山" i 山'' 1  to 
compute  the  work  value  or  watt-minutes  of  work  done  Ijy 
each  tool  first,  and  then  adjust  the  work  values  by  the 
principles  of  least  squares  instead  of  elapsed  time  of  runs,  as 
was  done  in  the  previous  test.  By  the  previous  method  an 
observation  of  the  elapsed  time  of  run  of  a  tool  might  vary 
so  greatly  from  the  mean  that  it  would  be  rejected,  although 
tlie  watt-minutes  of  work  done  by  a  tool  might  not  v;irv 
sufficiently  from  the  mean  work  value  to  necessitate  r('j"> 
tion.  The  work  done  by  a  tool,  which  is  indicated  hy  t  lie 
elapsed  time  of  run  and  the  watts  consumed,  is  an  im]»ortant 
factor  in  determining  selection .  It  was  decided  therefore 
that  the  work  value  of  each  tool  was  a  fairer  value. 

THe  information  obtained  from  the  selective  test  con- 
ducted on  high-speed  tool  steel  indicated  that  it  was  advisable 
to  revise  the  specifications  for  carbon  tool  steels,  and  a  selec- 
tive test  similar  in  character  and  purpose  to  that  previously 
described  was  introduced.  Four  classes  of  carbon  tool  steel 
were  selected  which  varied  principally  in  their  carbon  con- 
tent. The  conditions  throughout  the .  selective  test  were 
maintained  as  nearly  constant  for  each  class  of  tool  steel  as 
facilities  would  permit,  and  the  elapsed  time  of  ruu，  or 
operating"  life  of  the  tools,  was  the  principal  variable  in  the 
test,  because  the  tools  were  operated  until  they  broke  down. 

The  milling  cutters  for  the  selective  test  of  carbon  t'"'l 
steel  were  operated  until  they  broke  clown  either  in  the  shank 
or  teeth.  The  elapsed  time  of  run  of  the  cutters  was  n  '  orded 
and  represents  the  total  time  the  cutters  were  operatinir, 
but  does  not  include  the  time  required  to  return  the  nulling 
machine  table  to  the  starting  point  and  to  set  for  the  next 
cut.  The  selective  factor  represents  the  ratio  of  the  mean 
elapsed  time  of  all  cutters  of  one  sample  and  the  price  per 
pound  of  that  sample.  The  relative  values  were  compute  1  i、 
previously  described  for  t imizsten  tool  steel. 

The  conditions  throughout  tlie  selective  test  were  main- 
tained  as  nearly  uniform  as  facilities  would  permit,  an<l 
operating  life  of  the  tools  determined  as  previously  descriW*-  1 
Before  the  tools  were  treated  a  determination  was  ot 
the  decalescent  point  of  each  sample  to  assist  in  selertin^ 
suitable  treating  temperatures.  Some  of  tlie  bidders  t(H>k 
advantage  of  the  clause  in  tlie  specifications  which  permit"'" 
tool  steels  to  be  submitted  of  a  rhemical  composition  difTVri "二 
from  that  specified.  Tool  steels  containini:  timt^"'"  "，'，.'• 
submitted  under  carbon  tool  steels,  and  a  ttxA  st'  t'l  « ontain- 
ing  chromium  was  submitted  under  carbon  tool  s。vl 

The  five  tungsten  steel  tools  made  from  the  sample  l>;u、 
are  stamped  with  the  schedule  number,  an  index  mimU  i 
assigned  to  each  sample,  and  consecutive  numbers  for  tlw 
tools  of  one  sample.  All  tools  are  haiHl-for^.,!  t<>  the  No.  :、"） 
lathe  tool  fork  of  the  Sellers  system  of  tool  forms.  The 
following  day  the  tools  are  treated,  two  furnaces  beini: 
required  for  this  purpose.  In  one  furnace  a  temperature  of 
l，600o  to  1,700°  Fah.  and  in  the  other  a  temperature  of 
2,400°  Fah.  are  niainUined.  Tlie  tools  are  unifornilv  lusitod 
in  the  low-beat  furnace  and  theu  in  the  high-beat  furnace. 
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The  temperatures  given  do  not  indicate  the  temperature  ab 
the  nose  of  th©  tool,  because  the  temperature  where  tlie 
thermocouple  is  will  be  higher  than  at  the  nose  of  the  tool, 
depending  somewhat  upon  the  size  of  the  opening  through 
which  the  tool  is  introduced  into  the  furnace.  In  order  to 
i-ciluce  the  radiation  loss  to  a  minimum  and  obtain  a  satis- 
factory temperature  for  the  nose  of  the  tool,  it  has  been  found 
advisable  to  close  with  bricks  the  opening  into  the  furnace 
so  that  it  is  just  large  enough  to  admit  the  tool.  After  the 
tools  are  removed  from  the  high-heat  furnace  they  may  be 
cooled  either  by  directing  a  heavy  blast  of  compressed  air  on 
the  nose  or  clipping  the  nose  into  oil.  The  oil  should  be 
cooled  and  agitated  by  some  means  such  as  compressed  air. 
The  oil  was  used  for  these  tests,  and  is  considered  preferable 
because  it  is  less  noisy  and  expensive  than  compressed  air. 
Tests  which  have  been  made  indicate  that  better  results  a vv 
obtained  by  oil  cooling.  The  tools  are  cooled  in  the  oil  until 
they  are  black  hot,  when  they  are  removed  and  placed  on  a 
cooling  table. 

After  the  beat  treatment  tlie  tools  are  ground  to  the 
No.  30  Sellers  system  of  lathe  tool  forms  and  later  tested  on 
a  nickel  steel  forging.  All  tools  of  a  selective  test  are  tested 
on  one  forging,  because  it  has  been  impossible  to  obtain 
nickel  steel  forgings  of  identical  characteristics  chemically 
and  physically.  The  depth  of  cut,  feed  and  cutting  speed 
are  constant  throughout  a  selective'  test,  so  that  the  quantity 
to  be  determined  is  the  elapsed  time  of  run,  or  cutting  life 
of  the  tools.  All  tools  are  tested  to  destruction,  after  which 
they  are  re  ground  and  retested  until  each  tool  has  been  tested 
three  times.  No  lubricant  was  used  on  the-  tool  during 
the  test.  The  action  of  the  tools  when  cutting  is  very  interest- 
ing, indicating  that  the  material  is  torn  from  the  forging 
instead  of  being  cut.  The  chip  wears  at'  first  a  depression  in 
the  face  of  the  tool  back  of  the  cutting  edge,  and  the  heat 
generated  by  the  friction  of  the  chip  softens  the  tool.  The 
generation  of  heat  and  wearing  away  of  the  tool  continue 
until  the  depression,  increasing"  in  size,  finally  reaches  the 
cutting  edge,  which  suddenly  breaks  down.  It  is  necessary 
to  grind  off  about  ^\in.  from  the  top  and  end  of  the  tools  to 
remove  the  effects  of  the  heating.  A  voltmeter  and  ammeter 
were  installed,  and  later  a  graphic  wattmeter  to  determine 
the  input  to  the  motor  of  the  lathe.  By  this  means  tlie 
average  watts  of  the  friction  and  cutting  loads,  which  were 
found  to  be  nearly  constant,  were  determined,  the  difference 
between  the  net  watts  which,  multiplied  by  the  elapsed  time 
of  run  of  the  tool  in  minutes,  gave  the  work  done  by  the 
nose  of  the  tool  measured  by  the  resistance  the  forging  offers 
to  it.  The  elapsed  time  of  run  for  a  tool  depends  somewhat 
upon  the  dissipation  of  heab  generated  by  the  friction  of 
the  chip,  and  it  has  been  noted  that  the  steel  forging  on 
which  the  tools  are  cutting  will  heat  up  considerably  if  it 
is  of  small  diameter  and  operated  at  a  high  cutting  speed. 
The  elapsed  time  of  run  decreases  as  the  temperature  of  the 
forging  which  the  tool  is  cutting  increases. 

Each  sample  of  carbon  steel  submitted  for  selective  test 
was  tested  to  determine  the  decalescent  point.  All  tools 
were  heated  to  a  temperature  slightly  above  the  decalescent 
point  and  quenched  in  brine,  after  which  the  temper  was 
drawn  in  a  lead  bath.  The  cutting  tools  were  then  grnund 
and  were  ready  for  the  selective  test.  The  proportions  of  the 
milling  cutter  used  for  the  test  for  carbon  tool  steel  were 
adapted  from  an  article  by  A.  L.  Deleeuw,  described  in  the 
" Transactions  "  of  the  American  Society  of  Mechanical 
Engineers.  The  principal  difference  from  milling  cutters  in 
general  use  is  in  the  comparatively  small  number  of  teeth 
permitting  a  larger  clearance  for  the  chips'.  This  cutter  is 
so  small  that  it  was  necessary  to  support  the  outer  end  to 
enable  it  to  stand  the  heavy  cut  desired  to  give  a  breakdown 
test  similar  in  purpose  to  thai  developed  for  tungsten  tool 
卜"' ,1.  The  cutter  was  operated  at  the  speed  of  370  revs.  ]»er 
minute,  feed  20in.  per  minute,  and  0'08in.  depth  of  cut 
through  the  full  table  travel  of  the  milling  machine.  The 
table  was  run  back  to  the  starting  point  and  reset  as  often 
as  necessary  until  the  cutter  failed.  The  cutter  was  run 
without  lubricant  in  order  to  make  the  test  as  severe  as 
possible.  There  was  a  generation  of  heat  similar  to  that 
developed  by  the  tungsten  tool  steel  test  which  would  draw 
the  temper  of  the  cutter,  causing  the  cutting  edge  to  break 
dov^u.      Sometimes  the  dulling  of  the  cutting  edge  would 


increase  the  torsional  stress  until  finally  tlie  physical  strenfrth 
of  the  cutter  would  be  exceeded  and  cause  it  to  break  in  tlie 
sliank.  Tungsten  apparently  gives  to  tool  steel  the  property  of 
resisting  heat  breakdown. 

Table  I. 

Per  cent,  limit. 

Tungsten  tool  steel.  ；■  

Maxiniuin.  Minimuni. 


Carbon    ()•  75  0-55 

('hromium    r> -oo  2-50 

Manganese   0-30  0-05 

Phosphorous   0-(ll.">  0-(i0 

Silicon    0-30  0-00 

Sulphur    0-02  0-00 

Tungsten    20-00  Ki-OO 

Vanadium    1-50  0-35 

Iron   I  *  * 


*  Remainder. 

The  observations  of  the  carbon  tool  steels  do  not  agree 
as  closely  as  those  for  tungsten  tool  steel,  and  the  causes  for 
the  variations  are  not  very  easily  determined.  In  the  case  of 
the  milling  cutters  the  cutting  life  is  considerably  reduee<l 
if  there  is  very  much  vibration,  and  in  order  to  overcome  this 
as  much  as  possible  a  heavy,  rigidly  constructed  milling 
machine  was  used.  If  the  cutters  were  not  exactly  central 
in  the  arbor  so  that  they  did  not  rotate  around  their  geo- 
metrical axis,  vibrations  would  be  set  up  which  would  increase 
in  violence  until  the  cutter  finally  broke  down,  and  it  was 
therefore  necessary  to  very  carefully  fit  the  cutters  into  the 
arbor. 

The  pneumatic  chisels  were  operated  by  a  man,  which,  of 
course,  introduced  a  greater  variation  than  if  a  machine 
were  used.  Tlfe  condition  of  the  chisel  at  the  end  of  the  test, 
as  to  whether  or  not  it  should  be  stopped,  is  sometimes  a 
question  of  individual  opinion,  such  as  the  degree  of  dull- 
ness, the  amount  of  reduction  in  width  of  cutting  edge  due 
to  wearing  down,  &c. 

The  treating  temperature  for  the  tungsten  tool  steel  can 
be  varied  through  a  short  range  in  the  vicinity  of  2,250°  Fah., 
without  producing  much  variation  in  the .  results  of  tlie 
physical  test.  The  treating  temperature  of  the  carbon  tool 
steels  seems  to  be  within  narrower  limits,  which  may  perhaps 
account  for  some  of  the  variations  in  the  test.  It  is,  of  course, 
extremely  difficult  to  hold  the  furnaces,  which  are  of  the  oil- 
burning  type,  to  absolutely  definite  temperatures. 

Table  II. 


Carbon  tool  ;stt'd. 

Class  1, 
\)vv  c  ent. limit 

Class  2， 
percent,  limit 

Class  3, 
per  rent,  limit 

Class  4, 
per  cent,  limit 

Maxi- 

Mini- 

Maxi- 

-Mini- 

Ma-、i- 

Miui- 

Maxi- 

Mini- 

nnun. 

mum. 

mum. 

lmuii. 

immi. 

muiu. 

mum. 

mum. 

Carlton   

1-25 

1-15 

1*15 

1(»5 

,,'!»，-> 

0-85 

0-85 

0-75 

Chromium  

t 

卞广 

f 

t 

t 

t 

t 

Manganese  

"•:{.—> 

IT) 

»>■  1：. 

Phosphorous  .... 

n-ni;> 

( I  •  uo 

,►."'_> 

()-(H) 

0-02 

0-00 

Silicon   

u-  !(► 

0-  lu 

0-4H 

lu 

0-40 

o-  in 

Sulphur   

0-00 

IIOII 

U(MJ 

Vanadium   

t 

t 

t 

*l\L'inaiii(lor.      十 （）pti<'iial. 


The  test  of  the  carbon  tool  steel  which  rontAined  tunpstiMi 
showed  le?s  vibration  than  tlie  carbon  tool  stt'rls  without 
tungsten.  This  may  indicate  that  the  addition  of  tunizstcii 
increases  the  treating  teniperature  limits  slightly  without 
affecting  the  results  of  the  physical  tost  vt'rv  "uirh.  The 
addition  of  tungsten  seems  to  pi-oduce  two  desirable  results : 
The  increasing  of  the  cutting  life  of  the  tools  and  increasing 
the  treating  temperature  limits  of  the  tool  steels.  The  tool 
steel  containing  this  oloment  apparently  does  not  require 
any  different  method  of  treating  from  that  in  general  use 
for  carbon  tool  steels. 

Tungsten  Tool  Steel. ― Lathe  and  planer  tools,  niillinir 
machine  tools,  ami,  in  general,  all  tools  for  wbirli  liigli-speed 
steel  is  used.  The  rliemical  specilications  for  tungsten  tool 
steel  are  given  in  Table  I. 
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( '(trbntt  Tool  Slct'l  ( lass  1.— Latlu'  and  planer  tools  and  1  (mjIs 
requiriii<;  a  keen  cutting  edge  conil)ine(i  "'itligival  li;inlii''s、， 
for  finishing  slirinka^e  diniensions  on  nickel  steel  ^uii  i'orgin^s, 
drills,  taps,  reamers,  and  screw-cutting  dies. 

( 'arbon  Tool  Steel  (,luss  2. ― Milling  cutters,  mandrels,  trimmer 
dies,  threading  dies,  ； uul  general  niachi nc  shop  tools  m|uirm;' 
a  keen  cutting  edge  conibined  with  hardness. 

( '(wbtfH  Tool  Steel  (  7ass  :;.  -rncumatic  chisels,  jiunclies,  shear 
blades,  &(•"  and  in  general  tools  requiring  a  hanl  surface 
wiili  considerable  tenacity. 

(Jarbon  Tool  Strvl  ( '(ass  J. —— Kivot  sots,  lianinuirs,  cuppin-- 
tools,  smith  tools,  hot  drop  forge  dies,  &(■.，  and,  in  ^eiH'i-;il , 
t  ools  which  require  great  toughness  ('(mil)iii。（l  \v i  1 1 1  t  In- 
necessary  hardness.  The  chemical  specifications  for  carbon 
tool  steel  are  contained  in  Tal)le  II. 


IMPROVEMENTS  IN  DRY-BOTTOM  GAS  PRODUCERS. 

In  dry-bottom  producers  o f  the  kind  which  in  sect itjnal  ]»lan 
are  considerably  greater  in  length  than  in  width,  tlie  even 
removal  and  discharge  of  the  ash  from  the  bottom  thereof  mu\ 
the  even  distribution  of  tlie  blast  are  matters  of  some  diffi- 
culty, and  with  a  view  to  overcoming  these  the  Dowson  ami 
Mason  Gas  Plant  Company,  Ltd.,  Alma  Works,  Leveiishuhne, 
Manchester,  in  coiijiuH'tiou  with  Mr.  Q.  Moore,  have  designed 
and  ])atented  the'  arrangement  illustrated  herewith.  The  pro- 
ducer is  in  plan  of  length  substantially  greater  than  its  width, 
and  with  rounded  ends,  and  as  shown  there  are  provided  at 
its  bottom  two  inverted  truncated  cmiica]  grates  A.  These 
grates  are  each  surrounded  by  an  inverted  truncated  casing  B， 


iMPHOVtMENTS  IN  DliY-BOTTOM  G-VS  l^ODUCKKb. 

made  in  a  piece  with  the  grate,  the  grates  and  casings  (  'm 
forming  to  the  rounded  ends  of  the  producer  at  their  remote 
parts,  whilst  at  their  adjacent  parts  i  lie  rasin^s  a  re  ilat  and 
vertical,  so  that  they  abut  each  other,  and  the  grates  merge  in 
one  another.  The  grates  and  casings  as  a  whole  are  the  same 
projected  area  in  plan  as  tlie  plan  area  of  the  bottom  of  the 
prod  ucer.  Usual  hi  a  st  arraiigeineiits  (not  shown)  supply  blast 
to  apertures  C  in  the  casings  B,  from  tlie  interior  of  whicli 
the  blast  passes  through  the  grate  apertures  D  into  the  bottom 
of  the  producer.  Beneatli  the  central  aperture  formed  by  t  ho 
triuioation  of  each  grate  is  an  ash  table  E，  of  the  form  usual 
ia  dry-bottom  producers.  Above  each  table  and  coaxial  with 
each  grate  is  a  rotary  scraper  G，  discharging  the  ashes  there- 
from , while  tables  and  scrapers  are  enclosed  in  a  hopper  II, 
provided  at  its  lower  end  witli  a  discharge  bell  J. 


CABLES  FOR  SHAFTS  AND  MINES  : 

JiY  K.   KIUiUKN  SCOTT,  A.M.INST.C'.E.,  M.I.E.E. 

(Concluded  from  pa'jc  '4 Id.) 

Insulation.  Although  sluift  calces  workin;'  ； it  r:'l  tliounand 
volts  are  the  exception  at  present,  they  will  come  into  mort- 
general  use  because  of  the  teinlenrv  \<>  二'  ii'  r:'"'  pw'r  in 
large  central  stations.  Such  power  is  geiicrallv  nupnlicrl  at 
3,300，  6,600，  or  1 1 ,000  volts,  and  for  main-haulage  aiul  di;tin 
pump  motors,  there  is  no  reason  why  cu n *  ni  "t  tlie  full 
voltage  should  not  be  taken  flown  the  sliaft.  I n  on*-  of  the 
Durham  pits,  three-core  vulcaiiiscrl  I'itmiif'n  (； il,h's  have 
working  satisfactorily  at  6,600  volts  tor  somm*  v''  (r、，  whilst 


Fio.  6. 

there  are  many  mines  where  3,300-volt  cables  are  installed 
in  the  shaft.  No  doubt  in  time  11,000  volts  will  be  used. 
One  reason  for  using  high-pressure  shaft  cables  is  that  squir- 
rel-cage motors  are  preferred  for  uiulergrouiifl  work  on 
account  of  their  simplicity,  and  when  such  motors  of  several 
hundred  horse-power  are  used,  the  starting  currents  run  to 
very  high  values.  If  tlie  pressure  drop  caused  by  these  large 
currents  is  not  taken  into  consideration,  it  may  liappen  that 
the  pressure  is  insufficient  to  start  the  motor.  A  pressure 
drop  of  100  volts  is  a  loss  of  about  20  per  cent,  at  500  volts, 
but  only  3  per  cent,  at  3,300  volts. 

Solid  Bitumen. ― Solid  bitumen  cable  is  the  name  given  to 
cable  which  has  the  conductors  embedded  in  a  solid  mass  of 
insulating  pitchy  material  without  any  jute,  or  other  fibrous 
binder.  To  a  certain  extent  the  name  is  a  misnomer,  be'  ;"is'' 
pure  bitumen  forms  only  a  small  proportion  of  the  mixture, 
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Fig.  7.— Core  Suspension.  Fig.  8.— Suspension  with  Wint 

Kopks. 

the  component  parts  being  cotton-seed  pit('l】，  Trinidad  bitu- 
men, and  sulphur.  The  sulphur  gives  vulcanising  a<  n(m 
similar  to  that  ill  rubber.  After  being  、v(，ike(l  up  in  many 
rollers  like  rubber,  the  pitch  is  squirted  on  to  the  condurtoi^, 
whi(  li  in  some  cases  have  been  already  covered  with  a  sep1  r;i  - 
tor  of  paper  or  impregnated  jutf.  This  mixture  is  used 
because  pure  bitumen  alone  is  liable  to  crack  and  to  allow 
the  conductors  to  decentralise.  Of  course,  all  pitrhv  sub- 
stances " flow  ' '  to  an  extent  if  the  pressure  is  kept  up  in  a 
definite  direction  for  a  long  period,  but  by  mixing  in  the 
fotton-seed  pitch  and  sulphur,  a  consistenqy  is  arrive' I  at 
wliich  just  gives  sufficient  elasticity  to  prevent  cracking  and 
at  the  same  time  prevent  decentralisation  at  siuh  tempera- 
tures and  mechanical  pressures  as  are  usually  met  with  in 
mines.    The  elastic  pitch  softens  at  about  120°  Fall.,  and, 

' Abstract  of  pai>or  road  before  the  Association  of  Minini;  Elcclric&l  Eq- 
mincers,  February  7tb, 
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therefore,  cables  insulated  with  the  material  are  not  suitable 
for  upcast  shafts.  One  advantage  of  this  form  of  insulation 
is  that  it  resists  ordinary  pit  waters.  In  bitumen  cables  it  is 
customary  to  fill  the  interstices  of  the  stranded  conductors 
with  waterproof  compound  so  as  to  prevent  】noisture  creeping 
along  the  wires.  It  may  be  of  interest  to  mention  that  when 
coiton-seed  pitch  was  first  used  the  supply  came  from  soap 
works,  it  being  a  by-product  of  that  industry  ；  but  now  the 
deniaiul  is  sufficiently  great  for  it  to  be  specially  made  for 
cables. 

Rubber. ― Although  rul 山 （'t，  has  been  largely  displaced  by 
paper  and  bitumen  for  power  cables,  it)  has  always  held  its 
own  for  lighting  and  for  those  heavier  cables  where  flexi- 


Fig.  9. 

bility  is  of  special  importance,  as,  for  example,  cables  for 
portable  machines,  and  for  sinking  shafts.  Of  course,  the 
question  of  the  use  of  rubber  insulation  depends  on  the  sup- 
ply, but  by  the  introduction  of  rubber  plants  from  the 
Amazon  to  Ceylon,  the  Straits  Settlements,  &c.，  future  sup- 
plies are  assured.  ； Whilst  the  cultivated  trees  are  young  the 
rubber  does  not  come  up  to  the  matured  wild  rubber  of  Para, 
but  each  year's  growth  will  naturally  improve  plantation 
rubber.  There  are,  in  addition,  possibilities  before  the  syn- 
thetic process,  and  therefore  the  writer  is  of  opinion  that 
rubber  will  come  into  more  general  favour  as  an  insulation 
for  heavy  cables. 

About  three  years  ago  the  St.  Helen's  Cable  Company 
hit  upon  the  idea  that  the  same  mixture  of  rubber  and 
various  material  of  which  wheel  tyres  are  made,  would  also 
be  an  excellent  mechanical  protection  for  cables  subjected  to 
hard  wear  and  wet  conditions.  This  method  of  covering  a 
rubber-insulated  cable  with  a  cab-tyre  sheathing,  as  it  is 
called,  has  been  astonishingly  successful,  not  only  for  trial 
cables,  but  for  laying  direct  in  the  ground  and  for  shot-firing 
wires,  &c.  The  rubber  and  the  silicious  powder  are  in  about 
equal  proportions,  and  the  mixture  is  squeezed  on  cold,  under 
great  pressure,  by  means  of  a  screw.  Vulcanisation  of  the 
rubber  is  carried  out  after  the  operation  of  covering  the  cable 
is  completed.  The  cab-tyre  rubber  is  not  intended  as  an 
insulator  ；  it  is  purely  a  mechanical  protection,  and  its  success 
as  such  appears  to  be  partly  due  to  a  peculiar  shielding 
action  which  the  material  has  on  the  rubber  particles.  That 
it  wiil  do  all  tliat  is  claimed  is  shown  by  the  remarkable  way 
in  which  it  stands  up  against  hard  wear  and  tear  and  chemi- 
cal action,  &€.,  when  used  for  the  tyres  of  vehicles.  It 
appears  to  be  the  only  type  that  will  withstand  the  special 
conditions  of  chemicals  from  "  made  ground/'  and  excessive 
vibration  and  constant  movement  due  to  heavy  traffic. 

One  development  which  naturally  suggests  itself  is  the 
eniploynient  of  tyre  rubber  for  the  protection  of  sinking 
cables.  The  insulation  of  such  cables  must  necessarily  he  of 
rubber,  and  to  follow  this  up  with  a  protective  coating  of 
somewhat  similar  material  is  reasonable.  A  next  step  is  the 
use  of  tyre  rubber  for  cables  which  are  perinanently  installe<l 
in  shafl^,  and  the  writer  believes  it  will  be  successful  for  that 


purpose  also.  Most  shaft  cables  are  supported  by  cleats  which 
act  as  so  many  friction  clutches,  and  it  is  easy  to  see  that 
much  less  pressure  will  be  required  to  liold  a  rubber-covered 
cable  than  to  liold  one  that  is  armoured.  Its  high  co-efficient 
of  friction  and  ability  to  squeeze  slightly  when  under  com- 
pression makes  rubber  an  ideal  material  where  cleats  are 
employed. 

Bitumen  insulation  is  especially  liable  to  crack  and  perisli 
just  where  the  cable  leaves  the  cleats,  because  at  those  points 
there  is  a  considerable  racking  action  due  to  vibrations. 
Paper  insulation  also  depends  very  largelv  on  the  resin  oil, 
and  when  such  cables  are  cleated  the  oil  may  be  squeezed 
out. 

Paper ― Paper  insulation  has  a  distinct  advantage  over 
bitumen,  in  that  there  is  no  possibility  of  decentralisation. 
The  conductors  may  therefore  be  worked  at  a  higher  current 
density,  which  means  reducing  the  weight  of  the  cable. 
Further,  as  the  dielectric  strength  is  much  greater,  it  is  a 
very  suitable  insulation  for  extra  high  tension.  Against  this, 
it  has  to  be  remembered  that  paper  must  have  a  covering  to 
keep  out  moisture,  and  therefore  what  is  saved  in  weight  and 
size  of  conductors  and  insulation,  is  made  up  by  the  covering. 
Lead  is  usually  employed  for  ordinary  cables,  but  for  shaft 
cables  a  sheathing  of  bitumen  may  be  employed,  the  bitumen 
sheathing  being  mechanically  protected  by  tapes  and  double 
braiding. 

Paper-insulated  cables  for  ordinary  work,  such  as  feeders 
to  public  electric  supply,  have  as  much  resin  oil  as  possible, 
and  during  manufacture  the  cable  passes  direct  from  the  oil 
tank  to  the  lead  press.  For  a  shaft  cable  this  would  not  do, 
because  the  oil  might  flow  down  the  cable  and  burst  the  lead 
sheathing  at  the  bottom,  as,  in  fact,  did  happen  on  one  occa- 
sion. Therefore,  when  impregnating  such  cables  the  excess 
oil  is  allowed  to  drain  off  before  the  sheath  is  put  on.  Care 
must  be  taken  to  protect  the  cable  ends  to  prevent  moisture 
getting  in,  and  consequently  there  is  greater  expense  in 
boxes,  sealing  ends,  &c.，  and  in  jointing,  than  with  either 
bitumen  or  rubber-insulated  cables. 

Mr.  Scholey  informs  the  writer  that  the  special  insulation 
which  goes  under  the  trade  name  "  Indestructible  "  consists 
of  layers  of  papers,  with  a  cotton  or  jute  braiding,  aud  the 
whole  impregnated  with  red  lead  and  linseed  oil.  Red  lead 
seems  at  first  sight  an  unlikely  】naterial  for  use  in  insulation, 
but  there  is  no  doubt  that  cables  insulated  in  this  way  do 
resist  chemical  action  aud  abnormal  climatic  conditions. 

Lead -covered  cables  frequently  have  a  thin  copper  slieatli 
immediately  under  the  lead,  the  object  being  to  add  to  con- 


h"m.  10.— Clkat  attached  to  Tuiiiiixti  by  Chains. 

ducting  power  of  the  lead,  so  that  in  the  event  of  a  fault- 
occurring,  a  heavy  leakage  current  can  flow  without  the  lead 
being  melted.  Where  there  is  a  paralkl  path  to  earth,  as 
wlien  the  cable  is  armoured  and  where  wcrk  in  a  shaft  is 
used,  then  there  is  no  need  for  the  copper.  Lead  is  not  a 
good  material  to  use  because  it  is  so  easily  stretched  during 
the  operation  of  suspending  the  cable  in  the  shaft. 

Jute. ― At  one  time  impregnated  jute  was  frequently  used 
as  tlie  insulation  for  low-voltage  cables.    It  was  apparentlv 
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satisfactory,  for  the  writer  has  l)cen  inforjiied  of  such  a  cable 
i"  the  shaft  of  one  of  tlie  Dortinuiid  collieries  HM)  metres 
deep,  which  has  been  working  satisfactorily  for  over  10  years. 
Nowadays,  jute  is  used  for  worming  willi  insuh.lcd  <-oiuluc- 
tm's  for  the  bedding  between  lead  <*overin^  and  ariuour,  ； uul 
for  tlie  protective  covering  outside  the  armour.  The  julc 
is  either  tarred  or  impregnated  willi  an  insulating  and  water 
resisting  gompound.  The  choice  between  these  two  methods 
of  treating  the  fibre  depends  to  some  extent  on  whether  the 
armour  is  going  to  be  left  bright  on  the  oi'.tside.  If  loi't- 
bright  the  jute  bedding  uiulenieath  is  tanned,  but,  if  th" 
armour  is  to  be  treated  with  impregnated  jute  outside,  then 


Ym.  ii.—Iuon  Cleats  at  LociuiELLY  Colmkuiks. 


iniprognated  jufce  is  used  inside.  The  tanning  of  jute  yarn 
i-onsists  in  impregnating  it  with  an  aqueous  solution  ]»ia<k' 
with  cutch  and  hot  water,  but  any  agent,  such  as  oak  bark  or 
sumach,  can  be  used.  The  effect  is  similar  to  that  obtained 
in  the  tanning  of  leather,  namely,  to  render  it  rot-proof. 
When  comparing  weights  of  cables  it  is  necessary  to  reinein- 
her  that  if  jute  is  used  it  may  in  time  become  saturated  with 
water,  and  considerably  increase  in  weight.  From  this  point 
of  view,  jute  is  objectionable  for  shaft  cables,  especially  seeing 
that  at  the  same  time  as  it  becomes  heavier  it  also  tends  to 
break  down  the  insulation. 

It  is  somewhat  strange  that  jute  should  be  practically  tlie 
only  fibrous  material  used  for  cables  because  other  fibres  are 
available.  For  example,  coir  yarn  made  from  the  fibres  of 
the  cocoa  nut  is  a  likely  material.  Coir  yarn  is  practically 
incompressible,  and  is  tougher  and  resists  the  weather  better 
than  any  other  vegetable  fibre,  as  is  well  shown  by  the  fact 
that  the  main  ropes  of  ships'  rigging  are  frequently  made  of 
it.  In  the  loose  state  it  is  very  much  cheaper  than  jute, 
and  even  when  plaited,  although  the  plaiting  is  done  by  hand, 
it  is  also  cheaper  than  manufactured  jute.  The  plaiting  is 
not  very  even,  but  that  could  be  overcome.  To  ascertain  the 
comparative  value  of  this  coir  over  jute,  tests  have  been  made. 
After  being  immersed  in  water  for  48  hours,  the  amount 
absorbed  by  the  plaited  sample  of  coir  was  about  20  per  cent, 
less  than  for  jute,  and  the  loose  sample  of  coir  absorbed  about 
15  per  cent,  less  than  the  jute.  After  impregnation  tlie 
plaited  sample  appeared  to  be  only  10  per  cent,  better,  but 
the  loose  sample  was  considerably  better  in  the  ratio  of  8  to 
34. 

Armour. ― Kuund  wires  in  two  layers  are  most  commonly 
used.  Double  armour  gives  extra  strength,  and  the  in- 
creased area  is  useful  for  the  earth  return.  Another  reason 
for  having  two  layers  in  the  case  of  shaft  cables  which  are 
suspended  or  cleated  is  that  the  cables  do  not  then  tend  to 
turn  either  way,  for  unlike  steel  strip,  the  two  layers  of  round 
wire  are  laid  on  iu  different  directions.  Steel  strip  is  generally 
left  plain,  but  wire  is  usually  galvanised,  and  particularly  so 
in  the  case  of  shaft  cables,  in  order  to  resist  the  action  of  the 
water.  Strip  is  not  used  for  shaft  cables.  Segmental-shape.l 
steel  wires  are  sometimes  met  with,  especially  on  tlie  Con- 
tinent. For  shaft  cables  segmental  steel  wires  appear  to  be 
l>etler  than  round  wires,  because  they  give  a 】iiore  ('oiiipk'"' 
cover,  and  for  a  given  sectional  area  less  weight  of  steel  is 
required.  This  is  especially  the  case  wheu  the  armouring  is 
double.  Where  the  armour  is  relied  upon  to  support  the 
cable,  then  segmental  wires  are  best.  To  cover  a  certain 
diameter  of  cable,  there  are  fewer  wires  to  handle,  and  the 
labour  charge  is  less,  but  tlie  wire  straiuliug  machine  requires 


Fig.  12. 


Fig.  13. 


Fig.  li. 


Fig.  15.— Casing  m'u>k  prom  Split 
Teleoh.vpii  1*olk>. 

stand  on  two  small  cross- bearers  reaching  from  the  shaft  wall 
to  the  bearer,  as  at  B.  With  the  latter  arningeineiit  ihe 
cable  has  to  be  threaded  behind  the  buntons  from  above  and 
the  cage  cannot  then  be  used.  As  a  matter  of  fact,  it  is  not 
always  convenieut  for  working  the  mine  to  have  the  rages  helil 
up  until  the  shaft  cable  is  installed,  as  is  necessary  when  the 
cable  drum  is  attached  to  the  cage.  At  the  same  time  it  is 
most    ininortant  that  the  work  be  thoroughly  well  duue, 


a  special  lay  plate  with  winch  to  lay  the  wm     :,i  t  Ik-  |>i 

； in^lc.       Possibly  this  accounts  i'or  most  m  m'";i'  ，  "n'i、  ]»!  ••• 

ferring  rrjund  wires. 

Placing  in  Position.  'I'll'"'-  、♦'  ,  m''。i'"i，  "i  v'uui"' 
shaft  cables  into  position :  (1)  Lower  the  cable  from  a  special 
winch  at  bank  arranged  to  take  the  cable  drum.  (2)  Suspend 
the  drum  in  or  under  the  ca^e,  and  pay  *>ut  the  cible  as  t  In* 
cage  descends.  (3)  Lower  the  drum  to  bottom  of  the  shaft , 
fasten  the  end  of  the  cable  to  the  cage  and  haul  up.  (4 ) 
Run  out  tlie  cable  on  the  surface,  attach  one  end  to  a  l''",m', 
tive  and  then  lower  it  by  moving  the  locomotive  t''w;"'l、  ，1" 
shaft. 

When  the  cable  is  placed  behind  bunions  it  must  of 
necessity  be  lowered  from  the  top.  Also  if  it  is  unai  m''m '  '1 , 
it  has  to  be  lowered  from  the  top  and  is  temporarily 
at  intervals  to  a  steel  rope.  By  erecting  two  statin <rs  at  tli" 
top  of  the  shaft,  three  rope  lashings  can  be  fixed  simu] 
taneously,  and  in  this  way  the  time  occupied  in  lowering 卜 
reduced.  The  lashings  are  of  spun  yarn  lin.  fliam.，  aiul 
each  tie  is  so  spaced  that  it  supports  about  1  cwt.  of  cable. 

When  the  drum  is  suspended  under  the  cage,  a  plank 
brake  is  rigged  up  against  one  flange  of  the  rlruni  to  i'r''v''n» 
the  loop  of  cable  becoming  long  enough  to  revel ve  tl"'  drum 
and  so  run  the  cable  off  quickly.  When  the  cable  is  for 
single  suspension  the  drum  is  taken  down  the  shaft  and  a 
suspension  clamp  is  fixed  to  the  end  of  the  cable,  by  wh'vh  it 
is  attached  to  the  side  of  the  cage  with  chains.  The  cage  is 
then  raised  to  the  top,  drawing  out  the  cable  witli  it,  tin; 
clamp  being  finally  landed  into  its  permanent  position  hv 
chain  blocks.  All  pulleys  for  the  cable  to  pass  over  must  be 
larger  in  diameter  than  the  cable  drum,  say  4ft.  fliain.,  a\nl 
they  should  also  be  so  arranged  that  the  cable  is  always 
in  the  same  direction.  Vee-grooved  pulleys  should  ""i  In- 
used.  After  being  fixed  in  the  shaft  a  loop  should  be  left  at 
the  bottom  so  that  water  may  drip  off  clear  of  the  junction 
box. 

If  the  cable  is  to  be  fixed  by  cleats  and  there  are 
bearers  or  buntons  already  in  the  shaft,  then  tbev  must  be 
put  in  for  the  purpose.     The  cable  cleats  may  be  bolted 
against  the  front  of  the  bunton  as  at  A,  Fig.  6，  or  they  ran 
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because  a  shaft  cable  cannot  be  got  at  at  short  notice  as  cables 
on  underground  roads  can  be. 

Single  Suspension. ― The  cone  type  of  single  suspcii" (川 
appears  to  have  been  copied  from  a  metluKl  user!  in  the  Navy. 
An  iron  cone  is  passed  over  the  armouring,  and  the  outside 
wires  bent  over  and  taken  down  the  outside  of  the  cone.  The 
smallest  outside  diameter  of  the  cone  must  be  sufficient  to 
permit  all  the  armour  wires  to  lie  side  by  side  without  over- 
lapping. It  is  then  fitted  into  the  seating  of  a  cast-sleel 
bucket,  and  the  latter  is  hung  by  chains  from  a  girder  across 
the  top  of  the  shaft.  The  space  at  the  top  of  the  cone  is 
filled  with  bitumen  compound  to  prevent  corrosion.  Such  a 
suspension  gives  about  three-quarters  of  the  breaking  stress  of 
the  armour,  because  it  is  practically  impossible  to  so  bend  the 
wires  that  they  all  grip  equally.  As  the  armour  is  designed 
with  a  breaking  stress  of,  say,  eight  times  the  weight  of  the 
cable,  the  factor  of  safety  of  the  suspension  is  about  six  to 
one.  The  bolts  and  the  chains  must  also  be  designed  to  give 
that  factor  of  safety.  With  the  heavier  sections  of  galvanised 
wires  it  is  difficult  to  bend  the  wires  round  the  cone,  especially 
so  as  to  ensure  that  each  wire  takes  its  share  of  the  load.  This 


Fig.  16.— Clamp  fob.  Watek  Pipk  and  Sinking  Cable. 

is  not  the  case  with  the  design  shown  in  Fig.  7，  for  there  is  no 
difficulty  in  bending  the  wires  at  right  angles  and  gripping 
them  all  firmly  by  means  of  the  top  plate,  which  is  held  clown 
by  four  bolts. 

For  the  purpose  of  single  suspension  the  steel  armour  wires 
must  have  a  high  modulus  of  elasticity,  so  that  the  elongation 
is  as  small  as  possible.  This  elongation  really  controls  the 
weight  that  can  be  suspended,  as  it  becomes  dangerous  long 
before  the  breaking  stress  safety  factor  becomes  too  low.  The 
elongation  is  imparted  to  the  insulation  of  the  conductors,  and 
if  it  is  appreciable  the  insulation  may  be  ruptured,  and  the 
cable  cores  will  then  endeavour  to  gain  the  nece&sary  length 
by  closing  in  on  one  another. 

The  single  suspension  method  can  only  be  used  for  mode- 
rate depths,  for  even  when  the  strength  of  the  steel  armour- 
ing is  ample  as  compared  with  the  weight  of  the  cable,  there 
is  an  element  of  doubt  as  to  how  long  it  may  remain  so.  Steel 
armouring  is  apt  to  corrode,  especially  near  the  top,  and  as  the 
strength  of  a  wire  lies  to  a  large  extent  in  its  outer  skin,  quite 
a  small  amount  of  corrosion  quickly  decreases  its  tensile 
strength.  It  should  be  noted  that  only  the  outer  layer  of 
armour  is  available  for  suspension,  the  inside  layer  going  for- 
ward to  connect  to  the  earth-plate.  Single  suspension  has  1  he 
advantages  that  there  is  nothing  for  a  falling  object  to  strike 
against  ；  also  there  are  no  places  for  lodgment  of  dust  and 
slime.  A  cable  can  also  be  quickly  placed  in  position  by  single 
suspension.  For  example,  Mr.  Bolton  Shaw  has  instanced  a 
case  where  a  cable  300  yards  long,  weighing  3  tons,  was  fixed 
in  about  4  hours. 

Suspension  by  Wire  Ropes. ― In  the  method  of  suspension 
shown  in  Fig.  8,  the  shaft  cable  is  clipped  to  two  wire  ropes 
which  are  hung  permanently  in  the  shaft,  and  the  ropes  may 
be  anchored  at  intervals  down  the  shaft  to  supplement  the 
fastenings  at  the  top.  This  method  is  very  flexible,  and  offers 
less  opportunity  for  the  lodgment  of  dirt  and  slime  than  in 
the  case  of  cleats.    It  is  not  good  for  hot  shafts  because  the 


steel  rope  is  more  sensitive  to  variations  in  temperature  than 
the  cable. 

Cleats.  ― Most  shaft  cables  that  have  been  installed  in  this 
country  within  present  years  have  been  fixed  with  wood  cleats. 
The  usual  form  of  cleat  is  about  3ft.  long,  12in.  wide,  and 
6in.  thick.  A  hole  is  bored  through  it  lengthwise  to  the  exact 
size  of  the  cable.  Then  the  block  is  sawn  in  half,  and  after 
the  cable  has  been  pressed  into  the  groove,  the  Jin.  taken  out 
by  the  saw  is  sufficient  to  give  the  necessary  grip.  Elm  and 
pitchpine  are  generally  used.  The  resin  in  the  pine  assists  the 
grip  of  the  cleat  on  the  cable  and  resists  absorption  of  water. 
Oak  is  not  suitable  because  of  the  tannic  acid  it  contains. 

Fig.  9  shows  two  cleats,  2ft.  Gin.  long,  provided  with  three 
sets  of  |in.  bolts,  with  §in.  thick  iron  straps  front  and  back. 
The  bottom  rests  on  two  H  or  channel  irons,  which  in  turn  are 
supported  at  one  end  by  the  bunion,  and  at  the  other  by  being 
let  into  the  wall  of  the'  shaft.  A  triple  cable  cleat  is  some- 
times fixed  to  the  tubbing  of  the  shaft  by  means  of  bolts.  This 
has  the  advantage  of  lying  closer  to  the  side  of  shaft  and 
requiring  less  cutting  away  of  the  shaft  than  is  necessary 
where  buntons  are  employed.  The  top  of  the  cleat  is  cham- 
fered off  so  as  to  reduce  the  lodgment  of  dirt  and  slime,  <fec.， 
and  un  umbrella  of  sheet  iron  carries  off  the  water  and 
deflects  falling  stones.  The  cleats  are  so  spaced  that  each  one 
is  loaded  with  about  10  cwts.,  and  this  usually  gives  a  distance 
apart  of  25  yards  to  35  yards  for  fairly  heavy  cables.  The 
fewer  cleats  the  better,  for  it  must  be  borne  in  mind  that  even 
when  cleats  are  made  3ft.  long  they  are  liable  to  affect  the 
insulation  detrimentally  by  compressing  it.  Also  at  each  end 
where  the  cable  leaves  the  cleats  there  is  liability  of  injury  to 
the  insulation,  due  to  the  cable  vibrating  when  the  cages  pass 
up  and  down. 

When  an  armoured  cable  is  fixed  by  cleats  it  is  practically 
the  same  as  a  solid  bar  from  top  to  bottom,  and  anything 
striking  it  is  firmly  resisted.  The  most  objectionable  feature 
is  that  the  cleats  themselves  may  be  struck  by  falling  objects. 
Fig.  10  shows  a  method  of  fastening  the  cleat  by  chains,  and 
it  is  better  than  fixing  firmly  to  the  side  of  the  shaft  or  on 
buntons,  because  of  their  flexibility.  Fig.  1 1  shows  an 
example  of  an  iron  cleat  as  used  at  the  Lochgelly  Iron  and 
Coal  Company's  pits.  The  shaft  cables  of  the  four  pits  con- 
sist of  0'3  sq.  in.  three-core  low-tension  500-volt  cable  of  the 
Johnson  &  Phillips  "  solid-bitumen  type,  double-wire 
armoured  and  jute-served.  The  net  weight  of  the  cable  is 
401bs.  per  yard,  and  as  the  cleats  are  fixed  every  10  yards, 
each  one  has  to  carry  about  4  cwts.  In  the  Nellie  and  Mary 
Pits,  which  are  400  yards  deep,  the  cables  are  in  two  lengths, 
jointed  in  a  seam  halfway  down.  It  was  necessary  to  fix  the 
shaft  cables  between  the  buntons  and  the  side  of  the  shaft, 
and  these  being  square  pits,  in  many  cases  there  was  only  a 
clearance  between  the  bimton  and  the  pit  side  of  4in.  or  5in. 
The  cable  itself  being  3*3in.  cliani"  this  necessitated  the  special 
type  of  iron  cleat  shown.  Clearly  an  iron  cleat  for  pressing 
the  cable  against  a  bunton  can  only  be  the  width  of  the  bun- 
ton,  that  is  to  say,  less  than  a  foot.  As  a  cleat  acts  on  the 
principle  of  a  friction  check,  a  short  cleat  has  the  disadvan- 
tage that  the  insulation  has  to  be  compressed  much  more  than 
a  long  one.  Also  the  co-efficient  of  friction  of  an  irou  cleat 
against  an  iron  armouring  is  less  than,  say,  wood  against 
iron- 
Casing.  - C'a^in^  is  usually  made  of  ])itclipine  treated  with 
Stockholm  tar,  the  grooves  being  cut  a  little  less  than  the  size 
of  the  cable,  so  that  the  cables  have  to  be  lightly  】】iallette(l 
into  place.  lit  this  connection  it  is  important  to  remember 
that  when  a  cable  is  wound  on  a  drum  the  inner  layers  may 
become  flattened.  Fig.  12  shows  the  method  of  fixing  casing 
to  the  side  of  the  shaft  by  means  of  rag  bolts,  and  Fig.  13 
shows  a  form  of  casing  which  has  been  used  by  Messrs.  Cal- 
lender's,  in  which  the  capping  has  projections  to  fit  into  the 
grooves.  This  method  is  more  effective  in  keeping  moisture 
from  the  cable,  but  is  more  expensive. 

The  original  shaft  cable  installation  at  the  Frickley  Col- 
liery of  the  Carlton  Main  Colliery  Company,  uear  Donraster, 
has  three  37/12  unarmoured  bitumen  cables.  They  are  for 
550-volt  alternatiug-current,  and  in  the  upcast  shaft,  which  is 
670  yards  deep.  The  casing  is  in  24ft.  lengtlis,  12in.  wide, 
and  2^in.  thick,  with  lidding  lAin.  thick.  The  cables  are 
partly" in  the  casing  aud  partly  in  the  liddiug,  which  is  fixed 
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to  the  side  of  the  shaft  by  rag  bolts,  as  shown  in  Fig.  14.  At 
the  top  and  bottom  of  ilie  sliaft,  where  the  cable  changes  in 
direction,  the  casing  has  to  be  specially  made  to  a  curve  ()t 
ainj)le  diameter,  and  great  care  has  to  be  taken  in  fitt  in^  i  lie 
lidding  so  that  water  may  not  get  in. 

The  objections  which  are  usually  urged  against  rasing  are  : 
( 1 )  Tlial  during  erection,  t  he  cal)le  may  be  damaged  by  exces- 
sive inallettiiig  where  the  troughing  is  out  of  ali^imieiil,  and 
also  the  cable  may  be  damaged  when  fixing  the  capping  ；  (2) 
in  wet  situations  it  is  difficult  to  keep  out  water  at  the  joints 
of  the  lidding,  and  especially  between  the  various  lengtlis  ；  (3) 
the  initial  cost  of  sawn  timber  and  bolts,  &c.，  also  cost  of 
erection. 

The  writer  has  given  considerable  thought  to  the  problem, 
and  believes  he  has  found  a  satisfactory  solution  in  the  use  of 
split  telegraph  poles.  The  pole  is  sawn  in  two  and  one  of  the 
halves  grooved.  Then  when  the  cable  is  in  place,  the  two 
halves  are  secured  by  steel  bands,  as  shown  in  Fig.  15，  wliich 
are  slipped  over  like  bracelets  and  then  driven  down  towards 
th©  butt.  The  two  halves  are  thus  closed  in  in  much  the  same 
way  as  a  cooper  is  able  to  completely  close  the  joints  between 
the  staves  of  a  barrel.  Bolts  and  screws  are  done  away  with 
altogether.  The  poles  would  be  erected  with  the  butt  end 
downwards,  and  the  small  end  of  the  pole  immediately  below 
would  fit  into  the  butt  end  of  the  one  above,  as  shown  at  B, 
B，  Fig.  15.  There  is  thus  no  possibility  of  an  open  joint 
between  the  various  lengths,  which  is  one  of  the  causes  of 
trouble  with  ordinary  sawn  casing.  The  poles  are  secured  in 
the  shaft  by  the  very  simple  means  of  cutting  "  Gains  "  in 
the  side,  so  that  each  pole  is  keyed,  as  it  were,  against  the 
buntoiis.  The  poles  are  held  to  the  buntons  by  steel  straps, 
as  shown  at  C,  C. 

The  writer  believes  that  casing  fitted  in  this  way  would 
overcome  the  objections  usually  urged  against  enclosing  the 
cables  in  timber.  At  anyrate,  there  can  be  no  question  that 
telegraph  poles  such  as  suggested  would  be  a  better  mechani- 
cal protection  than  supporting  cables  in  cleats.  For  example, 
if  a  tub  should  fall  down  the  shaft,  it  would  be  glanced  off 
by  the  pole  without  doing  much  damage,  whereas  a  firmly 
c  lea  ted  armoured  cable  would  most  likely  come  to  grief.  As 
the  cables  would  not  need  any  armour,  advantage  could  be 
taken  of  the  cheaper  and  lighter  metal  aluminium.  The 
saving  due  to  this  and  to  the  omission  of  armouring  would 
much  more  than  cover  the  expense  of  the  casing. 

There  are  many  mines  where,  on  account  of  bad  water, 
armouring,  or  even  separate  wire  ropes,  are  out  of  the  ques- 
tion. The  writer  knows  of  a  mine  in  New  South  Wales 
where  the  armour  on  a  shaft  cable  was  useless  in  less  than 
six  months.  Mr.  Chris.  Jones  also  instances  a  colliery  in  this 
country  where  steel  rope  was  used  in  a  shaft  as  the  earth 
return.  Its  conductivity  became  so  bad  owing  to  the  water 
that  a  special  copper  cable  had  to  be  installed  to  act  as  the 
earth  connection.  There  has  been  much  talk  about  armour- 
ing as  if  it  were  a  panacea  for  all  trouble,  but  apparently  it 
is  not. 

Pivscrvativcs. ― Clearly  the  quality  of  the  wood  used  for 
cleats  and  casing  is  an  important  matter,  also  the  character 
of  any  preservatives  that  may  be  employed.  Many  preserva- 
tives have  a  detrimental  action  on  metal  and  insulation.  Some 
woods  and  some  preservatives  are  more  affected  than  others 
by  the  special  conditions  met  with  in  mine  shafts.  These 
conditions  include  repeated  heating  and  cooling,  esj>et  ially  in 
th©  upcast  shaft,  where  the  temperature  may  be  over  100° 
Fah.  ；  also  the  action  of  water,  for  there  is  always  water  in 
a  sliaft.  This  water  is  partly  pure,  being  rain  or  moisture  in 
the  atmosphere,  and  partly  impure  water  from  the  various 
strata  through  which  the  sliaft  passes,  and  which  water  ma v 
be  either  acid  or  alkaline. 

Creosote,  which  is  the  】nost  coniniouly  u^ed  、vou'l  preserva- 
tive in  this  country,  is  quite  impossil)le  for  wood  in  contiirt 
with  electric  cables  ；  also  with  one  or  two  exceptions  all  the 
other  preservatives  are  forms  of  creosote  or  other  chemicals 
which  are  deleterious  to  insulation,  lead,  and  steel.  One  of 
the  exceptions  is  the  saccharine  process  of  Mr.  W.  JL  ,1 . 
Powell,  and  as  this  process  appears  to  be  very  little  known,  it 
may  be  of  interest  to  describe  it  at  some  length.  Sugar, 
especially  beet  sugar,  is  a  simple,  stable  carbo-hydrate,  incap- 
able, in  the  absence  of  soluble  nitrogenous  matter,  of  nourish- 
ing septic  organisms.    It  has  a  high  boiling  point,  and  has  a 


greater  power  of  rliflusion  through  the  wood  than  has  water. 
In  fact,  the  wood  shows  such  a  de<'"le"  adinitv  for  the 
saccharine  solution  that  it  readily  penetrates  to  the  centre 
without  the  use  of  pressure  or  vhcuuih. 

The  wood  to  be  treated  is  placed  in  an  open  lank  filled 
with  the  saccharine  solution.  As  tin?  tfiiipcrat  ure  is  raine*!, 
the  air  expands  and  esoaj)es,  and  as  the  s;ucliarin<i  holuti'"i 
boils  at  a  slightly  higher  temperature  tlian  wat«r,  tl"'  mois- 
ture ill  the  wood  is  also  gradually  <-0Mvcrt<w|  into  vapour  aiui 
escapes.  The  albuminous  matter  in  the  wood  coagulates  and 
is  rendered  inert,  aiul  in  some  measure  1  his  coagulation 
accounts  for  the  strength  of  the  wootl  l)*-in^  iii'T'-w  l,  I)ur 
ing  immersion,  and  especially  while  cooling,  the  solution  \x-.in'- 


Fig.  17.— Wincu  for  Sinking  Cabled. 

trates  to  every  pore  of  the  wood,  and  after  drying  is  not 
visible  either  as  crystals  or  syrup,  chemical  analysis  showing 
that  it  is  held  in  molecular  combination. 

When  considering  the  question  of  using  timber  it  is  neces- 
sary to  bear  in  mind  that  it  may  be  attacked  by  fungi  and 
insects.  White  ants  in  particular  are  a  terrible  pest  in  most 
countries  where  mining  is  carried  on.  Indeed,  it  may  be  said 
that  over  the  greater  portions  of  the  British  Empire,  this 
pest  has  to  be  combated  by  engineers.  Creosoting  does  not 
prevent  destruction  of  wood  by  white  ants  because  it  does  not 
penetrate  far  enough  below  the  surface,  and,  as  is  well  known, 
whit«  ants  always  work  along  the  inside  of  timber.  Abra- 
sions, cracks,  nail  holes,  &c.，  are  fatal  to  creosoted  timber. 

There  is  not  the  slightest  doubt  that  a  complete  solution 
of  the  white  ant  trouble  has  been  found  in  applying  sac- 
charine and  arsenic  by  the  Powell  process.  In  Sydney,  for 
example,  the  writer  has  seen  wood  treated  by  this  process, 
used  as  troughing  in  which  to  lay  electric  feeders,  and  there 
is  special  significance  in  that  fact,  because  white  ants  have 
been  known  to  eat  right  through  untreated  wood  troughing, 
the  contained  bitumen,  the  lead-covering,  and  the  insulation 
of  the  cable.  There  is  an  entire  absence  of  acid  reaction,  and 
the  ability  of  Powellised  wood  to  withstand  changes  of  tem- 
perature and  moisture  is  quite  remarkable.  This  is  borne 
out  by  some  tests  made  at  the  Seacombe  Preston  Brick  "ml 
Tile  Works.  They  required  for  a  special  purpose  tiinher 
which  would  not  soften  or  warp  when  subjeitecl  to  surlden 
and  repeated  changes  of  temperature  and  moisture.  They 
found  that  untreated  beech,  elm,  and  piue  softene，l，  and  that 
oak  and  ash  warped.  Also  that  the  iron  screws  holding  the 
j)ieces  t-ogetlier  corroded  beyond  further  use  in  about  14  days. 
On  the  other  hand,  yellow  pine  treated  by  the  Powell  process 
stood  up  for  over  five  years  without  softenin;',  warping,  or 
splitting,  and  with  little,  if  any,  corrosion  of  the  screws. 

In  order  to  protect  the  cables  and  the  wood,  it  is  usual  to 
paint  them  with  preservatives,  and  those  generally  used  are 
ordinary  tar,  Stockholm  tar,  and  bituinastir  enamel  paint. 
There  appears  to  be  a  consensus  of  opinion  that  ordinary  tar 
will  attack  insulation,  and  that  even  Stockholm  tar  is  not 
quite  safe.  The  explanatiou  of  the  various  experiences  with 
Stockholm  tar  is  probably  that  those  who  found  it  satisfac- 
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tory  took  the  precaution  to  boil  it.  This  boiling  reduces  the 
volume  by  about  25  per  cent.,  but  it  has  the  advantage  of 
driving  oil'  t he  acids  and  water. 

Before  painting  the  cables,  the  surface  must  be  thoroughly 
dried  with  hot  sand,  and  such  sand  as  sticks  to  the  surface 
will  Iiel]>  to  hold  the  paint.    To  protect  Hie  from  wa"'r 

during  the  painting  operation,  a  tarpaulin  sheet  about  12ft. 
long  is  used.  This  is  tied  tight  on  to  the  cable  at  the  top 
end,  and  a  ring  is  arranged  inside  in  order  to  spread  the 
tarpaulin  out  clear  of  the  cable.  When  the  length  has  been 
painted  the  tarpaulin  is  lowered  to  the  next  position. 

Sinking  Cables.  —A  sinking  pump  is  usually  suspended  by  a 
continuous  steel  rope,  one  end  being  fixed  at  the  surface.  It 
is  carried  down  the  shaft,  and,  after  passing  under  a  grooved 
pulley  attached  to  the  pump  frame,  it  returns  to  the  surface, 
and  is  coiled  on  to  the  drum  of  a  winch.  Then  to  lower  Uie. 
sinking  pump,  some  of  the  rope  is  merely  uncoiled  from  the 
winch.  Besides  suspending  the  pump,  these  ropes  also  serve 
as  guides  for  the  rising  water  main.  Wooden  clamps  are 
tightly  fixed  on  to  the  piping  at  intervals,  and  holes  are  cut 
in  t  lie m  which  leave  just  sufficient  space  for  the  ropes  to  pass 
through  freely.  The  electric  cable  is  also  fixed  to  the  wooden 
clamps,  so  that  in  the  ordinary  way  the  sinking  cable  is'  only 
loaded  with  its  own  weight  for  the  distance  from  the  top  of 
the  shaft  to  the  first  block.  When  pumping  from  a  consider- 
able depth  the  sinking  pump  generally  raises  water  to  an 
intermediate  chamber,  and  the  cable  winch  for  suspending 
i\w  pump  is  then  placed  at  that  point  in  the  shaft.  A  cable 
ckated  to  the  side  of  the  shaft  in  the  ordinary  way  carries 
current  down  to  the  winch. 

Sinking  cables  differ  from  ordinary  shaft  cables  in  that 
1 1  k  1  \-  are  constantly  being  moved,  and  therefore  require  to  be 
much  more  flexible.  Further,  they  generally  have  to  with- 
stand more  wear  and  tear  and  the  action  of  water,  &c.  Tt  is 
probable  that  cables  protected  mechanically  and  from  the 
wet  by  tyre  rubber  will  be  found  as  satisfactory  as  armoured 
cables.  They  will  certainly  be  much  more  flexible  and  resist 
water  much  better.  By  placing  the  winch  in  one  or  more 
insets  as  the  shaft  descends  the  length  of  the  sinking  cable 
cnn  l>e  limited  to  that  at  which  a  cable  without  armour  is 
feasible.  The  supply  of  current  to  the  inset  points  would,  of 
course,  be  by  permanently  fixed  cable. 

The  sinking  cable  for  Pease  &  Partners'  Colliery  at 
Thorne,  near  Doncaster,  was  made  by  Messrs.  Callenders.  It 
is  a  three-core  cable  insulated  with  pure  and  vulcanised  rub- 
ber, with  a  vulcanised  bitumen  sheath  and  double  wire 
armouring.  The  conductors  are  each  0*15  sq.  in.  area,  and 
the  pressure  is  3,000  volts.  An  exactly  similar  sinking  cable 
has  been  supplied  to  Tilmanstone  Colliery,  of  the  East  Kent 
Colliery,  near  Dover.  At  this  colliery  three-phase  current 
at  3,000  volts  is  transmitted  from  the  surface  to  an  inset  at 
600ft.  by  means  of  cable,  which  is  cleated  to  the  side  of  the 
shaft.  In  the  inset,  a  winch  is  installed,  and  when  the  pump 
is  drawn  up  for  shots  ,to  be  fired  or  other  purposes,  some  of 
the  cable  has  to  be  detached  from  the  main  cleats.  This 
is  done  by  having  a  notch  cut  in  the  side  of  the  cleat,  as 
shown  in  Fig.  16. 

Fig.  17  gives  details  of  the  winch  supplied  by  Messrs. 
Calleiuler  for  raising  and  lowering  the  cable.  The  main  from 
the  source  of  supply  is  connected  to  slip  rings,  which  are  an 
electric  connection  to  one  end  of  the  cable  coiled  on  the 
di'Tim.  Where  heavy  and  long  lengths  of  cables  are  required, 
a  worm-wheel  gear  is  used  in  place  of  the  ordinary  winch 
handles,  and  an  extra  band-brake  attachment  in  place  of  the 
pawl  and  ratchet.  The  diameter  of  the  drum  must  be  such 
that  when  the  pump  is  in  the  highest  position,  i.e.,  when  the 
cable  is  fully  wound  up,  there  are  not  more  than  three  layers 
"ii  i  he  fh'um,  otherwise  the  heating  will  be  too  great.  It  is 
usual  to  assist  it  by  having  ventilation  ducts  in  the  ends  and 
surface  of  the  drum.  The  cable  is  fixed  to  the  dnun  by 
removing  the  armouring  wires  from  the  eud,  and  forming  a 
loop  which  is  placed  round  a  pipe.  When  the  cable  is  hang- 
iiig  quite  free  in  the  shaft,  its  entire  weight  must,  of  course, 
not  be  allowed  to  liang  on  this  loop,  so  a  number  of  turns  are 
left  on  the  drum. 

Earthing  of  the  sinking  cable  armouring  is  freq uentlv 
specified  for  tlic  safety  of  the  attendants,  and  for  this  pur- 
pose a  fourth  slip  must  be  provided  which  is  connected 
with  the  armouring,  and  the  contact  sliding  ou  the  fourth 


slip  ring  connected  to  earth.  The  switch  controlling  the 
pump  motor  is  usually  at  the  surface,  and  as  it  is  necessary 
to  be  able  to  switch  it  out  from  the  pump,  auxiliary  switch 
wires  have  a  separate  small  cable  attached  to  the  wood 
blocks  on  the  rising  water  main.  As  this  cable  must  make 
the  same  upward  and  downward  movements  as  the  large 
power  cable,  a  second  small  winch  is  required.  It  is  impor- 
tant that  the  cables  should  go  down  at  the  same  speed  :  also 
the  cable  must  be  slightly  in  advance  of  the  pump,  as  under 
no  circumstances  must  the  cable  be  strained. 


DUST  EXPLOSIONS. 

In  consequence  of  the  two  serious  dust  explosions  wliich 
occurred  in  November,  1911，  at  a  provender  mill  in  Glasgow 
and  an  oil  cake  factory  in  Liverpool  a  series  of  experiments 
has  been  carried  out  at  the  Home  Office  Experimental  Station 
at  Eskmeals  by]  Dr.  Wheeler,  tlie  chemist  attached  to  the 
Explosions  in  Coal  Mines  Committee,  with  samples  of  all  kinds 
of  carbonaceous  dust ― so  far  as  known  to  the  inspectors ― 
wliicli  are  liable  to  be  generated  on  premises  under  the  Fac- 
tory and  Workshops  Acts,  with  a  view  to  determine  their 
degree  of  inflammability  and  capacity  bo  transmit  explosions. 
The  results  of  the  experiments  are  given  in  a  rejx>rt  by  Dr. 
AV  heeler,  which  was  issued  a  few  days  ago.  Exj>erimeuts 
were  made  with  66  samples  in  all.  The  samples  were  liot 
specially  selected ,  but  were  in  all  cases  ordinary  samples  taken 
by  factory  inspectors  from  beams,  ledges,  or  other  projections 
in  the  course  of  their  inspections.  Two  methods  of  testing 
were  employed ― one  for  the  purpose  of  discriminating  between 
harmless  and  dangerous  dusts  ；  the  other  with  the  intention  of 
ascertaining  the  temperatures  at  wliich  inflammation  of  the 
dangerous  dusts  takes  place  readily.  As  a  result  of  these  tests 
it  has  been  found  possible  to  divide  the  dusts  into  three  classes, 
viz. ： ― 

Class  1. ― Dusts  which  ignite  and  propagate  flame  readily, 
the  source  of  heat  required  for  ignition  beiug  comparatively 
small,  such,  for  example,  as  a  lighted  match.  This  class  in- 
cludes sugar,  dextrine  (calcined  farina),  starch,  cocoa,  rioe 
refuse,  meal  and  sugar  refuse,  oork,  unextracted  soya  bean, 
wood  flour,  malt,  oat  husk,  grain  (flour  mill),  maize,  tea,  com- 
pound cake,  grain  (grain  storage),  rap©  seed,  cornflour,  flour 
(flour  mill),  chicory,  briquette,  gramaphone  record,  and  ex- 
tracted soya  bean. 

Class  2. ― Dusts  which  are  readily  ignited,  but  which  for 
the  propagation  of  flame  require  a  source  of  heat  of  large  size 
and  high  temperature  (such  as  an  electric  arc),  or  of  loug 
duration  (such  as  the  flame  of  a  Bunsen  burner).  They 
include  Copal  gum,  leather,  "dead"  cork,  oocoauut  oil  mill- 
ing, rice  milling,  sawdust,  castor  oil  meal,  oilcake,  offal  grind- 
ing (bran) ,  grist  milling,  horn  meal,  mustard,  shoddy,  and 
shellac  composition. 

Class  3. ― Dusts  which  do  not  appear  to  be  capable  of  pro- 
pagating flame  under  auy  conditions  likely  to  obtain  in  a 
factory  ；  either  (a)  because  they  do  not  readily  form  a  cloud 
in  air,  or  (b)  because  they  are  contaminated  with  a  large  quan- 
tity of  incombustible  matter,  or  (c)  because  the  material  of 
which  they  are  composed  does  not  burn  rapidly  enough.  These 
include  organic  ammonia,  tobacco,  spice  milling,  drug  grind- 
ing, cotton  seed  and  soya  bean,  boue  meal,  coal  (foundry 
blacking),  lamp  black,  sack  cleaning,  retort  carbon ,  rape  seed 
(Russian),  blacking,  grain  cleaning,  charcoal,  foundrv  black- 
ing, brush  carbon,  stale  coke,  plumbago,  bone  charcoal,  and 
mineral  and  ivory  black. 

The  clustfi  in  Class  1  are  arranged  (roughly)  in  order  of 
their  inflammability.  In  this  class  sugar  dextrine,  starch,  and 
cocoa  are  the  most  dangerous,  sugar  exceptionally  so.  Sugar 
ignites  when  projected  as  a  cloud  against  a  surface  heated  to 
bslow  red  heat,  and  when  ignition  has  taken  place,  the  flame 
travels  throughout  the  dust  cloud  with  great  rapidity.  The 
ignition  temperature  of  sugar  dust  was  found  to  be  805°  C. 

Of  the  dusts  in  Class  2  the  samples  of  shoddy,  beiug  of  a 
fluffy  nature,  did  not  readily  form  a  cloud  in  air,  but  they 
contained  a  sufficient  quantity  of  fine  material  to  render  them 
dangerous  when  in  bulk.  The  sample  of  shellac  composition 
contained  over  60  per  cent,  of  incombustible  matter,  but  was 
inilaniniable.  A  reduction  in  t he  qiiantitv  of  iiioonibustible 
matter  present  would  render  it  dangerous. 

Of  Class  3  the  first  10  are  all  more  or  less  readily  inflam- 
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mable,  bub  tliey  showed  no  signs  of  being  capable  of  propa- 
gating flame.  The  classificai  ion  of  I  Itcsc  <l\ists  as  liannlcss 
refers,  thoreforo,  to  t  he  |>art  icular  samples  tested  only.  Tli:' 
remaining  dusts  in  Class  3  can  1)。  (l<*(iintoIv  r(wr(l''(l  ； is  harm- 
less materia  Is. 

The  apparatus  used  in  t'lic  1  s  is  described  in  detail  in 
the  report.  The  various  dusts  are  lahula tetl,  iuid  t  lie  i^iiil  ion 
temperatures  iiulicated.  It  is  rerun  rkcd  I  liat  Mic  latter  arc 
relative,  and  refer  only  bo  tlie  particular  set  of  experimental 
conditions  employed.  For  the  sake  of  coniparison  the  igiii 
t ion  temperatures  of  most  hit umiuous  coal  dusks,  as  deter 
mined  in  t  lie  s;m"、  a])par;it  us,  ； ire  giveii  as  lyin^  between 
1:000°  and  1,100°  C.  So  far  as  possible  the  different  dusts  (all 
of  wliich  were  dried  during  one  hour  at  107°  C.)  were  obtained 
of  the  same  degree  of  fineness  by  passing  through  a  200-mesh 
sieve,  but  in  some  cases  this  was  not  possible  owing  to  the 
fluffy  nature  of  the  substance,  while  in  other  oases  the  sample 
received  contained  no  sucli  (ine  dust.  The  report,  obsorvcs 
tliat.  the  ignition  temperatures  in  such  cases  have  no  relative 


HOWDEN，S  WATER-TUBE  BOILtR. 

We  illustrate  herewith  ； i  d^si^ii  oi  、va"'rtul,''  l,"ikr,  fitt*--l 
with  *sii|"'rlie:i"'r  and  fee(l-、','a"'r  li'';i"'r，  I  Ik*  in\  cut  ion  of  M  i* 
J  amen  llowclen,  195,  Scotland  ,  (ilas^ow.      Tli''  Ix'ik". 

comprises  nj)|>er  drums  A  and  Iow<t  rlrurns  H,  ('oiiii'-,  "  'I 
togetlier  by  the  water  tubes  E.  The  upper  drums  are  con- 
nected by  means  of  short  branches  to  an  equalising  山； iin 
pipe  D.  The  space  between  the  inner  ek'm'nts  is  wider  titan 
tlie  space  between  the  inner  and  outer  elements,  on  account  of 
the  brickwork  separating  the  two  furnaces.  A  part  h  ion  II  i、 
provided,  between  the  elements  in  eacli  furnace,  so  as  to  pro- 
vent  passage  of  the  gases  from  one  funiaoe  to  the  other  wIm-ii 
one  furnace  is  not  being  utilised.  The  saturated  steam  is  led 
from  one  end  of  the  collecting  pipe  to  a  header  J，  which  is  flat- 
tened at  one  side  to  receive  tlie  superlicat  iiiL*;  t  ul>es  Kt  、vliidi 
pass  through  a  door  at  one  side  of  tlie  ooinbustion  clianiber, 
and,  after  being  bent  upwardly,  as  shown,  pass  beneatli  Uio 
bottom  plates  of  the  upper  drums  A,  thence  tlirougli  a  (Iwr 
on  the  opposite  side  of  the  cornl)ustion  chamber  to  a  header  N. 
A  stop  valve  O  is  fitted  on  the  Iieader  N，  and  connected  to  the 


-Howden's  Water- tube  Boiler 


value,  and  the  experiments  made  serve  only  to  show  whether 
or  not  the  substance  is  dangerously  inflammable.  The  follow- 
ing are  a  few  specimen  results,  with  the  remarks  thereon  ：  一 

La tn-p  black. ― No  ignition.    Could  not  be  sieved. 

Eapt  seed. ― Ignition  temperature  1,050°  C.  (probably; 
lower,  but  no  more  dust  available).  Did  not  sieve  ；  sample 
too  small. 

Sawdust. ― Ignition  temperature  970°  C.  Twenty  per 
cent  of  sample  passed  through  sieve. 

Bldcking. 一 No  ignition.  Seventy-five  per  cent,  of  samph' 
passed  through  sieve. 

Starch. ― Ignition  temperature  1,035°  C.  Eighty  per  cent . 
of  sample  passed  through  sieve. 

Foundry  blacking. ― No  ignition.  The  whole  of  sample 
passed  through  sieve. 

BHqutttt  dust. ― Ignition  temperature  1,090°  C.  Ninety 
per  cent,  of  sample  passed  through  sieve. 

Flour, 一 Ignition  temperature  1,060°  C.  Ninety  per  cent, 
of  sample  passed  through  sieve. 

Charcoal, 一 No  ignition  ；  a  few  sparks  only.  Ninety  per 
cent,  of  sample  passed  through  sieve. 

Goal  (foundry  blacking). 一 No  ignition  ；  a  few  sparks  only. 
Seventy  per  cent,  of  sample  passed  through  sieve. 

Plumbago. ― No  ignition.  Ninety-five  per  cent,  of  sample 
passed  through  sieve. 

Bone  charcoal. ― No  ignition.  The  whole  of  sample  j>assed 
through  sieve. 


Fig.  -2.— Howden's  Water-tube  Boiler. 

main  steam  supply  pipe,  and  a  valve  P  is  connected  to  the 
collecting  pipe  and  to  the  main  steam  supply  pipe.  This  valve 
P  is  of  sufficient  size  bo  supply  all  or  nearly  all  the  steam 
evaporated  by  the  boiler,  and  is  used  in  conjunction  with  t \w 
valve  O  for  the  purpose  of  giving  a  supply  of  steam  more  or  ie?s 
superheated.  The  lower  drums  B  are  supported  at  their  front 
ends,  where  they  are  protected  from  the  action  of  the  hot 
gases,  and  within  these  lower  drums  at  the  front  ends  thereof 
are  diaphragm  plates  Q,  which  cause  the  front  tubes  E  to  act 
as  down-comers,  and  also  ensure  collection  of  sediment.  Con- 
necting the  bottom  drums  B  at  the  front  ends  is  a  common 
feed-water  pipe  R，  which  may  also  be  used  as  a  common  blow- 
off.  At  the  rear  of  each  combustion  chamber  are  water  boxes 
S  (Fig.  2),  disposed  horizontally  and  of  triangular  form  in 
cross  section.  Fitted  to  these  boxes  are  tubes  U，  preferably  of 
less  diameter  than  the  upright  water  tubes  E  of  the  generator. 
The  tubes  U  are  staggered,  and  are  so  placed  that  they  touch, 
or  nearly  touch,  each  other  vertically,  and  thus  form  a  water 
wall  at  the  rear  of  each  combustion  chamber.  The  boxes  are 
placed  above  tlie  level  of  the  fire  grate,  aud  are  protected 
more  or  less  from  the  heat  by  means  of  brickwork.  Feed  water 
is  led  to  the  lower  boxes  by  a  pipe  V,  provided  with 
a  non-return  check  valve,  and  flows  through  the  tubes  U  into 
the  upper  drums,  the  feed  water  being  heated  in  its  passage 
through  the  tubes. 

Convention  on  Foundry  Practice—  The  "'  Association  Tech- 
nique de  Fonderie,"  is  organising  a  Convention  and  an  Exhibi- 
tion in  connection  wdth  foundry  practice.  They  will  be  held  at 
the  Ecole  Nationals  d'Arts  et  Metiers  at  Paris  from  the  26th 
to  the  31st  of  May  next.  The  Convention  will  be  opened  on 
May  27th,  when  the  president  of  the  Association  will  welcome 
the  delegates.  There  will  then  be  a  discussion  of  the  results  of 
a  competition  on  the  "  Practical  Study  of  Foundry  Cupolas." 
The  Exhibition  will  also  be  formally  opened.  A  number  of 
interesting  papers  are  down  for  reading  and  discussion. 
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CORRESPONDENCE. 
Modern  High-speed  Gearing, 

To  the  Editor  of  "  The  Mechanical  En(fineer." 

Sir, ― After  having  carefully  read  the  paper  delivered  by 
Mr.  I lubert  Thorne,  before  the  Rugby  Engineering'  Society, 
as  reported  in  Th c  Mfclutnunl  of  March  7th,  1913， 

we  think  that  some  of  Mr.  Thome's  statements  are  open  to 
criticism,  and  we  trust  that  a  few  remarks  from  our  quarter 
will  be  of  interest  to  your  readers.  Had  Mr.  Thorne  only 
treat&cl  the  subject  of  staggered  double  helical  teeth,  we  would 
have  refrained  from  criticising  a  paper  which,  on  many  points, 
is  very  interesting.  But  Mr.  Thorne  refers  to  machin€K;ut 
helical  gears  in  general,  and,  for  this  reason ,  one  would  expect 
his  paper  to  give  some,  if  not  all,  of  the  special  advantages  of 
the  continuous  helical  tooth.  As  a  matter  of  fact,  the  latter 
system  of  gearing  is  only  shown  in  the  paper,  as  a  kind  of 
obscure  background,  in  front  of  which  the'  staggered  tooth 
principle  would  appear  conspicuously.  It  is  true,  one  of  the 
cliajtters  is  headed  "  Relative  Merits  of  Staggered  and  Con- 
tinuous Teeth,"  but,  notwithstanding  this  promisingly  impar- 
tial title,  the  author  draws  a  comparison  between  the  two 
systems  of  double  helical  gears  which  is  extremely  one-sided, 
not  to  say  more.  It  i©  obvious  from  this  chapter  that  Mr. 
Thorne  is  exclusively  interested  in  staggered  teeth,  for  he 
wants  us  to  believe  that  the  latter  have  no  defects  at  all,  and 
that  continuous  teeth  have  nothing  but  disadvantages  ！  Even 
the  gap  of  the  staggered  teetli  which  is  necessary  by  reason 
of  manufacture,  becomes  an  object  of  praise,  and  the  very  fact 
tli at  continuous  teeth  are  not  interrupted  in  the  centre  is 
actually  called  a  serious  drawback  ！  Surely  this  is  far  from 
being  a  scientific  method  of  criticism. 

Mr.  Thorne  claims  for  the  system  he  is  advocating  the 
advantage  of  being  free  fnom  possible  defects  of  step  by  step 
division,  but  he  forgets  to  mention  that  the  real  source  of 
inaccuracies  is  the  worm  wlieel ,  which  directly  drives  the 
blank  to  be  cut.  In  his  recent  lecture  on  "  Mechanical  Gear- 
ing for  th©  Propulsion  of  Ships,"  the  Hon.  Sir  Charles  A. 
Parsons  has  dwelt  at  great  length  on  this  point.  It  must  not 
bo  forgotten  in  this  respect  that,  for  an  equal  cut  of  the  hob 
and  of  the  end-mill,  the  number  of  revolutions  of  the  worm 
wheel  is  much  more  considerable  for  the  staggered  teeth.  Con- 
sequently the  worm  wheel  inaccuracies  are  of  no  importance 
for  the  continuous  teeth,  whereas  they  give'  great  concern  to 
those  interested  in  staggered  teeth.  The  author  is  particularly 
emphatic  about  th©  fact  that  hobs  can  be  ground  without 
altering  their  cutting  shape,  owing  to  being  machine  relieved, 
but  he  forgets  to  say  that  hobs,  for  the  same  reason,  cannot 
cut  teeth  of  accurately  true'  section  (wliich  would  only  be 
obtained  if  the  number  of  teeth  of  hobs  were  infinite).  As  a 
matter  of  fact,  staggered  teeth  have  a  section  which  is  a  suc- 
cession of  small  flate,  and  not  an  unbroken  curve,  as  is  the  case 
for  continuous  teeth.  Mr.  Thorne  declares  that,  for  staggered 
teeth ,  both  pinion  and  wheel  are  cut  with  the  same  hob.  We 
suppose  he  means  the  same  form  of  hob,  for  it  is  obvious  that 
at  least  two  tools  (one  for  each  half  of  the  tooth)  have  to  be 
used  for  either  the  wheel  or  the  pinion.  In  this  respect  con- 
tinuous teeth  score  undoubtedly,  as  only  one  end-mill  is 
required  to  cut  the  whole  tooth. 

With  regard  to  wear  of  end-mills  and  consequent  altera- 
tion of  the  section  of  the  continuous  teeth,  this  criticism 
would  be  worthy  of  consideration  if  a  finishing  end-mill  were 
not  used  after  the  roughing  cutter  has  cut  practically  all  the 
metal  which  is  to  be  taken  away.  Therefore,  the  function  of 
the  finishing  end-mill  is  simply  to  remove  any  unevenness  left 
by  the  roughing  cutter,  and  consequently  to  nullify  the  pos- 
sible effects  of  wear  of  the  latter.  Besides,  the  greatest  care  is 
given  to  the  manufacture  and  grinding  of  our  end-mills,  which, 
everyone  will  admit,  ar©  much  less  difficult  and  less  costly  to 
produce  and  replace  than  hobs. 

With  regard  to  the'  question  of  wear  in  machine-cut  helical 
gears,  we  had  expected  some  interesting  data,  but  we  were 
surprised  to  see  that  Mr.  Thorne  had  simply  stated  a  few  some- 
what sweeping  generalities.  For  instance,  we  read  in  the 
paper  that  "  the  proportion  of  double'  helical  gears  should  be 
controlled  entirely  by  consideration  of  wear."  Now  we  can 
say  from  our  experience  of  the  last  12  years,  that  these  con- 
siderations are  binding  only  in  some  cases,  and  that  in  most 
oases,  if  we  calculate  the  continuous  double  helical  gears  for 


strength  and  for  silent  and  efficient  running,  the  coefficient 
of  wear  is  satisfactory  by  way  of  consequence.  It  is  only  when 
the  pressure  on  the  teeth  and  the  number  of  revolutions  of  tlie 
pinion  are  extremely  higli  that  wear  is  a  prevalent  factor  in 
the  design  of  the  gears. 

Mr.  Thorne  also  says  that,  acting  on  considerations  of 
wear,  the  manufacturers  of  staggered  toothed  gears  intro- 
duced considerably  finer  pitches  than  had  hitherto  been  used. 
We  cannot  help  remarking  that  this  is  making  a  virtue  of 
necessity.  It  is  a  well-known  fact  that  hobs  should  prefer- 
ably be  of  small  diameters.  The  reason  is  that  for  hobs  of 
large  diameters  the  angular  speed  would  have  to  be  consider- 
ably reduced  in  order  that  the  peripheral  speed  of  the  tool 
should  be  a  reasonable  figure.  Consequently,  the  cost  of 
cutting  would  become  very  great.  Furthermore,  although  an 
increase  of  face  is,  for  reason  of  strength,  the  result  of  a 
reduction  of  pitch,  it  may  be  said  that  it  is  also  adopted  by 
the  staggered  gear  makers,  in  an  endeavour  to  compensate 
the  great  loss  of  strength  and  rigidity  caused  by  the  gap  in 
the  centre  of  the  teeth  of  their  wheels  On  the  other  hand, 
there  is  no  reason  to  suggest  that  continuous  machine-cut 
helical  gears  cannot  be  cut  with  very  fine  pitches  if  necessary, 
and  on  the  strength  of  this  fact  we  fail  to  see  how  Mr.  Thorne 
can  assert  that  the  permissible  minimum  diameter  of  a 
pinion  is  much  less  with  staggered  than  with  continuous 
toothed  gears. 

The  velocity  of  l，200ft.  per  minute,  above  which,  says 
Mr.  Thorne,  machine-cut  helical  gears  should  always  be  fitted 
in  oil  cases,  seems  to  us  a  comparatively  low  figure,  as  with 
continuous  helical  te-eth  we  only  advise  the  use  of  oil  cases 
(which  materially  increase  the  cost  of  gearing)  when  the  peri- 
pheral speed  is  above  1,600  revs,  per  minute.  We  also  con- 
tend that,  the  problem  of  wear  is  less  difficult  to  solve  for  our 
gears  than  for  others,  because  our  machine-cut  helical  teeth, 
having  a  theoretically  true  section  and  not  being  interrupted 
in  the  centre,  run  with  absolute  continuity  and  are  free 
from  bending.  They  can  negotiate  extremely  high  speeds 
without  noise,  and  as  there  is  no  back-lash  between  the  teeth, 
shocks  which  occur  in  other  gears,  and  which  contribute  to 
their  wear,  are  completely  avoided. 

We  may  say  that  very  large  faces  have  their  disadvantages. 
There  is  always  a  chance  of  them  not  bearing  on  their  full 
length,  and  if,  owing  to  unsatisfactory  erection,  one  tooth 
bears  only  on  a  part  of  its  width,  the  possibility  of  breakage 
would  be  greater  on  account  of  the  fine  pitch  than  if  there 
is  a  normal  proportion  between  face  and  pitch.  In  cases 
where  the  wheel  or  pinion  would  be  overhung,  a  very  wide 
face  would  be  more  likely  to  cause  trouble  than  a  small  one, 
on  account  of  the  resultant  weight  or  pressure  being  applied 
farther  from  the  bearing.  On  the  other  hand,  it  is  evident 
that,  when  a  large  centre  distance  is  fixed,  the  pitoh  cannot 
b©  reduced  (with  a  resultant  increase  in  the  width  of  face) 
outside  of  certain  limits,  for  the  consequence  would  be  that 
the  number  of  teeth  would  become  very  great,  which  would 
complicate  the  cutting  and  make  the  erection  a  difficult 
matter.  This  is  a  point  which  cannot  be  too  much  em- 
phasized, as  the  satisfactory  running  of  macliine-cuit  double 
helical  gears  greatly  depends  on  their  accurate  fitting. 
Finally,  we  wish  to  be  allowed  to  say  it  is  surprising  that 
such  statements  as  criticised  above  should  be  found  in  a.  paper 
which,  from  its  title,  is  supposed  to  deal  with  a  general 
subject.  These  statements  might  easily  mislead  the  audience 
if  they  were  not  so  obviously  an  advertisement  of  a  particular 
make  of  gearing. 一 Yours  faithfully,  S.  Roger. 

(Engineer  to  Andre  Citroen  &  Co.) 
27,  Queen  Victoria  Street,  London,  E-.C 
April  2nd,  1913. 


Australian  Railway  Gauge. ― The  conference  of  Australian 
railway  experts,  which  was  called  to  consider  the  necessity  for 
a  uniform  gauge  and  to  decide  which  gauge  it  would  be  best 
to  adopt,  has  recommended  that  the  adoption  of  a  uniform 
gauge  for  Australia  is  desirable  at  the  earliest  possible 
moment.  Tt  has  also  decided  that  the  standard  should  be 
either  4ft.  8iin.  or  5ft.  3in.，  neither  of  which,  it  was  con- 
sidered, had  a  decisive  advantage  over  the  other.  The  con- 
ference has  adjourned  in  order  that  figures  for  the  cost  of 
conversion  to  either  gauge  may  be  accurately  worked  out. 
When  this  has  been  done  the  conference  will  make  a  final 
decision. 
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INDUSTRIAL  AND  TRADE  NOTES. 

A  Large  Forging. ― What  is  supposed  to  tli''  I;i r^cst  iii<x(>t 
over  forced  has  just  Ijccmi  coniplclcd  at  Die  (j! riiiK'sUioipc  u oi*ks 
of  Messrs.  C:i"u"('ll,  liJiird.  S:  ('。-  Tlu'  i'oi-^in^,  w  lii<  h  w ci^lis  1  .~>( I 
tons,  measures  2:M't.  "in.  in  len^t  li,  ； i  n<l  is  SOi  n.  across  the  (lats 
at  the  large  end,  and  is  intcinicd  lor  sp('('i:，l  AdniititRy  rcqiiir" 
monts. 

Personal. ~ -Tlio  Cn rlislc  KIcctricitv  ('()m"iittp(、  lime  s<'l,'('tt'(l 
Mv. 】？i'(、{l("'i('k  W'altoi'  I'm'sc  ol  Wat  lord,  for  nppointrnciit  ;»s 
(>lectrioal  (Mi^iiUHM*  at  Carlisle,  al  a  ('ominciiciiig  salary  ol'  L*>(l() 
:i  year.  Mr.  Purs*1  has  Ixmmi  cliicl'  clcctricji  1  ii('('r  to  th"  \\';it 
ford  Url)an  District  ('oimcil.  :m(l  is  I]')  vt'ars  <>i  a^c  Tli("、'  w 
I  H  applicants. 

Iron  Ore  in  Cape  Colony. ― Tlio  I\l inos  Department  in  Smith 
Africa  lias,  \vc  l(、：irii,  received  inlornintion  vcr.v  proiiiisin^  dc 
posits  of  iron  ore  l"、t、、tn、"  l〈  in 山 （m'Ic.v  and  IVciska.  It  is  uihIci- 
stood  that  the  existence  of  tlic  deposits  lias  Ixu-n  ki">、vi，  lor  some 
time,  but  no  attempt  lias  Ixhmi  nuule  to  develop  tli'"n,  tlicir  im- 
l)ort;ui('(、  having  only  recently  hoon  realised. 

Eight-hour  Day  for  Winding  Enginemen. ― Tlio  Hoi"(、  S(M'ret:u •、' 
gives  notiro  tliat  on  the  1st  inst.  li(、  made  0(Miornl  lobulations 
muler  Sections  57  ； nul  86  of  the  Coal  I\IiiH\s  Act,  1911，  as  to 
tli,'  hours  of  eni])loynuint  ol'  w  iiuliiiK  oti^ineiiHMi,  and  that  he  has 
prescribed  June  30，  1913，  as  the  date  after  、vhieh，  uiid'M'  Section 
57  (3)  of  the  Act,  a  winding  en<i;ineinan  "i:iy  not  be  cTnployod 
for  more  than  eight  hours  in  any  one  day  e\oc])t  as  provided 
l»y  tho  General  Regulations.  Copies  of  the  regulations  will 
shortly  be  placed  on  salo. 

Extension  of  Harland  &  Wolff's  Govan  Yard. ― Messrs.  Harland  and 
Wolff,  of  Belfast,  have  determined  upon  an  important  exten- 
sion of  the  shipbuilding  yard  on  tlu>  Clyde  recently  acq uired  by 
them.  They  havo  purchastHl  appi'oxiniatt'ly  7-V  acres  of  additional 
la nd  adjacent  to  their  shipyard  at  Govan.  It  is  not  yet  known 
definitely  to  what  purpose  the  ground  will  be  put,  but  it  is  sur- 
mised that  marine  steam  ('ngim、  and  boiler  works  will  be  laid 
down.  This  would  make  the  works  on  the  Clyde  completely  self- 
contained,  and  obviate  the  necessity  of  sending  ships  to  Belfast  to 
he  fitted  out. 

British  Coal  Output  in  1912. ― A  White  Paper  issued  on  Raturday 
last  states  that  the  output  of  coal  (liu'iiig  1912  from  mines  luuler 
the  Coal  Mines  Act  was  260,~)(>7,.1-">2  tons.  This  total  excludes  dirt, 
and  allowing  for  dirt,  wliich  lins  Ikhmi  included  in  previous  re- 
turns, the  output  shows  a  falling  off  when  compared  with  1911 
of  9,012,783  tons,  this  being  due  to  tho  coal  striko.  The  mui 山。 r 
oi'  persons  omployod  at  niines  under  the  Coal  Mines  Act  was 
1  ,G80,165,  an  inrrease  of  21,952.  The  decrease  in  tlio  output  of 
coal  is  at  the  rate  of  3*32  per  cent.,  and  the  increase  in  the  num- 
ber of  persons  empl()>'(、(l  at  mines  under  the  Coal  Mines  Act  is  at 
the  rate  of  2-06  per  cent. 

Railways  in  China.  — The  Chinese  Government  has,  we  learn, 
now  decided  to  construct  an  important  railway  in  the  Yangtse 
Valley  which  will  connect  the  Pukow  terminus  of  the  trunk  liiu1 
with  Sinyang,  an  important  station  on  the  Pekin-Hankow  】{:iil- 
way  170  miles  north  of  Hankow.  The  concession  for  this  railway 
was  granted  to  a  British  corporation  in  1898.  The  length  of  the 
proposed  line  will  l)e  260  miles,  and  it  will  run  through  thirkly 
populated  country-  The  estimated  cost  is  £2,000,000.  Tho 
Government  has  appointed  Mr.  Bourne  as  chief  engineer  for  tlie 
line.  Mr.  Bourne,  、vlio  has  had  exceptional  exporionre  on  many 
important  railways  in  China,  will  leave  for  Pekin  shortly  to  lio^in 
the  survey  for  the  lino. 

Tannctt,  Walker,  &  Co.,  Ltd.:  Receiver  Appointed.— The  trustees 
for  the  first  mortgage  debenture  stock  of  Tannett,  Walker,  &  Co., 
Ltd.,  of  Hunslet,  have  felt  conipellod  to  take  stops  to  protect  tho 
interests  of  the  stockholders  hy  appointing  a  receiver  of  the 
works  and  property  of  the  company.  ,  Mr.  J.  W.  Close,  oharti-rcd 
accountant,  of  Leeds,  is  the  receiver.  The  firm  is  one  of  the 
best  known  in  Leeds,  and  has  long  been  noted  for  the  consti  uction 
of  steel-making  macliinery.  Tho  authorised  capital  of  tho  com- 
pany is  £3r,(),()()()  in  £10  simres,  £.',(),()()()  of  those  hein^;  ,r)  pi-r  cont. 
cumulative  preference  sharos,  and  the  rest  ordinary  shares.  In 
1911  the  w hole  amount  had  heon  allotted,  fully  paid,  to  tlio  ven- 
dors and  their  relatives.  Tho  firm  1ms  employed  several  hundrod 
hands. 

Mineral  Production  of  Canada. ― According  to  a  preliminary  ro 
port  issued  by  the  Canadian  Department  of  Minos,  Ottawa,  tho 
mineral  output  in  1911  was  sonuMvliat  rostrict^d  o、viiig  to  long 
extended  labour  disputes,  a  nd  the  largest  previous  production 
was  in  1910,  compared  with  which  that  of  1912  sliows  an  in(  ivas*> 
of  over  24  per  cent.  This  progress  is  all  the  more  satisfactory 
because  it  is  evidently  clue  to  a  widespread  and  sulistantial  do- 


\ <»lo|)iticnt  of  tlio  country's  miiir'r:il  r'  M,m''  s  A  sul>st.iniial  in- 
rroa^o  in  pv\co  in  most  of  tho  nwtals.  u  Inch  took  ]>lar-o  oarly  in 
the  year  and  con  tin  nod  throughout  it,  liad  ;t  、'<'rv  ""p"，  t:mt 
l"'a，  iiig  on  tlio  y<»ar  s  oporations  an<l  coiitriliut<*(l  largely  to  th*' 
inrroas(»(l  value  of  the  output.  A  lf;iturc  ol  partirnlar  int<  i<  i 
fluriiiK  the  year  has  the  continih-d  and  '1«'、《'1',|, 

niont  of  ore  rcsprvos.    'Hi''  .satisf.u-torv  r'  Milts  from  U"'.s'，  opera- 
tions point  to  nnich  greater  annual  outputs  in  the  future  \\\ 
to  ii  si  on  of  ore  snioltiii^  and  refining  facilities,  and  in  :i  mm 山'' r  "t 
ciiscs  special  improvements  in  inotliods  of  practice.        <•  :il、'》  ' 
important  factors  in  the  yoai's  op(>r;"" 川 s. 

Mining  Legislation. ― At  a  m*'  "M:,  ',f  tlio  Yorksliin*  liraiifh  of 
tho  National  Association  of  Colliery  Man.i^crs.  1" 小 I  ； it  Walwti.M. 
on  Saturday  last,  -、 lr.  Krank  If.  \V;it(*rhousc.  r»f  Dcnlty  Grango 
Collieries,  the  new  1>raiH*h  j)!  «vsi(l(Mit.  ^leli v<-r*»<l  }iis  i，i:i ,i  i  .•  I 
a<ldress.  Ho  said  tl"'.v  were  living  in  a  timo  wIxmi  lc^islatidii  、"卜 
poured  thick  and  fast  upon  the  inininy  ",m"miiitv.  During  t\w 
past  year  ihoy  had  h;ul  to  administer  tlie  M  Iim  s  A<  t,  101 1,  tho 
M ininiuni  Wa^o  Act,  tlio  Xation.il  Insurance  Act,  aiirl  .il-'，  .i  i'  ',，. 
ordors  in  Council  hy  way  of  supplement  to  tin*  M  int-s  Act.  As 
to  the  future,  they  had  tho  gencnil  ic^ulatious  to  fare.  Most 
of  tho  in  were  admirable  in  their  purpose,  but  others,  unless  thoy 
were  nnlraftod,  were  entirely  the  opposite,  and  not  likely  to 
attain  the  object  for  which  they  were  framed.  Ho  thou^lit  f  ol 
liery  iiiaiia^fM's  as  ； i  body  were  firmly  coiivinr-cd  that  it  was  tiii"» 
the  Government  called  "Halt!"  with  regard  to  legislation  l'(»r 
ininiiig.  Legislation  was,  no  doubt,  meant  to  protect  life  and 
limb,  whicli  was  a  most  s;"'r('(l  object,  and  the  managers  acceptod 
it  as  such.  He  considered  that  a  fair  amount  of  credit  for  tin- 
red  uction  of  accidents  during  the  last  few  years  、v:is  to  tlie 
hi^h  standard  sot  up  hy  colliery  managers  themselves. 

Co-partnership. ― The  Companies  (Co  p;i  it  nn  ^li  i  p  >  Bill  ":i、  i'.'I 
a  first  time  in  tho  House  of  Commons  on  the  1st  inst.  Tlie  m;iin 
ohjoots  of  the  Bill  are,  first,  to  enable  companies  to  adopt  n» 
partnership  in  cases  where  they  would  othorwiso  ho  d(*l>arrofl  from 
(loiiig  so,  either  by  their  private  Acts  of  Parliament  or  tli'-ir 
articles  of  association  ；  secondly,  to  set  out  in  the  form  of  a 
schedule  a  model  scheme  of  co-partnerslnp  for  their  voluntary 
adoption  ；  and,  thirdly,  to  provide  that  such  model  scheme  .slial! 
ordinarily  he  a  condition  for  granting  statutory  power  to  new 
companies  to  raise  capital,  though,  of  course,  without  attempting 
to  fetter  the  discretion  of  Parliamentary  Committees  in  indivi- 
dual cases.  Under  this  scheme  certificates  of  partnership  in  the 
olijects  of  the  company  and  a  share  in  its  surplus  profits  are  to 
be  granted  to  all  porsons  in  its  regular  omployinent.  It  is  pro- 
vidtHl  that  the  standard  rates  of  wages  shall  be  taken  to  corr<»- 
spoiul  with  a  standard  return  of  -1  per  cent,  on  all  paid  up  capi 
till,  and  when  the  return  is  higher  than  5  per  font,  tho  ("npl(>v，： 
l)poomes  entitled  to  a  bonus  calculated  at  one-twentieth  of  liis 
existing  wages  for  every  extra  1  per  cent,  paid  in  dividend. 
There  are  also  other  provisions  that  in  the  case  of  very  lar^o 
bonuses  being  payable  that  trustees  should  he  appointerl,  as  in  tli** 
very  successful  instance  of  the  South  Metropolitan  Company,  wlio 
should  hokl  and  invest  part  of  the  bonus  for  the  benefit  of  tbo 
uorkpoo})le.  There  are  fu rthor  provisions  as  to  the  appointment 
of  these  trustees  and  as  to  the  appointment  of  directors  and  as 
to  tlio  settlement  of  matters  in  disputo. 

A  Non  corrosive  Iron  Alloy. ― A  pr:".ti(':ni.v  ihui  ('orr"、iv(、  iron 
alloy  has  recently  been  put  on  tho  market  under  the  trade  namo 
" duriron  "  hy  Tho  Duriron  Casting  Company.  \o\v  York.  The 
alloy,  it  is  claimed,  is  quite  resistant  to  ordinary  rusting,  and  N 
only  slightly  attacked  hy  alkalies  and  acids,  u  ith  certain  few 
exceptions.  It  closely  resembles  cast  iron,  but  it  is  some  10  per 
cent,  lighter  in  weight.  It  has  sliown  an  average  ultimato 
strength  of  70,0001bs.  per  square  inch  in  compression,  with 
lOjOOOlhs.  tension  ；  the  elastic  limit  is  verv  close  to  the  ultimato 
strength,  as  the  metal  is  somewhat  moro  hrittle  than  cast  iron, 
ft  melts  at  2,250°  Fah.,  and  is  a  much  bettor  conductor  of  heat 
a  nd  electricity  than  cast  iron.  The  actual  oomposition  of  tho 
liietal  is  not  announoed,  though  tho  nutkcrs  admit  that  somo 
10  per  cent,  or  more  of  silicon  is  to  ho  found.  The  only  way  "I 
working  this  alloy  is  by  casting  and  griiidiiig:  as  it  is  about 
one- half  harder  than  oast  iron,  it  ramiot  l»o  mar-hinod  hy  tho 
older  processes.  The  abrasive  found  most  successful  with  it  is 
carhoiunidum.  Shrinkage  in  casting  is  found  to  l>o  al>oiit  ^in. 
to  a  foot,  compa rod  witli  tlie  Jin.  ordinarily  iu"，'(l  lor  cast  iron 
Tt  has  been  found  that  cupola  practice  is  so  inmorta nt  that 
a  duriron  "  is  not  rooomiiUMuled  to  goneral  fouiHlrynieii,  although 
the  makers  will  sell  the  alloy  in  pig  form.  Up  to  the  present, 
large  plane  surfaces  have  not  been  siucessfully  cast,  the  principal 
trouble  being  in  shrinkage  cracks.  The  metal  is  pa rticularly 
suitable  for  use  in  arid  pipo-Iino  fittings,  valves.  ro(  k、  r"'，'pt;"'l，〜 
&c.，  in  centrifugal  pumps,  steam  siphons,  and  in  >ulkstitutos  for 
ea rthenware  fittings  of  rhemical  works,  powder  and  celluloid  fac- 
tories. 
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NEW  PATENTS. 

S  iu:cifications  nf  Ihe  jollnwing  arc,  now  puhlishcil,  "  "d  ire  si  mil 
I','  /i/raxnl  to  forward  copies  post  free  on  receipt  (if  l()d.  A  thh  i  .s.i 
" ]\[cclitnii<  ill  Hiiijinccr,"  53,  Neiu  Bailey  Strcil ,  Munrli  cslcr. 

MECHANICAL,  19H. 

]l(^ulatin<2;  rotary  compressors.    Gnui,  and   Pokoiiioy  &  Witt'' 

kiml   -、  I  a  ,、r  h  i  1 1 , '  1 1 1 1:  m  Akt .  ("•.、.  1 7 . 

] ii  tenia  1-conibustion  engines.    Douglas.  28511). 

1912. 

Sur lace  condense i-s.    l>;irsons  &  Cook.  3933. 

Boring,  facing,  recessing,  and  analogous  macliinos.    M  unro.  402fi. 
I!(»t;u-y  motor.    Boi'ton,  Ross,  Mctz^ar,  &  Motzp;ar.  4289. 
Driving  belts.    Mellin.  6380. 

Starting  】iie('lianism  for  ex])losion   motors.    ]?ohin.  G484. 
A|)p;ii-atus  for  forcing;  and  raising  liquid   ;i nd   s*imi  li(|\iid  suli 

stances.    Goodwin  &  Lewin.    ()■")(  12. 
Water-heaters.    Dicker.  6678. 
Derricks.    Hutchinson.  6698. 

Metallurgical  furnaces.      Morgan  (1rucil)Io  ('(imi>:m v,  Davison, 

； uul  Harvey.  6808. 
Valves.    Patterson.  6816. 

Internal-combustion  engines  and  variable- speed  gears.  (1omorv 
6876. 

Interna 卜 combustion  engines.    Gerlich  «V'  V'>gt  Eiigiiit's,  Ltd.  6880. 
I  ntfi  nal-combustion  engines.    G(M-lich  tV  、Vifi、"i.    (i^s] . 
Means  lor  \  aporisiny;  iK'iizine.     K(>m;uinff.  0Sf)7. 
I nternal-t'ombustion  engines.    Tiu-clii.    (>!)! fi. 

Ship   roust  cuctioi).      Hoi'iX1.  7013. 

Acetylene  gas  generators.    Bell.  7022. 
Steam  traps.    Paterson.  7072. 

Automatic    starting    devices    for    iiit'。ni;»l  (  on 山 ustion  eiigiiie's. 

Burt  &  Matthew.  71.36. 
Apparatus  for  indicating  and  recording  the  flow  of  liquid  over 

weirs  or  through  orifices.     Paterson.  7172. 
Gearing  for  converting  rotary  into  reciprocating  motion.  、Vtn'l"'s 

and  Absolom.  7306. 
Api>;iratiis  for  raising  or  forcing  liquids.    Siemens  Bros.  Dvnamo 

Works,  Ltd.,  and  Kieffer.  733(5 
Means  for  converting  reciprocating  into  rotary  motion  and  \ 

versa.    Williams.  7384. 
Motor  road  vehicles.  Catling. 
Tinning  metals.    Bowen.  7945. 
Automatic  inlet  valves.    Stupecky.  8258. 
Interna  1-c o m b u st i o n  engines.    McKechnie.  9307. 
Cranes,  derricks,  and  shear  legs.    Culling.  9633. 
Machines  for  casting  metals.    Alston.  10172. 

Expansion  joint  for  fuel  economisers  and    heating  apparatus. 

Downes  &  Moverley.  10199 
IMuid-pressure  change-speed  gear.    Maxted.  11171. 
Gas-distributing    devices    for     internal-combiistioii  apparatus. 

Siemens  Bros.  Dynamo  Works,  Ltd.,  and  Kieffer.  11246. 
Distributing  means  for  fluid-pressure  engines.    Lafitte.  11835. 
Removing  salt  deposits  from  the  walls  of  evaporators.  Eeimer. 

11909. 

Sluice  or  gate  valves.    Blakeborough  &  Broadhead.  11991. 

Shaft-grincling  machines.  Ward,  and  Gear  Grinding  Machine 
Company.  12034. 

Clutch-operating  and  similar  mechanism.  Triumph  Cycle  Com- 
pany, and  Franklin.  12836. 

Steam  boilers  and  settings  therefor.    Brown.  13008. 

Friction  clutches.    Constantinescu.  13106. 

Steam  generators.    Jacobson.  13221. 

Safety  detaching  hooks  for  mine  cages.    Barker.  13294. 
M  ;i  nufacture  of  high  carbon  steels.    Williams.  14130. 
Adjustable  burners  for  liquid  fuel.    S chaffer.  14551. 
Elastic-fluid  turbines.    Warwick  IVlafhinery  Company  (1908),  and 
Naylor.  15482. 

Inverted- tooth  type  of  driving  chain.    Hans  Renold;  Ltd.,  and 

James.  15502. 
Power-operated  boats  or  vessels.    Berry.  17065. 
Internal-combustion  engines.    Riker.  17499. 

Friction  clutches.  Saver  Clutch  Company,  Hewitt,  and  Drake 
17983. 

Hotary  lubricating  device  for  internal-combustion  engines  with 

revolving  motor  cylinders.    Marks.  18994. 
Valve  gear  for  internal-combustion  engines.    Fried  Krupp  Akt.- 

Ges.  19227 
Drill  chucks.    Boer.  19332. 

Controlling  gear  for  winding  engines.  McCabe  &  Mncdonnld. 
19826. 

Interiial-co】nbu,stion  engines.    Constantinescu.  19915. 
Burners  for  liquid  fuels.    Schnabel.  20833. 

Steam  generators.  Chantiers  et  Ateliers  Augustiu  Normand. 
21842. 


Driving  belts.    Dew  <fe  Azulay  Syndicate,  Ltd.  22004. 

Driving  gear  for  internal- coin, "istion  engines.    T'm'io.  22033. 

Safety  devices  for  mine  ca^cs.    Nesztor.  222(59. 

Ccnl  riiu^al  pumps.     Lolmitz.  23817. 

Ball  hoarin^s.     Hart  iV  AhniVIt.  2471)2. 

Means  for  operating  i  m''ia(  p  <lainj)ors.     Mattel-.  2->4o0. 

Opon  lieartli  suction  gas  prodiiws.    Crosslrv  A: 】^1<1<"1.    201  '27. 

Aerial  machines.    Soc.  (lite  Aeroplanes  Mor;ifi*»  Saulni^r.  2G263. 

Hoating  of  furnaces  and  kilns.      OrgvMarien-Bcrgu't'rks  uml 

Hutten-Verein  Akt.-Ges.  26695. 
Milling  cutter  or  abrasivo  u hoel  profile  ^<Miorator.    Brown  and 

J3ostock.  27263. 

Method  of  eliminating  or  reduciiig  the,  oxternal  corrosion  of 
steam  generators  provided  with  heat  lion  ("ii 山"' ting  govorn- 
ings.    Wild  &  Ko】k 編'" ， 27285. 

Douhle-aoting  l)all  thrust  l)tia rings  for  horizontal  or  iiuliin**! 
shafts.    Fi'""l.  Kiupp  Akt.-G<*s.  (； erm.iiiiawerft.  27^00. 

St;i  rtinfj;  do  vice  for  explosion  engines.    A!ow<i.  29024. 

1913. 

Cmiveyors.    AVilli;uii  lica  rdmore  &  Co.,  and  CI  a  rk.  32. 
Case-hardening;    or    cementation    matoiinK.    H  ufl^o-Whitworth, 

Ltd.,  and  Hoaibcoto-.  185. 
Cupola  furnaces.    Anderson.  2289. 
Derricks.    J 1  utchinson.  4590. 

ELECTRICAL  1912. 


'I 


iking  oloftrif  fircnits.  l【：it- 


Timiiig  devices  for  making 

field.  6404. 
Vapour  oleotrif  apparatus.    L ，小 ("iV> 

Distance  oporattMl   niecliatiisms  and   sigh ;i Is  on    «'lt'ctri('  supply 

systems,     i I ； i ndcock,  Dykt»s,  S:  D\uUM\.  (J7HJ. 
Electric  transmitting;  mcfhanisni  for   mariin'  ^co\ crmn > 

Rumolino.  6828. 
Automatic  electric  circuit  breaking  arrangements.  Moller.  (5990. 
Signalling  by  means  of  electro-magnetic  wavos.    Chamhors.  7242. 
Protective  devices  for  the  condiutor  rails  of  electric  railu ays. 

Mei'z  &  Redman.  7591. 
Slip-ring     collector    devices    for    d('tri(:il     instruiiKMits  and 

machines.    Denny  &  Edgecombe.  8640. 
Electric  coupling  or  connection  fixtures.    Trood  A'  Dalo.  9909. 
Vacuum  electric  water-heater.    M ;xnn.  】2.:i"7 

Moans  for  selectively  operating  one  or  several  of  a  series  of  elec- 
trical devices.    Schmid.  14121. 

Electric  induction  heater  or  furnace.    Helfenstein.  141G4. 

Protective  devices  for  electric  circuits.  British  Tliomsoii  Houston 
Company.  16708. 

Apparatus  for  reproducing  undulatory  electric  currents.  Schiess- 
ler.  18655. 

Contact  devices  for  controlling  points  or  signals  on  cloctric  tram- 
ways.   Weenen,  StofFels,  and  vander  Sprenkel.  19160. 
Spark  plugs.    Tliompson.  20248. 

Automatic  electrically-operated  elevators.      Liljelilad  &  Akt"" 

bolaget  Elevator.  23918. 
Production  of  high  frequency  currents  for  use  in  wireless  tele- 
graphy and  telephony.    Thompson.  24937. 

1913. 

Means  for  regulating  the  output  of  dynamos.    Tattorsall.  120o. 
Electrical  resonance  apparatus.    Handcock,  Dykes,  <fe  Duddell. 
5307. 

Differential! y- w o u nd  compound  dynamos.    Kettering.  5o4.1. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  8th. 

Aluminium  ingot   95/-  per  cwt. 

，,        wire,  according  to  sizes,  &c  from  112/-  " 

，，        sheets        „  ，，   ，  120/-  ，， 

Antimony  £31/-/-  to  £33/-/-  per  ton. 

Brass,  rolled    8Jd.  per  ]b. 

，， tubes  (brazed)   9|d.  ，， 

，，       ,，     (solid  drawn)   Sfd.  ，， 

„       „     wire   8{d. 

Copper,  Standard   £6S/o/-  per  ton. 

Iron,  Cleveland   6o/7i  ，' 

,， Scotch   71/7J  ,, 

Lead,  English    £17/7/0  ，， 

，， Foreign  (soft)    £10/17/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ,，  ,，       medium   3/6  to  6/—  ，, 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle. 

Silver   27  ^d.  per  oz. 

Spelter    £24/-/-  per  ton. 

Tin,  block   £218/10/- ,, 

Tin  plates   14/-  ,， 

Zinc  sheets  (Sileaian)   £28/-/-  ,， 

(Stettin  ；  Vieille  Montagne)   £2S/2/G  ,， 
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The  Kinetic  Effects  of  Crowds. 

That  crowds  of  people  are  capable  of  exerting  serious  kinetic: 
effects  requires  no  demonsk'ation,  as  they  have  occasionally 
produced  disastrous  consequences,  but  the  matter  has  not 
hitherto  received  much  analytical  or  experimental  treatment. 
Architects  and  .others  concerned  in  the  design  of  structures 
subject  to  moving*  loads  of  human  beings  have  usuallv  been 
content  to  take  the  accepted  load  of  lOOlbs.  per  square  foot  as 
a  static  effect  and  provided  for  stresses  consequent  on  move- 
ment by  a  more  or  less  liberal  allowance  in  the  factor  of  safety 
according  to  the  circumstances.  The  absence  of  experimental 
data  gives  interest  to  a  paper  which  has  just  been  presented  to 
the  American  Society  of  Civil  Engineers  by  C.  J.  Tildeu, 
recording  some  tests  with  a  view  to  ascertaining  the  kinetic 
effects  arising  from  sudden  changes  of  posture.  These  were 
inado  with  some  half-dozen  different  individuals  r;uiging  in 
weight  from  about  HOlbs.  to  23()lbs.  Each  individual  was 
placed  separately  on  a  |>I;itt'orm  srale,  tlieir  dead  weights 
noted,  and  also  the  increases  liiov  oxciUmI  u|m>ii  I  lm  scale 
beam  in  rising  suddenly  from  a  crouch ijig  to  a  standing 
posture,  as  well  as  from  a  sitting  to  a  standing  posture,  and 
also  the  maxinuuiL  increase  they  were  capable  of  exerting  l'v 
" jouncing  '  or  jerking  downwards,  the  feet  in  nu  case 
leaving  the  scale  plaifonn.  As  would  naturally  be 
ex}>ectecl,  the  kinetic  effects  of  the^e  three  kinds  of  tests  varied 
、vith  individuals,  since  the  essence  of  the  results  obviously 
depends  upon  the  muscular  rapidity  ui'  tli«'  ； i«  l ion.  Iu  ftand- 
ing  up  from  a  croiu-hin^  po^tun1  tin*  lowest  iinToa>c  ot"  weight 
recorded  was  45  per  cent.,  and  the  greatest  effort,  "Lii<  li， 
curiously  enough,  was  attained  by  the  heaviest  man,  was  as 
nuich  as  80  per  cent'.,  while  the  average  increase  of  eight 
individuals  was  66  per  cent.  In  suddenly  standing  up  irom  a 
cliair  on  the  weighing  machine  platform  the  increases  iu 
weight  were  even  greater  than  thoee  recorded  in  staudiug  up 
iioin  a  crouching  posture.  As  iu  the  previous  ca^se,  however, 
the  results  were  not  uuii'orni,  aud  showed  the  greatest  iucreai>o 
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with  one  of  the  heaviest  of  the  seven  men  tested,  and  the 
average  increase  recorded  was  79  per  cent.  The  effect  of 
" jouncing "  or  jerking  on  the  scale,  as  might  be 
expected,  was  greater  than  in  the  two  other  tests, 
though  we  should  scarcely  liave  anticipated  tlie  increase 
actually  recorded.  With  none  of  the  five  men  tested 
was  it  Less  than  132  per  cent.,  while  one  recorded  236  ]>er  cenl  .， 
and  the  average  was  174  per  cent.  In  other  words,  the  mot  ion 
of  jerking  imparted  a  downward  pressure  equal  to  2|  times 
the  static  weight.  Although  this  latter  result  is  not  one  whicli 
a  crowd  would  o'r  even  oould  conoertedly  effect,  for  it  would  be 
difficult  for  individuals  to  act  in  unison,  it  is  nevertheless 
interesting.  The  downward  pressure  caused  by  suddenly 
rising  from  a  chair  is,  of  course  an  effect  such  as  might  be 
produced  ooll-ectivelv  by  an  audience  rising  suddenly,  and  the 
fact  that  downward  pressure  may  in  this  way  be  increased  by 
some  80  per  cent,  beyond  the  static  load  is  a  fact  worth 
noting.  Efforts  were  made  by  Mr.  Tilden  to  obtain  some  idea 
of  the  horizontal  forces  exerted  by  a  man  in  walking.  Tlie 
magnitude  of  these  obviously  depends  upon  the  man's  weight 
and  speed  and  the  greater  the  force  expended  in  urging  him 
forward  the  greater  the  backward  thrust,  action  ajid 
reaction  being  of  course  equal  and  opposite.  The  force 
obviously  is  not  uniform,  since  the  movement  of  the  centre 
of  gravity  of  the  subject  is  not  in  a  horizontal  line,  but  iu  one 
more  or  less  wavy.  Into  the  reasoning  we  need  not  enter  in 
detail,  suffice  it  that  with  a  man  weighing  about  1601bs.  the 
accelerating  or  retarding  force,  which  would  be  more  or  less  of 
a  pulsating  character,  amounted  to  about  801bs.  or  901bs, 
when  walking  at  a  speed  of  about  four  miles  per  hour.  It  is 
not  easy,  however,  to  co-ordinate  a  single  experiment  of  this 
kind  with  the  collective  action  of  a  crowd,  except  in  special 
cases,  though  a  body  of  soldiers  marching  in  step  would  be  a 
practical  illustration  and  its  potency  for  setting  up  vibrations 
is  recognised,  the  breaking  of  step  during  tlie  passage  of  a 
bridge  by  infantry  being  well  known.  Although  the  results  of 
Mr.  Tilden's  tests  may  not  be  sufficiently  exact  to  warrant 
any  dogmatic  statement  as  to  the  loads  which  should  be  pro- 
vided for  in  dealing  with  the  possible  effects  of  motion  in  a 
crowd,  they  do  roughly  indicate  that  provision  should  be' 
made,  its  precise;  magnitude  being  a  matter  for  the  individual 
engineer  to  determine  in  any  particular  problem. 


The  Trend  of  Invention. 

The  figures  given  in  the  annual  r&port  of  the  Comptroller- 
&eneral  of  Patents  are  interesting,  as  an  indication 
not  only  of  the'  general  trend  of  the  lines  along  wliich 
inventors  are  working,  but  of  the'  directions  in  which 
public  needs  are  most  pressing,  and  therefore  most 
promising  to'  those  who  can  successfully  meet  them . 
Taken  as  a  whole,  it  would  appear  from  tlie  iigures  as  if  tliere 
was  a  slight  falling  off  in  inventive  activity,  since  rather 
fewer  patents  were  sealed  in  1912  than  iu  the  two  immediately 
preceding  years,  but  this  is  probably  more  apparent  than  real 
and  due,  we  think,  to  the  greater  stringency  exercised  l)v  the 
Patent  Office  in  respect  to  claims  arising  out  of  the  system  of 
search  respecting  anticipation  that  is  now  practised,  for, 
although  sealed  patents  were'  fewer,  both  applications  and 
specifications  were  more  numerous  than  in  1911.  For  several 
years  the  most  important  prominent  group  of  inventions  have 
been  those  relating  to  tlie  motor-car  and  allied  industries,  and 
tliere  does  not  appear,  from  the  number  of  inventions  taken 
out,  to  be  any  slackening,  for  the  number  last  year  was  25  per 
cent,  in  excess  of  the  previous  one.  The  trite  adage  that 
" necessity  is  the  mother  of  invention  "  is  reflected 
in  the  fact  that  a  large  portion  of  those  relating  to 
this  group  have  reference  to  the  problem  of  adapting  the 


use  of  lieavy  liydroca rbon  oils  to  replace  higher-priced  petrol 
in  motor-car  practice.  The  loss  of  tlie  "  Titanic/'  as  miglit 
naturally  be  expected,  lias  bent  many  minds  upon  the  problem 
of  saving  life  at  sea  and  suggested  quite  a  crop  of  mechanical 
devices  for  the  speedy  and  safe  lowering  of  boats  or  the 
detaching  of  safety  rafts  in  cas^s  of  emergency.  To  the  same 
disaster,  we  suppose,  must  also  be  attributed  a  number  of 
inventions  proposed  for  detecting  tlie  proximity  of  ice  at  night 
or  iu  a  fog,  or  for  enabling  a  wireless  distress  signal  to  be 
received  even  though  the  operator  be  off  duty.  We  don't 
know  whether  the  Insurance  Act  and  the  outcry  against  its 
stamp-licking  duties  has  acted  as  a  stimulus  to  inventive 
activity,  and  accounts  for  the  great  increase  in  patented 
appliances  for  the  damping  and  affixing  of  adhesive  stamps. 
Large  emoluments  can  hardly  be  expected  from  devices  of 
this  kind,  though  a  fortune  awaits  the  inventor  of  a  machine 
which  will  pay  the  contributions. 


THE  CORROSION  OF  IRON  AND  STEEL 

The  68th  ordinary  meeting  of  the  Faraday  Society  was  held 
at  the  Municipal  School  of  Technology,  Manchester,  on 
Friday,  April  4th?  conjointly  with  the  Manchester  Section 
of  the  Society  of  Chemical  Industry,  wlien  a  general  discussion 
on  "  The  Corrosion  of  Iron  and  Steel  "  took  place.  The 
chairman  was  Dr.  Gilbert  J.  Fowler. 

An  Electrolytic  Theory  on  the  Corrosion  of  Iron. ― In  this  paper 
by  Mr.  Bertram  Lambert,  M.A.,  it  was  shown  that  a  simple 
and  natural  development  of  the  ideas  of  Faradav  on  elec- 
trolysis would  give  the  foundation  of  a  satisfactory  theory  of 
the  corrosion  of  iron.  Commercial  irou  was  always  hetero- 
geneous in  character,  and,  when  a  piece  of  such  metal  was 
placed  in  an  electrolyte  like  water,  the  electrically  different, 
parts ― whether  the  potential  differences  be  due  to  impurities 
or  to  different  forms  of  tlie  metal ― tended  to  set  up  au  electric 
current  between  them,  with  the  passing  into  solution  of  tlie 
metal  at  the  relatively  electropositive  points.  There  was  no 
doubt  that  iron  was,  practically  speaking,  insoluble  in  water, 
in  vacuo ― at  anyrate  chemical  tests  would  not  show  the 
presence  of  irou  in  solution  even  after  loug  periods.  But  it 
was  generally  agreed  that  iron  must  pass  through  a  process  of 
solution  before  rusting,  and  therefore  oxygen  must  alter  tlie 
conditions  in  such  a  way  that  iron  could  pass  into  solution 
iu  water  in  its  presence.  Oxygen  probably  played  two  diffe- 
rent aud  distinct  functions  in  the  rusting  of  iron  :  (a)  It 
helped  the  iron  to  pass  into  solution  in  the  water  by  elec- 
trolytic action,  probably  by  oxidising  the  film  of  hydrogen  at 
tlie  electronegative  points ― a  non-conducting  film  whicli 
would,  unless  removed,  reduce  the  strength  of  the  current  to  a 
negligible  value.  Since  iron  only  goes  into  solution  by  the 
passage  of  an  electric  current,  so  】oug  as  this  film,  whicli  was 
formed  the  instant  the  iron  was  put  in  the  water,  persisted, 
no  appreciable  quantity  of  iron  could  dissolve  :  (J，)  the  oxygen 
produced  ferric  hydroxide  (rust)  from  the  dissolved  iron.  The 
ferrous  ions  produced  when  the  iron  j>a>sed  into  solution  could 
not  be  oxidised  to  ferric  ions  by  molecular  oxygen.  They  first' 
combined  with  the  livdroxvl  ions,  always  present  in  water,  to 
form  undissociated  ferrous  hydroxide,  aud  this  was  then 
oxidised  to  ferric  hydroxide  by  the  oxygen.  The  properties 
of  chemically  pure  iron  were  shown  to  give  very  substantial 
sup|)ort  to  the  theory. 

The  Electrolytic  Methods  of  Preventing  the  Corrosion  of  Metals. ― 
Tli is  subject  was  dealt  w\\\\  in  n  lecture  by  Prof.  AV.  、V. 
I laldane  Gee,  M.Sc,  B.S,'.  lie  showed  that  the  corrosion  of 
met  a  Is  could  be  lessened  or  i>revent  ed  in  two  ways  :  (1)  By 
fonuecting  the  】netal  to  be  protected  to  a  more  elect ropoitive 
metal,  so  that  a  jtriinarv  cell  was  pnxhiced  :  (2)  by  making 
t lie  metal  to  be  j>rote<,tecl  the  cat hoile  iu  an  eleotrolvtic  cell 
supplied  by  an  external  electrical  pressure.  Various  types  of 
primary  cell  arrangements  that  could  be  employed  in  practice 
were  classified.  The  eHiciencv  of  the  cell  for  protection  would 
de]>end  on  the  current  density  at  the  cathode,  and  this  would 
be  controlled  bv  the  resistance  of  the  cell  and  the  effective 
voltage.  The  importance  of  overvoltage  in  determining  the 
effective  voltage  was  (liscusseil.  The  history  of  Sir  Humphry 
Daw's  application  of  zinc  and  iron  protection  for  the  preven- 
tion of  the  corrosion  of  the  co]>per  sheathing  of  ships  aud 
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Hubsequent  inveiilions  tor  tlie  protection  of  roii 山" is(m、  ； hkI 
pipes  were  detailed.  The  patents  of  Harris  ami  Andcison,  in 
which  aluminium  alloys  were  used  for  the  prevention  of  tli" 
corrosion  of  condenser  tubes,  were  shown  to  be  primary  rr\\ 
methods.  Ill  tlie  ca-c  of  the  use  of  zinc  in  boilers  was  involved 
a  knowledge  of  the  electrolytic  resist  ancc  of  tlie  boiler  waters 
:m(l  the  effective  voltage  at  "'mperatun's  rr()m  lHO'-'JOO  ('.' 
cunoerning  which  there  was  great  need  u\'  experimental  da(  ；! 
The  amount  of  zinc  used  in  some  marine  boilers  was  as  gn'ai 
as  iiom  4001bs.-6001bs.  of  rolled  zinc  per  ammm.  Tf  tli" 
■/mc  was  efficient  in  producing  eleotrical  (Uirrents  ilien  tho 
average  current  might  be  from  17  to  *2,「）  amp(Mes.  It  was 
obvious  thai  such  currents  would  be  obtained  much  in()r" 
economically  by  the  use  of  a  dynamo.  The  direct  use  of 
electrical  currents  had  been  the  basis  of  a  number  of  patents. 
Those  of  Mr.  Elliott  Cumberland  were  especially  described. 
Iron  anodes  were'  placed  in  the  water  of  the  boiler,  wliicli 
latter  was  maclei  the  cathode.  A  low  voltage  of  supply  pro- 
vided by  a  small  motor-generator  was  used.  The  method  had 
proved  effective1  not  only  in  preventing  corrosion,  but  also  in 
removing  scale  from  the  heating  surface  and  preventing  its 
formation.  Experiments  carried  out  at  the  Manchester 
School  of  Technology  had  shown  that  the  current  densities 
necessary  to  protect  iron,  copper,  and  other  metals  from  the 
corrosion  of  fresh  and  salt  water  we're  of  low  value,  and  hence 
in  the  cases  of  boil  era  and  condensers  the  annual  cost  of  the 
electrical  energy  required  was  a  small  item.  The  chief  cost 
would  be  in  the  renewal  of  anodes.  Harris  and  Anderson  had 
also  applied  electrical  currents  for  tlie  prevention  of  the  corro- 
sion of  condensers.  They  found  that  a  condenser  with  a 
cooling  surface  of  1,025  sq.  ft.  required  only  2  volts  and 
2  amperes,  and  the  special  anodes  used  by  them  cost  from 
£3.  5s.  per  1,000  sq.  ft.  per  annum .  The  use  of  electrical 
currents  might  also  be  applied  in  chemical  works  to  prevent 
the  corrosion  of  metallic  screens  and  vessels  from  acid  liquids. 
The  lecture  was  illustrated  by  experiments  and  lantern  slides. 

The  Nature  of  Ovcrvolta^c. ― Tlie  author  of  this  paper,  Mr. 
J.  T.  Crabtree,  M.Sc,  said  that  ov&rvoltage  may  be  regarded 
either  as  the  excess  of  the  anodic  or  cathodic  decomposition 
voltage  of  a  dilute  acid  with  a  given  electrode  over  that  for 
platinised  platinum,  or  as  the  excess  of  the  back  electromotive 
force  set  up  as  an  electrode  (anode  or  cathode)  after  polarisa- 
tion over  that  set  up  by  a  platinised  platinum  plate  under 
identical  conditions.  This  back  electromotive  fore©  was  deter- 
mined by  alternately  polarising  an  electrode  and  measuring 
its  single  potential  difference  by  means  of  a  potentiometer, 
alternate  connection  between  the  latter  and  the  primary 
circuit  being  made  by  means  of  a  rotating  coinmutator.  Over- 
voltage  was  affected  by  the  time  of  application  and  current 
density  of  the  polarising  current,  the  nature  of  the  electrolyte 
and  electrode  employed,  and  by  the  thickness  of  the  latter. 
Since  these  factors  also  affected  tlie  back  electromotive  force 
of  platinum,  a  comparison  electrode  was  employed  consisting 
of  a  thin  deposit  of  platinum  on  Jena  glass,  the  back  electro- 
motive force  of  which  was  constant  with  time.  The  over- 
voltage  of  a  metal  was  taken  as  the  difference  between  the 
back  electromotive  force  set  up  after  an  application  of  the 
polarising  current  for  30  miimtes  at  a  given  current  density, 

m        acid，  and  that  set  up  by  the   above  electrode  under 

similar  conditions.  It  was  probable  that  overvoltage  was 
simply  a  manifestation  of  the  difference  between  the  rate  of 
production  of  ions  at  the  electrode  and  of  the  combination  of 
these  to  form  complexes.  Probably  after  being  discharged 
the  ions  passed  into  a  metastablei  condition  and  gave  rise  to  a 
back  electromotive  force.  The  catalytic  activity  of  the 
electrode  was  probably  an  important  factor  as  affecting  this 
velocity  of  reaction,  and  the  difference  in  catalytic  activity  of 
various  metals  under  different  conditions  of  texture,  tempe- 
rature, &c，，  would  explain  why  the  overvoltage  varied  largely 
with  different  metals  under  ditYerent  conditions.  Overvoltage 
might'  be  of  importance  in  the  case  of  the  corrosion  of  a  metal 
as  either  :  (a)  Having  a  tendency  to  retard  the  deposition  of 
hydrogen  or  oxygen  on  its  surface,  which  might  tend  to  assist 
or  prevent  corrosion,  (h)  By  setting  up  high  back  electro- 
motive force  which  would  diminish  the  effect  of  a  decomposing 
current  in  cases  of  corrosion  due  to  electrolysis,  (r)  By  assist- 
ing or  preventing  the  solution  of  a  metaL   'Tlie  condition  that 


a  metal  may  dissolve  in  an  acid  and  evolve  hydrogen  was  given 
l>y  the  relation 

e.m.f.  of  metal  -  back  e.ni.f.  of  hydrogen  > 
where  =  overvoltage  of  metal.  If  "  was  large  no  nolut ion 
of  the  metal  could  occur.  This  was  a|j|>ai<-nt  witli  galvanised 
iron,  where,  owing  to  the  overvoltage  of  the  zinc,  very  little 
solution  of  iron  look  place,  the  latter  assurnin^  the  over- 
voltage of  the  external  metal.  In  view  of  the  absence  of  any 
suitable  factor  to  indicate  the  tendency  of  a  rnetal  to  corrode, 
future  experiments  might  indicate  a  parallelism  between  the 
overvoltage  of  a  metal  and  its  corrosion  factor. 

Dr.  W.  Rosenhain,  F.R.S.,  read  a  paper  entitled  "  Note 
on  a  Spe<'iinen  of  Ancient  Iron  from  Ceylon.  The  rf'a'liw 
of  the  papers  was  followed  by  a  lon^  (I 卜'' i 卜、 .  A  mu" 山 f'r 
of  specimens  of  corroded  metals  was  exhibited. 

SAFETY  EXPLOSIVES  IN  MINES. 

A  paper  on  "  Tlie  Testing  of  Safety  Explosives,"  by  Prof. 
Lewes  was  recently  read  before  the  Royal  Society  of  Arte. 
Referring  to  the  revised  list  of  explosives  issuer!  by 
the  Home  Office,  he  cliaracterised  it  as  a  praisewort  hv 
desire  on  the  part  of  the  authorities  to  bring  our 
tests  into  line  with  those  of  other  countries,  and  to 
make  the  explosives  used  absolutely  safe.  There  was  a 
danger,  liowever,  that  in  so  doing  the  authorities  were  run- 
ning a  risk  of  opening  the  door  to  greater  dangers  than  now 
existed.  Experiments  had  illustrated  the  complexity  of  tli" 
subject,  and  had  shown  that  variations  existed  in  different 
testing  stations,  and  that  these  were  clue  to  a  large  number  of 
factors,  some  of  which  were  perhaps  not  even  yet  known.  The 
only  true  test  of  the  safety  of  mining  explosives  was  the  prac- 
tical one  of  use  in  coal  mines  over  many  years,  and  when  tons 
of  the  material  had  been  used  and  millions  of  A\u\ s  tin'"  mi 小" 
every  condition  conceivable  in  practice  without  a  single  acci- 
dent being  traceable  to  its  legitimate  use,  such  an  explosive 
held  a  certificate  of  safety  that  no  series  of  tests  under  empiri- 
cal and  artificial  conditions  could  ever  give  it.  In  the  English 
permitted  list  there  were  several  such  explosives  perfectly 
satisfactory,  but  under  the  new  conditions  their  place  would 
be  taken  by  explosives  so  feeble  in  character  that  ^reat  diffi- 
culty would  be  found  in  ensuring  complete  detonation  of  the 
charge,  while  the  mineowner,  saddled  by  tlie  Act  of  1912  \、itli 
the  purchase  of  all  explosives  used  in  his  mine,  would  find 
that  the  cost  of  explosives  for  doing1  the  same  amount  as  before 
would  be  practically  doubled.  It  seemed  to  him  absolutely 
wrong  to  reject  17  years  of  experience  gained  under  mine  con- 
ditions and  to  follow  other  methods  unless  statistics  had  shown 
that  per  million  tons  of  coal  won  our  mining  explosives  had 
given  rise  to  greater  loss  of  life  than  those  used  abroad.  The 
practical  conditions  in  use  were  so  widely  different  from  tliose 
of  the  tests  that  the  personal  factor  of  care  in  use  became  of 
enormous  value,  and  he  was  convinced  that  a  reliable  and 
careful  shot- firer，  blessed  with  conunonsense,  was  a  greater 
protection  tlian  any  tests,  rules,  and  regulations  tliat  could  be 
framed.  For  this  reason  he  viewed  with  suspicion  anything 
tending  to  lessen  psrsonal  responsibility.  lie  hoped  that 
before  the  new  regulations  came  into  force  in  December,  the 
points  that  had  been  raised  would  be  very  carefully  con- 
sidered. 

Cutting  Speeds  and  Bearing  Pressures  of  Machine  Tools. 一 Mr.  I:. 

P.  Bullard,  jun.,  of  the  Bullard  Machine  Tool  Coni])anv,  in 
the  course  of  the  discussion  on  a  paper  on  •  Machine  Tools  " 
presented  before  the  Cleveland  Engineering  Society,  men- 
tioned a  cut  taken  on  steel,  said  to  be  0'40  per  cent .  carbon. 
The  chips  came  off  red,  the  speed  was  over  40Qft.  per  minute, 
and  the  material  cut  like  wood.  "  I  have  frequently  seen  in 
our  own  shop,"  he  said,  "  speeds  of  300ft.  on  finishing  cuts 
preparatory  to  grinding.  The  turning  of  steel  ra>tin^s  is,  ot 
course,  a  more  difficult  problem,  but  speeds  of  65ft.,  70ft. ， 
80ft. ，  aud  90ft.  per  minute  are  possible.''  Regarding  the 
limits  of  pressure  per  unit  of  area  which  he  allows  in  bearings, 
Mr.  Bullard  said  ：  "We  may  try  to  keep  within  *— V)lbs.  per 
square  incli  with  a  maximum  of  501bs.  AVe  may  sometimes 
run  over  that  on  account  of  the  difficulty  of  calculating 
pressure.  The  ordinary  boring  machine  of  our  design  is 
probably  running  at  less  tiian  lOIbs.  per  square  inch.  We  trv 
to  maintain  very  low  pressure,  but  that  is  possible  in  machine 
tools  whirh  would  not  always  be  possible  with  other  machines." 


416 


THE    MECHANICAL  ENGINEER. 


[April  18，  101^ 


A  COMPARATIVE  TRIAL  BETWEEN  THE  TRIPLE  EXPANSION 
ENGINE  AND  GEARED  TURBINES  IN  CARGO  STEAMERS. 

BY  C.  WALDIE  CAIRNS,  M.SC. 

The  secretary  having  invited  the  author  of  this  paper  to  lay 
before  the  Institution  the  results  of  a  comparative  trial 
recently  carried  out  under  his  supervision,  between  a  cargo 
steamer  fitted  with  geared  turbines  and  one  fitted  "with  triple 
expansion  engines,  the  ； Lutlmr  is  pleased  that  with  the 
consent  of  the  owners  of  the  steamers  in  question  he  is  able 
to  comply  with  your  secretary's  request.  Tlie  <-oui  ractors 
concerned  in  the  building  of  the  ships  ami  macliinoi'v  also 
courteously  assented  to  the  publication  of  tlie  results,  ami 
have  put  at  the  disposal  of  the  author  min-li  ini'orni;itinn 
which  he  is  certain  will  add  to  the  interest  of  the  paper.  The 
steamers  in  question  are  the  "  Cairngowan  ，，  with  triple 
engines,  and  the  "Cairnross"  with  geared  turbines.  Both 
are  the  property  of  The  Cairn  Lin©  of  Steamships,  Ltd.,  of 
Newcastle.  The  u  Cairngowan/'  completed  late  in  1911，  is 
looked  on ― by  her  owners  at  anyrate ― as  a  good  example  of 
the  larger  class  of  tramp  steamer,  with  machinery  and  boilers 
of  a  good  commercial  standard  for  the  attainment  of  a  reliable 
10  knots  sea  speed,  with  such  economy  of  fuel  as  can  1)0 
attained  with  relatively  little  complication  of  outfit. 

When ― early  in  1912 ― the  directors  of  the  Line  decided 
to  order  another  steamer  of  similar  type,  it  appeared  advis- 
able for  the  author  as  their  consulting  engineer  to  consider 
carefully  whether  lie  should  recommend  them  to  repeat  the 
usual  triple  expansion  engine.  It  will  l)e  l'emembered  thai, 
for  some  time  previous  to  that  the  air  had  been  full  of 
rumours  as  to  the  great  things  that  liiight  be  expecled  from 
the  oil  engine  in  marine  practice,  and  some'  creditable 
performances  by  that  prime  mover  had  already  been  reported. 
The  true  position  had  not  yet  been  disclosed  by  the  very 
interesting  and  useful  series  of  papers,  read  before  this 
Institution  by  Sir  Charles  Parsons,  Mr.  E.  L.  Ord'e,  and  Mr. 
A.  C.  Holzapfel,  in  April,  1912,  which  so  clearly  set  out  the 
comparative  economical  possibilities  of  the  oil  engine,  the 
geared  turbine,  and  the  gas  engine,  as  compared  with  the  usual 
tri  pi  e  -  ex  p  ansi  on  marine  steam  engine.  Prior  to  the  publica- 
tion of  these  papers  and  the  excellent  discussion  to  whk'h 
they  gave  rise,  and  without  such  full  consideration  as  these 
papers  stinmlated,  the  view  that  the  next  step  in  advance 
might  well  be  the  adoption  of  the  geared  steam  turbine  had 
recommended  itself  to  the  directors  of  the  Cairn  Line.  Ii 
appeared  at  that  time  that  the  oil  engine  still  to  some  extent 
entailed  11  a  leap  in  the  dark,"  what  with  its  mechanical 
troubles  and  the  high  price  of  its  fuel,  whilst  the  marine  gas 
engine  and  gas  producer  were  even  less  tried  than  tlie  oil 
engine;  at  the  same  time  either  of  these,  it  appeared  possible, 
might  emerge  from  its  "  infantile  diseases  ，，  before'  a  steamer 
― then  new ― should  have  attained  a  scrap-heap  age,  so  that 
fuel  economy  might  become  more  and  more  essential  in 
competition  as  time  went  on.  With  boilers  still  indispensal)le, 
the  geared  steam  turbine  was  tliereforo  chosen  as  giving 
promise  of  good  economy  of  steam  and  fuel,  with  less  compli- 
cation than  is  entailed  with  the  usual  means  to  that  good 
end —— quadrupling  and  superheating.  Careful  feed  Iieating 
and  judicious  use  of  vacuum  are  usually  added  to  the  two 
means  just  mentioned,  but  it  will  be  recognised  that  the  steam 
turbine  offers  superior  possibilities  regarding  these  two,  as 
compared  with  the  reciprocating  engine.  Information  was 
by  that  time  general  as  to  the  economy  attained  by  the  first 
geared  turbine  steamer  "  Vespasian, 5J  and  her  records 
showed  that  with  more  fully  loaded  turbines  even  better 
results  might  be  expected.  Her  gearing,  too,  had  shown  that 
it  could  be  relied  on  under  the  "rough  and  tumble  ' '  of  a 
ship's  work  at  sea.  Sir  Charles  Parsons,  too,  and  his  firm, 
had  shown  their  faith  in  this  system  by  putting  it  into  the 
two  cross  channel  steamers  then  building  for  the  L.  a  s.W. 
Railway,  the  s.s.  (i  Normannia  })  and  the  s.s.  "  Hantcmia." 
At  that  time,  however,  they  had  not  completed  their  trials. 

Whilst  the  "  Cairnross  "  was  tlie、  first  ship  of 】w  type  to 
he  built  to  take  geared  turbines,  it  will  be  understood  that 
the  grounds  for  the  expectation  of  good  results  were  excellent. 

*  Paper  read  before  the  Novth-east  Coast  Institution  of  Eugiuoers  and  Ship- 
Imtldevs,  March  28th f  1913. 


One  has  only  lo  realise  how  the  high-speed  steam  imbine  has 
put.  ilie  lar^e  wi|»rn'  ;il  iii?  st eain  engine  out.  of  the  】m"'kH 
tor  power  .station  work  to  niulerstand  t  hat  t  Ije  succ  essful 
application  of  gearing ― enabling  high  speed  (and  therefore 
economical)  turbines  to  be  coupled  willi  a  suitable  sized 
propeller  for  slii])s  of  cargo-cHrrviiig  class ~ may  work  a 
revolution  in  marine  practice.  Until  the  combination  of  a 
reduction  gear  between  tlie  turbines  ami  tlie  propeller  had 
been  put  into  successful  use,  】:narine  turbines,  at  anyrate  in 
steamers  of  small  speed  and  power,  had  never  been  capal)le 
of  being  designed  to  give  expectation  of  a  sleain  oconoiny 

Table  I. —— Com})arison  of  Ships  and  Machinery. 


S.S.  "  C'airngowaiT." 
P»niM(  rs  ：  .Messrs.  \\r. 
Doxfon!  &  S(ms，  Ll<l. 


1.  Typo   ]  Part    awning  deck 

(poop  long  l>rid<:(k 


2.  Date  of  fompletion. . . 

3.  Keg.  tonna^o  

4.  L    (b.p.)xB.    ext.  xd. 
mid. 

5.  Draft  (m  t  rial,  i'orM  . . 

6.  ，，      ，，      aft.    •  • 

7.  "       "       mean  • , 

S.  Displaoomont  on  trial.. 

0.  Block  cM-tl.  al  trial  draft 


10.  No.  and  pressure  

11.  Diam.  of  boilers   

12.  Length  of  boilers  

13.  Heating  surface,  total. , 

14.  Furnaces,  and  int.  diam 

15.  Length  of  bars  

16.  Draft,  and  tube  diam. . . 

17.  Funnel  top  above  bars. , 

18.  Grate  area  (bars)  

19.  Bridges  

'20.  Macliinery   


21    C:"i(lei 卜 't 


and  f/c.) 
X(>\-ctii1mt,  101 1  . 
4.0l5^niss,  2,."i(i(M 
370'x51'x27'9w 

23'  li" 

•2\Y  4f,  leavint; 

cliff. 
0,S9I  tuns 
•7S4 


S.S.  "  Cairnross." 
Doxforxl  &  S<ms，  Ll<l. 


Complete  .shelter  <lc<  k. 


January, 

2,51   not  t 
370/x51/x27'l*/' 

23'  6i* 

Car-  23'  8}",  leaving  Car- 
diff. 
0.050  tons 
•77U 


7>OTLERS. 


22.  Cooling  surf  arc 
.Marhinery  and 
ser  built  by. 

24.  Pumps   


iiden- 


lsu 


•25, 


L>S. 


20 


3  single  ended, 
lbs. 

10'  6〃 

G,823  sq.  ft. 

9'  x  3'  5" 

4'  9"  (trident) 

Natural  ；  3|" 

About  77' 

145  square  feet 

past  iron  (Sturrock) 

•Single,  triple-expan- 
sion inverted  direct- 
acting. 

Cyls.  24*,  40"，  66" 
dias.    Stroke,  45〃 

Ratio  L.P./H.R,  7-55 

Usual  marine  type 
forming  part  of 
framing. 

2,5(i3  square  feet 

Messrs.  Wm.  Doxfonl 
&  Sons,  Ltd 

Air,  circulating,  feed, 
and    bilge    pu  m 
driven  \>y  nmin  en- 
gine as  usual 
Tlioso  feed  pumps  de- 
liver to —— 


Feed  heater   Weir's  contact  heater 

Hot  ft'('(l  |>un»|)0(l  ) iv  -  .  One  \\\*ir\s  fetnl  pump 
Heat  ohtainwl  from. ...  Steering  engine,  feed 
l>umj)  and  ash  lioist 
exhausts,  L.P.  steam 
i-ht'^t,  and  evapora- 
tor vapour. 

St^ovin^  m^iiH4  !  Wigham's  8 A"  diam.  x 

£T  stroke  with  pis- 
I    ton  valves,  u  Econo- 
i    mic  ，'  valve  cut  out 
for  trial. 

 ' Loose  bronze  blades, 

j    cast  iron  boss. 
At  llottenlain,  Jan. 
191：5. 

I'sual  ono  coat  ca^-h 


3  single  ended,  ISO 

lbs. 
14'  9" 
10' (>" 

0,823  sq.  ft. 

9'  x  3'  5" 

4'  IT  (tri<Icnt) 

Natural  ；  3f 

About  77' 

145  square  feet 

(,'ast  iron  (Sturrock) 

One  high  pressure,  one 
low  pressure,  high- 
speed turbine  geared 
to  single  main  shaft. 
Ratio  26-2. 

Separate  circular  typo 


square  feet 
Messrs.  Parsons 
Marine  Steam  Tur- 
bine Co.,  Ltd. 
All  independent,  viz., 
Wii's  dual  air 
pump,  centrifugal 
circulating  pump, 
single  cylinder  bilge 
pump，  single  cyl.  oil 
pump,  one  XiclioLs* 
feed  pump  drawing 
from  Hot \\  ell  (tioat 
t-oiitrol)  delivering  to 

Xicliols'  contact  licator 
( h\v  Xirlu»ls'  fet*<l  pump 
Stt'i'rin^  engine  and  all 
auxiliary  exhausts  & 
cvapomtor  vapour. 


1 1  ：  Ivors'  S" 
stroke 


diam. 
with 


Hat 


Propt-lK-r   

30.  Last  paint  inu;  of  h.ti  toni 

31.  Nature  of  paint  


Loose  bronze  blades, 

cast  iron  boss. 
At  Sunderland.  Jai \ . 

1U13. 

of  anti-corro.sive  and 


Anti-fonlinir  coinposition.  same  maker. 


equal  to  that  attained  in  the  】iigh-speed  turbines  used  for 
similar  ])o\ver  on  shore.  As  the  friction  loss  in  the  gearing 
is  claimed  to  be  only  1A  per  rent,  to  2  per  cent,  it  will  l>e  at 
once  understood  that  there  is  little  to  cliarge  to  the  account 


April  18，  1013] 


THE    MECHANICAL  ENGIXKKR. 


417 


of  the  gearing  as  nn  ofTsoi,  again  si  tlio  im'i'eased  economy  of 
t  lie  lurbinft  over  i  lie  rori| "'(>("" on^ino,  i>r。vi'l(''l,  of 
course,  ex[>erieiH'e  as  to  (lurat)ility  proves  satisfa<'toiy. 

Before  proceeding  to  an  acrount  of  tlio  trial  a  v,<'n(M'a' 
doH(*i'i]>tion  of  the  sliips  and  I  Iiei»-  inarliinery  is  si 山出 it""l  in 
Table  I.  It' will  he  not  irod  I'nmi  1  his  ( al)le  i  hal.  Hie  two  ships 
Ui(、msH、'('s  ； u(、  mImiosI  identical  in  essential  charHclciisl  ics  ;is 


were  mado  in  other  direct  ions  in  tlie  elimination  of  rlifTer- 
ences  l>eiweeii  the  two  sl"|>s,  and  in  some  of  tliese  the  lurhino 
liiachinery  undouliledly  lost  some  of  its  8ii|)**riorit v.  Ainon^ 
these  s;u*rifires  tJic  aut  lior  won  hi  .s|><-rially  iiulicate  the 
following  ： — 

(I)  Tlie  boilers  were  identical  in  liio  two  ship».  la  view 
of  (1h»  (piilc  suHirient,  hoiler  power  in  I  li^  '   ( 'airiig (八、 'an,' ■  the 


Figs.  1  and  2.— Arrangement  op  Reciprocating  Ent.inks,  S-S.  "  Cairngowan. 


far  as  this  trial  is  affected.  In  fully  loaded  condition  (sunmier 
draught)  a  difference  exists  arising  from  the  fact  that  Ihe 
' diriu'oss  "  owing  to  her  complete  shelter  deck,  is  allowinl 
some  inches  deeper  immersion  than  the  "  Cairngowan  ''  in 
view  of  which  the  lines  of  the  "  Caii'nross "  were  fined 
slightly  from  those  of  the  "  Cairngowan."    The  trials  taking 


Fig.  3.— Akrangement  of^Recipuocating  Engines,  S.S.  "  Cairngowan." 

place  in  February,  the  "  Cairngowan  ，，  was  run  at  her  ('orrert 
winter  draught,  and  the  "  Caii'm'oss "  was  loaded  to 
3 A  inches  deeper  than  the  "  Cairngowan  ，，  to  compensate  for 
the  slightly  fined  lines  of  the  former  vessel.  Freight  was 
therefore  sacrificed  in  the  case  of  the  "  Cairm'oss"  for  this 
voyage  in  order  to  obtain  a  valid  comparison  without 
calrulate<l  corrections.    Tt  should  hp  here  stated  thai-  sacrifices 


boiler  power  in  the  turbine  sliip  was  evidently  at  least  15  per 
cent,  too  great  for  the  purposes  of  tlie  trial,  entailing  excessive 
radiation  losses,  as  well  as  excessive  weight  of  boilers  and 
water. 

(2)  Tlie  boiler  pressures  were  kept  alike ~ 1801bs.  This 
is  unnecessarily  high  for  economy  .  in  turbines,  and  un- 
doubtedly leads  to  increased  radiation  losses,  increased  loss 
in  temperature  of  uptake  and  unnecessary  extra  weight  of 
boilers. 

(3)  The  propellers,  tiuinel  shafting,  and  thrust  blocks  were 
identical  in  the  two  ships.  No  doubt  in  view  of  the  steady 
turning  moment  and  absence  of  racing  with  turbine  machi- 
nery, the  shafting  might  have  been  reduced  in  diameter  even 
with  the  same  pi'opeller.  Probably,  too,  in  the  interests  of 
the  turbine,  of  the  gearing,  and  weight,  the  propeller  diameter 
might  have  been  reduced  without  loss  of  advantage  in 
economy,  in  the  turbine  ship,  with  an  increase  of  speed  of 
revolutions  of  the  propeller,  and  either  a  higher  speed  of 
revolution  of  the  turbines  or  a  lower  ratio  of  reduction  in  the 
gearing,  either  of  which  would  have  been  an  advantage. 

It  will  be  noticed  from  Table  I.  and  from  the  trial  results 
that  the  "  Cairngowan's  "  machinery  is  arranged  with  an 
efficient  feed-heating  system.  To  further  indicate  what  rela- 
tive economy  this  ship's  machinery  should  show,  it  may  be 
stated  that  the  high-pressure  valve  is  of  the  piston  type,  with 
Lockwood  &  Carlisle  rings.  High-pressure  and  intermediate- 
pressure  pistons  also  have  Lockwood  &  Carlisle's  rings,  and 
the  lower-pressure  piston  is  fitted  with  the  usual  broad  ring 
and  "  coach  springs."  The  intermediate-pressure  slide  valve 
is  of  the  completely  balanced  type  made  by  Messrs.  Andrews 
and  Cameron,  and  may  be  described  as  a  rectangular  piston 
valve  in  an  adjustable  casing.  The  high-pressure  and  inter- 
mediate-pressure piston  rods  are  packed  with  a  oast-iron 
rectangular  ring  packing,  with  no  wedge  action,  and  are 
therefore  subject  to  comparatively  little  friction. 

The  general  arrangement  of  the  "  Cairngowan's  "  machi- 
nery is  shown  in  Figs.  1，  2,  and  3.  The  "  Cairngowan  ，，  had 
already  done  about  14  mouths  ordinary  work  in  River  Flat«, 
Black  Sea,  and  Eastern  trades :  before  proceeding  on  trial 
all  main  cylinders,  pistons,  and  valve«  were  examined  b_v  her 
own  staff  and  representatives  of  her  builders,  and  were  found 
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in  good  condition.  Since  last,  dry-docking  (Rotterdam,  Janu- 
ary 15th,  1913)  she  had  run  from  Rotterdam  to  London,  lain 
in  Thames  four  days,  aud  run  to  Cardiff,  where  she  lay  14 

days. 

The  11  Cairnross  "  since  drydooking  had  lain  four  days  in 
South  Dock,  Sunderland,  run  in  ballast  from  Sunderland  to 
Cardiir,  and  lain  12  days  in  Cardiff.    The  condition  of  the 


helical  '，  set,  with  the  apex  of  the  spirals  cut  away.  These 
pinion  shafts  are  of  nickel  steel .  The  lar^e  wheel  driven  by 
these  pinions  is  on  a  shaft  forward  of,  and  coupled  by  usual 
flange  couplings  and  holts  to,  the  thrust  shaft.  This  wheel 
consists  of  a  heavy  cast-iron  boss  and  pair  of  discs,  on  to 
which  a  inilrl  rast-st-eel  hoop  is  shrunk  anrl  pegged.  In  this 
lioop  the  gear  teeth  are  cut.    The  pinion  and  wheel-sliaft 


Figs  4  and  5.— Arrangement  of  Geared  Turbine  Machinery,  S.S.  "Cairnross.1 


skin  of  these  ships  may  therefore  be  taken  as  identical.  They 
were  painted  with  similar  paint.  The  main  machinery  of  the 
" Cairnross"  consists  of  two  reaction  turbines  in  series. 
These  are  arranged  one  on  each  side  of  main  line  of  shafting, 
and  each  is  connected  by  a  flexible  and  sliding  coupling  to  a 
pinion  shaft  ；  each  pinion  shaft  is  carried  on  three  bearings, 


丄 


q«Mv-  —.t* 

r 竹 


丄 


丄 


Fig.  6.— Arrangement  of  Geared  Turbine  Machinery,  S.S.  "  Caikntioss." 

and  between  these  bearings  and  pinion  teeth  are  cut  on 
enlarged  parts  of  the  shaft.  The  general  arrangement  of  the 
" Cairnross"  machinery  is  shown  in  Figs.  4，  5，  and  6.  The 
teeth  are  spirally  cut,  and  as  the  spiral  on  forward  pinion  on 
each  side  is  cut  "to  opposite  hand,"  as  compared  with  that 
on  the  after  pinion,  each  pair  forms  virtually  a  "  double 


bearings  are  incorporated  in  a  heavy  cast-iron  gear  case,  、vhi(、li 
gives  them  suitably  rigid  support  and  encloses  the  gears  so 
that  they  may  be  run  under  jets  of  oil  and  kept  free  from  risk 
of  damage  either  by  dirt  or  by  the  accidental  introduction 
of  any  object  that  might  endanger  the  gearing.  The  form  of 
the  teeth  is  involute.  This  form  of  tootb  has  one  great 
advantage  for  machine-cut  gearing,  namely,  that  the  correct 
worm  to  work  with  an  involute  worm  wheel,  being  geometri- 
cally equivalent  to  a  "  rack  "  has  straight  sides  to  its  thread. 
A  simply  produced,  multiple-threaded,  hobbing  cutter,  of 
l<  worm  "  type  can  therefore  be  used  on  a  suitable  machine  to 
produce  automatically  the  correct  tooth  form  of  the  pinions 
and  the  large  wheel. 

The  turbines  are  designed  to  give  their  sea  power  at 
1,700  revs,  per  minute,  corresponding  to  65  revs,  per  minute 
of  the  propeller.  For  astern  driving,  a  turbine  is  embodied 
in  the  after  end  of  the  port  side  turbine,  the  latter  being  the 
low-pressure  turbine.  As  usual  in  such  arrangements,  the 
low-pressure  and  astern  turbines  exhaust  into  the  sain© 
connection,  at  about  the  middle  of  the  length  of  the  port 
turbine  casing,  so  that  when  one  of  these  is  uuder  steam  the 
other  runs  id】y  in  the  vacuum.  For  compactness,  the  astern 
turbine  has  one  impulse  stage  at  its  high-pressure  end.  The 
power  of  the  astern  turbine  has  uo,t  been  measured,  but 
appears  to  be  ample.  As  evidence  of  this  it  may  be  men- 
tioned that  whilst  the  vessel  was  being  worked  into  the  clocks 
at  Cardiff  a  record  was  taken  of  one  operation,  and  it  was 
found  that  in  28  seconds  from  receipt  of  the  signal  oil  the 
engine-room  telegraph,  the  propeller  wae  turning  at  nearly 
49  revs,  per  minute.  The  handling  of  the  turbines  during 
manoeuvring  is  extremely  simple.  Beyond  the  opening  and 
closing  of  the  valves  giving  steam  to  the  ahead  or  astern 
turbines  as  necessary,  uothing  is  necessary  except  occasional 
slight  adjustment  of  the  steam  supply  to  such  glands  as  are 
steam  packed  against  the  drawing  iu  of  air.  At  such  times 
the  air  pumps,  tlie  circulating  pump,  and  the  oil  pump  are 
kept  running,  and  the  feed  pumps,  under  control  of  their 
float  tanks  "  look  after  themselves  "  wheu  in  proper  order. 

The  lubrication  of  the  】nain  machinery  is  effected  by  oil 
fed  down  by  gravity  from  a  tank  at  about  the  level  of  the 
main  deck.    A  thick  carbon-filtered  pure  mineral  oil  is  used, 
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Tlie  s:imc  oil  is  used  for  the  turbine  bearings,  gear  bearings, 
and  gear  teeth,  the  oil  being  delivered  to  the  hitter  near  t ho 
pinions  by  a  series  of  jets.  Oil  from  all  these  ]>;u  ts  passes  l)v 
gravity  to  a  closed  tank  which  is  dropped  into  tlie  double 
bottom,  from  which  it  is  lifted  by  a  steam-driven  ])iiin j», 
passed  through  a  filter,  and  throu^li  a  cooler,  supplied  witli 
water  from  tTie  】uain  circulating  )>iini|)  up  to  the  gravity 
tank  again.  The  same  oil  is  tlius  us:'(l  over  again,  abcut  600 
gallons  being  in  circulation. 

(7o  be  contin urd.) 


THE  LAY-OUT,  DESIGN,  AND  EQUIPMENT  OF  INDUSTRIAL 
WORKS. 

An  interesting  paper  ()"  this  subject  was  read  by  Mr.  A. 
Hotne-Morton  at  a  recent  meeting  of  the  Liverpool  Engineer- 
ing Society.  TiuhiKtrial  works  design  was,  he  said,  a  special 
braucli  of  applied  engineering  and  involved  consideration  of 
every  problem  whicli  miglit-  arise  from  the'  conception  to  the 
realisation  of  the  scheme.  Xo  one  was  better  fitted  to  study 
these  than  thei  engineer.  A  r>o»und  technical  training  com- 
bined with  a  keen  insight  into  international  industrial  move- 
ments and  the  faculty  of  observation  were  liis  basic 
qualifications.  The  blunder  wiiicli  was  perpetrated  on  all 
hauds  in  this  country  to-day  was  the  creation  of  industrial 
works  and  the  birth  of  indust  ries  without  adequate  t  ijne 
li ;ivin^  been  sj>ent  on  tlieir  ccal  dosign .  The  aut  lior  divided 
his  subject  into  six  sections  :  (1)  General  and  financial  con- 
siderations; (2)  labour  and  labour  conditions  ；  (3)  general 
arrangenients  ；    (4)  generation  and  transmission  of  energy  ； 

(5)  design  and  consideration  of  the  works  structure;  and 

(6)  reconstruction. 

The  stress  of  conijielitiun  in  modern  industry  demanded 
efficiency  with  economy  in  every  department.  Industrial 
engineers  were  in  consequence  frequently  called  upon  "> 
supplement  estimates  of  the  capital  cost  of  a  projected  under- 
taking witli  estimates  of  the  working  cost's,  niaiiitenaiu'e,  and 
even  of  profit's.  These  cleiiiaiuls  in  proprietors'  interests  were, 
under  certain  coiulitions,  legitimate  and  desirable,  and  the 
engineer-designer  must  be  able  to  satisfy  the  proprietor  with 
such  estimates,  accurate  to  within  a  moderate'  percentage. 
Careless  estimating  ought  to  be  inconsist enl  with  professional 
honour. 

Due  consideration  of  and  for  the  worker  was  now,  he  said, 
being  accepted  as  a  sound  business  policy.  There  was  a 
tendency  towards  improved  labour  conditions  and  the  reduc- 
t  ion  of  physical  drudgery  by  the'  ini  i-oduction  of  aids  to  labour. 
A  certain  school  of  economics  contended  that  the  increase'  of 
uiechanical  appliances  tended  to  lower  the  standard  of  excel- 
lence and  skill  in  handicraft,  and,  consequently,  the  intel- 
ligence ol'  the  craftsm an,  but  it  was  equally  true  that  tlie 
greater  perfection  of  the  results,  increased  rat©  of  production, 
and  usually  greater  reward  obtained  with  m ech an ical ly-a i d e j I 
labour  1  ended  to  improve  labour  rmidit imis,  and  to  uplift, 
rather  than  to  degrade,  t lie  worker.  It  must  be  clear  that  in 
order  to  secure  not-  only  quantity  but  q ualitv  of  output,  the 
interest  and  skill  of  t'he'  worker  and  t  lie  perftM'tiou  oi'  equip- 
ment must  be  maintained  unimiJairetl. 

A  works  general  arrangenuMit,  must  be  considered  with 
reference  to  the  character  and  quant  ity  of  the  output ,  and  the 
limitations  and  disal)ilities  of  tho  site.  Actual  works  designed 
to  prochice  the  same  connnodity  on  sites  of  varying  form  were 
found  on  examination  to  have  similar  essential  areas,  even 
althougli  they  mi^lit  tlilter  somewhat  in  arrange»atMil .  Tins 
biggest ed  a  relationship  between  floor  ;u*ea  and  output ,  wliich, 
llieoreticallv,  ought-  to  liokl,  and  (m  invest i^at ion  would  be 
found  to  a]>j)lv  even  in  wo rks  which  had  grown  t'roin  humble 
beginnings.  8uc]i  a  ratio  of  floor  area  h)  output  would  vary 
with  Hie  inagnitucle  of  the  output,  although  it  would  probably 
liold  tor  average  conditions  over  a  considerable  range  in 
magnitude.  ' 

The  first  esseutial  to  ； i  general  arrangementi  design  was 
t-he  •*  process  diagram,"  and  the  second  the  "  routine 
diagrani."  The  process  diagram  was  simply  the  enumeration 
in  tabular  form,  or  the  graphical  pre^entinent ,  of  the  several 
works  processes.  For  example,  in  paper  mills,  the  several 
processes  were  sorting  and  cutting,  (lusting,  washing,  break- 
ing, bleaching,  beating,  colouring,  paper  making,  drying, 
sizing,  and  glazing.  In  the  nianufaoture  of  cotton  they  were 
bale-opening,  mixing,  cotton-opening,  scutching,  carding, 
drawing,  lapping,  combing,  slubbing,  roving,  mule  and  ring 
spinning,    doubling,    twisting,    winding,      gassing,  reeling, 


bundling,  tying,  pirn  winding,  warping,  and  weaving.  Wlicn 
to  a  graphical  diagram  of  ； t  process  o(  manufacture  was  added 
a  complete  schedule  of  Lite  areas  required  to  house  tiie 
machines  necessary  to  produce  a  given  output,  then  a  coiiq 小'， '• 
" process  diagram  ，'  was  tlie  result. 

From  the  process  diagram  and  tlie  basis  areas  already 
mentioned,  tlie  engineer-designer  witli  an  intimate  knowledge 
of  the  wliole  process  of  inaiiufaf'ture,  and  oi'  the  n""  liiii<'， 
necessary  to  accomplish  the  process  in  each  particular  section, 
iniglit  proceed  to  prepare  the  routine  'iia^ram,  wliirli  r«'|'n ，- 
sented  graphically  tlie  flow  of  work  in  process.  In  pr* 屮 ariii"' 
this,  works  should  be  so  arranged  that  tlie  inateriu!  dealt  witli 
and  manufactured  sliould  flow  through  tlient  in  an  orderly 
manner,  in  one  direction,  so  far  as  might  be,  and  without 
waste  of  time,  energy,  or  material.  The  routine  diagram  was 
probably  the  most  difficult  part  of  works  design.  Jt  involved 
the  sequential  aiiangement  of  the  machines  within  each 
department,  and  thereafter  the  laying  out  of  the  departments 
relative  to  each  other.  To  carry  this  out  successfully  required 
great  skill  and  care,  and  probably  much  tactful  discus-ion 
with  the  proprietors,  managers,  and  foremen  of  the  pro} 
works.  From  the  data  available,  however,  suitable  approxi- 
mate linear  dimensions  and  heights  for  buildings  miirlit  In- 
fixed, and  thereafter  the  manipulation  of  these  blocks  nik'l" 
proceed  until  the  most  satisfactory  relative  positions  o i'  <\f\m  v\ 
ments  were  secured.  The  routine  diagram  was  complete  \v 1 1 e 1 1 
the  several  departments  were  arranged  on  paper,  and  the  flo，、v 
of  work  in  progress  through  the  departments  was  as  p*- 
as  possible.  The  first  design  was  rarely  final,  for  the  final 
plan  was  usually  a  combination  of  the  leading  features  of 
several  draft  plans.  It  could  not  be  too  well  remembered  that 
the  works  buildings  should  accommodate  the  plant,  that  the 
process  of  manufacture  should  not  require  to  accommodate 
itself  to  the  buildings,  and  that  the  transmission  of  power  was 
an  integral  part  of  the  scheme,  and  must  be  considered  from 
that  standpoint. 

The  subject  of  power  generation  aud  transmission  in 
industrial  works  had  been  frequently  aud  exhaustively 
treated  in  recent  years.  The  mass  of  information 
was,  however,  so  technical,  so  varying,  and  so  conflict  iu"' 
in  its  conclusions  as  to  be,  in  a  great  measure, 
beyond  the  grasp  of  most  power  users.  Tlie  first  conclusion, 
and  that  to  whicli  it  was  difficult  to  reconcile  the  partisan 
mind,  was  that  each  system  of  power  generation  and  trans- 
mission had  its  particular  advantages  and  superior  economy, 
and  that  maximum  economy  in  works  driving  in  a  particular 
case  might  be  obtained  by  a  combination  of  two  or  more 
systems.  The  difficulty  was  usually  not  so  much  tlie  selection 
of  the  system  as  the  determination  of  the  extent  to  wliich  it 
should  be  utilised.  Where  the  plant  was  compact  and  con- 
veniently arranged  witliin  a  radius  of,  say,  100ft.  or  150ft. 
from  the  central  power  plant,  mechanical  transmission  was 
most  economical,  while,  with  an  increased  radius,  gas  or 
electrical  transmission  had  advantages.  The  former  was  the 
most  attractive  system  from  the  point  of  view  of  thermal 
efficiency,  but  it  had  a  more  limited  application.  In  small 
works  and  factories  the  most  careful  thought  ought  to  be 
given  to  the  works  design  in  order  to  ensure  a  compact  arrange- 
ment and  efllicieut.  mechanical  transmission.  The  chief 
advantages  of  tlie  electrical  transmission  system  were  its 
adaptability  and  the  ease  with  which  ifc  could  be  extended. 
Its  chief  drawback  was  its  cost,  a  part  of  which,  at  least,  was 
due  to  the  refinements  which  had  been  introduced  into 
electrical  controlling  and  operating  mechanism. 

Under  the  industrial  conditions  whicli  held  to-day  and  were 
becoming  increasingly  stringent,  no  manufacturer  who  was 
building  or  reconst  ructing  works  or  mills  could  afford  to 
neglect  the  technical  skill  whicli  was  at  his  disposal  quite 
irrespective  of  cost.  It  might  be  argued  that  a  works 
manager  or  proprietor  knew  most  about  his  business  aud  its 
needs.  But  it  could  be  urged  quite  legitimately  that  the 
proprietors  business  might  be  the  mining  of  coal,  or  the 
manufacture  of  iron  or  steel,  ships,  chemicals,  or  textiles.  In 
that  sphere  he  was  at  his  best,  but  in  the  design  of  buildings, 
the  selection  of  power  plant,  or  even  the  economical  arrange- 
ment and  correlation  of  them  he  was  at  a  disadvantage. 
Whether  this  disadvantage  was  serious  or  might  only  involve 
a  permanent  tax  upon  his  business,  when  accepted,  must  be 
left  to  his  owu  judgment.  Those  industries  wliich  held  a 
world-wide  reputation  in  America,  in  Gemmiiv,  and  in  this 
country  had  in  every  instance  beeu  either  originally  designed 
or  reconstructed  by  experts. 
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SIX-STROKE  CYCLE  INTERNAL-COMBUSTION  ENGINE. 

The  Transactions  of  the  American  Society  of  Mechanical 
Engineers  for  April  contains  the  following'  particulars  of  a 
new  six-stroke  cycle  internal -combustion  engine,  designed  by 
E.  Schimanek,  and  described  by  liim  in  "  Zeits.  des  Vereines 
deutscher  Ingenieure." 

The  improvement  of  the  output  of  internal-combustion 
engines  may  be  sought  along  the  following  lines  :  (〃)  Improve- 
ment of  economic  efficiency  by  better  fuel  utilisation  (the  gases 
are  subjected  to  a  longer  expansion,  the  volume  at  the  end  of 
expansion  is  equal  to  cylinder  volume  or  that  at  the  beginning 
of  compression)  :  has  been  proved  theoretically  and  practically 
that,  with  increasing  compression,  beyond  certain  limits  ilia 
advantages  practically  stop,  and,  e.r/.,  in  the  case  of  constant- 
pressure  engines,  compression  above  38  or  40  atmospheres  does 
not  improve  the  efficiency  any  more.  (h)  Increase  of  tlie 
number  of  working  strokes  per  unit  of  time.  This  can  be 
done  in  two  ways  :  (1)  by  increasing  the  speed  of  the  engine 
(speed  above  200  to  300  revs,  per  minute  does  not  improve  the 


Fig.  1.— Schimankk  Six-sthoke  Cycle  Intebnal-combustion  Engink 


efficiency  any  more,  while  high  speed  always  unfavourably 
affects  the  life  of  the  engine)  ；  or  by  (2)  the  reduction  of  the 
number  of  strokes  at  which  no  work  is  done  (double-acting 
and  two-stroke  cycle  engines  ；  a  calculation  is  given  to  show 
how  the  efficiency  of  the  two  types  compare'  with  each  other). 
(c)  Increase  of  the  amount  of  air  handled  by  th&  motor  per 
fuel  charge  (by  lowering  the  temperature  of  the  air,  reduction 
of  the  amount  of  products  of  combustion  remaining  in  the 
working  cylinder  and  filling  up  the  space  thus  liberated  by 
clean  air,  and  by  increasing  the  air  pressure  previous  to  com- 
pression). 

The  second  of  these  methods  is  applied  in  the  so-called 
scavenging  engines,  as  well  as  to  a  certain  extent  in  six-stroke 
cycle  engines.  In  the  case  of  a  four-stroke  cycl©  engine,  the  out- 
put may  be  increased  by  supplying  to  the  working  cylinder  vuxn- 
pressed  air  from  a  special  receiver  in  which  the  oompr&ssed  air 
is  replaced  by  a  pump.  The  pump  must  then  siij 屮 lv  tlir 
entire  air  handled,  and  the  dimensions  of  the  working  and 
pump  cylinders  depend  on  the  desired  pressure  or  improvement 
in  the  output ；  the  pump,  which  works  on  the  two-stroke 
cycle,  must  have'  'a  cylinder  either  equal  to  the  working 
cylinder,  if  it  is  single-acting,  or  of  half  its  volume,  if  it  is 
double-acting,  so  that  the  ratio  for  the  same  output  between 
the  combined  cylinder  and  pump  volume  for  tlie  improved  uud 
ordinary  types  of  four-stroke  cycle  engines  is  for  two  atmos- 
phere's pressure  in  the  first  case'  "  =  1，  and  in  the  second 
a  =  075  ；  for  1'5  atmospheres  pressure  a  becomes  respect i vol  v 
1*166  and  0*913.  Another  way  is  to  take  part  of  the  air  froiii 
outside,  and  only  supplement  from  the  receiver.  In  this  case 
the  working  process  is  as  follows :  the  working  cylinder  at 
the  first  stroke  draws  iu  outside  air,  and  at  the  eoid、of  the 
suction  stroke,  after  the'  suction  opening  has  been  closed,  the 
working  cylindei'  is  set  into  communication  with  the  receiver, 
so  that  the  air  compressed  by  tlie'  pump  flows  into  it  and  raises 
the  pressure  ；    this  is  followed  by  the  usual  compression, 


expansion  and  exhaust.  If  now  the  working  cylinder  takes  in 
as  much  air  from  outside  as  from  the  receiver,  then  previous 
to  compression  (isothennic  compression  in  the  pump  and 
instantaneous  free-of-losses  passage  of  air  to  the  working 
cylinder  at  tlie  dead  centre  being  assumed)  tlie  pressure  in  the 
working  cylinder  is  two  atmospheres  and  the  output  twice  as 
large  as  in  the  ordinary  four-stroke  cycle  engine.  Since  with 
a  single-acting  ])unip  the  total  volume  of  the  working  aud 

pump  cylinders  is  1  +  0  5，  the  ratio  a  becomes  ―  =0*75  ；  with 

a  double-acting  punij)  it  is  a  ―  1  =0*62. 

The  tliernial  efficiency  of  such  an  engine  is  somewhat  lower 
than  that  of  an  ordinary  four-cycle  engine,  and  the  more  so 
the  smaller  the  size  of  the  receiver  because  in  the  overflow  of 
air,  apart  from  acceleration  and  throttling  losses,  there  are 
losses  due  to  the  flow  of  air  from  the  receiver  where  it  is  at  a 
high  pressure,  to  the  cylinder  where  a  lower  pressure  prevails. 
But  the  efficiency  of  a  four-stroke  cycle  may  also  be  improved 
without  introducing  a  separate  air  pump,  by  applying  a 
special  process  invented  by  the  author.  The  essential  part  of 
this  new  process  consists  in  making  several  suction  strokes 
before  each  compression  or  expansion  stroke.  The  air  taken 
in  before  the  last  suction  stroke  is  stored  in  a  receiver  up  to 
the  last  suction  stroke,  when  it  is  conveyed  to  the  working 
cylinder  and  tliere  forms  part  of  the  explosive  charge.  This 
cycle  may  be  of  six  or  more  strokes.  In  the  six-stroke  cycle 
shown  in  Fig.  1  A  the  sequence  is  as  follows:  stroke  1  : 
suction  of  outside  air,  A ~ B  ；  stroke  2  :  compressed  air 
driven  into  the  receiver,  B ― C  ；  stroke  3  :  suction  of  outside 
air,  C ― D  ；  between  the  third  and  fourth  strokes  the  air  flows 
over  from  the  receiver  into  the  working  cylinder,  where  the 
pressure  rises  to  about  two  atmospheres,  D ~ E  ；  stroke  4  ： 
compression  of  the  charge,  E ― F;  stroke  5  :  combustion  aud 
expansion,  F ~ G  ；  stroke  6  :  exhaust,  G ― H.  With  this  pro- 
cess in  six  strokes  twice  as  much  air  is  liaudled  as  in  a  four- 
cycle engine  in  four  strokes,  aud,  for  the  same  number  of 
revolutions,  the  output  is  133  times  as  great  as  in  the  latter 
type  ；  not  counting  Josses  connected  with  the  overflow  of  air, 
the  same  cylinder  volume  in  the  six -stroke  cycle  gives  about 
33  per  cent,  more'  output  than  in  the  four-stroke. 

工 li  actual  operation,  however,  this  is  not  quite  so.  The 
conditions  are  the  same  as  in  a  four-stroke  cycle  engine  ouly 
during  the  first  suction  stroke,  while  previous  to  the  second 
and  following  strokes  the  pressure  in  the  compression  space 
of  the  cylinder  is  tliat  of  the  receiver,  and  the  volumetric 
efficiency  is  therefore  affected  by  the  expansion  of  the  air  from 
the  receiver  pressure  to  the  atmospheric.  At  the  second  and 
following  (in  engines  of  cycles  higher  than  the  six-stroke) 
suction  strokes  the  volumetric  efficiency  cau  be  good  only  when 
the  compression  space  is  not  too  large,  and  the  application  of 
this  principle  is  therefore  limited  to  engines  with  a  high  com- 
pression pressure,  that  is,  to  const  a  at -pressure  engines. 

As  regards  the  ignition  of  the  fuel  only  small  amounts  of 
heat  can  escape  through  the  receiver  walls,  owing  to  the  com- 
paratively low  temperature  of  the  stored- up  air  and  its  low 
conductivity;  the  fall  in  teniperature  due  to  this  loss  of  heat 
is  further  compensated  for  by  the  rise  of  temperature  due  to 
throttling.  The  final  teniperature  does  not  therefore  sub- 
stantially differ  from  that  of  four-stroke  cycle  engines  using 
similar  pressures,  aud  the  final  pressure  neotl  not  ex  reed 
60  atmospheres,  as  in  the  four-stroke  cycle  engine.  Actually, 
however,  only  about  50  atmospheres  are  used,  which  】nakes  a 
larger  compression  space  necessary,  and  somewhat  reduces  the 
thermal  efficiency  of  the  engine.  As  regards  losses  of  heal-  to 
the  cooling  water,  in  the  four-stroke  cycle  tlie  cooling  does  no 
useful  work  during  the  suction  aiui  exhaust  st  rokes,  and  alTci-ts 
the  compression  stroke  but  little.  It  affects  liannfullv  tlie 
utilisation  of  the  fuel  heat  (^ontent  only  during  the  ro"il，ustion 
ami  expansion  strokes.  I n  t lie  six-stroke  cycle  there  are  five 
strokes  during  wliich  the  cooling  water  does  no  liarm,  aud 
therefore  for  tlie  same  munber  of  revolutions  per  minute  t  In* 
lo&s  to  tho  cooling  water  is  less  in  the  case  of  the  six-stroke 
cycle  engine  than  iu  the  four-st roke  cvcle.  Tlie  Srliiinauek 
engine  working  on  the  six-stroke  cycle  is  shown  iu  Kig.  1,  B 
and  C,  and  the  overflow  valve  permitting  the  air  to  flow  from 
the  receiver  into  the  ovlinder  between  t ho  t liial  aud  fou rtli 
stroke,  as  explained  above,  is  shown  at  Fig.  ]，  D.  Tlie  useful 
output  ol'  tlie  now  engine  (about  10  h.]>. )  was  found  to  be 
LM)  to  125  j)or  cent .  in  excess  of  that  of  a  1'our-slroke  t'vrle 
engine  of  similar  dimensions.  No  data  is  given  as  io  the 
first  cost  of  the  uew  eugiue. 
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THE  DEVELOPMENT  OF  THE  WESTINGHOUSE  TURBINE.* 

}1Y  II.  T.  HEKR. 

In  (he  early  exixM'iiiieiiis  made  ； it*  The  W'cstiii^liousc  Macliim1 
Coinpiniy,  under  the  direct  ion  of  Mr.  CJoor^C'  West  i  hj^Iioum', 
a  svstem  of  turbine  elenients  was  (lev<'l(>p('(l  l>y  M  r.  Westing- 
house  consisting  of  a  conil)inal ion  impulse  turljinc  i'or  1  lir 
hi^li-pressure  stages,  and  reaction  or  Parsons  elements  J'i i v 
I  In-  low-pressure  portions  of  the  turbine,  the  object  of  the  coni- 
hinaiioii  being  to  secure,  without  sacrifice  in  economy,  a  more, 
stable  mechanical  const  ruction  by  shortening  tlic  niai-hino 
and  dispensing  with  the  necessity  for  three  balancing  pistons, 
as  obtained  in  the  Parsons  design  originally  exploited.  This 
combinaiion  was  particularly  desirable  at  the  time  of  its 
introduction  by  Mr.  Westin^house  on  account  of  the  relatively 
low  powers  then  required  in  turbo-generator  work,  althougli 
very  successful  niacliines  liave  been  in  operation  here  an'  1 
abroad  of  the  straight  Parsons  design,  which  lends  it  sell" 
admirably  to  certain  o])tM-;«t  in*;-  condit ions. 

The  ability  of  the  Curt  is  elenieid  t  o  extract  ； it  a  givcii 
Made  speed  considerablo  enorgy  in  tlie  high-pressure  stage  of 
the  turbine  wiili  good  effifiency  i-csuHcd  in  its  ； idopl  ion  hv 
M  r.  Westin^liouse  for  tlie  lii^h-pressurc  portion  of  his 
lnachino,  by  wliich  20  per  cent,  to  50  p&r  cent,  of  the  ener^v 
of  the'  total  ex[);nisioii  is  ,'>d  r;i('t(、（l，  it'uviiig  to  tin'  Parsons 
blading  in  the  low-pressure  portions  of  the  turbine  tlif 
ha  lance  uf  the  work  to  l)e  done  wit  li  the  most  rllicieiit  turbine 
olenients. 


Fi<4.  ].— Westingiiouse  Stkam  Turbine. 


Tlie  impulse  wheel  in  t  his  const  ruction  replaced  a  l:ir:' 
number  of  rows  of  Parsons  blading  witli  equivalrnt  economy, 
because  in  the  smaller  powers  it  was  necessary  in  the  straight' 
Va  rsons  machine,  on  account  of  total  peripheral  admission, 
to  make  Uu、  blade  speeds  relatively  low  in  onler  t liat  tlu'ir 
height  miglit  be  as  large  as  practicable,  to  reduce  t  he  pro- 
portion of  leakage  by  the  eiul  of  the  blades  clue  to  the  neces- 
s;i ry  blade  clearances.  As  this  developnient  proceeded,  t lie 
(l(、m;uKl  i'or  higher  capacity  generators  increasprl,  jhhI  tu 川 n  t 
tliis  deniaiid  it  was  necessary  to  inuterially  enlarge  the  low- 
pressure  portions  of  the  turl)im>,  wlvicli,  in  some  ii'stwcs, 
i(M|uired  a  dividing  of  the  Parsons  blading  into  two  sections, 
foiinnonlv  known  as  the  double-flow  low-pressure  expansion. 

hi  1 903  Mr.  West  in^liousc  iiled  his  applit-at  ion  for  pat('i" 
on  t he  comliination  impulse  reaction  floul)le-flo\v  furl)iii(、  illus- 
i rat od  in  Fig.  1 .  Witli  tliis  <-onst  vuri  ion  t  he  1); 山， m'iiig 
j>istons  riHjuired  hv  t  lio  st rai^ht,  Parsons  mat'liine  、vt、iv  cut  iroly 
dispensed  with,  and  w  1 1 i 1 11  tor  (loul)lc-ilo\v  cotisi  nu  l  inn  t、、'i''" 
1  lu*  numlxM'  of  l^hules  wwc  n'quiml  as  for  siiuihr  coiulit  inns 
with  sin^lo-[](>w,  yet  llir  ； ippliratio"  of  tlie  impulsi*  wheel  In 
the  liigli-prossurc  stages  niado  possihlr,  in  ； i  ^vvi\i  maiiv 
nisi  aliens,  t \w  |)ro])er  mecli;uiical  drsi^n ,  nn  arcouni  of  tli(、 
cotisiclorable  shortening  n(  t  ho  lurhinr 山"' to  t  lie  ini  roduct  ion 
of  the  impulse  wheel,  tlius  allowing  a  l,、'igtli  o(  spiiidl(、  ami 
(  vlin(l(、r  of  proper 川 ('('haiiical  stability. 

As  this  (leveloj)tnenl  progressed  it  、v;is  I'wund  advisn bio,  。'i 
tlu>  score  of  efficiency,  to  resort  lo  t  lit1  West  iii^houso  sinj'' 

' From  h  i:Hprr  rntitk-d  "  Uucont  DtvclopiiR'nt^  in  Steam  Turbines,"  mid 
before  the  l^ninKlin  InsLituk*. 


(loiiblc  ilow  roiisl  ruction.  This  difTrrs  from  tln»  st  raitrht 
double-How  principle  in  ut  ilising  ； i  sin^h-  (mt 卜 nn|'iit  ^-  "  li*' '1 
witli  two  rows  of  revolving  blades,  follow^l  by  a  Hingle 
barrel  of  reariion  blades,  after  wliidi  lialt'  of  t  lie  steam  is 
allowed  to  pass  througli  t  lie  driun  around  a  lialanrin^  piston 
(for  the  single  barrel  of  Parsons  blades)  to  half  of  ； t  'lonhU- 
flow  expansion  o(  reaction  blading,  aiul  ，  li'.ii'  e  into  a 小 川 U'' 
exhaust  opening  at  either  end  of  the  t  iirl>iiio,  as  illust  nit  ("I 
in  Fig.  2.  The  intcniUHliato  yom-i  ion  hlarlin^  was  thus 
allowed  to  be  proportioned  with  blades  of  twice  th^  height 
ami  half  the  junnber  as  would  liave  obtaitierl  liad  t!i»-  ,'ii，ir': 
reaction  blading  been  made  floulUm'. 

Since  the  efficiency  of  reaction  hhuling  is  a  fuiirliou  of  its 
Icn^t  1»,  assuming  the  blade  clearaiK-es  the  mmet  it  is  ； i| 屮; ima 


Fig.  2.— Skmi-double  Flow  Tukbim;. 


that  this  single  double-flow  construction  is  adaptable  to  tur- 
bine units  of  moderately  high  capacity,  depending  on  tlie 
rotative  speed.  This  construction  is  now  used  in  turbo- 
generator units  for  alternating  current  from  3,000  kw.  to 
10,000  kw.  at  speeds  of  1,500  to  1,800  revs,  per  minute. 

In  the  development  of  the  higher-powered  turbo-genera" 'r 
units  (above,  say,  10,000  kw.  at  1,500  or  1,800  revs.),  o、vin;' 
to  the  large  volume  of  steam  handled,  the  best  proportioning 
results  by  making  the  read iou  blading  double-flow  with  a 
Curtis  impulse  wheel  carrying  two  rows  of  blades  and  utilisfil 
in  the  high-pressure  portion  of  the  turbine.  ll*  n»  tlie 
reaction  blading  may  be  operated  at  sufficiently  high  blade 
speeds  to  materially  reduce  tlie  number  of  rows  and  make  a 
comparatively  short  machine,  notwithstanding'  the  fact  that 
twice  the  number  of  rows  of  blades  are  required  on  account 
of  the  double-flow  principle  than  would  be  necessary  if 
single-flow  elements  were  resorted  to. 

These  various  constructions  have,  as  will  be  seen,  their 
particular  field  of  usefulness,  depending  on  the  operating 
conditions  and  tlie  speeds  for  which  the  turbines  are  flesi;rii*  'i . 
The  great  importance  in  the  turbiue  art  of  this  combination 


Fig.  3.— Singlk-Flow  Turbine  with  Impulse  Element. 


turbine  lias  be6n  realise"  prim-ipallv  in  the  past  tive  years  iu 
the  field  of  ele<-tric  power  ^onoration,  because  it  gives  i:reat 
flexibility  an<l  permits  the  use  of  high  pressures  and  high 
su})erlieats  without  tho  deleterious  offcrt  Ui'、，、  uptMat in<:  '  (、"- 
d it  ions  miglit  impose  with  tlic  iiloiv  difficult,  mechanical 
const  nictioii  of  lony  cylindors  and  spiinll^s  s' 山 jp'  t，"l  to  、v"k' 
ranges  of  pressure  ami  lemperat  uro.  Tlie  effort  of  the  roni- 
hinalioM  niacliine  may  perhaps  better  l>o  umk'rstood  by 
"iking  tlm  following  pi'ai'tical  oxainplo  ： ― 

Steam  is  to  be  <lelivere<l  to  the  turbinr  at  」"。lk、  pressure 
gauge  and  150°  superheat ,  and  is  to  be  expanded  to  284in. 
vjicmun.  Its  temperature,  tliorefore,  ontrnni:  the  turbine 
would  bo  53S，  Fall.     With  the  Westinghouse   turbiue  tho 
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steam  would  enter  t he  nozzle  chamber  and  l)t-  oxpaixled 
through  the  nozzles  to  78'81bs.  absolute  with  the  impulse 
wheel  operating  at  a  bla(l。  sp&ed  of  500ft.  per  second.  Tts 
temperature  and  pressure  would  therefore  be  in  the  impulse 
chatuber  328。  Fall .  and  78*81bs.  absolute  respectively,  which 
are  sufficiently  low  to  give  an  entirely  satisfactory  mechanical 
construction  of  the  low-pressure  end.  The  construction  of 
such  a  turbine  is  shown  in  Fig".  3.  If  the  steam  expansion 
were  to  take  place  in  th&  equivalent  Parsons  turbine,  tlip 
construction  would  be  as  illustrated  in  Fig.  4.  A  very  material 
.sliortening  of  the  spindle  is  secured  by  the  replacement  in 
the  Parsons  turliiiie  of  the  high- pressure  portions,  corresponrl- 


FlG. 
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ing  to  the  equivalent  expansion  as  would  take  place  in  the 
nozzles  of  the  impulse  wheel,  and  with  the  same  efficiency, 
because  the  impulse  wheel  replaces  the  most  inefficient  portion 
of  the  Parsons  turbine. 

In  the  matter  of  economies  at  fractional  loads,  the  sub- 
stitution of  the  impulse  element  for  its  equivalent  Parsons 
blading  in  the  high-pressure  portion  of  the  turbine  allows 
greater  efficiency,  because,  with  the  impulse  construction, 
nozzle  control  can  be  resorted  to,  thus  converting  into  useful 
work  a  portion  of  the  energy  of  the  steam  which  would  be 
lost  in  a  straight  Parsons  turbine  due  to  throttling.  In  other 
words,  with  the  nozzle  control  construction  the  impulse  wheel 
becomes  an  efficient  reducing  valve  when  the  turbine  is 
operated  at  fractional  loads. 

While  this  advantage  may  not  in  a  good  many  instances 
be  very  material,  and  may  not  warrant  the  ordinary  com;- 
plications  incident  to  nozzle  control,  yet  in  principle  it  is 
proper  to  utilise  it  for  the  same  flexibility  with  greater 
efficiency,  and  it  is  only  necessary  to  design  a  mechanical 
nozzle  control  apparatus  whose  complication  is  less  than  the 
advantages  gained  by  the  economies  in  its  use  in  order  to 
make  this  arrangement  a  most  satisfactory  and  desirable  one. 

The  great  flexibility  of  reaction  blading  over  wide  varia- 
tions of  pressure  distribution,  and  its  adaptability  especially 
to  handling  large  volumes  of  steam  efficiently,  make  its  appli- 
cation particularly  desirable  in  the  low-pressure  portions  of 
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turbines.  There  are,  however,  operating  conditions  now 
arising  in  power-])lant  development  which  make  more  suitable 
the  adoption  of  reaction  blading  for  the  high-j^ressure  portion 
of  turbines  than  has  heretofore  obtained.  This  condition  has 
been  particularly  .brought  about  by '  the  development  of 
the  alternating-current  generator  to  operate  at  high  speeds, 
g&nerating  large  power.  This  can  probably  best  be  illus- 
trated by  some  rec&nt  designs  prepared  by  the  Westinghause 
Machine  Company  for  generator  units  of  15,000  kw., 
20,000  kw.,  25,000  kw.,  and  30,000  kw.  capacity.  In  such 
units  it  is  of  the  utmost  importance  to  secure  the  very  maxi- 


nium  of  econotny  in  steam  consuinjUion,  because  the  output 
of  the  units  is  so  eiiormous  that  a  small  loss  in  efficiency 
means  a  very  large  increase  in  the  cost  of  operation. 

With  the  development  of  the  electrical  art,  alternating- 
current  generators  of  5,000  kw.  can'  be  built  at  3,600  revs. 
I>er  minute,  from  5,000  kw.  to  25,000  kw.  at  1,800  revs,  per 
minute,  and  from  5,000  kw.  to  30,000  kw.  at  1,500  revs,  per 
minute,  the  different  speeds  corresponding  to  60  and  IT)  rvrh's, 
as  used  in  this  country.  Likewise,  the  turbine  is  susceptible 
of  generating  in  one  unit  the  necessary  power  to  drive  the 
above  generators  at  these  particular  speeds.  Some  two  years 
ago  designs  were  proposed  by  the  Westingbouse  IMachine 
Company  for  a  25,000  kw.  unit  to  operate  a  2 5 -cycle  gene- 
rator with  operating  conditions  of  2001bs.  steam  pressure, 
200°  superheat,  and  29*2in.  vacuum.  Four  solutions  of  this 
condition  were  worked  out,  as  follows :  (1)  A  Westin^house 
double-flow  turbine  at  1 ,500  revs,  per  minute,  direct  connected 
to  a  25-cycle  generator  of  25,000  kw.  maximum  capacity, 
illustrated  in  Fig.  5.  (2)  A  single  double-flow  Westinghouse 
turbine  running  at  750  revs.,  direct  connected  to  a  25,000  kw. 
generator,  as  illustrated  in  Fig.  6.  (3)  A  tandem  compound 
Westinghouse-Parsons  turbine  at  750  revs,  per  ininut-e,  the 
high-pressure  ])ortion  being  siiig】e-flow  and  the  low-pressure 
portion  being  double-flow,  direct  connected  to  a  25,000  kw. 
generator,  as  illustrated  in  Fig.  7.  It  is  evident  that  this 
machine  could  be  arranged  cross-coni])oimd  with  two  w】i，'- 
rators  of  12,500  kw.  each.  (4)  A  cross-compound  West  in  g- 
house-Parsons  turbine  with  the  high-pressure  portion  running 
at  1,500  revs.  (Fig .  8),  direct  connected  to  a  12.500  kw. 
generator,  and  a  double-flow,  low-pressure,  Westinghouse- 
Parsons  turbine  running  at  750  revs.  (Fig.  9),  direct  con- 
nected to  a  1 2,500  kw.  generator. 
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Fig.  6.— 25,C00  K.W.  Stkasi  Turbine 
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All  of  these  arrangements  would  give  very  excellent 
economy,  and  the  choice  of  the  unit  would  depend  primarily 
on  the  two  factors  of  first  cost  and  economy,  assuming  that 
in  each  case  the  reliability  for  continuous  operation  is  the 
same.  A  close  study  of  the  four  arrangements  indicates  that 
the  Westingbouse  double-flow  turbine  at  1,500  revs,  per 
minute,  direct  connected  to  a  single  generator  (Fig.  5)，  is  the 
cheapest  construction.  The  large  areas  required  in  the  low- 
pressure  stages  of  this  turbine  make  high  velocity  and  long 
length  of  blade  essential,  with  the  necessity  of  careful  design- 
ing to  properly  take  care  of  the  stresses  due  to  centrifugal 
force  in  the  low-pressure  end.  The  most  economical  coin- 
l)ination  of  the  four  is  tlie  cross-compound  AVestinghoiist* 
reaction  turbine  with  the  】iigh-pressure  portion  riuunng'  at 
1 ,500  revs,  and  the  low-pressure  portion  at  750  revs.  Wit li 
this  arrangement  the  highest  efficiency  is  obtained,  because 
with  the  large  volumes  of  steam  required  to  develoj)  the  Li<;h 
power  and  tlie  ability  to  combine  the  unit  into  high  and 
low-pressure  cylinders  running  at  1 ,500  and  750  revs,  per 
minute,  gives  the  condition  for  best  blading  j)roj)ori  i<ms 
throughout  the  turbine  without  departing  from  slandards  of 
practice  already  established.  This  machine  "would  be  very 
remarkable  for  its  high  e-fficieiu-v,  which  it  is  believed  could 
not  be  reproduced  with  any  other  known  form  of  turbine. 
The  construction,  however,  is  considerably  heavier  than  the 
single  unit  foinmented  xij>on  above,  and  "would  be  more  cost  1  v 
to  construct  and  install. 

Iu  such  a  case  as  the  one  cited  there  is  little  doubt  that 
the  cross-coni])ound  Parsons  liiachino  、vill  ^ive  t]ie  inaxijuiiin 
efficiency.  At  powers  and  speeds  attainable  with  siiigl" 
alternating-current  units  of,  say,  below  15,000  kw.  oajvu  iiy 
the  Westingliouse  double-flow  turbine  between  10,000  kw.  and 
15,000  kw.  will  be  nearly,  if  not  equal,  to  the  cross-compound 
straight  reaction  turbine  under  like  operating  conditious, 
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and  any  difTerenoe  in  ofiicicncy  would  proljahly  I"'  ofl'sci  I'v 
the  difference  in  first  cosl  in  favour  ol*  the  Westin^liousi* 
double-flow  machine.  Between  10,000  kw.  and  4 ,000  kw. 
,-a pacity  1  lie  West iu^ liouse  single  double-flow  inacliinc  would 
muloubttHlly  be  the  proper  const  ruction,  1  akini;'  in")  con 
sideration  the  first  cost  and  efficiency. 

The  demand  for  1'urbof  nerator  machines  is  w('a"'sl  in 
kilowatt  output)  between  the  sizes  of  from  4,000  kw.  to 
15,000  kw.  maximum  rated  capacity,  within  which  ran^e  the 
W'cstingliouse  single  (loul)lo-Ilow  and  West  in^liouso.  (IouIjI,'- 
(](>w  machines  most  admirably  meet  t  in1  ('(>mmwi;d  condil  ions 
hotli  with  respect  to  cost  and  efficiency.  Below  4,000  k w. 
capacity  the    Westinghouse    turbine    consisting    of    ( 1 )  an 
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impulse  wliecl  followed  hy  si n^le-llow  react  ion  l)ladiiig，  lllus- 
1  ra*. (m1  in  Fig.  3  ；  (2)  an  impulse  wheel  followed  by  single 
double-flow  reaction  blading  (Fi^.  1);  (3)  an  impulse  wheel 
followed  by  double-flow  reaction  blading"  (Fig.  5)  ；  and  (4)  a 
sinulc'llow  West  in^liouse  tva('ti(m  tu rhine  (Fig.  4),  ivj)res.jni 
tJie  various  choice  of  machines  best  suited  for  operating 
conditions  ((t)  dependent  on  the  initial  pressure  and  super- 
lieat,  (h)  on  the  number  of  revolutions  at  which  the,  generator 
or  ot  liei*  driven  machine  rotates,  and  (c)  on  the  capacity. 

Thus  witli  a  speed  of  3,600  revs,  per  minute,  driving  a 
GO-cycle  generator  at,  say,  3，00Okw.，  the  turbine  design 
would  follow  the  combination  impulse  double-flow  reaction 
machine  for  best  efficiency  and  lowest  cost  (Fig.  5).  If,  how- 
ever, the  generator  to  be  driven  was  25-cycle,  with  an  allow- 
able maximum  speed  of  1,500  revs,  per  minute  and  a  capacity 
of  3,000  kw. ,  the  choice  would  lie  between  a  design  of  a 
straight  single -flow  reaction  turbine  and  a  combination  im- 
pulse single-flow  reaction  turbine,  the  former  being  used  for 
moderate  degrees  of  superheat  and  initial  pressure,  and  the 
latter  for  high  superheat  and  high  pressure. 

[ii  general,  however,  the  application  of  the  Westinghouse 
turbine,  consisting  of  an  impulse  element  for  the  high-pressure 
portion  and  reaction  blading  for  the  loAv-pressure  portion,  is 
admirably  adapted  for  complete  expansion  turbines  over  wide 
i-aii^es  of  power  and  speed,  and  since  the  introduction  of  this 
type  in  1903,  following  the  initial  designs  by  Mr.  Westing- 
house,  a  large  proportion  of  the  firms  building  steam  turbines 
havt'  utilised  this  construction,  either  with  Parsons  or  Rateau 
blading,  following  the  Curtis  impulse  element  or  elements  in 
the  high-pressure  ertd. 


I'，i".  8.-  -2：),000  K.W.  Steam  Tuubink,  High  Presscke  Element, 

•200LHS.  BOILKU  PltESSURE,  1,500  R.P.M. 

The  advantages  of  the  Westinghouse  type  are:  (1)  th。 
ability  to  shorten  the  machine  by  the  introduction,  in  the 
high-pressure  stages,  of  an  impulse  wheel  of  the  Curtis  tvp、' 
without  material  loss  in  efficiency  where,  the  powers  and 
speeds  are  relatively  low  ；  (2)  the  reduction  of  pressure  and 
temperature  within  the  turbine  cylinder  by  expanding  the 
steam  initially  in  fixed  nozzles  ；  (3)  the  elimination  of  two 
or  more  balancing  pistons  as  obtain  in  the  straight  Parsons 
maclnn^,  consequently  reducing  the  small,  balancing  piston 
rlwam'e,  and  leakage  of  steam  incidental  to  (heir  introduc- 


tion ； (4)  the  retention  of  the  most  (tf\\ru-u\  tmbiii"  el'in'-n" 
in  that  portion  of  the  machine  where  they  can  be  most 
effectively  employed  for  efficiency;  (5)  the  ability  to  w''i"'， 
higher  economies  at  fractional  loads  by  tlif*  intiv^luct  u/u  of 
nozzle  control  on  the  initial  inipulsc  element;  dw\  ('； )  tli'' 
retention  of  the  drum  construction  for  rigidity  of  spiiiflli>  ； mrl 
low  cost  of  manufacture,  referring  particular! v  to  the  n*;irt ion 
blading. 

The  disadvanla^es  of  the  West in^hoiis'*  roiistni'.l" 川 ；"+'，： 
(1)  for  extremely  high  powers,  say,  above  If), 000  kw.  capacity, 
the  impulse  wheel  is  less  effirient.  t  han  its  <-qi»iv;ilent  Pa r  on- 
blading,  depending,  however,  on  blading  j>rf>]>ort ions  ；  (2) 
for  capacities  of  300  kw.  at  3,600  revs,  per  ininutc,  and 
750  kw.  at  1,500  revs,  per  minute,  the  coiistnurtion,  while 
applicable  at  these  powers  and  s|x'e(ls，  力 m''s  ； is  <  x |*<-n»ive 
with  the  same  efficiency  as  turbines  of  other  designs. 

For  the  smaller  powers,  thorefor.»,  tli—  \V*-st  in^liousc  ( 'om- 
pany  developed  some  three  years  n^o  inipulsf  \  urljiu*-s  of  tlie 
re-entry  tyj>s,  which  are  adaptable  down  to  units  of  1  kw. 
capacity,  having  the  advantage  of  one  revolving  row  of  hl  ulf's, 
with  which  it  is  possible  to  obtain  (n)  a  sub-flivuled  impiils" 


Fig.  9.— *25,000  K.W.  Steam  Tukbine,  Cross-compound  Condensing.  Hum 
Pressure,  1,500  r.p.m.  ；  Low  Vhkssure,  750  n.p.M. 
Section  through  Low  Piiessuke  CrLiNDEn. 

turbine  with  one  reversal,  equivalent  to  a  Curtis  turbine 
with  two  revolving  rows  of  blades,  used  for  irieclium-prt's、ur'' 
drops  ；  (b)  a  sub-divided  im pulse  turbine  with  two  reversals, 
equivalent  to  two  Curtis  elements  with  four  revolving  rows 
of  blades  ；  and  (c)  sub-divided  impulse  elements  with  one  or 
two  reversals  followed  by  one  or  more  Rateau  stages,  or  a 
saries  of  Rateau  stages  without  Curtis  elements.  This  con- 
struction has  the  advantage  of  the  simplicity  of  the  De  Laval 
turbine  operating  efficiently  at  such  rotative  speeds  as  are 
cormnercially  required  for  the  purposes  of  direct  conned  ion 
to  generators,  pumps,  blowers,  and  other  machines  wliirh 
require  relatively  good  efficiency  with  relatively  low  speed  of 
rotation. 


Institution  of  Electrical  Engineers :  Glasgow  Section. ― In  their 
report  for  the  past  year  the  committee  of  the  Scottish  Local 
Section  of  tlie  Institution  of  Electrical  Engineers  state  that 
the  membership  is  390.  During  the  year  the  articles  of 
association  were  revised,  and  the  committee  state  that  it  is  a 
matter  for  congratulation  that,  notwithstanding  the  inrrraso 
in  the  araount  of  the  annual  subscriptions,  the  numerical 
strength  of  the  institution  as  a  whole,  and  that  of  the  Scottish 
Section,  shows  a  substantial  increase.  Admission  to  the 
institution  as  graduate  or  associate  member,  or  transfer  from 
the  grade  of  graduate  to  that  of  associate  member,  will  in 
the  future  be  by  examination,  and  this,  it  is  believed,  will 
result  in  raising  the  status  of  the  institution  and  its  member- 
ship. Office-bearers  for  next  session  will  be  as  follow  :  Chair- 
man, Mr,  J.  A.  Robertson  ；  vice-chairmen,  Messrs.  James 
Lowson  and  T.  Blackwood  Murray  ；  pa^t  rhainiuMi  ex-oflScio 
members  of  committee),  Messrs.  Sam  Mavor,  Frank  A.  New 
ington,  and  William  M'Whirter  ；  chairman  of  students* 
section,  Mr.  Archibald  Page  ；  ordinary  members  of  commit- 
tee, Messrs.  David  A.  Starr,  J.  K.  Stothert,  J.  F.  Xielson, 
Wilfrid  L.  Spence,  M.  B.  Field,  J.  H.  Buntimr.  .1.  S.  Nichol- 
son, E.  T.  Goslin,  and  George  Stevenson  ；  Hon.  secretary  ai:-l 
treasurer,  Mr.  James  E.  Savers:  assistant  honorary  secretary, 
Mr.  William  F.  Mitchell ；  lion,  secretary  of  students'  section, 
Mr.  James  \V  Mowat 
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GRATE  ARRANGEMENTS  FOR  GAS  PRODUCERS. 

Two  arrangements  of  grates  for  gas  producers  have  recent  I  v 
been  patented  by  Messrs.  Crossley  Bros.,  \A  d.,  ()]>enslia w, 
Manchester,  in  conjunction  with  Mr.  Frank  Ficldon.  Thf 


Fig. 


.  Kig.  2. 

Grate  Arrangements  for  Gas  Puoducers. 


one  shown  in  Figs.  1  and  2  is  applicable  to  open-hearth 
producers  and  comprises  a  stepped  firegrate,  circular  ii 
and  open  to  the  atmosphere  all  round.  The  generat 
sists  of  a  mild  steel  case  on  the 
base  of  which  a  cast-iron  ring  B 
of  channel  section  is  arranged  to 
carry  the  firebrick  lining.  Tliis 
casting  B  is  supported  by  a  num- 
ber of  feet  which  also  act  as  sup- 
ports for  the  stepped  firegrate  E. 
This  firegrate  is  composed  of  a 
series  of  circular  plates  arranged 
in  steps  and  so  shaped  on  their 
upper  surfac&s  as  to  lie  suitable 
for  (lie  vaporisation  of  water  run 
directly  on  to  them  from  a  supply 
pipe  and  funnel  F.  The  circular 
plates  of  the  firegrate  are  of  siirli 
a  width  and  are  so  arranged  rela- 
tively to  each  other  as  to  prevent 
any  fuel  or  ash  from  falling  oil' 
the  outer  edges  of  the  plates.  The 
section  of  the  plates  may  be  in  the 
form  of  a  cliannel  with  overflows 
in  the  channel  at  opposite  sides  or 
ends  of  the  grate  for  the  purpose 
of  taking  any  superfluous  water 
on  to  the  next  lower  step.  The 
outer  edges  of  the  stepped  gi、at& 
are  flanged  for  the  purpose  of 
retaining  a  tliin  film  of  water  for 
vaporisation  purposes.  As  shown 
in  the  plan  view,  Fig.  2,  a  channel 
Z  is  formed  about  mid-width  of 
the  upp&r  firegrate  E  with  overflows  W  at  opposite  sides  or 
ends  for  any  surplus  water. 


The  arrangeinent  shown  in  "Fig.  3  lias  been  dcsi^npd 
)>riiiiarily  for  the  <,<jnsiun|»t  ion  oi'  ]>il  lie;ul  slack  or  wast^  and 
similar  fuel  witl»  a  very  liiirli  ash  content,  and  consists  in  the 
provision  of  an  aut  om;it  ic  asli  ejector  (； oni])rising  a  i*eci])io- 
eating-  table  placed  below  the  grate,  to  wliich  a  variable  speed 
is  given  by  gearing  to  ]>usli  off  the  ash  from  tlie  generator  and 
deliver  it  into  tlie  aslipit .  In  tlie  base  of  the  generator  a 
firegrate  A，  of  the  inverted  cone  type,  is  so  fixed  tliat  its 
bottom  edge  stands  some  (list rtnee  above  tlie  base  support  H 
of  tlie  fuel  bed.  Tliis  base  support  is  relatively  to  t  lie  <  ross- 
sect  ion  ol'  the  i^ratc  suflicient ] v  large  to  prevent  any  ash  from 
rolling  away.  The  asli  ejector  proper  consists  of  a  metal  table 
C  wliich  is  caused  to  reciprocate  at  a  regular  but  adjustable 
sj)eed  to  suit  the  particular  quantity  of  ash  contained  in  the 
fuel  to  be  gasified.  This  reciprocating  table  C  is  shown  driven 
by  means  of  a  train  of  gearing  D  working  in  mesli  witli  a  rack 
E  on  tlie  underside  of  the  table.  The  support  for  tlie  inverted 
conical  grate  is  of  novel  construction,  that  half  F  of  the  sup- 
port which  is  more  subject  to  the  thrust  set  up  by  the  re<  ipro- 
('ating  table  C  consists  of  a  semi-circular  or  crescent^sliaped 
casting  carrying  in  its  upper  edge  a  slot  for  the  grate  bars  and 
being  tapered  at  its  lower  edge  to  assist  in  shearing  any  large 
masses  of  clinker  which  may  accumulate  during  the  working 
of  the  plant.  This  lialf  support  is  itself  carried  and 
strengthened  by  stiff  rigid  brackets  G  bolted  to  the  side  of  the 
gas  generator,  tlie  outer  surface  of  which  is  reinforced  by  tee 
or  angle  irons.  The  other  half  H  of  the  conical  grate  support 
is  arranged  with  respect  to  the  upper  edge  as  a  support  for  t  lip 
grate  bars  and  its  lower  edge  is  extended  downwards  to  the 
reciprocating  table  C  to  act  as  a  scraper,  its  function  being  to 
prevent  any  ash  being  withdrawn  by  the  table  on  its  return 
or  backward  motion.  An  auxiliary  scraper  J  is  fixed  by  anglo 
irons  some  distance  behind  the  firegrate  support  and  scraper 
for  the  purpose  of  preventing  any  asli  which  falls  from  t  ho 
grate  bars  on  the  same  side  of  the  producer  from  passing 
backwards  with  the  table  C.  This  table  carries  side  plates 
wliicli  form  supports  for  flanged  wheels  running  on  rails. 
On  two  sides  of  the  base  the  foundation  is  cut  awav  in  1  ho 
si l ape  of  an  inclined  plane  N  to  conduct  any  ash  which  rolls 
off  the  side  of  the  base  into  the  lute,  from  whence  it  is  removed 
by  hand  or  by  an  ash  hoist.  The  bottom  of  the  generator  case 
is  extended  on  one  side  to  form  a  steam  and  air-tight  box  P 
which  effectually  guards  tlie  table  during  its  backward  motion. 

In  operation  fuel  is  fed  into  the  producer  in  t  lie  ordinary 


Fig.  3.— Grate  Arrange mknts  fob  Gas  Propucers. 


way  and 
leaving  «a 


passing  through 
residue  of  asli. 


the  combustion  zone  is  gasified, 
Xoi inallv  tlie  whole  of  the  fuel  in 
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t  ho  i^oiiorat or  is  sup|、orl'。(l  l>v  a  IjO'1  of  asli  )  osi  in^  "11  U"、 
base  H.  SiiK'e  it  is  necessary  lo  rernovo  tlic  ash  pcrioilicall v 
al  a  regular  and  consistent  rate,  according  to  the  quaiitit  v 
ash  (！ outainecl  in  the  fuel,  t  he  recipror;"  i'lg  table  ('  is  made  to 
pass  along  the  top  of  the  base  B，  exerting  a  pushing  motion  on 
the  ash  lying  ""mediately  in  its  ]>aili.  This  asli  is  puslif<| 
along  to  the  ed^e  of  1  \\v  hasc  H  and  falls  down  into  1  In*  Into. 
On  tlie  return  or  backward  motion  of  t  he  reciprocat  in^  \n\A^ 
C  the  space  equal  to  it's  dcpt  li  is  inimodialely  fill*1*!  I\v  m"r" 
a sli  falling  down  from  ahovo  t  ho  scrai>tM-s  II  ami  .1  ollVei  ually 
preventing  any  ash  from  being  drawn  with  ihe  I al>lo.  Tl"' 
speed  of  the  table  can  be  varied  hv  moans  of  clian^o  wheels  or 
equivalents  to  suit  varying  (juant  it  ics  o\'  asli  coni  Jiinod  in 
the  fuel.    ^ 

THE  INSTITUTION  OF  ELECTRICAL  ENGINEERS: 
EXAMINATIONS. 

1.  (Itnerah —— On  and  after  June  1st,  1913,  candidates  for 
e]e<-tion  into  or  transfer  to  the  class  of  Associate  Members, 
except  as  provided  in  the  tliii'd  ])ara^ra{)li  of  tliis  clause  ami 
in  Clause  9,  will  bo  required  lo  pass  t  lie  Aps()('i('i"'  Al('mli(M.- 
sliip  examination  of  the  Tnslitution.  The  passing  of  the 
examination  will  not  of  itself  secure  admission  to  Associate 
Membership.  Candidates  must  also  satisfy  the  requirements 
of  the  Articles  of  Association  (Art.  In  lieu  of  exam  in  ;i- 
tion,  candidates  will  be  allowed  to  present  a  thesis,  paper,  cr 
other  contribution  to  electrical  knowledge,  but  they  will  ho 
liable  to  be  examined  orally  thereon. 

2.  Dates  and  Places. — The  examinations  will  be  held  in 
London  twice  annually  on  two  days  (Friday  and  Satiu-dav) 
about  the  end  of  April  and  end  of  October.  Examinations 
may  also  be  held  at  the  discretion  of  the  Council  in  other 
centres,  if  the  number  of  local  entries  warrants  such  arrange- 
ments. 

3.  Persons  Elujlhle  for  Examination.  —  Applications  to 
enter  for  the  examination  will  be  received  only  from  :  (a) 
Students  or  Graduates  of  the  Institution  ；  (A)  Candid  at  e.-^  wlio 
have  lodged  with  the  Secretary  of  the  Institution  a  duly  com- 
pleted Proposal  Form  for  their  election  into  or  transfer  to  the 
rlass  of  Associate  Members,  and  who  have  been  informed  by  the 
Council  that,  they  must  pass  the  examination,  or  either  part 
of  it,  as  a  condition  of  election  or  transfer  ；  (r)  Candidatefl 
who,  not  having  attained  the  age  for  admission  to  the  class 
of  Associate  Members,  shall  have  given  an  undertaking  on  a 
form  approved  by  the  Council  to  make  application  for  admis- 
sion as  soon  as  they  are  duly  qualified. 

4.  Latest  Date  for  Entry. ― Applications  to  enter  for  the 
examination  must  be  made  on  the  prescribed  Entry  Form, 
which  must  reach  the  Secretary  not  later  than  March  1st  for 
the  April  examination,  and  not  later  than  September  1st  for 
the  October  examination.  The  Entry  Form  must  be  accom- 
panied by  the  examination  fee.  Candidates  will  be  informed 
of  the  place  of  examination  about  March  15th  and  September 
151Ii  respectively. 

5.  K x(ttnln((t!on  Fee. ― The  examination  fee  will  be:  (a) 
For  the  first  entry,  £2.  2s. "  ；  (/>)  For  any  subsequent  entry, 
£1.  Is.  Fees  will  not  be  returned.  Any  candidate  who  with- 
draws his  application,  or  does  not  attend  the  exa〗nination，  or 
fails,  will  be  required  to  pay  the  fee  for  a  subsequent  entry 
with  each  further  application  to  be  examined. 

6.  Provision  of  Drawing  Instruments,  Mathematical 
Tables y  d'e, ― (a)  Candidates  must  bring  with  them  ordinary 
drawing  instruments,  squares,  and  scales.  Candidates  may 
also  bring  slide-rules.  (/>)  Mathematical  tables  (Bottomley's 
and  Dale's),  and  such  other  books  of  reference  as  】nay  be 
needed,  will  be  provided  in  the  examination  rooms  for  the 
use  of  candidates,  (c)  No  appliances  other  than  those  speci- 
fied in  (a)  above,  and  no  books  or  papers/  may  be  brouglit 
by  candidates  into  the  examination  rooms. 

7.  Subjects  of  Examination,  and  Time  Table. ― The  sub- 
jects and  order  of  the  examination  will  be  as  follows  ： ― 


Nmnlx'r  of 


H  il*. •■(•(. 


In  .. 


I 


Rn^lisli  Iv-«sav  ；  or  Tran«!ation  into 
English  of  PaasageB  in  one  of  t  he 
following  Languages,  to  be  *w.'Iecte<J 
by  tho  candidate :  French,  Genua n, 
Italian,  or  Sp;mNh. 


Tin 


2-30  p.m. )        i  A|>|di<  (l  M«m  KariicH  ；  and 

to         p.m.  j  ( 1. 1 1  Klcinentarv  I'l. ；.  i        (  lw  iui-t  i>  . 

PART  2. 

vdny  10  a.m.  I       ，     i     Two  jmperw  on  otw  of  the  follou  irif 

to  ]  p.m.  )  sul>jc<*ts,  to  bf  sc'lw  t,'d  b\-  the  can- 

2 -SO  p.m.  I       .       didate  ： ― 
to  5-30  p.m. )  )     {a)  Electricity  Suppiy. 

or  {b)  Electric  Lighting  and  Power 
or  (c)  Electric  Traftion. 
or  (d)  Telegraphy. 
or  (p)  Telephony. 

or  if)  Application    of    KUctricit y  to 
Mines, 

or  ({/)  Electro-Chemistry  and  EV'，i'' 

Metallurgy. 
or  (//)  Matuif;K  tiit'  of  KU-f  t  ri<  Miichin- 

cry  (inrludiiiL'  \\*ork>  .M.ui.i^"-. 

ment). 

or  (/}  Design  of   Elcrt  rir  Maohinory 
and  Apparatus. 

papers  in  Pa  it  !I.  will  inehnlc  opt  ioiml  ((Ut-^tions  rm  Adniini-t  t;i- 
I  Kf'inomic  Mai  I crs. 


Candidates  must  attend  in  the  examination  rooms  five 
minutes  before  the  time  fixed  for  the  examination.  No 
detailed  syllabus  of  the   subjects   of  examination    will  be 


8.  Notification  of  Jfesu7fs. ― (a)  A  list  of  the  name3  of 
successful  candidates,  in  alphabetical  order,  will  be  sent  to 
each  candidate  about  one  month  after  the  examination,  (b) 
The  Secretary  cannot  undertake,  otherwise  than  as  stated 
above,  to  inform  candidates  of  the  results,  but  he  will  he 
prepared  to  answer  written  enquiries  from  unsuccessful 
candidates  as  to  the  papers  in  which  they  have  failed.  Infor- 
mation will  not  be  given  as  to  marks  gained  or  marks  required 
for  a  pass,  or  as  to  detailed  particulars  of  the  subjects  of 
examination,  nor  will  certificates  be  given  on  the  results  of 
the  examinations. 

9.  E  vrn\ ptioita. ― Any  of  the  following  qualifications  will 
exempt  a  candidate  from  the  whole  of  the  examination  ：  (n) 
Any  Engineering  Degree  of  any  University  in  the  United 
Kingdom  or  in  the  British  Dominions  over  Seas,  (b)  Whit- 
worth  Scholarships,  (c)  The  Diplomas  or  Certificates  in 
Electrical  Engineering  (as  indicated  between  brackets) 
granted  by  the  following  bodies :  The  City  and  Guilds  Engi- 
neering College  (Diploma)  ；  The  City  and  Guilds  of  London 
Institute  (Honours  Grade)  ；  Faraday  House  (Diploma)  :  The 
Finsbury  Technical  College  (Day  Course  Certificate)  ；  King's 
College,  London  (Certificate  or  Diploma)  ；  University  College, 
London  (Diploma)  ；  Heriot-Watt  College,  Edinburgh 
(Diploma)  ；  The  Royal  Technical  College,  Glasgow  (Diploma) ； 
The  Municipal  School  of  Technology,  Manchester  (Certificate 
of  Technology)  ；  Armstrong  College,  Newcastle-upon-Tyne 
(Diploma). 

Candidates  who  have  obtained  a  Science  Degree  from  any 
University  in  the  United  Kingdom  or  tlie  British  Dominions 
will  be  exempted  from  Part  I.  of  the  examination. 

The  Council  will  consider  on  its  merits  any  other  Eiigi- 
neeriug  Degree,  Diploma,  or  Certificate  of  equivalent  stand- 
ing to  those  enumerat-ed  above  which  niav  have  been  obtained 
by  a  candidate  from  any  University  or  College  in  the  United 
Kingdom  or  Abroad. 


孝 In  the  case  of  students  who  have  paid  uot  less  tlnin  three  annual  subscrip- 
tions, the  fee  for  the  first  entry  will  be  f  1.  Is. 


Winding  Accident  at  a  Colliery. ― An  accident  occurred  on 
the  1 1th  inst.  at  one  of  Messrs.  Lockers  Mertlivr  Collieries,  at 
Mardy,  Glamorgan.  Fortunately,  tlie  accident  was  uot 
attendee!  with  fatal  results,  but  ten  men  w^re  more  or  less 
seriously  injured.  A  cage  containing  workmen  was  being 
lowered  to  the  bottom,  when  something  went  wrong  witli  the 
winding  gear,  and  the  cage  was  precipitated  to  the  bottom  of 
the  shaft.  The  men  in  tlie  cage  were  thrown  out  and  injured, 
while  three  men  in  the  up-going  cage  had  narrow  escapes. 
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SELF-SYNCHRONISING  MACHINES, 

HV  DK.   I':.  KOSENHEKG. 

Synchronous  motors  have  two  advantages  over  induction 
motors :  (1)  They  do  not  require  magnetising  current  from  the 
line  ；  (2)  they  can  be  designed,  and  practically  must  be 
designed,  with  a  bigger  air  gap  than  iTiduction  motors. 

Their  peculiarity  of  running  at  an  absolutely  fixed  speed 
for  a  given  frequency  is  only  in  a  few  cases  a  real  advantage, 
and  more  often  a  serious  drawback.  The  necessity  of  con- 
tinuous-current excitation,  and  of  the  proper  adjustment  of 
same,  complicates  the  machine,  and  however  much  the  starting 
apparatus  may  have  been  improved,  it  is  certainly  more  com- 
plicated than  that  of  a  slip-ring  or  squirrel-cage  motor. 

The  synchronous  motor  should,  therefore,  only  be  installed 
where  it  gives  distinct  advantages,  and  only  after  careful 
consideration  of  the  conditions.  It  is  useless  to  improve  the 
power  factor  of  one,  say  30  h.p.,  motor,  which  only  represents 
a  fraction  of  1  per  cent,  of  the  station  load,  and  which  can  not 
materially  affect  the  power  factor  of  the  syst3:n  whether  it 
i  aus  at  unity,  leading,  cr  lagging  power  factor.    Of  ccurss,  it 


Fig.  1.— Diagram  op  Connections  for  a  Self-starting  Stncheonous  Motor 
with  Distributed  Rotor  Winding  arranged  in  Thbee  Phases. 

would  improve  the  system  if  all  small  motors  could  be  made 
to  run  at  unity  power  factor,  but  it  is  quite  wrong  to  install 
as  a  general  proposition  a  most  costly  machine,  and  to  saddle 
every  workman  who  starts  a  lath©  or  a  pump  with  the  obliga- 
tion of  looking  after  an  exciter  rlieostat  and  a  power-factor 
meter.  It  is  far  cheaper  from  the  point  of  view  of  general 
economy  to  make  the  machines  in  the  power  station  and  the 
cables  big  enough  to  carry  the  magnetising  current  in  addition 
to  the  watt  current,  and  to  let  tlie  power  factor  look  after 
itself.  If,  however,  opportunity  arises  of  replacing  large 
ntotcrs  of  bad  power  factor  by  synchronous  motors,  then  it 
ay  bs  a  decided  gain  and  far  outweigh  the  additional  com- 
plicatfcnt 

Synchronous  machines  running  over-excited  without  doing 
mechanical  work  have  sometimes  been  used,  and  have  more 
often  been  proposed,  as  '(  synchronous  ccndsnsers,"  to  take 
leading  instead  of  lagging  current  from  the  line,  and  so  to 
compensate  for  lagging  currents  produced  by  otlier  apparatus. 
A  much  superior  and  more  efficient  method  of  using  the  syn- 
chronous motor  is  to  make  it  do  some  useful  work  hi  addition 
to  its  beautifying  function  of  improving  the  power  factor. 
Suppose,  fo'r  instance,  we  had  a  load  of  1,000  kw.  at  0*707 
power  factor,  i.e.,  a  watt  load  of  1,000  lew.  and  a  wattless  cur- 
rent corresponding  to  1,000  k.v.a.  If  we  want  to  improve  the 
power  factor  to  0'8  (1,250  k.v.a.  at  0'8  power  factor,  or  a  watt 
load  of  1 ,000  kw.  and  a  wattless  component  of  750  k.v.a.),  we 

*  Parei'  read  before  the  Manchester  Section  of  the  Institution  of  Electrical 

Engineers. 


have  to  install  a  synchronous  condenser  able  to  give  250  k.v.a. 
at  a  power  factor  of  zero.  Such  a  machine  must  be  much  more 
liberally  proportioned  in  its  magnetic  system  than  an  ordi- 
nary 250  k.v.a.  machine,  and  it  will  have  losses  amounting 
approximately  to  25  kw.  The  addition  of  the  synchronous  con- 
denser involves  therefore  a  loss  of  fully  2 A  per  cent,  of  tlie 
total  output  of  1,000  kw. ,  and  it  is  not  often  that  this  2i  per 
cent,  can  be  fully  recovered  by  the  reduced  losses  iu  the  cables 
and  in  the  generator  due  to  the  reduction  of  the  current.  If, 
on  tbe  otlier  hand,  we  could  replace  an  existing  induction 
motor  of  250  kw.  input,  0*707  power-factor,  by  a  synchronous 
motor  of  250  kw.  running  at  unity  power  factor,  we  should 
at  once  reduce  the  wattless  load  to  750  k.v.a.,  and  thus  obtain 
a  resulting  load  of  1,250  k.v.a.  at  0'8  power  factor  without  any 
sacrifice  of  efficiency.  A  middle-sized  or  large  synchronous 
motor  running  at  unity  power  factor  has,  generally  speaking, 
the  same  efficiency  as  an  induction  motor,  and  the  syiu  hronoUB 
motor  for  250  kw.  and  unity  power  factor  is,  for  the 
speed,  a  clieaper  machine  than  the  synclironcus  condenser  for 
250  k.v.a.  and  zero  power  factor:  -  Even  an  induction  motor 
with  0'9  power  factor  may  sometimes  bs  replaced  with  advan- 
tage by  a  synchronous  motor.  We  can  get  tlie  same  power- 
factor  correction  for  the  system  as  before  by  running  the  motor 
over-excLiad  with  a  power  factor  of  approximately  0*9  leading. 

If  synchronous  motors  are  started  and  brought  up  to  speed 
by  means  of  a  starting  motor  and  then  synchronised,  consider- 
able skill  is  required  for  synchronising.  The  experience  and 
pluck  of  the  switc:h-board  attendant  and  tlie  steadiness  of  tlie 
supply  frequency  and  voltage  make  an  enormous  difference 
in  tlie  time  required  for  synchronising.  Synchronising  may 
take  in  plants  of  similar  nature  anytliing  from  one  minute 
to  a  quart&r  of  an  hour,  and  even  more.  The  synchronous 
motor  could  therefore  not  become  popular  as  】cng  as  the 
synchronising  operation  on  the  part  of  the  switchboard  atten- 
dant was  required. 

If  the  synchronous  motor  is  to  be  used  on  consumers'  pre- 
mises for  doing  useful  work,  it  must  be  able  to  start  easily 
and  develop  an  appreciable  starting  torque.  One  of  the  most 
useful  fields  of  application  for  the  self - starting  synchronous 
motor  is  for  motor-generators.  Here  a  comparatively  small 
starting  torque  is  required  unless  a  heavy  flywheel  is  coupled 
to  the  motor-generator.  If,  however,  the  synchronous  motor 
】ias  to  drive  a  pump  or  compressor,  even  with  unloading  valve, 
the  required  starting  torque  is  considerable. 

Self-starting  Synchronous  Motors. 

(a)  Modified  Induction  Motor. ―  The  synchronous  motor 
works  as  an  induction  motor  during  starting,  and  it  can  be 
used  either  as  a  slip-ring  or  as  a  squirrel-cage  motor.  For 
this  purpose  we  can  either  make  such  changes  in  the  induction 
motor  as  will  enable  it  to  run  after  starting  as  a  synchronous 
motor,  or  we  can  take  the  synchronous  motor  and  make  such 
additions  as  will  enable  it  to  start  as  an  induction  motor.  The 
ordinary  wound  rotor  of  an  induction  motor  can  be  excited, 
after  full  speed  is  reached,  with  continuous  current.  In  order 
to  obtain  stability  and  overload  capacity,  however,  it  is  essen- 
tial to  increase  the  air  gap  and  get  a  ratio  of  magnetising 
ampere-turns  to  armature  ampere-turns  somewhere  in  the 
neighbourhcod  of  two,  while  with  the  ordinary  induc- 
tion motor  the  ratio  is  somewhere  in  the  neighbour- 
hood of  one-third.  Furthermore,  if  we  take  an  ordi- 
nary wound  rotor  wliich  gives,  say,  500  volts  between  the 
slip-rings  at  the  moment  of  starting,  tlie  continuous-current 
exciting  voltage  required  after  synchronising  will  be  verv  low. 
There  is  the  alternative  either  to  use  for  excitation  a  very 
small  voltage  and  large  current,  or  to  allow  an  exoeedinglv 
high  voltage  during  starting  on  the  slip-rings  and  in  the  start- 
ing resistance. 

Wound  rotors  of  this  type  can  be  arranged  with  two  slip- 
rings  and  "single  axis'  winding,  wliich,  during  the  starting 
period,  carries  single-pliase  alternating  current.  But  the 
machine  can  then  only  give  a  small  starting  torque,  as  the 
pull-out  torque  of  a  single-phtise  rotor  at  full  speed  is  only  a 
fraction  of  the  full-load  torque  of  the  3-phase  rotor.  At  half- 
speed  the  】notor  runs  with  a  greater  pull-out  torque,  which  is 
about  half  tlie  pull-out  torque  of  an  ordinary  3-phase  rotor  at 
full  speed.    Such  a  motor,  if  loaded  to  any  extent,  will  there- 


Atrtl  1.8,  1013] 


TITK    MKCIIANICAL    KN^IXKl- U. 


fore  toiul  to  rnino  up  1  m  lull'  spood  and  r("ii:iiii  I  liorc.  Tli'' 
nddilion  of  ； i  I  hinl  slip  rini(  is  "'rt.'iiilv  j"slil"'(l  with  sik'Ii 
motors,  and  it  also  lias  aimt  lioi-  (list  incl  advanlai;*'  \'av  niiiiiini( 
ay  a  syncliroimus  motor. 

II；  is  well  known  11k"'  ； i  synclironous  motor  is  liable  to  limit, 
if  supplied  with  curroiits  of  cerl.'iin  |""'i()(lir  irregwla ritios. 
Tliese  periodic  insularities  ！ nay  1"、  pr ('山 i('。（l  l>y  1  In*  cyclic 
ii  regularity  of  the  prime  movers.  Very  often  it  is  quite 
impossible  io  know  which  pritno  movers  may  1)6  called  upon 
to  supply  current  for  the  synclironous  motor,  ； uul  therefore  it 
is  ； ui  absoluU'ly  necessary  precaution  to  supply  t  he  synchronous 
motor  with  dairi])ers  wliicli,  if  suHirienUy  strong,  prevent 
liunting  even  with  consideraI)le  irregularities  of  th"  critical 


Fig.  2.— Two  300  kw.  Sici.f-starting  Frequency  Changkrs. 

periodicity.  A  damper,  to  be  effective,  should  be  either  a 
squirrel-cage  or  at  least  a  2-phase  closed  winding.  If  we 
arrange  a  3-pliase  rotor  in  the  manner  shown  in  Fig.  1，  we  have 
a  polypliase  rotor  winding  used  for  continuous-current  excita- 
tion, serving  also  as  a  3-phase  damper. 

Fig.  1  shows  a  complete  diagram  of  connections  for  a  low- 
voltage  motor.  The  st'ator  is  provided  with  "  star-delta 
switcli  ，，  to  reduce  the  starting  current,  which  otherwise  would 
greatly  exceed  the  full-load  current  owing-  to  the  large  air 
oap.  The  rotor  has  a  3-pha's&  winding;  and  two  of  the  slip 
ring's  are  connected  direct  to  the  terminals  of  the  3-phase 
starter.  The  other  slipping  can  be  connected  direct  to  the 
tlii l-d  terminal  of  the  starter  by  pushing  tlie  lever  of  the  ''field 
rheostat  "  to  the  position  marked  "  starting  position."  If  the 
lever  is  on  any  of  the  other  contacts,  the  exciter  and  the  field 
riieostat  are  inserted  between  the  third  slip-ring  and  starter. 
Far  running,  the  starter  is  short-circuited.  The  exciting  cur- 
rent flows  into  the  third  phase  and  is  split  at  the  star  point, 
tlie  two  other  phases  each  carrying  one-half  of  the  current. 
It  is  not  absolutely  necessary  to  cut  the  exciter  out  during 
starting,  especially  if  a  large  starting  torque  is  not  required. 
A  moderate  alternating  current  11  owing  through  the  exciter 
during  tlie  starting  period  does  no  harm. 

(b)  Salient- pole  Motors* ― By  far  the-  more  general  and  more 
advisable  method  for  the  design  of  a  multipolar  synclironous 
self-starting  motor  is  to  use  the  standard  salient- pole  magnet 
wlieel  with  tlie  standard  field  coils  on  each  pole,  and  to  provide 
in  or  near  the  surface  of  the  pole-tips  a  squirrel  cage  for  start- 
ing. With  laminated  pole-tips,  slots  are  provided  and  bars  of 
t、opper  or  some  alloy  inserted.  Either  the  bars  on  all  the  poles 
are  then  connected  through  rings  on  both  sides  of  the  pole 
wheel,  or  only  the  bars  belonging  to  each  individual  pole  are 
connected  by  a  copper  or  bronze  collar  going  round  tlie  pole 
face.  If  solid  pole-shoes  are  used,  a  special  squirrel  cage  is 
not  required,  the  solid  pole-shoe  in  itself  presenting  a  path 
for  the  currents  induced  from  the  stationary  armature. 

Fig.  2  shows  two  300  kw.  frequency  changers  built  by  the 
British  Westin^liouse  Electric  and  Manufacturing  Coin])anv, 
Ltd.,  each  consisting  of  a  14-pole  motor  for  GO  cycles  coupled 
to  a  6-pole  generator  for  25  7  cycles.  Tlie  rotor  of  the  60-cycle 
motor  (Fig.  3)  has  laminated  poles  fitted  with  a  squirrel  cage. 
The  rotor  of  the  25*7-cycle  generator  has  solid  casi>steel  poles 
and  no  other  damper.  It  is  quite  easy,  as  tests  have  shown,  to 
start  the  set  either  from  tlie  60  or  the  25-cycle  side.  Sucli  a 
machine  can  be  started  with  the  field  coils  open  or  short—'ir- 


ruil fd.  It  I  Im  polo  sIm;os  woro  laminated  aiul  no  <l;iiii|»fr 
oxistfd,  tlie  volta^o  o ('  an  f)]>fMi-<*i n-iiil/**!  fioUl  winding,  whirli 
is  wound  tor,  say,  l(,(,-volt'w  oxt  'ii  ； il  ion,  would  he  many  thou 
suid  volts,  even  if  the  staUjr  is  only  supplied  for  starting  at 
a  fraction  of  the  normal  voltage.  Tin*  art  ion  of  tlu* 丄 im|H'r、 
Iiowever,  reduces  tlie  o|>en-cirruit^l  i\(A(\  volta^t*  to  a  con.si(l<M*- 
able  extent .  For  instance,  it  was  ni(i;isure<l  as  870  volt s 
between  the  sli]>-rings  at  the  nioinent  of  stalling,  when  tlio 
stator  of  the  4^10  h.p.  synclironous  motor  for  2,080  nonnal 
voltage  was  switcherl  on  to  a  starting  voli With- 
out squirrel  cage  tlie  voltage  of  the  field,  <-aI<*ulalf(l  w'nl 
ing  to  the  ratio  of  the  iiuinbcr  of  fif  hi  \  urns  to  armal  lire  I  urns, 
would  have  been  4 ,200  volts.  Tlie  field  wiiulin*/,  ； is  it  wero, 
is  in  the  ••  magnetic  shade/'  protected  by  tlie  squirrel  cage. 
Similarly  tlie  6-pole  25'7-cycle  machine  of  375  k.v.a.  at 
volts,  when  started  as  a  synchronous  motor  with  125  volts 
on  the  stator,  showed  a  voltage  between  slij>-rings  of  I  ,*JOO  ： 
wliile  if  the  solid  pole- shoes  had  no  protecting  effect,  the  field 
voltage,  according  to  the  ratio  of  turns,  would  be  4 ,7<)0  volts. 
Both  fields  are  designed  for  an  exciting  voltage  of  125.  If 
desired  the  voltage  at  start  could  of  course  be  halved  by 
arranging  the  excitation  for  62  volts. 

A  quicker  st  art  can  be  obtained  with  tlie  field  coils  opfM 卜 
circuiterl  than  with  the  field  coils  short-circuited.  Tlie  dotted 
lines  in  Fig.  4  show  the  rapid  rise  in  speed  and  tlie  rapid 
decrease  of  the  armature  current  when  the  60-cycle  machine 
was  started  with  tlie  field  coils  open-circuited  and  a  voltage 
of  approximately  2o  per  cent,  on  the  stator  terminals.  The 
full  lines  show  the  starting  with  short-circuited  field.  Th^ 
starting  period  is  liere  nearly  double  the  former  value.  Tlio 
disadvantage  of  the  increased  starting  period  will  be  readilv 
accepted  if  the  field  coils  are  wound  for  high  voltage,  say 
440  volts.  In  tliis  case  tenfold  normal  voltage  between  slip 
rings  at  the  start  would  require  special  precautions.  A  voltage 
of  25  per  cent,  was  approximately  tlie  minimum  which  could 
be  used  for  starting  the  set.  Even  tlien  it  was  necessary  to  use 
hand  barring  at  first  to  overcome  the  friction  of  the  bearings 
wliicli  are  not  flushed  with  oil.  With  30  or  35  per  cent,  of' t  li^ 
normal  voltage  no  barring  was  required,  and  the  set  started 
rapidly.  With  a  motor-generator  only  bearing  friction  and 
windage  of  the  two  machines  have,  of  course,  to  be  ovei-r'um'. 
and  the  moderate  flywlieel  effects  of  the  two  machines  to  l>e 
accelerated. 

Fig.  5  shows  the  starting  of  the  25*7-cycle  machine  with 
cast-steel  poles  on  23  per  cent,  of  normal  voltage  with  the  field 
coils  short-circuited.  In  tliis  figure  also  the  current  measured 
between  the  short-circuited  slip-rings  by  means  of  a  trans- 


Fig.  3.— Rotor  op  SeI/F-stautixg  SYNniRONora  BforoB. 

former  and  soft-iron  ammeter  is  shown.  Naturally  these 
measurements  are  tlie  more  unreliable  the  more  tlie  marliiup 
approaches  synchronism,  but  nevertheless  they  show  the  nature 
of  tlie  changes  in  current.  Just  before  slipping  into  syn- 
clironisin  violent  oscillations  could  be  seen  on  the  ammeter  in 
the  field  circuit :  these  are  due  to  the  heavy  pulsations  of 
speed  immediately  before  synchronism,  and  to  the  nearly 
momentary  reversal  of  the  magnetism  of  each  pole  when  one 
pole  is  slipped.  These  curves  were  only  obtained  by  \vatoliiiii： 
ordinary  indicating  instruments  and  writing  tlie  observations 
down  at  intervals  of  two  seconds.  The  record  must  therefore 
not  be  regarded  as  a  true  oscillograph  record,  and  especially 
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the  pulsations  before  slipping  into  synchronism  are  by  no 
means  truly  represented  in  the  curve. 

The  armature  ampere-turns  measured  in  Hie  fielcl-coils  cor- 
rfs|)oiul  to  approximately  36  per  cent,  of  I  lie  total  stator 
ampere-turns  at  the  moment  of  starting.  When  the  field 
circuit  was  open  the  voltage  across  the  slip-rings  was  26  per 
cent,  of  the  voltage,  wliicli  would  have  been  induced  in  tlie 
coils  of  a  thoroughly  laminated  field  without  a  squirrel  cage. 
These  tests  are  in  good  agreement  with  the  conclusions  arrived 
at  in  a  paper  on  "  Self-starting  Synchronous  Motors,"  by  Carl 
J.  Feclilieimer  in  the  iC  Proceedings  of  lire  American  Tustit  ule 
of  Klectrical  Engineers/'  April,  1912.    That  paper  contains  a 
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LAMINATED  POLES    WITH    SQUIRREL  CftGC 

j.'k;.  4.— Speed  and  Statob  Current  during  the  Starting  1>i:ki(>d  :  Voi.TAfiii: 
at  Stator  Terminals  approximately  25°/0  of  normal  voltage. 

very  complete  investigation,  theoretical  as  well  as  practical, 
and  is  considerably  amplified  by  the  discussion.  It  is  well 
worth  reading  by  anyone  who  wants  to  study  the  subject-  more 
closely. 

I  should  like  here  to  consider  one  point  which  has  not  been 
fully  dealt  with  in  Fechheimer  s  paper,  that  is,  the  pulling 
into  synchronism.  The  starting  of  the  motor  itself  can  be 
understood  fully  by  applying  the  rules  for  the  starting  of 
squirrel-cage  motors.  We  know  we  can  increase  the  starting 
torque  by  increasing  the  resistance  of  the  squirrel  cage  and 
tor  a  given  stator  voltage  the  torque  is,  witliin  certain  limits, 
proporticnal  to  the  rotor  resistance.  The  short-circuited  field 
winding  represents  practically  a  second  squirrel-cage  winding, 
incomplete  because  it  is  a  "  single  axis"  (single-phase)  wind- 
ing, and  because  it  is  shaded  to  a  great  extent  and  only 
traversed  by  a  part  of  the  flux.  Now  this  winding  will  reduce 
the  starting  torque  in  the  same  way  as  a  reduction  in  the 
resistance  of  the  main  squirrel  cage.  It  will  also  cause  a 
reduction  of  the  starting  torque  when  passing  through  half 
synchronous  sp&ed  (cf.  Lamme's  contribution  to  the  discussion 
on  Fechheimer's  paper).  On  tlie  other  liand,  the  short- 
circuited  field  winding  will,  like  another  reduction  of  the 
squirrel-cage  resistance,  enabl©  the  machine  to  approach  nearer 
to  synchronous  speed  as  an  induction  motor  :  that  means  it  will 
decrease  the  slip  of  the  machine  as  an  induction  motor.  When 
we  have  reached  this  speed,  the  tli&ory  of  the  induction  motor 
is  no  longer  applicable.  One  thing  only  is  certain ― the 
squirrel  cage  must  bring  up  the  rotor  as  an  inchu'tion  rotor  U) 
a  certain  speed  near  enough  to  synchronous  speed  to  enable 
Hie  synchronising  power  of  the  machine  to  accelerate  the  rotor 
from  tliis  point  to  synchronous  speed. 

Pulling  into  Synchronism. 

(a)  Field  Excited. ― Let  us  assume  a  himiiiated  rotor  excited 
with  continuous  current  and  of  the  smooth  cylindrical  type 
with  distributed  winding.  If  tlie  rotor  was  stationary,  and  the 
stator  connected  to  a  polyphase  supply  of  a  given  frequency, 
we  should  have  during  one-half  of  each  complete  cycle  accele- 
rating forces,  and  during  the  other  half  of  each  cycle  retard- 
ing forces  of  approximately  the  same  strength.  If  the  rotor  is 
running  at  a  speed  near  synchronism,  W8  may  say  that  accele- 
ration will  take  place  if  the  vector  of  the  electromotive  force 
induced  in  th?  sl  it  or  windings  by  tiie  rotor  is  lagging  behiinl 


the  ve<*tor  of  tlie  voltage  irnj)ressed  on  tlie  stator  terminals  by 
the  supply  ；  retardation,  if  tlie  induced  electromotive  for""  is 
leading. 

I  ['  in  Fig.  6  O  A  represents  tlie  vector  of  the  supply,  and 
() B  the  lagging  v«u*tor  of  the  rotor,  tlie  synclironising  output 
can  be  represented  as  follows  ： ― 

L=  E  I,,  .  sin 

where  E  represents  the  terminal  voltage  and  2  I„  the  current 
which  flows  into  the  stator  winding  of  the  machine  if  ilir? 
rotor  vector  is  in  direct  opposition  to  the  supply  vector  O  A. 
This  formula  holds  good  on  the  assumption  tliat  the  value  of 
the  apparent  reactance  is  not  dependent  upon  the  position  of 
the  rotor,  and  that  the  circuit  contains  negligible  resistaiice. 
The  maximum  value  of  t  he  synchronising  power  is  given  by  ：  一 
L',,ax,  =  E  T,,， 

； ukI  1  lie  a veiacfe  va】us  during  the  half-period  of  acceleration 

by:  — 


I, 


If，  for  instance,  a  machine  is  so  excited  that  it  would  lake 
no  wattless  current  when  running  at  synchronism,  and  if  the 
short  circuit  current  corresponding  to  tliis  excitation  was  equal 
{')  twice  the  full-load  current,  the  maximum  of  the  synchronis- 
ing power  would  be  twice  full-load  output.  For  in acl lines 
with  salient  poles  it  has  Keen  proved  that  for  small  angles  tlie 
synchronising  power  is  greater  than  would  correspond  t"  tliis 
formula.  But  for  an  ； approximate  calculation  it  will  be  suffi- 
cient to  adopt  this  value. 

We  shall  now  consider  a  machine  without  any  load  (even 
friction  being  excluded  )，  its  rotor  coupled  to  a  flywheel  and 
brought  by  some  outside  motive  power  up  to  a  speed  (1  — «), 
1  representing  synchronous  speed,  and  s,  a  small  value,  the 
、' slip."  If  the  supply  vector  O  A  in  Fig.  6  is  kept  stationary, 
the  rotor  vector  OB  must  be  considered  as  rotating  slowly 
counter-clockwise.  The  rotor  was  at  first  unexcited.  If  the 
excitation  is  put  on,  the  synchronising  forces  tend  to  reduce 
the  slip  for  all  positions  of  the  rotor  ou  the  half-circle  A  C  D, 
and  to  increase  the  slip  for  all  rotor  positions  on  the  half- 
circle  D  F  A. 

Wei  do  not  take  into  account  at  present  any  power  the 
motor  is  able  to  give  as  an  induction  motor"  due  to  the 
existing  slip.  The  effect  of  the  synchronising  forces  will  be 
that  instead  of  a  constant  slip,  s，  a  varying  slip  is  produced 
with  the  outside  values  s  ±sr    The  minimum  slip,  s  —  siy  will 
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Fig.  5.— Speed  and  Curhf-nts  in  Stator  anit  Field  Windikg  duhixg  thk 
Starting  Period  ；  Voltage  on  Stator  Tkrmixals  approximately 
23%  of  normal  voltage. 

exist  when  the  rotor  vector  has  the  position  O  D  in  direct  oppo 
sition  to  the  supply  vector  OA:  the  maximum  slip,  5  +  s,, 
when  it  is  in  coincidence  with  O  A.  The  average  slip  will  not 
exactly  occur  at  the  points  C  and  F.  To  ascertain  the  points 
of  average  speed,  we  have  to  divide  into  halves  the  work  done 
In-  the  accelerating  forces  during  the  half-period  repi-esented 
by  the  semicircle  A  C  D,  and  the  work  done  by  the  retarding 
forces  in  the  semicircle  D  F  A.  it  L ^.^.  ■  t/i  will  therefore 
represent  the  work  done,  while  the  rotor  slip  is  reduced  fi*oni 
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i(,s  jiornial  to  it,s  iniuiumiti  valuv,  pruvi("Ml  /  (lesi"ni"t "s  t  lie 
duration  of  one  full-slip  |"'ri'"l.  This  work  im'rt'asi's  \  rotor 
speed  from  a  value  (1  -  to  a  value  ( 1  -  x  \  .、、），  and  is  con- 
verted into  kinetic  energy. 

If  M  is  the  mass  of  the  flywheel,  and  r  ilw  linear  speed  of 
Hie  radius  of  gyration  at  syiu-lironous  s)>ce(l 一— 

2     [(1  - .s  +  .s、)-—(l— 卟 1 

is  t  he  gain  in  stored  energy.  For  small  values  of  .、'  and  .、、  t  lie 
above  value  is  nearly  e(|ual  to  M  v:  .v  The  amplitude  the 
speed  oscillatioiKs  which  are  siiperimp 暖 （1  on  the  average 
speed  can  now  be  cjilculat  od.  I  f  the  periodicil y  of  t  he  suppiy 
be  //，  llieu  the  periodicil  \-  of  I  ho  slip  is  //  ,、•，  and  t  he  durat  ion 

.  1 
of  a  slip  period  is  t  =—  sees. 

Let  us  express  the  sloretl  wrgv  in  metre-kilograms  ； m'l 
I  lie  syiiclironisin^  power  in  watts ;  llieu  wo  liavc  tlio  e(|iia- 
lion  ： ― 


9-» 
1 

'J. 8  ' 


1 


The  smaller  t he  ； ivn.;igv  slip  ,y，  the  greater  will  be  the  aiupli- 
Uule  of  the  superimposed  speed  oscillations.  As  long  as  tlie 
slij)  .、■  is  great-,  and  Hie  machine  a  long  way  from  syiichronisni, 
the  oscillations  will  be  hardly  perceptible.  When,  however, 
the  machine  runs  at  nearly  synchronous  speed  it  will  be  tossed 
about,  and  imniecliately  before  pulling  into  synrliroiiism  ' 
slip  will  vary  from  nearly  2  s  to  nearly  zero. 

The  limiting  condition  for  pulling  into  synchi'onisin  is  ilial 
[he  anipliiude  of  the  superimposed  speed  oscillation  -s、  should 
be  equal  to  tlie  average  «lip  ,、•.    That  is: ― 


the  limiting  value 


1、 


\)-S    ins    M  v- 
I'he  limit  of  tlu*  slip  therefore  wliich  would  just  make  il, 
possible  for  1  lie  inaciiiiie  to  come  up  to  syiiclironous  speed  a t 
tlie  last  moment  before  retardation  sets  in,  is  given  by  ： ― 

1  1  -^uver. 

(J '  4n  "  Mv2  • 
Assume,  for  instance,  a  rotor  with  a  stored  energy  of 
50,000  m.-kg.,  an  average  synchronisini;-  p()、ver  of  45  kw.，  and 
a  periodicity  of  50  per  second,  the  limiting  value  of  the  slip 
would  be  ： ― 

V  1    x    1    ,  4:>，气0.0。二 

thai  is  to  say,  1*5  per  cent.  slip.  The  inacliine  must  therefore 
be  brought  up  to  a  speed  such  that  the  slip  is  not  more  than 
1\  per  cent.,  in  order  to  allow  the  machine  to  fall  into  syn- 
rliroiiism after  the  excitation  is  switched  on. 

The  small  inaUieniaiical  investigation  above  makes  it  ]>os 
sible  to  calculate  with  some  degree  of  certainty  the  condition 
nuclei*  wliich  a  machine  will  pull  into  synchronism.  In  rca til y, 
of  course,  it  is  advisable  to  lake  a  considerably  lower  value  for 
the  slip  than  tlie  n'hiral  value  calculated  above,  although  I 
will  not  deny  the  theoretical  possibility  lliat  t he  macliine  may 
l)ull  into  syiu'hronisin  with  a  slip  in  excess  of  these  figures. 
Approximately  1*4  times  the  above  calculated  value  of  the 
.slip  would  be  possible  if  the  machine  could  be  excited  or 
switched  on  to  the  supply  just  at  tlie  inomoiii  when  tlie  l-otov 
and  supply  vectors  are  in  coincidence.  Tlieu  the  whole  dura- 
tion of  half  a  slip  |)oriod  would  be  available  for  pulling  into 
synchroiiisin.  Furllier,  t ho  i'ct urdin^  tonjui'  for  a  ('('rt:u,i 
leading  angle  may  be  slightly  less  tlian  the  accelerating  torciue 
for  the  saj»ie  lagging  angle,  and  this  would  enable  a  niarliinr, 
after  coining  up  to  a  speed  which  t hot  outside  motive  power 
can  give,  further  to  accelerate  its  speed  slightly  chiriug  each 
'slip  period  until  the  critical  value  for  the  slip  is  re;u'he<l. 

(>ui'  calculatio'ii  was  based  on  t  lie  assiun])t  ion  thai  t  lit1 
machine  is  not  loaded  at  all.  In  this  case  it  was  I lieoretically 
suflicieiit  to  pull  tlie  rotoi*  up  just  before  it  actually  got  into 
direct  opposition  to  the  supply.  If,  however,  the  machine  is 
l"aikd，  ()  B  for  instance  re])respnt ing  the  normal  lagging  p)si- 
lion  of  the  synchronous  rotor  lor  the  given  load,  we  must  pull 


up  tlie  rotor  before  it  slips  pasi  1  li''  >\  nuncl  r"'a|  posititju  < )  B' 
If  tlie  inacliine  i»  loaded  and  l)rought  up  to  the  Hj^cd  ( 1-*^) 
Ijy  means  of  a  squirrel  cage  on  the  rotor,  I  Iim  cojidiLions  (nr 
pulling  into  synchronism  are  siniilar.  The  in;u'hiue  is  t Ihmi 
developing  at  the  average  .slip  .、■  a  tunj ue  wliidi  is  erpifil  to  1  Ik- 
load  torque.  Vov  tlie  su】>('riiii|»w(l  s|>wl  oscillationn  tlie 
stjuirrel  cage  will  give  us  .su)>erim|KJseH  ，'〗r'|ii<、  following  t Ik* 
sine  law,  and  having  1  lu'ir  |>*>sil  i vp  and  i\t'^n  \  i vc  .nuplit  ik!<^ 
a!  t he  same  momenl  as  tlie  s!km'<1  f;s<-ill;ii ions  t liemsf'lv^s.  \、''- 
know  (>ii  t  lie  otlier  liand  that  the  speed  osrilhit  ions  r(';"'li  lli'-ir 
amplitude  when  the  (nscilhitin^  t'orcfs  whirli  an*  t  li«-ir  卜- 
are  passing  through  zero.  We  have  here  two  kiiuls  of  '，s<  il- 
lating  forces ― Hie  syiKrlironisinj;  i')V(\\w,  and  tin*  sfpiirr^l  ra^f 
oscilhitin^  torque.  The  latter  one  must  be  represented  in  a 
diagram  (Fig.  7)  at  right  angles  t  o  t  he  resullnnt  of  l>ot  h  '-、 '  il 
tnt  in^  forces.  If  O  M  represent s  1  lie  osci Haling  synrlironisiii*; 
lorque,  M  N  the  oscillating  t<m|m»  of  the  squirrel  t  li«*n 

ON,  at  ri^lii  angles  to  M  Nt  r('|'"'sf'iits  tlie  insult  1111：  '、'.il 
lating  torque.  I  f  J\I  N  is  small  coin  pared  with  < )  M,  t  lie  difTf*- 
rence  in  size  between  ()  M  and  ()  N  will  l>e  verv  slight .  M  N 
(corres])ondingto  the  su|>eriiii]>ost'(l  slip  aiiipiil'i 山' 、- ) nalurallv 
a  li  not  exceed  tlie  load  torqm'  con  cspomlin^  to  tlie 
slij)  .v,  and  it  is  evident  that  the  load  t()r(|ii(，  must  l>e  very  mu'-li 
smaller  tlian  the  maximum  of  t  lie  synrhnjiiisin^  \or<\\u\  I  f 
MN  was  even  50  j>er  cenl.  of  ()  ( )  N  would  still  87  \>*  y 
cent,  of  OM. 

The  limit  of  tlie  slip  wliich  still  allows  )>wllin^  into  s y 1 1 
('lu'oiiism  is  therefore  nearly  the  s;une  in  a  ma'.liiiie  whirli 
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under  a  certain  load  runs  up  on  its  own  squirrel  cage  as  in  an 
unloaded  machine  witli  no  squirrel  cage,  which  is  brought  uj> 
1-)  the  same  slip  by  means  of  an  outside  motor.  The  poiuts  of 
maximum  and  mininuuii  slip  before  the  machine  pulls  into 
synchronism  will,  with  a  loaded  machine,  be  shifted  against  A 
and  D  (Fig.  6).  The  limit  of  the  starting  torque  for  whirh  a 
self-starting  synchronous  motor  can  be  used  is,  as  a  rule,  not 
the  torque  required  for  starting  from  rest,  but  the  torque 
whicli  can  be  overcome  for  pulling  into  syiichronisin. 

If  we  take  an  ordinary  syndironous  motor  wliich  could 
take,  while  running  in  synchronism,  a  maximum  overload  (>t 
tlir&e  times  normal,  then  Hie  average  torque  (luring  one-lialf 
cycle  of  slips  would  be  less  than  twice  normal  if  the  stalor  of 
tlie  inacliine  were  connected  to  the  full  volt  ige  and  the  rctor 
fully  excited.  It  is  seldom  permissible,  liowever,  to  st  irt  a 
large  synchronous  motor  on  full  voltage,  because  the  starting 
current  (whicli  is  only  limited  by  t lie  leakage  field  of  tlie  si:"''r 
and  by  the  olnnio  resistance)  would  often  be  equal  to  JO  times 
the  normal  value.  If  tlie  motor,  hy  meaiis  of  an  auto-t rans 
former,  is  started  on  half  voltage  to  reduce  the  sta rtinu  «  ur 
rant  taken  from  the  line  to  approxiinalelv  1*A  times  iif»ruiai, 
and  if  the  rotoi*  is  excited  to  a  value  correspoiulinp  to  half 
voltage,  tlie  sym-liroiiisiug  power  of  the  inacliine  is  reduced  to 
a  quarter  of  what  it  was  before. 

The  average  synchronising  power  will  therefore  be  le^ 
than  one-half  normal  power  of  the  motor.  A  very  small 
margin  is  therefore  left  if  one  would  try,  for  instance,  to 
start  in  such  a  way  h  pump  wliich,  running  at  full  speed  with 
the  valve  shut,  takes  30  to  40  per  cent,  of  full-load  torque. 
For  that  purposs  more  than  50  per  cent,  starting  voltage 
would  have  to  be  provided. 

(h)  Field  Lncxcitcd. ― 1 1*  :  rvli"(lri('「il  r''hr  with  distri- 
buted winding  is  not  excited,  no  syurluouising  power  tn'«  ui s 


430 


THE    MECHANICAL  ENGINEER. 


[April  18,  1913 


in  any  position  of  the  rotor  beyond  a  small  hysteresis  torque, 
which  is  due'  to  the  fact  that  the  maximum  of  the  rotor  mag- 
netisation lags  by  a  constant  small  angle  behind  the  maxi- 
imim  of  tlie  stator  field.  The  hysteresis  torque  is  practically 
constant  for  very  wide  variations  of  speed,  as  shown  already 
in  E wing's  】iysteresis  apparatus.  As  the  hysteresis  torque  is 
in  ordinary  machines  very  small,  a  machine  witli  smooth  cylin- 
drical rotor  does  not  pull  into  synchronisin  without  excitation. 

Machines  with  salient  poles  show  a  different  behaviour. 
Also  here  the  rotor  field  is  produced  by  the  stator,  but  due  to 
the  very  high  reluctance  of  the  gaps  between  the  salieut  poles 
the  magnetic  field  in  the  rotor  will  be  so  tied  to  the  pole 
pieces  that  the  magnetic  axis  of  each  pole  for  the  greater  part 
of  each  half  period  will  only  movo  slightly  to  either  side  of  the 
geometrical  centre  of  the  pole.  For  a  great  part  of  each  slip 
period  1  lie  maclune  therefore  behaves  nearly  in  the  sauic  、、'；"' 
as  a  inacltine  excited  with'  continuous  current,  and  will  be  able 
{<»  draw,  according  to  the  position  of  the  pole  vector,  syn- 
chronising watt  currents  from  the  line. 

If  the  residual  magnetism  of  the  poles  is  small  compnt  «m1 
with  the  field  created  iii  the'  rotor  by  the  stator,  every  ])ole 
will  readily  accept  north  or  south  magnetisation,  and  there- 
fore we  have  no  opposition  of  rotor  and  line  vectors  as  in  Fig. 
6.  The  angles  between  line  and  rotor  vectors  do  not  vary; 
between  0°  and  180°,  but  only  between  0°  and  90。.  In  other 
words,  every  slip  period  is  here  replaced  by  two.  The  rotor 
will,  as  it  were,  hang  on  to  the  stator  field  for  a  considerable 
time  till  it  lags  approximately  half  the  lengtli  of  one  pole, 
then  the  lines  of  force'  snap  and  the  rot'or  will  slip  into  the 
field  of  the  next  stator  pole  and  hang  on  to  this. 

During  the  moment  of  snapping  there  is  practically  no 
rotor  field  fco  balance  the  voltage  impressed  on  the  stator.  The 
stator  must  therefore  at  this  moment  create  it's  field  outside. 
At  1  his  moment  the  wattless  current  in  the  stator  will  thus  be 
very  liigli,  and  the  leakage  field  of  the  stator  will  b©  &o  in- 
creased as  to  keep  the  impressed  voltage  balanced.  If  there 
is  resistance  or  reactance  in  the'  machine  circuit,  this  will  at 
the  moment  reduce  the  terminal  voltage. 

In  a  machine  witli  field  excited;  by  continuous  current  a 
considerable  drop  of  the  terminal  voltage  may  be  caused  (due 
to  resistance  or  reactance)  for  positions  of  the  rotor  vector 
making  a  large  angle  with  the  supply  vector.  If  the  rotor 
vector  is  in  opposition  to  the  supply  vector  the  temiinal 
voltage  will  be  lowest. 

(To  be  continued,) 


NORMAND  WATER-TUBE  BOILER, 

The  accompanying  illustrations  show  a  design  of  waler-t ulic 
boiler,  the  invention  of  Augiistin  Normancl,  67,  rue'  du  Per- 
rey,  Le  Havre,  Seine,  France,  in  which  means  are  provided  for 
uniformly  distributing  the  vaporisation  in  the  different  parts 
of  the  upper  reservoir  and  for  reducing  the  resistance  which 
the  tubes  offer  to  the  draught.  The  tub&  walls  are  so 
arranged  as  to  permit  the  gases  to  enter  the  tube  nest  and 
split  up  into  two  portions,  which  portions  traverse  the  nest 
a  distance  equal  to  half  the  total  lengtli  of  the  tube  nest. 
Fig.  1  shows  a  boiler  heated  by  ])etroleum  from  both  ends  and 
fitted  with  tube  screens.  Fig.  2  is  a  sectional  view  across  a 
nest  of  tubes  on  line  B ― B  of  Fig.  1.  Figs.  3,  4，  and  5  repre- 
sent similar  sectional  views,  but  with  difi'eient  arrangements  of 
water  tubes.  The  bailer  comprises  an  upper  drum  and  two 
lower  drums  united  with  the  former  by  means  of  two  nests  of 
tubes  which  are  substantially  vertical.  The  burners  are 
shown  at  R.  The  tubes  forming  the  innermost  row  S  are 
arranged  close  together  in  such  a  luanner  that  a  contiinions 
wall  is  formed  except  at  their  upper  and  lower  extremities 
where  they  are  parted,  and  at  the  central  portion  of  tlie  boiler 
where  a  certain  number  of  tubes  S  are  omitted  as  shown  in 
Fig.  2.  The  row  of  outer  tubes  T  are  also  arranged  close 
together  in  such  a  maimer  as  to  form  a  screen  except  in  the 
u]>per  part  and  at  tlio  two  extremities  ()f  the  nest  where  these 
1  ul>os  are  ])arted.  Jn  this  niamior  the  hot  gases  after  having 
circulated  between  tlie  iimer  tubes  U  of  the  nest  pass  into  the 
smokeboxes  V  and  are  discharged  through  flues  into  tlie 
chimney. 

1  u  the  modilication  represented  in  Fig.  3  tubes  are  omitted 
in  a  cert ;j in  number  of  rows  and  the  space  left  free  increases, 
ffoin  the  exterior  towards  the  inlerioi'  of  Hie  boiler:  t  lie 
vacani  span'  1  hus  t'ormcd  in  i  lie  mass  ()f  lh(、  ik\s{.  of  tul)(、s 
facilitates  the  penetration  of  the  furnace  gases  into  this  nest. 


In  the  arrangement  shown  in  Fi^.  4  tlie  row  of  tubes  S  which 
is  near  the  furnace  is  arranged  so  as  to  permit  of  the  entry  of 
the  gas  into  tlie  tube  nest  at  the  centre,  by  omitting  a  certain 
number  of  1  lie  tul"'s  in  the  tube  walls  the  same  as  shown  in 
Fig.  2，  but  in  this  instance  an  additional  row  of  tubes  is 
arranged  outside  tlie  opening  to  the  nest;  the  tubes  being 
spaced  in  the  same  relation  as  those  inside  the  nest. 

In  the  arrangeiiieut  rej)resentecl  by  Fig.  5  the  lube&  T  of 
the  exterior  rows  are  placed  side  by  side  so  as  to  form  a  screen 


Fig.  1— Nokmand  Wateu-tube  Boiler. 


except  in  the  central  part  of  the  boiler  where  these  tubes  havo 
been  parted  to  permit  of  the  passage  of  gases  to  the  sniokebox 
and  chimney.  Moreover,  a  number  of  tubes  are  omitted  at 
the  ends  of  the  rows  for  the  admission  of  the  hot 
gases  and  so  as  to  facilitate  the  penetration  of  these  gases  into 
the  nest.  A  number  of  tubes  can  also  be  omitted  in  the 
central  part  of  the  boiler  to  permit  of  the  fitting  of  inter- 
mediate stays  W  uniting  the  upper  drum  with  the  lower 
drums. 

Whatever  the  arrangement  of  the  tube  screens  may  be,  it 
will,  it  is  claimed,  sliow  great  advantages  as  compared  witli 
other  known  systems.  It  may  occur  that,  in  the  case  of 
boilers  of  great  length  and  especially  in  those  heated  from 
both  euds,  the  area  of  the  passage  of  gases  between  the  nests 
of  tubes  is  small  in  proportion  to  the  volume  of  the  combustion 
gases  and  a  great  resistance  to  the  passage  of  these  gases  will 
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follow  IIrm'o t  roii i.  On  t  lie  ot  \\vv  li;md,  t  \\r  tuln*s  wljirh  ai'r 
most  heated  being  at  oiio  uf  ll"、  ends  of  tli(、  boiler  the  zone  of 
the  groale^t  vaporisation  in  t lir  upper  reservoir  will  be  very 
small  and  may  cause  ])riining.  With  the  arrangement  illus- 
trated, each  part  of  the  nest  of  tubes  will  be  traversed  by  half 
the  volume  of  gas  whicli  would  pass  through  in  tlie  same  ti""> 
in  the  case  of  a  boiler  with  a  single  course  and  the  lengtli  of 
t'lie  course  of  tlie  gases  in  the  nest  of  tubes  will  be  halvetl. 
For  these  two  reasons,  the  resistance  opposed  by  the  boiler  to 
the  draught  will  be  greatly  tlimiuished.  Besides,  1  he  distribu- 
tion of  tlie  most  lieated  tubes  over  a  greater  length  and  above 
all  t'lieir  tlispo^ii  ion  at  I  lie  two  tMids  of  \  he  nesl  ； us  in  (he  case 
of  Fig.  5  will  e(Te<*t  an  iiiri 、、； i.、:e  of  tlu1  sui-faco  of  va])ori^alioii 
and  will  ensure  a  higlu'i'  (K'^ree  ot'  drvness  u t'  l lie  sieain. 
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THE  REMOVAL  OF  DUST  FROM  GRINDING  WHEELS. 

The  New  York  State  Dei>;irtmtM]l  of  Lal)''"r  liavc  r'',"iill、' 
issued  the  following  specification,  prepni-tsl  I>y  Mr.  \\'ill"mi 
Newell,  mechanical  engineer  to  the  Depart  ukmiI,  l('r  t  he 
design,  construction,  and  op^rat ion  of  exhaust  systems  tor 
grinding,  polishing,  and  l)iUIin^  wheels:  — 

Minimum  sizes  of  branch  pipes  allowed  for  (lin'ercnl  si/od 
emery  or  other  grinding  wheels :— 


Diameter  of  Wheels. 

Maxiniimi 

surface, 
sq.  in. 

Miniiiuuii 
diameter 
of  bram  li 
pij>c  in  ins. 

(>in. 

or  k'、s，  not  over  lin.  thick 

10 

li 

Tin. 

to  "in.  inclusive,  not  over  l.Un 

. thit-k... 

43 

3i 

K»in. 

to  I(>iti.  inclusi\  c,  n<jt  ovrr  2in. 

tliick  ... 

101 

4 

17m. 

to  1  !»in.  ini'hisivc,  not  over  3in 

. thick... 

180 

-U 

20in. 

to           inclusive,  not  o\ cr  4in 

thick... 

302 

to  30in.  inclusive,  not  over  5ia 

, thick... 

472 

6 

In  case  a  wheel  is  thicker  than  given  in  the  above  tabula- 
tion, or  if  a  disc  instead  of  a  regular  wheel  is  used,  it  must 
have  a  branch  pipe  no  smaller  than  is  called  for  by  its  grind- 
ing surface,  as  given  above. 

Minimum  sizes  of  branch  pipes  allowed  for  different— sized 
IjuHing,  polisliing,  or  rag  wheels,  as  they  are  variously 
called : — 


Diametoi*  of  Wheels. 

Maximum 
grinding 
surface* 
sq.  in. 

Miiiiniiim 

diflmoter 
of  brand) 
pipes  in  ins. 

"m.  or  less,  not  over  lin.  thick       ...  ... 

)<) 

34 

Tin.  to  12in.  inrlusiv'.',  imt  n\'er  Hin.  thit-k.. 

4 

\'Mn.  to  16in.  inclusive,  not  over  2in.  thick... 

ldl 

44 

17in.  to  20in.  inclusive,  not  over  3in.  thick... 

189 

21  in.  to  24in.  inclusive,  not  over  4in.  thick.. 

302 

5a 

2.">in.  to  30in.  inclusive,  not  ovt'r  "liu.  thick.. . 

472 

6| 

Buffing  wheels  Gin.  or  less  in  diameter  used  for  jewellery 
work  may  have'  a  3in.  branch  pipe.  The  thickness  given  for 
bufling  wheel's  above  applies  to  the  thickness  of  the  wheel  at 
the  centre.  In  case  the  wheel  is  thicker  than  given  in  the 
above  tabulation,  it  must  have  a  branch  pipe  no  smaller  than 
is  called  for  by  its  grinding  surface.  Branch  pipes  must  be 
not  less  than  the  sizes  specified  above  throughout  their  entire 
length.  All  branch  pipes  must-  enter  the  main  suction  duct 
at  an  angle  not  exceeding  45°,  and  must  incline  in  the  direc- 
tion of  the  air  flow  at  junction  with  main.  Branch  pjpes  must 
not  project  into  main  duct.  All  laps  in  piping  must  be  made 
in  the  direction  of  the  air  flow.  All  bends,  turns,  or  elbows, 
whether  in  main  or  branch  pipes,  must  be  made  with  a  radius 
in  the  throat  at  least  equal  to  H  times  the  diameter  of  the 
l>ip3  on  which  they  are  connected. 

The  inlet  of  the  fan  or  exhauster  shall  be  at  least  20  per 
cent,  greater  in  area  than  the  sum  of  the  areas  of  all  the 
branch  pipes,  and  such  increase  sliall  be  carried  propor- 
tionately throughout  the  entire  lenglli  of  the  main  suction 
duct.,  the  area  of  the  main  at  any  point  sliall  be  at  least 
20  per  cent,  greater  than  the  combined  areas  of  the  branch 
J>ip3s  entering  it  between  such  point  and  the  tail  end  or  dead 
end  of  the  system .  If  such  increase  is  made  greater  than  20 
per  cent.,  the  area  of  the  main  at  any  point,  except  that  por- 
tion of  it  between  the  branch  entering  it  nearest  the  fan,  and 
the  fan  shall  bear  approximately  the  same  ratio  to  the  t'oui- 
bined  areas  of  the  branches  preceding  that  point  (/.'.，  Ir'"、!'  "i 
it  and  t lie  tail  end  of  the  system)  as  tlie  a rea  of  1  he  main  ； it 
the  branch  nearest  the  fan  bears  to  the  combined  areas  of  all 
tlie  branches.  (This  provision  is  made  to  permit  the  use  of  a 
fan  having  a  larger  inlet  area  than  t  lie  area  of  the  main  ； it 
the  branch  pipe  nearest  to  the  fan,  if  desired.) 

The  area  of  the  discharge  pipe  from  the  fan  sliall  ho  as 
large  or  larger  than  the  area  of  the  fan  inlet  tlirou^liout  it> 
entire  length.  The  main  trunk  lines,  both  suction  ami  dis- 
charge, shall  be  provided  with  suitable  cle;m-on(  doors  not 
uvor  10ft.  apart,  and  the  end  of  tlie  main  suction  duri  shall 


he  blanked  ol\  with  a  r('m',v;i  1,1"  rap  |,la''<，'l  on  tlie  imkI.  Sulli- 
cient  .static  suction  head  sliall  be  iiiaiiiiain«Ml  in  vm-\i  I'nm'  li 
pipe  witliin  lit.  of  tlie  hood  U>  ]>rothi<-o  a  diireroii^  of  level 
of  2in.  of  water  between  the  two  sides  of  a  U^liaped  tube. 
Test  is  to  l>c  mafU;  hy  |,l;L(  m;,  one  a  nil,l"'r  ti 山'' ',.''r 

small  hole  made  in  pipe,  other  eiul  of  tulj'、  l,*'m"'  r',mwt<"i 
to  one  side  of  U -shaped  water-gauge.  Test  is  to  be  made  witli 
all  branch  pipes  oj>en  and  unobsl  ruct c<l. 

I  n  addition  to  the  above  spe<\f\<n[  ions,  h   ]juuil>er  of 
recoinniendatioiis  "  are  given  below,  which,  if  observed,  will 
make  for  still  more  efficient  operation  and  longer  life  of  the 
system. 

Emery  wheel  aiul  bufling  wheel  exiiau.st  systems  should  1"- 
kept  separate  owing  bo  danger  of  sparks  from  the  former  set- 
ting fire  to  the  lint  dust  from  the  latter,  if  both  are  drawn 
into  the  same  suction  main. 

In  tlie  case  of  undershot  wheels  (i.e.,  the  top  of  the  wheel 
runs  toward  the  operator)  which  is  almost  always  the  direction 
of  rotation  of  both  emery  and  buffing  wheels,  the  main  suction 
duct  should  be  back  of  and  below  tlie  wheels  and  as  close  to 
them  as  is  practicable  ；  or  it  should  be  fastened  to  tlie  ceiling 
of  the  floor  below,  preferably  the  former.  If  behind  the 
wheels,  it  should  be  not  less  than  6in.  above  the  floor  at  every 
point  to  avoid  possible  charing  of  the  floor  in  case  of  fire  in 
the  main  duct,  and  also  to  permit  sweeping  under  it.  For 
similar  reasons  it  should  be  at  least  6in.  below  any  ceiling  it 
may  run  under. 

Both  the  main  suction  and  discharge  pipes  should  be  "ia(le 
as  short  and  with  as  few  bends  as  possible,  to  avoid  loss  by 
friction.  If  one  or  the  other  must  be  of  considerable  len^tli, 
it  is  best  fco  place  the  fau  not  far  beyond  where  the  nearest 
branch  enters  the  large  end  of  the  main,  as  a  long  discharge 
main  is  a  lesser  evil  tlian  a  long  suction  main.  Avoid  any 
pockets  or  low  places  in  ducts  where  dust  might  accumulate. 

The  main  suction  duct  should  be  enlarged  between  everv 
branch  pipe  entering  it,  whenever  space  permits,  and  in  no 
ca&s  should  the  main  duct  receive  more  than  two  branches 
in  a  section  of  uniform  area.  All  enlargements  in  the  size 
of  the  main  should  be  made  on  a  taper  and  not  by  an  abrupt 
change. 

If  there  is  a  likelihood  of  a  few  additional  wheels  being 
installed  in  the  future,  it  is  advisable  to  leave  a  space  for 
them  between  the  fan  and  the  first  branch,  and  to  put  in 
an  extra  size  fan.  Or,  a  space  may  be  left  beyond  the  fan 
so  that  the  fan  may  be  moved  along  and  the  main  extended 
when  it  is  actually  decided  to  install  additional  wheels,  pro- 
vided the  fan  is  of  sufficient  size  to  still  comply  with  these 
specifications  after  the  additional  branches  are  added. 

Branch  pipes  should  enter  the  main  on  the  top  or  sides 
and  never  at  the  bottom.  Two  branches  should  never  enter  a 
main  directly  opposite  one  another.  Each  branch  pipe  should 
be  equipped  with  a  shut-off  damper  or  blas1>gate,  as  it  is  also 
(•ailed,  which  may  be  closed,  if  desirable,  when  the  wheel  is 
not  in  use.  Not  more  than  25  per  cent,  of  such  blas"gates 
should  be  closed  at  one  time  ;  otherw^b3  the  air  velocity  in 
the  main  duct  may  drop  too  low  and  let  the  dust  accumulate 
on  the  bottom. 

It  is  very  important  that  the  lower  part  of  the  lioo'l 
shall  come  far  enough  forward  beneath  the  front  of  the  wlieol 
so  that  the>  dust  will  enter  the  hood  and  not  fall  outside  of 
it  altogether,  even  if  the  acconi])lislunent  of  this  result  neces- 
sitates leaving  considerable  space  between  the  wheel  and  the 
lower  part  of  the  lioocl,  in  order  that  the  hood  shall  not  inter- 
fere with  the  work. 

Branch  pipes  should  】ead  out  of  the  liood  as  nearly  as  |h>s 
sible  at  the  point  where  tlie  dust  will  naturally  he  thrown  \uU> 
them  by  the  whssls.  This  is  veiv  important.  An  ubjeotionahlc 
practice  sometimes  found  where  small  work  is  polislied  is  tl"' 
use  of  a  screen  across  the  mouth  of  the  braiuh  pipe  where 
it  enters  the  hood.  Such  screens  are  an  obstruction  to  i\w 
passage  of  material  and  the  ra veilings  from  buffing  wheels 
are  held  against  the  screen  by  the  suction,  with  tlie  result 
that  in  a  short  time  the  draught  is  almost  entirely  cut  off. 

The  use  of  a  trap  at  the  junction  of  the  hood  and  brniK-h 
pipe  is  good  practice,  provided  it  is  r leaned  out  regulnrlv  and 
not  allowed  to  fill  up  with  dust.  This  will  oaUli  tlie  l"',、  i," 
particles,  and  so  take  some  wear  off  the  fan.    It  will  also  serv- 
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to  catch  any  nuts,  pieces  of  tripoli,  &(•.，  dropped  by  accident, 
and,  in  the  case  of  work  on  small  articles,  will  enable  tliem 
to  be  recovered  when  dropped  in  the  hood. 

All  bends,  turns,  or  elbows,  whether  in  main  or  branch 
pipes,  should  be  made  with  a  radius  in  the  throat  or  twice  t lie 
diameter  of  the  pipe  on  which  they  are  connected,  wherever 
space  permit's.  Elbows  should  be  made  of  metal  one  or  two 
gauges  heavier  than  the  pipe  on  which  ihey  are  connected,  as 
the  wear  on  t  liem  is  much  greater. 

The  withdrawal  of  air  from  a  room  by  an  exhaust  sys""" 
n;il  urally  tends  to  create  a  slight  vacuum,  and  for  this  r(jasoi» 
inlets  for  air  at  least  equal  to  the  sum  of  the  areas  of  the 
branch  pipes  should  be  left  open. 

The  cyclone  separator  or  dust  collector  must  be  pi'opm'- 
1  ionecl  to  suit  operating  conditions,  light  dusts  requiring  a 
larger  separator  than  heavy  dusts.  For  metallic  dusts  and 
wood  shavings  a  separator  should  be  selected  the  area  of  wliose 
inlet  is  at  least  as  large  as  the  area  of  the  discharge  pipe  from 
the  fan.  For  light  buffing  dusts,  lint,  &c.，  the  air  outlet  from 
1  li*1  top  of  the  separator  should  be  'so  large  t hal  ilie  velocity 
of  discharge  will  not  exceed  300ft.  to  480ft.  per  minute  ；  then 
select  a  separator  of  which  the  other  dimensions  are  propor- 
tionate. The  air  outlet  should  be  provided  with  a  proper 
r;m(jpv  or  elbow  to  exclude  the  weather,  but  should  be  other- 
wise unobstrucied.  There  should  be  ample  clearance  under 
the  separator  for  the  accumulation  or  storage  of  the  dust, 
、vhi('li  should  never  be  allowed  to  pile  up  as  higli  as  the  bottom 
<>\  the  separator. 


STANDARDS  FOR  EMERY  WHEELS. 

Mk.  Chas.  G.  Smith,  of  the  Pittsburgh  Emery  Wheel  Com- 
pany, in  a  recent  issue  of  "  The  Iron  Trade  Review/'  directs 
attention  to  the  desirability  of  standardising  emery-wheel 
shapes  and  steel  safety  collars.  Unless  such  a  standard  was 
adopted  and  complied  with,  the  use  of  safety-shape  wheels 
； m(l  safety  collars  would,  lie  observed,  increase  rather  tlian 
decrease  the  hazard  of  the  operation  of  these  wheels.  Many 
users  of  grinding  wheels  recently  had  undertaken  to  make 
tlveir  own  safety  collars,  and  many  of  these  did  not  conform 
to  any  of  the  standards  on  the  market.  In  addition,  some 
manufacturers  of  grinding  wheels  would  make  these  collars 
to  conform  to  any  shape.  This  practice  should  be  stopped. 
Formerly,  】iis  company  tapered  its  collars  ^in.  per  foot,  the 
wheels  having  been  tapered  on  both  sides.  Many  of  these 
collars  were  made  with  a  Gin.  flat  spot  at  the  centre .  This 
had  been  changed  to  a  4in.  flat  spot  in  the  collars,  and  all 
wheels  now  had  a  6in.  flat  spot.  One  emery-wheel  manufac- 
turer formerly  tapered  collars  ^in.  per  foot  with  a  4in.  flat 
spot,  but  some  years  ago  this  faper  was  changed  to  ^in.  to 
the  foot  with  a  4in.  flat  spot.  Another  grinding  wheel  emu 
l^my  tapered  its  collars  yni.  to  t he  foot,  and  some  of  the" 
had  a  4 in.  and  others  a  6in.  flat'  spot. 

The  writer  referred  to  a  number  of  instances  where  wheels 
w i 1 1 1  a  .'in.  t aper  had  broken  and  large  pieces  became  dis- 
engaged from  the  collars,  resulting  in  the  injury  or  death  of 
the  ()j);'rat ors.  On  the  other  hand,  wheels  tapered  on  both 
titles  with  a  taper  of  ^in.  per  foot,  protected  by  collars  wliicli 
fitted  the  wheel,  the  collars  being  4in.  less  in  diameter  than 
the  wheel,  had  resulted  in  practically  no  casualties  or  serious 
*  1  a  u  I  age  during  the 】0  years  that  this  taper  had  been  adopted. 
Nearly  every  w】ieel  taps  reel  yin.  would ,  he  remarked,  break 
when  protected  with  collars  having  a  ？; in.  taper,  and  the 
liroken  pieces  of  tlu-  whi'el  would  become  disengaged  from  the 
collars,  whifli  would  open  at  the  rim.  A  wheel  with  sides 
tapered  .lin.  ]>or  foot  would  not  nevessarily  break  if  used  in 
collars  witli  a  ；;' iu.  taper,  but  the  constant  use  of  Aiu.  tapered 
wheels  and  -  tapered  collars  would  ruin  the  collars  for 
subsequent  uss  for  : 丄 tapered  wheels.  This  was  due  to  the 
fa<*t  lliat  the  collars  would  spring  in  the  centre  as  a  result 
of  the  tightening  of  the  nut  on  the  spindle.  If  more  than 
'Jin.  on  the  wheel  was  to  bs  exposed  beyoud  the  safety  collar, 
a  safety  hood  should  be  mounted  on  the  machine  in  addition 
to  tlie  collar.  In  conclusion,  he  remarked  that  if  all  nianu- 
facturers  of  wheels  would  give  them  a  taper  of  yin.  to  the 
foot  with  a  6^in.  flat  spot,  and  if  they  would  make  all  collars 
for  wlieels  with  a  ^in.  taper  with  a  4in.  flat  spot,  and  if  all 
users  of  emery  wheels  who  make  their  own  collars  would 
conform  to  this  standard,  no    Curt  her   difficulty    would  be 


experienced.  These  sj>ecifications  applied  to  wheels  more 
than  I2in.  diajn.  Kor  grinding  wheels  12in.  and  less  in 
diameter,  Hie  company  with  which  he  is  ronnerted  would 
hereafter  adopt  a  3in.  flat  spot,  thereby  permitting  the  use 
of  collars  Gin.  diam.  This  did  not  apply  to  ]  -'in.  stubs  of 
larger  wheels.  If  users  of  grinding  wheels  would  insist  on  a 
•';"、.  taper  per  foot  with  6in.  flat  spots,  a  standard  could 
easily  be  established. 


ROTORS  FOR  CENTRIFUGAL  PUMPS  AND  COMPRESSORS. 

A  design  of  rotor  for  centrifugal  pumps  and  com- 
pressors is  shown  in  tlie  accompanying  cuts.  It  has 
been  designed  and  patented  by  Messrs.  Escher,  Wyss, 
and  Co.,  Zurich,  Switzerland,  and  has  the  lateral  face 
which  is  adapted  to  receive  the  blades  constructed  in  tlie 
form  of  a  Iiyperboloicl.  As  is  well  known  a  livperboloid  is 
produced  by  the  rotation  of  a  straight  line  about  an  axis 
without  changing  its  position  with  regard  to  that  axis.  By  so 
choosing  this  position  as  to  cause  it  to  coincide  with  the  posi- 
tion  of  the  blades  to  be  secured  to  the  rotor  the  great  advan- 
tage is  obtained  of  enabling  straight  blades  to  be  used  wlii<  h 
are  cheaper  and  easier  to  manufacture,  particularly  on  a  large 
scale,  than  curved  blades  and  which  can  be  secured  to  the  disc 
in  a  simpler  and  safer  manner  without  necessitating  the  time- 
wasting  operation  involved  in  the  usual  setting  and  fitting. 
Straight  blades  have  already  been  used,  for  instance,  in  com- 
pressors, but  in  tliis  case  the  faces  of  the  rotor  destined  to 
receive  the  blades  had  to  be  straight.  Curved  rotor  faces,  how- 
ever, have  over  straight  faces  the  advantage  of  forming  a  better 
guide  for  the  air  and  of  enabling  a  more  favourable  shape  to 
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Fig.  1.  Fig.  2. 
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be  given  to  the  rotor  to  counteract  strains,  and  more  particu- 
larly to  avoid  the  bending  strains  which  are  liable  to  occur  in 
rotors  with  one-sided  admission  - 

The  illustrations  show  the  rotor  of  a  centrihigal  compressor 
with  one-sided  admission.  Tlie  straight  blades  of  an  angular 
or  T-shaped  cro&s-section  are  to  be  riveted  to  the  rotor  A.  In 
cross-section,  as  shown  in  Fig.  1，  the  blades  should  form  an 
angle  X  with  the  axis  C,  while  viewed  in  lateral  elevation 
according  to  Fig.  "2  tliey  should  form  tlie  angle  Y  with  the 
radius  R  so  that  in  reality  these  blades  are  entirely  ()hli(p"、 
with  regard  to  the  axis  C.  In  precise  coiiu-idonce  "  ith  I  his 
direction  a  straight  Hue  should  now  be  rotated  ；山 （>ut  1  lie  axis 
w herebv  the  front  profile  of  tlie  rotor  is  determined  aiul  wliirli 
profile  thei'efore  assumes  the  form  of  a  hvperholoi J.  Precisely 
registering  witli  the  position  and  direction  of  the  generat  rix. 
the  blades  B  to  be  riveted  to  tlie  rotor  are  then  put  in  }>hn-e. 
These  blades  need  nol  nil  liave  the  >ame  lengtli,  although  as 
regards  the  axis  they  must  all  have  the  same  direction.  The 
rear  face  of  the  rotor  may  likewise  receive  the  form  of  a  Ii\  |hm  - 
boloitl  or  that  of  anv  other  rotary  face  or  even  be  st raiglit,  if 
desired.  In  the  event  of  the  rotor  being  subject  to  admission 
on  both  sides,  both  faces  are  shaped  as  hvperboloids,  so  as  to 
enable  straight  blades  to  be  secured  to  both  faces.  The  turner 
will  of  course  be  provided  with  a  gauge  correspondiug  to  the 
sectional  face  Z  Z  of  Fig.  1  of  the  hvperboloid  and  with  regard 
to  tlie  axis  presenting  a  convex  curve. 

Modern  Developments  of  Aeroplane  Theory. ― A  paper  on  this 
subject  will  be  read  by  Mi'.  Archibald  Lo、v,  M.A.,  h!  a  meet- 
ing of  the  Junior  Institution  of  Engineers,  to  be  held  at  the 
Institution  of  Electrical  Engineers,  Victoria  Enibankinont . 
on  Wednesda v  evening,  April  23rd. 
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STUDIES  OF  THE  CUPOLA  MELTING  PROCESS. 

The  cupola  melting  process  is  t  he  suljject  of  a  paper  in  "  Stahl 
und  Eisen  "  for  January  3()tli，  191：^,  by  Dr.  F.  Iliisor,  of 
Griesheim-am-Main,  and  we  are  indebted  lor  the  following 
abstract  to  our  conteiii])orary  "  Tlie  Iron  Age." 

Tlie  tests  were  carried  out-  on  the  cupola  shown  in  Fig.  I , 
which  lias  two  t  uveres,  one  iti  f'ronh  70  mm.  by  190  nun. 
(2'75in.  by  7'48in.)  and  one  l>eliin(l  I iJO  mm.  by  500  nun. 
(f>*12in.  by  19'fi8in.)，  iheir  total  cross-section  being  one-tenth 
that  of  the  furnace.  The  blast  is  taken  from  a  rommoii  Ijlast 
main  serving  four  furnaces  ；  it  is  furnished  l>y  a  fan  and 
is  regulaiecl  hy  a  1  lirol  tlo 
valve.  Tlie  pressure  on 
starting  was  7*9G  oz.  per 
square  incli  ；  as  the  tuyeres  —jt 
slacked  up  it   increased  so 


that  in  about  an 
was  about  13*64  oz.  and 
during  the  remainder  of  the 
test  it  varied  between  1 3*64oz. 
and  15*91oz.  Measurements 
of  the  volume  of  blast  gave  ；出 - 
average  for  three  days  ot 
19'686  cub.  ft.  per  second. . 
More  blast  is  received  at 
tlie  beginniug,  because  as 
the  melting  goes  on  tlie 
tuyeres  decrease  in  area 
； m(l  the  column  of  charge 
becomes  dense.  Tliere  is 
more  opposition  therefore  to 
the  blast,  and  tlie  fan  does 
not  furnish  so  】iiucli  ；  in 
other  words,  its  effiriencv 
drops  with  increased  oppo- 
sition. The  】oss  of  blast 
through  leakage  in  the 
joints,  <fec.，  and  oxidation  of 
iron,  manganese,  silicon, 
phosphorus  and  sulphur  was  found  to  be  an  average  of  16  per 
cent.  At  the  beginning  it  was  lower  but  increased  at  the 
end  to  20  per  cent. 

Gas  and  Temperature  Conditions. ― In  order  to  determine 
these  conditions  in  the  different  parts  of  the  furnace  holes 
were  bored  through  the  shell  and  lining  in  the  six  places 
shown  in  Fig.  1.  Detailed  tables  are  then  given  of  the 
analysis  of  the  gases  taken  from  the  different  holes,  and  a 
description  of  tlie  a rraiiireTiient  used  for  taking  the  samples. 
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pyrometer  was  inounted  in  a  special  aii -t it,'iil.  arrunge- 

nient  wliicli  is  described .  Hole  ，,  rould  not  )>f*  kf*p(  free  from 
slag  very  long,  and  at  hole  〃  \  lie  m«';i、im'mf'iils  were  stil!  more 
(liflicult  to  make,  and  an*  not  mdu 山'' I  in  V\g.  3，  wliicli  shows 
the  temperature  graphically.  From  Fig.  it  is  Heen  that  in 
the  first  part  of  t  lie  cainpai^i)  zone  //  is  st  ill  witliin  tlie  melt  in 二' 
/-one,  which  is  due  to  the  Iiei^lil  of  t lu*  cok<-  Zone  r  in 

cont inually  within  tins  melting  zone,  wliirh  is  also  shown  hv 
the  strongly  slagged  walls  of  t his  part  of  ttie  furnace.  Tlio 
gradual  decrease  of  the  t<'m|"'，;" w  liorc  leads  to  the  can 
clnsioii  i  lial  t  he  coke  bed  slowl 、' 卜 in  v',l，u,i'* 
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*Last  few  drops. 

The  melting  zone  covers  tlie  large  extent  of  about  one 
metre  above  the  upper  corners  of  the  tuyeres.  Tlie  blast  does 
not  go  straight  through  to  the  centre  of  the  furnace  from  the 
tuyeres,  but  presses  upward  and  only  gradually  makes  its  wav 
inward.  The  best  arraugement  of  the  tuyeres  would  appear 
to  be  one  where  they  occupy  a  small  height,  and  where  eacli 
tuyere  is  inclined  downwards,  so  that  the  blast  penetrates  in 
a  curve  and  reaches  the  centre  at  about  the  height  of  tlie 
tuyeres.  This  ideal  condition  will  be  strongly  influenced  bv 
slagging,  but  experience  has  shown  that  combustion  will  be 
very  complete  and  the  melting  zone  limited  to  its  smallest 
amount.      About  half  of  the  bed  coke  is  placed  in  position 
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Pig.  2.— Carbon  Dioxide  in  VoLuaiE  per  cent, 
of  the  Gases  from  thk  Different  Holes. 
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No  correct  samples  could  be  obtained  from  hole  a  because  it 
continually  kept  closing  up.  The  C02  percentages  are  sliown 
graphically  in  Fig.  2.  Samples  of  tlie  waste  gases  were  taken 
bv  means  of  a  pipe,  peuetrating  about  16in.  into  the  charge. 
The  average  sulphur  of  four  tests  taken  on  different  days  was 
0.978  g.  per  cubic  metre  (0*43  g.  per  cubic  foot).  Tlie  t  -^npe- 
ratures  were  measured  bv  a  Le  Chateliex*  couple  as  far  as 
possible,   but   for  the  t wo  lower  zones  a  Wanner  optical 


three  hours  before  starting  and  is  brought  to  a  clear  red  heat  ； 
the  remainder  is  added  lialt"  an  liour  before  starting  and  i; 
therefore  well  pre-lieated.  When  the  blast  is  adinitte*!  i 
whole  amount  is  soon  raised  to  incaiulescenfe.  This  expl.t:-!.. 
the  results  shown  in  Fig.  4，  giving  the  analysis  of  the  w  ；•  ； 
gases.  The  complete  combustion  (formation  of  CO..)  show  n 
at  the  beginning  clianges  very  quickly,  so  that  in  baivlv 
three  to  four  hours  the  relations  of  CO,  and  CO  are  (lire,  M、. 
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revei'sed.  In  42  minutes  the  C02  drops  to  a  minimum  of 
3*4  per  rent.,  wliilo  iho  CO  <'liml)s  lo  ;i  maximum  of  I  S  ；>  per 
cent .  At'  this  time  tlie  conditions  are  those  of  gas  producer 
])i  act  ice,  with  a  strongly  reducing  influence.  The  furMier  the 
coke  bed  burns  down  the  smaller  is  the  reducing  influence  of 
t  lie  layers  of  coke.  Tlie  gas,  therefore,  becomes  richer  in  CO, 
an<l  after  about  two  hours  a  state  of  equilibrium  is  reacliod, 
llir  amounts  of  about  14*5  per  cent.  C02  and  9'3  per  cent.  CO 
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the  end  the  slag  is  liigher  in  silica  because  of  the  slagging  of 
t  he  lining  wliich  protects  the  silicon,  so  that  only  7  per  rent, 
is  lost.  The  lime  in  the  (oke  bed  appears  lo  work  directly 
t  he  opposite  in  t  h*'  case  oS  manganese.  In  tlie  first  three- 
<jua rters  of  an  hour  the  loss  is  only  3  5  per  cent. ,  but  with 
decreasing  lime  and  increased  C02  in  the  gases  this  increases 
so  that  during  the  further  course  of  the  charge  the  loss 
averages  22  per  cent.  The  average  increase  in  sulphur  is 
95  per  cent.,  but  at  the  beginning  it  is  as  high  as  160  per 
cent.,  due  to  the  bed  coke. 

Finally,  the  material  and  lieat  balance-sheets  are  carefully 
worked  out.  The  results  of  the  first  per  】00kg.  iron,  in  per 
rent,  by  weight  of  t  he  iron  charged,  are  ： 

Obtained. 

Iron    08-00  kg. 

Slag    5-22  kg. 

fiases    83-81  kg. 

Steam   0-31  kg. 

Dust    0-53  kg. 


Charged. 

Iron   100-00  kg. 

Coke    8-88  kg. 

Limestone   2m  10  kg. 

Blast  and  moisture  ....  77*08  kg. 
Patching  material     ....     0'71  kg. 

The  results  of  the  latter  are 

Heat  -ii|«}»lied. 

Per  cent. 

Combustion  of  coke    89-5G 

Com  hast  ion  or  loss  of  iron 

constituents    8*95 

Hoat  carried  in  l>y  charge     . .  O*0(» 

Heat  carried  in  by  blast  0*89 


Heat  obtained. 

Per  cent. 

In  the  iron    59 '95 

In  the  slag    5*55 

In  the  gases   30  - 1 1 

In  the  steam    0*59 

In  dust    0*13 
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Hours  from  beginning  ― 
Fig.  5.— Composition  of  Iron  at  Different  Stages  of  the  Heat. 

not  changing  much  thereafter.  From  Fig.  2  it  is  seen  that 
combustion  in  the  tuyere  zone  is  tolerably  complete  (zone  h), 
the  C02  produced  here  being  reduced  in  the  upper  zones. 

Liquid  Products  of  the  Furnace. ― Details  are  given  of  the 
kind  of  material  and  amount  used  for  patching  the  furnace 
before  starting,  thei  bed  ooke，  the  limestone,  and  the  metal 
charge,  analyses  being  given  in  all  cases.  The  average 
analysis  of  the  charge  was :  C.，  3  30  per  cent  ； 
Si.,  2'52  per  cent.  ；  Mn"  072  per  cent,  ；  P.,  0'68 
per  cent.  ；  S.，  0,059  per  ceint.  The  coke  had  I'll 
per  cent,  sulphur.  Besides  metal  the  furnace  gives  in 
this  experimental  run  1,330  kg.  of  slag  =  5*22  per  cent,  of  the 
weight  of  iron  ；  and  at  the  end  when  the  bottom  was  dropped 
120  kg.  of  cokei  was  left.  During  the  whole  run,  which  lasted 
four  hours,  tests  of  the  metal  were  taken  every  15  to 
20  minutes  and  of  th©  slag  every  40  minutes  with  a  long 


The  difference  of  440,220  calories,  or  3*67  per  cent.,  repre- 
sents heat  given  to  the  furnace  walls  and  lost  bv  radiation. 


Tfours  from  beginning 
Fig.  6.— Composition  of  Slag  at  Different  Stages  of  the  Heat 


Table  II. ~ Slag  Analysis. 


Time  from 

Blast 

beginninr;. 

Oz.  per 

Si0.2 

FeO 

A1.20:, 

CaO 

MgO 

MnO 

P,05 

S. 

No. 

Hr.  Min. 

Sq.  In. 

Position. 

Appearance. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

1 

35 

10-92 

Channel . . 

43-32 

11-09 

12-30 

28-52 

1-42 

3-32 

0-087 

0-297 

2 

1  15 

13-43 

Channel 

45-37 

24-50 

13-25 

12-36 

0-66 

3-37 

0-362 

0-271 

3 

2  00 

14-68 

Channel . . 

47-00 

23-72 

11-47 

13-61 

0-73 

3-73 

0-433 

0-258 

4 

2  35 

15-91 

Channel . . 

48-21 

21-35 

11-68 

0-78 

3-52 

0-346 

0-248 

4a 

2  45 

16-38 

Spout    . . 

Brown-greenish  hlacl" . 

47-51 

20-39 

12-04 

15-41 

0-71 

3-32 

0-374 

0-249 

3  15 

r  、 

Channel . . 

51-18 

18-35 

11-05 

15-23 

0-71 

3-59 

0-333 

0-234 

(> 

3  45 

18-00 

Channel . . 

50-66 

17-59 

12-76 

16-10 

0-80 

3-1G 

0-311 

0-217 

4  00 

0 

Channel . . 

Brown-greenish  I)lack . . 

62-35 

15-45 

8-11 

10-01 

0-70 

2-91 

0-229 

(1-241 

47-62 

19-43 

12-09 

16-76 

0-85 

0-312 

0-254 

handled  wroughtriron  spoon  lined  with  loam  and  graphite. 
The  results  are  given  in  Tables  I.  and  IT.  "  Channel  ''  means 
th©  channel  between  the  furnace  and  the  forehearth,  while 
" spout  ，，  means  the  tapping  spout  . 

The  results  are  also  shown  graphically  in  Figs.  5  and  6. 
Silicon,  sulphur,  and  carbon  show  the  greatest  changes. 
From  the  C  line  of  Fig.  5  it  is  seen  that  at  th©  beginning  the 
rjirbon  rises  a  little,  whicli  is  due  to  the  drops  of  metal  having 
to  pass  through  the  large  amount  of  fuel  in  the  coke  bed. 
After  about  the  first  hour  it  remains  uniform  until  the 
extreme  end,  when  the  atmosphere  in  the  furnace  is  strongly 
oxidising.  The  silicon  shows  a  continuous  slow  increase,  and 
Fig.  6  shows  the  connection  between  this  fact  and  the  slag 
analysis.  In  the  firsti  hour  the  silicon  loss  is  the  greatest, 
being  slagged  off  by  the  lime  in  tlie  coke  bed.  It  amounts  to 
37  per  cent.,  but  the  average  loss  is  only  M  per  cent.  Towards 


From  these  results  the  heat  contained  in  tlie  iron  proves  to  be 
60  8  per  cent,  of  that  supplied  by  the  combustion  of  the  coke 
and  the  constituents  of  the  metal. 


Water  Power  Development  in  Switzerland. ― Work  has  commenced, 

according  to  "  The  Electrical  World,"  on  a  15,000  h.p.  water- 
power  plant  at  Martigny,  in  the  canton  of  Wallis,  Switzerland, 
to  utilise  a  fall  of  5,400ft.,  making  this  station  the  highest-head 
water-power  plant  in  the  world.  Special  interest  attaches 
to  the  penstock  lines,  whicli  are  three  miles  in  length. 
The  turbines  of  the  Pelton  type  will  have  a  total 
rating  of  15,000  h.p.,  and  will  be  furnished  by  Piccard,  Pictet, 
and  Co.,  of  Geneva.  Of  some  interest  is  the  fact  that  with 
the  5,400ft.  head  available  at  this  plant  only  about  30  cub.  ft. 
of  water  per  second  will  be  necessary  to  develop  the  full 
15,000  h.p.  output  of  tlie  station. 
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REVERSING  GEAR  FOR  INTERNAL-COMBUSTION  ENGINES. 

Thk  reversing  fir  shown  in  1  ho  accoiripan  vin^;  views  li;is  I" 屮 11 
]>a1eii{e(l  by  Mr.  James  McK eclinie,  of  Viclu'rs,  1 山 1、  Naval 
('onstruction  Works,  Barrow-in-Funioss,  and  is  for  use  wit  li 
iutenial-coni))usiion  engines  of  tlit'  type  in  which  two  r;ims 
arc  employed  for  each  operation,  one  serving  for  forward  and 
tlie  other  for  reverse  driving,  and  a  cam  operated  me 川 l)('r 
which  actuates  the  valve  lever  is  brought  into  contact  with 
either  cam  according  to  the  direction  of  d riving.  A  aro  t  he 
valve  operating  arms  of  the  induction  and  exliaust  valve  levers 
of  which  B  are  the  earn  arms,  one  pair  for  each  valvo  arm. (' 
is  I  he  i'lilcruin  shaft  on  which  hoih  seis  of  arms  are  niouiiiod, 
(lie  ecceni  rics  (I  carrying  1  he  cam  arms  li,  while  iho  valve 


Reversing  Gear  for  Internal  combustion  Engines. 

arms  A  are  on  concentric  portions  of  the  shaft.  D  is  the  cam 
shaft  on  which  are  two  sets  of  cams  H，  one  for  forward  and 
the  other  for  reverse  drive.  E  are  the  induction  and  exhaust 
valves  and  J  is  an  oil  fuel  valve  for  use'  in  engines  of  the 
Diesel  type,  operated  by  either  on©  of  the  pair  of  fuel  valve 
levers  F  mounted,  like  the  arms  B,  on  oppositely  directed 
eccentrics  G  on  the  shaft  C.  These  levers  F  may  be  in  one 
piece  and  not  divided  into  separate  cam  and  valve  arras,  the 
lift  of  the  eccentrics  being  sufficient  to  raise  either  of  the 
levers  F  out  of  operative  position.  The  cam  arms  B  are  pro- 
vided with  rollers  K  meeting  the  cams  H  and  with  the  exten- 
sions L  projecting  beyond  their  fulcrum  and  abutting  against 
the  fixed  stop  M.  This  stop  acts  as  a  fulcrum  when  an  arm 
is  raised  by  its  eccentric  G,  so  that  the  roller  K  is  lifted  clear 
of  its  cam,  as  shown,  one  member  of  each  pair  of  cam  arms 
being  in  operative  position  while  the  other  is  raised .  The 
extension  L  serves  to  actuate  the  valve  arm  A  through  the 
adjusting  screw  N  bearing  against  the  cross  pin  P  on  the  arm 
A.  The  arm  A  is  shown  double,  with  the  two  side  members 
connected  by  the  valve  operating  roller  0，  the  bosses  Q  of  the 
arm  members  being  mounted  on  concentric  portions  of  the 
shaft  C  on  each  side  of  the  pair  of  eccentrics  belonging  to  the 
corresponding  cam  arms  B.  By  turning  the  shaft  C  through 
half  a  revolution  the  cam  arm  members  which  were  in  opera- 
tive position  are  raised  and  the  previously  raised  members  are 
lowered  on  to  the  second  set  of  cams,  so  that  the  valve  levers 
are  at  once  set  for  the  reverse  drive. 


OIL  REVERBERATORY  FURNACE  FOR  MELTING  NICKEL. 

The  melting  of  nickel,  eitlier  for  the  manufacture  of  nickel 
anodes  or  for  rolling  into  sheet,  has  always  been  a  difficult 
matter,  although  special  crucible  furnaces  have  been  used  by 
some  manufacturers.  The  ordinary  crucible  furnace,  employed 
for  melting  brass,  is  not.  suitable,  as  there  is  not  sufficient  heat 
generated  for  the  purpose.   There  has  recently  been  placed  on 


iho  market  a  reverheratory  furnaco  for  jnoltin^  "iclcH,  、vlii<  li 
liaH  Jjeon  ；" t(  n 山" 1  vvilli  oxcfllcnt  surccss.  Altliou^li  |»nm;irilv 
intended  toe  im'lli'i;'  itirkcl,  Iu>w*-v<t,  I  his  t  imia'  o  lia^  Iwn 
；" la|)te(l  for  melt in^  ollif*r  metals  for  ('； ilrining,  roaHfiiig, 
； iml  ot  Ikm*  purposes. 

The  ac(M>!ii])anvin^  illnst  ration  shows  a  cioss  s*m-i  ion  t,\  t  lio 
furnace,  for  which,  along  with  tlie  following  de.s<Ti|>tio!i,  we 
are  indebted  to  "  The  Brass  World."  It  Ls  designed  for  burn- 
ing fuel-oil,  but  is  unique  in  that  it  employs  no  l>la,st  of  air 
or  steam  for  promoting  the  combustion  of  the  oil,  but  makes 
use  of  the  natural  draught  of  an  ordinary  sl;wk  in  the  same 
manner  that  it  is  utilised  for  burning  coal  or  cokf.  。nlin;"  v 
fuel-oil  is  used,  and  it.  is  stated  t hat  low  «.t;uI^  oils,  wliidi  w 
difficult  to  use  in  other  forms  of  furnace,  may  he  utili^l  Tl"' 
oil  is  led  to  the  burners  in  a  pipe,  and  is  made  to  flow  eitlier 
}>y  gravity  or  by  pressure  from  an  un 山' rgrouml  tank. 
The  burners  used  are  of  a  special  type  invented  by  Mr.  Oanun. 
They  are  of  cast  iron  and  of  a  shallow  pan  design.  The  oil 
flows  into  them,  is  immediately  volatilised  by  the  heat,  and 
burns  in  the  combustion  chamber  of  the  furnace.  The  novel 
feature  of  the  furnace  is  the  air  duct  underneath  the  burner 
fco  allow  the  entrance  of  air  for  the  purpose  of  forming  com- 
plete combustion.  By  this  means,  it  is  possible  to  burn  tlie 
oil  so  that  the  maximum  heat  possible  is  obtained. 

With  the  burner  it  is  possible  to  obtain  a  heat  up  to  4,(" " ' 
Fall.  The  oil  is  carried,  after  it  has  volatilised  from  the 
burner,  and  forms  a  rich,  hydrocarbon  gas,  between  two  cur- 
rents of  air  by  the  natural  draught  of  the  chimney,  and  drawn 
into  the  narrow  combustion  chamber,  where  it  is  burned  with 
complete  combustion.  One  of  the  novel  features  of  the  furnace 
is  the  method  of  controlling  the  air  so  that  perfect  combustion 
results.  In  oil  furnaces  of  previous  types,  in  which  tlie  fuel 
was  burned  by  natural  draught,  the  air  was  not  under  control, 
and  the  result  was  an  incomplete  combustion  and  a  carbon 
deposit  around  the  burners  and  passages.  It  is  claimed  by  tlif 
makers  of  this  type  of  furnace*  tliat  the  oil  is  so  completely 
consumed,  no  carbon  deposit  at  all  forms.  The  t^mperatur" 
of  the  flame  is  controlled  by  changing  the  air  inlets,  and  also 
by  the  cold  air  inlet  in  the  escape  flue,  thus  reducing  tlie 
draught.  A  stack,  of  course,  is  necessary  for  operating  this 
type  of  oil  furnace,  but  one  of  medium  height  only  is  neces- 
sary. From  50ft.  to  75ft. ，  depending  upon  tlie  location ,  is 
ample.  It  is  a  remarkable  fact  that  only  a  light  draught  is 
required,  and  this  is  quite  an  important  advantage  in  the 
treatment  of  fine  material,  where  a  blast  would  cause  it  to  be 
blown  away.  It  is  stated  tliat  no  trouble  is  experienced  in 
working  oxides  that  have  passed  through  a  30-mesh  sieve. 
Dust  chambers  are,  therefore,  unnecessary  wlien  the  furna. 't- 
is employed  for  this  class  of  work. 

The  metal  is  melted  upon  the  bed  of  the  furnace  by  the 
oil  flame,  which  passes  over  it  in  a  direct  manner,  aft«r  wliioh 
it  goes  to  the  flue.  The  charging'  door  is  at  the  side  of  the 
furnace,  and  the  metal  is  tapped  out.   The  bed  of  the  fur"," '' 


Gamm  Oil  Reverbhratory  F  dun  ace  fob  Melting  Nickel. 
is  inclined  towards  the  tap  hole,  so  that  the  metal  will  run 
out  easily  wlien  the  tap  hole  is  opened.  One  of  the  features 
of  tiie  furnace  lies  in  the  absence  of  danger  from  any  overflow 
of  oil.  This  might  take  place  in  the  furnace  on  account  of 
openintr  the  oil  valves  too  far.  The  oil  then  overflows  the  i>ans. 
The  oil  simply  flows  into  the  air  passages  and  burns,  gene- 
rating a  large  volume  of  flame,  but  doin^  no  damage.  To 
start  the  furnace,  the  oil  is  allowed  to  flow  into  the  pan,  ajid 
then  a  small  piece  of  burlap  or  waste  is  lighted  and  thrown  on 
the  surface.  The  oil  begins  to  burn,  and  as  soon  as  the  pan 
becomes  warm,  the  combustion  proceeds  in  the  regular  manner. 
Like  all  large  "msses,  the  furnace  takes  some  time  to  heat,  but 
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this  fact  is  true  of  any  fuel  and  any  large  furnace.  The  heat' 
generated  in  tlie  furnace  is  sufficient  for  melting  all  conuner- 
cial  metals,  and  nickel,  whicli,  as  is  well  known,  is  one  of  tlie 
liiiihest  ！ neltiuo-  metals,  is  easily  melted  and  reduced  to  a 
fluid  rondition,  and  poured  into  any  desired  form,  either  in 
s, uid  or  metal  ntoulds.  rt  is  now  being  used  very  successfully 
l+('r  t  he  cast  ing  of  nickel  anodes. 

A  luniace  of  this  type  is  used  by  the  International  Nickel 
( ,nm]>aiiy  at  Bavonne,  N.  J.,  for  melting  nickel,  and  this  is 
1  he  largest  furnace  in  existence  for  "lis  purpose.  lit  it. 
7n,ot)Q]bs.  of  nickel  are  melted  at  a  time.  This  size,  liowever, 
is  exceptional,  atul  t  lie  makers  build  furnaces  as  stnall  as 
,"'('H)s.  lor  c(nninercial  work,  and,  in  fact,  it  is  designed  to 
ineet  any  requirement,  from  the  smallest  500] bs.  requirement 
uj)  to  the  largest  size  previously  mentioned.  The  furnace  is 
equally  well  adapted  for  melting"  copper,  German  silver, 
bronze,  and  brass,  and,  in  fact,  any  other  material  whicli  is 
(lillirult  to  Tiielt  in  the  ordinary  way.  Tt  may  be  of  interest 
to  state  that  glass  is  very  readily  melted  in  the  furnace.  The 
inaimfacturers  of  the  furnace  are  now  engaged  in  designing 
smaller  types  of  furnaces,  in  which  crucibles  will  be  used  so 
tliat  founders  will  then  be  able  to  utilise,  wlien  necessary,  all 
the  advantages  of  crucible  melting  when  the  matter  of  hot 
metal  for  making  small  castings  is  required. 


THE  LONGITUDINAL  STABILITY  OF  SKIMMERS  AND  HYDRO- 
AEROPLANES.* 

liV  J.  E.  STEELE,  B.SC. 

Skimmers  and  hydro-aeroplanes  are  of  suck  growing  interest 
to  the  naval  architect  that  even  the  following  short  notes  on 
the  longitudinal  stability  of  such  craft  may  not  be  out  of  place 
here.  The  investigation  is  limited  to  the  consideration  of  the 
longitudinal  stability  of  the  machine ~ classing  skimmer  and 
hydro-aeroplane  under  the  one  heading ― when  wholly  or  in 
part  water-borne.  This  is  the'  case  all  the  time  with  the 
skimmer,  but  only  part  of  the  time  with  the  hydro-aeroplane. 
Wlien  the  latter  leaves  the  water  and  is  altogether  air-borne, 
it  is  an  aeroplane  pure  and  simple,  and  has  passed  beyond  t  he 
sphere  of  the  naval  architect  into  that  of  the  aeronautical 
designer,  and,  therefore,  boyond  the  scope  of  the'  present 
paper. 

Before  discussing  the  various  classes  of  machine  which 
come  under  one  or  other  of  the  headings  of  skimmer  or  hydro- 
aeroplane, it  would  be  well,  perhaps,  to  define  the  terms  used 
in  connection  with  the  stability  which  it  is  proposed  to  investi- 
gate. The  usual  term  in  aeronautics  for  movements  in  the 
plane  of  symmetry  of  the  machine  is  "  longitudinal  or 
symmetrical  dynamical  stability."  To'  the  naval  architect, 
however,  the  term  "  dynamical  stability "  conveys  quite 
another  meaning,  viz.,  the  work  done  in  inclining  a  vessel  to 
a  given  angle.  It  is  proposed,  therefore,  for  tlie  purpose  of 
this  paper,  to  substitute  tlie  expression  "longitudinal  or 
symmetrical  kinetical  stability."'  This  stability  may  be 
defined  as  follows :  Suppo&e  a  machine  to  be  in  steady  motion 
in  the  plane  of  symmetry  wliich  contains  the  centre  of  gravity 
and  the  line  of  flight,  and  the  external  forces  acting  on  tlie 
machine  to  be  in  equilibrium.  If  now  tlie  machine  be  tilted 
either  up  or  down  in  this  plane,  the  forces  will  no  longer  be 
in  equilibrium,  but  will  constitute  a  longitudinal  righting  or 
upsetting  couple,  as  the  case  may  be.  If  a  righting  couple 
acts  the  body  will  return  to  its  original  position  of  equilibrium, 
and  will  probably  oscillate  about  that,  position.  If  it  returns 
to  the  original  position  without  oscillation,  or  if  any  oscilla- 
tions set  up  gradually  die  out,  then  it  is  kinetically  stable. 
If,  on  the  other  hand,  the  oscillations  get  larger  with  time,  it 
is  kinetically  unstable. 

A  machine  may  liave  automatic  stability,  that  is,  stability 
attained  by  the  use  of  moving  parts  such  as  gyrostats, 
pendulums,  &c.，  or  may  be  stable  in  its  design.  This  inherent 
stability  is  the  only  kind  dealt  with  here,  and  any  displace- 
ment from  a  position  of  equilibrium,  due  to  an  alteration  of 
the  rear  elevating  plane,  or  an  increase  in  the  propeller 
thrust,  of  course  produces  unbalance  of  the  forces  ；  but  this 
is  quickly  followed  by  dynamical  equilibrium  under  tlie  new 
regime.  When  an  aeroplane  is  struck  by  gusts  of  wind  its 
behaviour  depends  to  a  great  extent  on  its  inherent  stability. 

*  Paper  read  at  the  Spring  Meetings  of  the  Fifty-fourth  Session  of  the  Tn- 
stitntiou  of  Naval  Architects,  March  13th,  1913, 


1 1  it  be  inherent  lv  slahle,  then  oscillations  set  up  hy  the  ^usl 
will  be  (juicklv  damped  out,  and  the  aeroplane  will  revert  to 
its  state  of  steady  motion.  If,  however,  the  gusts  be  ]>eriodif 
and  synchronise  with  the  free  oscillations  of  the  aeroplane, 
the  results  may  be  disastrous.  If  tlie  machine  be  kineticallv 
.'-t -ihle,  tli;"  is  to  say,  ii'  its  free  oscillations  have  a  Diodulus 
of  decay,  tlien  the  t  hcory  of  forced  oscillations  shows 
t  hat  t  lie  forced  oscillations  will  not  exceed  a  certain 
limit.  Lateral  or  asyTninetrical  stahilitv  is  not  deall 
with  here,  as  this  is  mainly  of  importance  when  the  inacliiue 
is  altogether  in  the  air,  and  beyond  the  range  of  tliis  paper. 

A  iiiachine  may  be  a  double-lifting  system,  one  in  wliicli 
there  are  two  lifting  surfaces  or  sets  of  superposed  9U!'fa<'es, 
one  forward  and  the  other  one  aft.  Or  it  may  be  a  siiigle- 
lit'ting  system,  in  wliicli  case  the  auxiliary  surfaces,  such  as 
tail  planes,  must  be  neutral,  that  is,  parallel  to  tlie  direction 
in  whicli  the  wind  blows  on  them.  Tliree  types  are  dealt  w i 1 1 1 
in  whicli  there  is  a  gradual  evolution  from  the  skimmer  on 
the  surface  of  the  water,  via  the  machine  designed  to  fly  with 
its  tail  on  that  medium,  to  the  machine  wliicli  rises  fiorn  and 
alights  on  the  water  but  is  otherwise  an  aeroplane. 

We  will  now  consider  each  type  in  detail,  together  with 
home  of  the  problems  to  whicli  they  give  rise.  First  comes 
the  skimmer,  a  type  of  craft  whose  displacement  at  hi^li 
speeds  is  very  much  less  than  the  weight  of  the  vessel,  and 
which,  as  its  name  indicates,  skims  over  the  surface  of  the 
water  rather  than  ploughs  its  way  through  it.  "  Miranda 
丄 V.，，，  designed  by  Sir  Jolm  T.  Thornycroft  with  plieiiomenal 
success,  is  taken  as  an  example  of  this  type  of  boat. 

"Miranda  IV."  —  This  vessel  (Fig.  1)  is  26ft.  long  bv  (.ft. 
broad,  and  is  2ft.  6in.  in  deptli.  The  fore  end  is  moulded  to 
the  usual  form  of  a  high-speed  motor-boat.  As  amidships  is 
approached  her  lines  deviate  from  the  ordinary,  and  are 
modified  to  enable  the  vessel  to  skim  at  high  speeds,  but  this 
modification  is  as  small  as  possible  in  order  that  she  may  be 
driven  with  ease  at  speeds  below  the  skimming  phase.  When 
running  at  skimming  speeds  only  that  portion  from  A  to  H. 
and  again  aft  of  C,  are  water-borne,  aud  as  this  is  the  condi- 
tion which  affects  tlie  present  paper,  only  those  parts  of  tlie 
hull  need  be  considered.  As  will  be  seen  from  the  drawings, 
the  portion  of  the  bottom  from  A  to  B  forms  a  dihedral  angle, 
rounded  at  the  apex,  and  increasing  in  magnitude  as  we  go 
aft.    Aft  of  C  the  bottom  may  be  taken  as  being  flat. 

When  running  within  her  skimming  phase  (Fig.  '2)  tlie 
forces  acting  on  the  boat  are  the  weight  W,  the  propeller 
tli rust  T，  the  reaction  (RJ  of  the  water  on  the  "  forward 
plane"  A  B,  and  (RA)|  that  on  the  "after  plane  "  CD. 
These  reactions  act  at  the  centre  of  pressures  of  their  respec- 
tive planes,  aud  knowing  W,  T，  RK  and  R  v  in  magnitude, 
position,  and  direction,  it  is  easy  to  find  the  same  three  tilings 
with  respect  to  the  remaining  force  acting  on  the  boat,  that 
being  the  reaction  (B、、.)  of  the  wind  on  tlie  out-of -、 vater 
portion.  The  reactions  Rw,  RF，  and  RA  combine  to  give  the 
common  resultant  R，  which  must  pass  through  0，  the  meeting 
point  of  the  remaining  forces  W  and  T. 

From  what  follows  it  will  be  seen  that  an  increase  in  the 
propeller  thrust  will  cause  the  boat  to  rise  forward.  The 
tliree  forces  R，  T,  and  \V  are  in  equilibrium  (Fig.  3)，  and  T 
acts  at  a  constant  angle  6  to  the  boat,  the  angle  between  R 
and  T  being  therefore  constant  and  equal  to  90°-  d.  The 
point  A,  then,  lies  on  the  circumference  of  the  segment  of  a 
circle  containing  the  angle  90°  -  (i.  It  will  be  seen  from  tins 
that  if  the  thrust  of  the  propeller  be  increased  as  shown,  the 
boat  will  be  tilted  up  forward.  Strictly  speaking  the  above 
can  only  hold  if  T，  W,  and  R  all  pass  througli  the  same  point, 
fixed  relatively  to  the  vessel,  whatever  be  the  inclination  to 
tlie  horizontal*.  This  cannot  hold  for  、V  and  T  unless  the 
latter  be  central,  that  is,  pass  through  G.  For  a  flat  plane  R 
would  generally  】nove  forward  with  a  decrease  in  the  angle  of 
attack,  and  aft  when  the  angle  of  attack  is  increased.  If  the 
rising  of  the  fore  end  of  the  vessel  be  considerable,  the 
increased  angle  of  attack  botli  of  the  wind  and  the  water 
causes  the  centres  of  pressure  of  the  planes  to  travel  aft,  with 
the  result  that  R  no  longer  passes  through  0，  but  constitutes 
a  clockwise  couple  tending  to  bring  down  the  fore  end  of  the 
vessel  until  R  again  passes  through  O  and  the  cycle  recom- 
mences. This  is  one  of  the  causes  of  pounding,  which,  besides 
being  severe  on  the  boat,  is  uncomfortable  for  those  on  board. 
The  dipping  will  be  excessive  if  the  period  clue  to  skipping 
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Hynclironises  with  the  natural  pitching  !"'ri"'l  Hie  ，  as 
tjien  forced  oscillations  will  be  set  u|). 

Tli6  after  plane,  witli  its  reaction  RA，  could  be  clone  away 
with,  but  then  the  resultant-  of  the  wind  and  water  pressure 
would  be  mucli  more  readily  affected  in  direct  ion  l>v 
inclinaliun  of  Hie  vessel,  and  so  give  rise  to  unbalance  in  the 
rw'f»s.  The  arrangement  sliown  is  inucii  more  stable,  and  1  ln» 
l  eaclion  K  、  lias  the  advantage  ol'  a  small  "  lift,M 
vorii< i]  coin])()iient  ，  whil(、  its  liorizontal  coinponent ,  or 
' ' drift, "  which  must  l)e  overcome  by  ilie  horizontal 
coui])onent  of  the  propeller  t  hrust ,  is  insi^iiificani .  This  ； it'tcr 
plane  can  he  quite  small  as  it  has  such  a  lonf/  arm,  and  its 
advantages  well  outweigh  its  disadvantage.  The  lift  of  II、、， 
11, ,  and  K  v  ,  together  with  t\\v  vertical  rompmiciil  of  T，  equal 
tlie  weight  of  the  vessel,  while  the  liorizontal  componcHt  ai 
T  must  equal  tlie  cl rift  of  li、、，  l\r,  and  Rv.      Tlie  more  t  lie 


to ro  fuel  iMiiergos  i'rom  1  lie  water,  the  shorter  will  become  t  he 
planes  wliich  bear  on  the  water  and  which  give  the  grt、'"、t 
drift  to  be  overcome  bv  tlie  propeller  llniist ,  so  that  we  inav 
look  for  increased  speed  unless  the  after  end  should  at  t  !u* 
same  lime  sink  so  far  as  to  iucreasr  appreciably  tlie  drifl  ;it 
that'  part'.  This,  however,  does  not  seem  prohahlc  with  a  pro- 
peller si  l  a  ft  sot  at  the  angle  sliown,  as  the  inrreased  vert  i<-al 
coinponenl  of  the  propeller  thrust  slioukl  compeiisato  i'or  1  he 
loss  in  lift  of  the  planes.  All  that  has  been  said  applies  even  if 
T  be  no  longer  central  but  pass  above  or  below  G.  In  either 
of  these  cases,  however,  we  must  take  into  account  the  shift 
of  the  meeting  point  O  relatively  to  the  vessel.  U  、vill  readily 
be  been  what  effect  the  moving  of  G  forward  or  a  i  t  of  an 
assumed  position,  or  up  or  down,  will  have  on  the  pounding. 

The  next  type  is  in  the  transition  stage  between  t he 
skimmer  and  the  all-air  niachitie,  being  designed  to  fly  、vitli 
its  tail  always  on  tlie  surface  ol'  the  water,  and  it  onlv  loaves 
the  water  for  an  occasional  hoiuul  into  tlie  air,  which  bound 
is  invohuiliirv,  and  not  one  of  its  natural  iiuictious. 


Flying  •Fish." 一 Tlie  fuselage  of  tlie  ""川 "|»laii,'  (  Ki^.  h, 
taken  as  our  example  oi'  t  liis  "  |"'，  consists  in  a  water-tiglil 
aluiniiiiuiii  t;mk  7 ft.  Ioii"'，  r>t't.  7in.  wide,  and  *Jft.  deep, 
with  rounded-up  how.  The  sides  of  t lie  t'uscla^*'  ； m*  carricn 
aft  past  the  hull  for  I  Oft.,  where  tliey  a  if  r"im*''f '<l  I'.  ； i 
cross  piece  1ft.  wide,  which  forms  the  tail.  To  facilitale  th^ 
rising  of  the  fore  part  out  of  t  ho  waU* r,  a  plaiK*  is  lit  t  **<! 
Ijelow  the  lank  part  oi  t  lie  IxhI v,  wliicli  plane  is  till c«l  n |> 
at  the  fore  end  so  as  to  ri 山' up  t  In  on^Ii  t  lie  walcr.  At  a 
moderate  speed  the  fuselage  lifts  山' telv  out  ol' t lw  water, 
and  the  macliine  glides  on  the  forward  |)lan<*  (A )  and  t  lif  tail. 
At  high  sj>eeds  1  he  tail  only  is  on  the  、vaU'r,  all  t  In-  r('、t  b，'i，i"' 


Flti.  5. 
" Klyiny  Fisli. 


air-borne.  This  macliine  attains  a  speed  ot*  between  G:'  and 
70  miles  an  liour,  and  is  fitted  wit li  a  single  traction  sm -、、 
in  front . 

Wlien  skiiim'ing  along  with  its  tail  on  tlio  watt-r  i  Vi^.  .">), 
the  "Flying-Fish"  is  a  double-lifting  system.  The  front 
plane  has  of  necessity  a  greater  angl*v  of  attack  t lian  tho  '"""+ 
plane,  and  the  pressure  of  wind  and  water  respectively  nn 
those  plaues  resolve  themselves  into  the  resultant  pressure  H, 
which  must  at't  through  the  meeting  point  O  of  t  he  r«Mii;iinin^ 
forces  of  pi'opdler  pull  and  gravity.  The  lift  of  the  air  or 
water  thrust  on  the  plaues,  together  with  the  vertical  co'"- 
ponent  of  the  propeller  pull,  js  equal  to  the  weight  of  tlie 
iiiacliiue  ;  while  the  horizontal  component  of  the  pull  ol  tli" 
propeller  must  equal  the  drift  of  the  pressures  on  tlie  planes. 

If  the  pull  of  the  propeller  becomes  greater  than  thai 
required  to  do  its  portion  of  the  weight  lifting,  also  to  over- 
come the  drift,  tlien  the  forces  on  the  inadiine  will  no  longer 
be  in  equilibriiu»i,  but  there  will  be  an  ui")alam'p(l  lon  e  wliit-h 
will  tend  to  accelerate  it  in  the  vertical  plane  ;  this  will  result 
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in  a  bound  into  the  air.  When  the  machine  is  altogether  air- 
borne, nearly  all  the  pressure  exerted  on  tlie  after  plane  has 
been  removed,  as  now  water  no  longer  acts  there,  only  air.  The 
result  is  that,  while  RF  remains  the  same,  R  A  almost  vanishes, 
causing  R  to  swing  forward  so  that  it  no  longer  passes  through 
()•  The  macliine  is  now  no  longer  in  equilibrium  under  tlie 
notion  of  the  forces,  and  a  couple  is  generated  tending  to  over- 
turn the  machine  backwards.  If  th©  machine  be  inherently 
longitudinally  stable,  she  will  trim  by  the  stern  until  the 
moving  of  tlie  point  O  forward  along  the  line  of  action  of  tlie 
propeller  pull,  together  with  the'  travelling  aft  of  the  centre 
of  pressure  due  to  the  increased  angle  of  attack,  again  causes 
R  to  act  through  O. 

If  the  machine  does  not  readily  assume  the  new  position  of 
c(|uilibrium,  the  horizontal  rudder  must  be  brought  into  plav. 
When  the  machine  was  skimming  this  rudder  was  neutral, 
that  is,  it  had  a  grazing  incidence  to  the  relative  wind,  and 
had,  therefore,  no  normal  thrust  on  it.  Now,  however,  it 
must  play  its  part  in  the  equilibrium  of  the  system,  and  must 
be  inclined  so  as  to  present  a  face  to  the'  wind,  which  will 
then  exert  the  lifting  force  on  that  part  necessary  for  the 
restoration  of  equilibrium.  The  increase  in  propeller  pull 
ineaus  a  bigger  vertical  component,  which  would  continue  to 
lift  the  machine  were  it  not  for  the  loss  in  lift  of  the  after 
plane,  due  to  the  defect  of  air  over  watei*  pressure.  Again, 
the  increased  propeller  pull  gives  rise  to  a  greater  horizontal 
component  available  for  overcoming  the  drift,  and  as,  at  the 
same  time,  the  latter  is  lessened  by  the  reduction  of  drift  on 
the  after  plane,  the'  machine  bounds  forward  till  the  loss  in 
lift  brings  her  again  on  the  water. 

If  the  machine  be  inherently  longitudinally  stable  when 
flying  horizontally  in  the  air,  then  the  critical  time  as  regards 
stability  is  when  rising  from  the  water,  as  then  the  stability 
falls  off  as  the  angle  to  the  horizontal  increases  ；  no  fear  need 
be  felt  when  alighting,  as,  the  above  condition  being  fulfilled, 
tlie  machine  increases  in  stability  as>  it  descends  from  the  hori- 
zontal position . 

In  what  has  been  said  above,  the  following  assumptions 
have  been  made.  The  head  resistance!  has1  been  neglected, 
that  is,  resistance  due  to  the  wind  pressure  on  the  macliine. 
engine,  and  pilot,  and  under  this  heading  has  also  been 
inducted  the  effects  of  skin  friction  on  tlie  planes.  The1  effect 
of  the  concavity  of  the  planes  has  also  been  neglected.  This 
results  in  an  alteration  in  the  direction  of  the  resultant  pres- 
sure, also  in  tliei  position  of  the  centre  of  pressure.  If,  when 
the  angle  of  attack  diminishes  the  centre  of  pressure  moves 
forward  towards  a  limiting  position,  as  in  the  case  of  flat 
planes,  then  there  is  a  loss  in  stability  due  to  cambering  the 
planes.  If,  as  the  angle  of  attack  diminishes,  the  centre  of 
pressure  moves  aft,  then  there  is  a  gain  in  stability  due  to 
adopting  camber.  Eiffel  has  shown  experimentally  that  in 
cambered  planes  the  centre  of  pressure  does  move  aft  as  the 
angle  of  attack  diminishes. 

The  last  type  chosen  for  consideration  is  a  machine  which 
is  designed  to  rise  from  and  alight  oti  the  water,  but  ifc  is 
otherwise  purely  an  air  machine,  doing  long-sustained  flights 
in  that  medium.  As  an  example'  of  this  class  of  macliine,  we 
take  the  Doniiet-Leveque  1  ly  d  r  o  -  aero  p  lane,  which  has  proved 
a  great  success,  and  is  nearer  the  naval  architect's  heart  than 
hvdro-aeroplanes  whose  only  claim  to  the  additional  title  con- 
sists in  small  floats  being  fitted  to  an  ordinary  air  machine, 
instead  of  the  usual  wheels  and  skids  which  enable  the  aero- 
plane to  rise  from  and  alight  on  the  ground.  The  single  float 
of  the  Don n et-Levcqii©  niak es  the1  machine  more  seawortliy 
t  ban  the  multi-float  system  used  in  other  liydro-aei'oplaiies, 
which  is  good  only  when  the  surface  of  the  water  is  smooth. 
Tin'  hull  is  divided  into  several  water-tight  coinpartnients, 
wliicli  adds  to  the  seaworthiness  of  the  inacliiiie.  This  hydro- 
aeroplane attains  the  speed  of  70  miles  an  hour,  wliicli  is 
roinarkablc,  as  its  plane  area  is  coniparativelv  small ― IS:; 卜(卜 
ft. 

(To  be  continued.) 


The  British  Chamber  of  Commerce  in  Paris.— Tlie  uHiccs  ,'t' 
111'1  iiril  isli  CMiainlx'r  of  Com  niercc  in  l>aris  lm  vr  Irh'ii  1 1  ans- 
t'erred  from  17，  Honlcvard  do  l;i  Miuh^loino,  ">  '.I,  Ww  des 
rvviimides,  Paris.  This  cliauge  has  bdMi  rendered  ntvcss;i rv 
l>v  t lie  rapid  extension  of  the  Chamber's  、、'ui'k. 


INDUSTRIAL  AND  TRADE  NOTES. 

Electrical  Exhibition  at  Glasgow. ― An  electrical  cxliiliition  is  to 
l>e  held  ； it  Zoo  IJnildin^s,  New  City  Roafl,  Glasuow.  from  OctolKM* 
2lM(\  to  Novoiiiber  loth  next.  Applications  for  .spa<M»  an<l  full  par 
ticulars  should  be  addressed  to  the  Manager,  38,  Bath  Street. 
Glasgow. 

Trade  Marks  in  Japan. ― II  M .  C'omnn'icial  Attarli,'  at  Yokolianiii 
has  \nnni  in  for  mod  l,v  tlie  Director  of  the  Japanese  J^itent  Bureau 
that,  in  future,  trade  marks  consisting  of  letters  of  the  alplialM-t 
or  numerals  within  ordinary  squares,  circles,  <fec.，  will  not,  as  a 
general  rule,  be  registered.  This  decision  has  been  come  to 
because  letters  of  the  alphabet  and  mimerals  are  fonimonly  used 
by  merchants  to  indicate  tho  quality  of  th«'  artir-Ics.  and  are  tliere 
fore  not  sufficiently  distinctive  or  conspicuous  for  trade  marks. 
Exceptions  may  be  made  in  cases  where  they  have  a  sp<»oi;il  mean- 
ing or  are  very  effective  from  long  use  in  clistingiiishiiig  the 
merchandisf 

Geared  Turbine  Channel  Steamer. 一 M*'、、r、  William  Demiv  aiifl 
Bros.,  Dumlja rtorij  launched  on  Saturday  last  the  steamor  "  Paris. M 
which  they  have  built  for  the  Eugli.sli  C'Jiannel  service  of  tlio 
London,  Brighton,  and  South  Coast  Railw  ay.  Tlie  new  v, -、、 '1， 
which  will  (h'\olop  a  hi^h  rate  of  speed,  has  several  notowortliy 
features'  both  in  hull  and  machinery.  Her  principal  dimensions 
are :  Length  between  perpendiculars,  300ft.  Gin.  ；  breadth.  iiio、ii(k'(l， 
35ft.  6in.  ；  and  depth,  moulded^  23ft.  3in.  The  features  of  tlio 
hiafhinery  are  the  application  of  Parsons  gearing  to  the 
turbines  and  the  installation  of  water-tube  l>oilers.  The  machi- 
nery will  consist  of  two  independent  sets  of  Parsons  compound 
steam  turbines,  each  set  driving  a  single  shaft  through  gearing. 

Tenders  for  Canadian  Contracts. ― The  Canadian  Chamber  of  Com 
nierce  in  London  has  for  some  time  been  endeavouring  to  imprtvs^ 
upon  local  authorities  iu  Canada  the  advisability  of  giving  sucli 
notice  of  their  requirements  for  public  works  and  municipal  and 
other  supplies  as  will  enable  British  raanufacturtM-s  to  compete  as 
far  as  time  is  concerned  with  their  more  favourably  geographi- 
cally situated  competitors.  A  number  of  municipalities  mid  otlicr 
purchasing  bodies  in  Canada  have  now  arranged  to  furnish  tlie 
Chambei*  with  early  notice  of  any  appropriation  which  may  U' 
made  for  constructional  and  other  purposes  where  it  is  practi (；山 I'j 
for  the  British  manufacturer  to  compete.  Copies  ol  tender  fornifj 
and  specifications  have  also  been  promised  to  arrive  in  LoiHhm 
in  such  time  as  to  enable  tenderers  on  this  side  to  lodge  their 
completed  forms  in  time  to  receive  consideration.  The  Clui nilier,. 
whose  address  is  in  Nortliumberland  Avenue,  \v  .C.;  are  now  pre- 
pared to  receive  the  names  oi:  any  British  manufacturers  、vho  are 
desirous  of  competing  for  Canadian  trade  and  who  would  be  glad 
to  receive  early  notification  of  Canadian  requirements  in  their 
particular  line  of  business.  Upon  receipt  of  such  names  tlio 
Chamber  will  arrange  such  channel  of  coininunication  as  would 
appear  to  be  the  most  practical  and  effect 

British  Shipbuilding. ― The  shipbuilding  returns  compiled  l»y 
Lloyd's  Register  show  that,  excluding  warships,  t  lie  re  、、飞 'r'」  V" 
vessels  of  2;063?694  tons  under  construction  in  the  Unittnl  Kin*:; 
dom  at  the  close  of  the  quarter  ended  on  March  31st.  Of  tht'r?c 
518  of  2^055,773  ton.s  were  steamers  and  4o  of  7，921  tons,  sailing 
vessels.  The  tonnage  under  construction  was  nearly  94,000  tons 
more  than  that  which  was  on  hand  at  the  eud  of  last  year,  aiifl 
it  exceeded  by  about  377.000  tons  the  tonnage  which  "  as  boint; 
built  in  March,  1912.  The  present  total  is  the  highest  lvcordod  in 
the  society's  quarterly  returns.  Of  the  vessels  under  construction 
in  tlie  United  Kingdom  at  the  end  ot*  Ma rcli.  437  oi  1  .oSG.^Sl  tons 
were  under  the  inspection  of  the  surveyors  of  I.loyd'.s  Kt-i -、 u'i. 
with  a  view  to  classification  by  the  society.  In  addition.  124  vessels 
of  525,147  tons  were  being  built  abroad  under  the  8<>ci*.'t\ \  sxirvey. 
There  were  thus  actually  builtling  uncle r  tlio  supervision  of  Lh>)  (r,、 
Register  561  vesels  of  2,1 11.. "32^  tons.  Tlio  tonnage  under  construc- 
tion to  the  society Ts  class  at  the  end  of  last  December  、、a、  the 
largest  o\  ur  roachod  up  to  iluit  time,  but  those  figures  aro  now 
^\<-0(»(10(1  l),v  81,000  tons.  Tlu'  w  ar^liips  under  cnn^truction  in  tlio 
United  Kingdom  iiuniljoivd  <o  of  'VHi,:Ul  tons.  14  ot  L'VJ.llMJ  ttnis 
l)oin^;  in  roval  dockyartU  and  71  of  424.121  tons  in  private  vai d>. 

Conciliation  in  Trade  Disputes. ― Tlu、  tcntli  i、'i""t  oi  tin-  ni 
Trade  procoodings  la>t  \v,\v  inulor  ihv  Conciliation  Act  just 
issued  show  s  that  the  number  (it  casos  in  which  action  was  taken 
by  the  Department  dtirin^;  that  i>oriod  was  tliis  number  lioiii^ 
less  than  in  1911,  a  yea r  ot"  very  ma rkod  industrial  dit-turbanco. 
w  lion  92  cases  woro  doalt  w  ith.  l)ut  lii^hor  than  in  otlior  prtM  ious 
years.  Those  73  casos  <lid  not  includo  appoint  nu'iits  made  in  connoc- 
t ion  w  ith  tlie  rc\  iscd  r:iil、、:iv  ennciiiat ion  scIumiic  Ol  tlit、  |>rin<  ipal 
groups  ol'  t  ra<U\s.  tin*  inotal.  t、，，giiu、t、i'ing,  and  shiplxiildin^;  i  r;ul*»s 
accoiiiit  lor  U"、  l;u ^'st  nuinl>or  of  casos.  viz..  Tl"、  ，》"ild"'g 

trade  acrounU'il  ior  10.    As  in  pre\  ious  yoai>.  piiu  tically  all  tlio 
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r,i、,'、  in  this  group  were  cas*.、  not.  involving  a  s">|>| 川 川' work, 
;im'1  joint  application  \v;is  m;i<Io  in  ('、  <"  >'  aisr.  Tl"'  t  i  ;uis])(n  i. 
industry  showed  tlio  hir^cst  (I'tivw  ns  (-(nupa red  with  H'll.  Tli" 
munlior  oi'  cases  iti  this  group  was,  however,  ('("isi 山' i.ahl.y  tlir 
； ncra^c  ot  previous  years.  Of  tli"  1'」 cases,  iivc  involved  a  stop 
piiiro,  oi  work.  I  n  1  there  u  t'iv  21  cuscs,  \X  ("'  u  liich  in\  ol\ 
a  stoppage.  The  total  iiuml"'r  ol  voluntary  conciliation  lx»;i rds 
and  standing  joint  committees  in  existence  at  the  end  of  1912,  so 
t';ir  as  known  to  the  Department,  was  297  (of  Avliich  '— )s -」 、、(>r" 
hoards  dealing  witli  particular  tra<l(、s  and  1-1  district  ami  1 
boards),  inclmling  those  n'w(l(、d  both  under  tlie  ( '(mciliatioii  Act 
and  those  not  so  rc^urded. 

Extension  of  the  Birmingham  Electricity  Undertaking. ― Tlie  Electric 
Supply  Committee  of  tlio  Birmingliam  City  Council,  at  ;\  m("'"i'g 
held  on  the  9th  inst"  arrived  at  ； i  final  (k、(，i-sicm  、、  hh  respect  to 
tho  proposal  to  construct  a  iu»w  electricity  generating  station  at 
Nocliolls,  and  lay  down  plant  with  ； i  capacity  of  100,000  k、v.  TIip 
total  cost  of  this  extension  、、  ill  lie  approximately  n  miltion  pomids, 
； ukI  when  it  is  finished  the  station  "  ill  Ik»  one  of  the  hir^cst  in  tli" 
country.  It  is  not  proposed,  ho、v(>、'ei、，  to  complete  the  whole  of 
the  work  forthwith,  but  to  carry  it  out  in  sections  as  the  develop- 
ment of  the  undertaking  warrants  the  extension.  At  the  outset 
tlit'  coinniitteo  will  erect  buildings  ； uul  lay  down  plant  with  ； i 
capacity  of  2;5，00()  kw.  at  a  cost  of  £2.50,000.  This  portion  of  tho 
work  ;ilone  will  last  three  or  four  years ；  but  it  is  hoped  to  have 
the  building  ready  and  install  plant  with  a  capacity  of  15,000  kw. 
tor  use  l>y  the  a utunni  of  1915.  Tlie"  in  future  years  the  exton 
sions  will  be  continued  as  required.  While  this  scheme  was  a^reod 
upon  generally  four  months  ago,  the  committee  have  since  been 
on<;aged  on  certain  details.  The  inost  important  question  was  the 
advisability  of  substituting  gas  engines  for  steam  turbines  for 
driving  the  electrical  generators.  This  matter  required  tlic  most 
tiorious  consideration.  The  fullest  enquiries  were  made  into  tho 
teuUjoct,  and  the  committee  agreed,  on  the  report  of  the  engiiuMT, 
to  have  steam  turbines,  as  they  were  satisfied  steam  tuH)im's  would 
1)0  preferable  in  all  the  circuinstaiu'cs  to  gas  en^inos.  The  com- 
mittee will  now  embody  their  scheme  in  their  next  report,  and 
locoininend  the  City  Council  to  approve  it. 

Electricity  Supply  for  the  Potteries. ― The  nvw  municipal  electricity 
bcheme  i'or  the  Potter ies;  which  has  just  been  completed  at  u  cost 
of  £00?000?  、vas  toriiially  inaugurated  on  the  10th  inst.,  w  hen  the 
new  pow  er  station  in  Park  Road,  Han  ley,  was  opened.  Two  years 
ago  the  Electricity  Committee  were  faced  with  the  necessity  of 
】miking  extonsioixs  of  their  plant  in  order  to  cope  with  tlio 
increasing  demand  for  current.  There  are  four  stations  in  the 
iederated  a  re  a,  at  Hanley,  Stoke,  Longton,  and  Burslem.  Com 
biuatioii  was  not  possible  m  any  simple  scheme  of  extension,  ； is  the 
stations  were  all  laid  down  with  separate  systems  oi:  mains. 
Instead  ol  extending  the  existing  sjrstems  by  tho  addition  of 
plantj  the  committee,  acting  under  tlie  advice  of  Air.  C.  H -  Yoa 
man,  the  borough  eld'trical  eiigiiieor,  decided  to  install  a  new 
aystein,  which  won  Id  be  capable,  not  only  of  supplying  the  addi- 
tional i)o\vor  required,  but  whicli  would  alio  provide  for 
largo  consumers  in  any  part  of  the  area.  The  new  plant 
consists  of  two  l?o00  kw.  turbo-generating  sets,  together  Avith  the 
nocessury  boilers  and  accessories.  Tho  intention  is  to  use  the 
existing  (lirec'trcurreiit  plant  at  liurslem  and  Stoko^  and  the  alter- 
luitiiig-current  single-phase  plant  at  the  old  Hanley  Works  so  lonjj; 
as  it  is  economical  to  do  so，  and  to  supplement  it  with  pow  er  in 
bulk  from  the  new  power  station,  hi  order  that  this  mav  U，  (lone, 
the  four  old  stations  have  beon  fitted  with  rotary  or  motor  con 
\  or  tors  for  tho  direct  current  system,  and  with  motor  geiierators 
for  the  iilternating-ciirrent  system.  In  this  A\ay  it  is  considrrrcl 
that  during  heavy  loads  the  local  steam  plant  will  a.ssiyt  the  new 
pou er  station,  and  on  light  loads  the  supply  cau,  if  found  dc\si r 
a ble,  bo  taken  in  bulk  from  the  new  station. 

The  Ghent  International  Exhibition. ― Now  tliat  tli,'  iiiuil  ； m:mjj;r 
HKMits  oi  the  Jiritisk  Section  are  complete,  it  is  possil>le  to  giv,' 
bonio  policial  idea  ot  how  Great  Jiritain  is  lo  U*  rcpiosvutod  at 
the  liitornational  Exhibition  that  opens  at  (ihoiit  ； it  tlio  oud  of 
tliis  month.  Tli<1  British  Pavilion,  which,  as  li;is  ； ilu';"l,v  I't'rij 
stated,  stands  on  the  lett  sklo  of  tho  Court  of  Honour,  I ;ici n^; 
ilio  Krench  Pa\  ilion,  is  a  lar^r,  low  building,  ai>p roxinialclv  1  :il i 
,v;,r(ls  squurej  di\  i(U'<l  into  a  M ； u  hincry  Hall  aiul  tour  surrouii(liii<j; 
galk、—s，  where  (\\hil>its  liy  a  nuniber  of  Govorninent  】）t、p:ut ni'  t" 、. 
oxhiUits  of  British  Pottery  and  <»t"  Arts  and  C'raits.  and  ;i  Libra r\ 
ol  British  trade  nowspapers  will  be  housed.  Tlie  iiulustrics  ot 
(Hiont  are  very  largely  t«、xtilt、  、vt 、： uiiig  and  tho  nianufactiu'e  of 
machinery,  and  have  ommuhI  for  tho  town  tho  titlt-  ul'  "  Tlu、  M ； hi 
(l"、s"、r  ot  Belgium, "  containiti^;,  ns  it  (1<>，、、  nun**  than  ； i  inilliou 
spindlos  for  cotton,  ，i(、;irl.v  lialt'  a  million  spindU's  im'  linen  ； m'l 
j'l"',  and  about  ),()!)()  looms.  I  n  ； uldition.  stt*;un  rnginrs,  n'pn' 
fM'n"iig  alK)\it  ttr>,0()()  li  p.,  arc  maiuiiact urod  ilicn*  、v;ul,v.  'I'1"'m、 
cuiibideratioiib  have  caiiM'd  the  Hoard      Trado  t<i  -srl，、rt  niMchiiicrv 


as  tho  central  i't*;iture  oi  tlm  liriiisli  rlispla  v.  I  n  ； i'1'lition  to  ； l 
largo  display  oi  inu<'liinc  tools,  pi  ;u  tif-;i!l\  *-\  *  r>  t\  ol  m;i'  lim" 
usckI  for  spiimiiijj;  and  \v<!a\  ing  will  U，  shown  nt  work,  and  it  u  i 1 1 
l>o  possible  to  trace  tin?  various  processes  from  the  moment  that  tlir 
bale  ot  raw  material  is  opciH'd  to  tin-  111 (山 "''it  tli«*  tiiii^lh-fl  lal>i  ir 
loaves  the  m;tcliiiic.  V'-'  .v  intt-i  est  displays  are  to  }>*-  mad*-  K\ 
several  great  English  railways,  notably  by  the  Great  Ontr:"  Kail 
way.  (t  was  originally  intended  that  the  new  monsUT  ei^im-. 
tho  "  Sir  Sum  Kny,"  Nuilt  by  tli*'  crunpaiiy,  should  U'  、''iit  o\  <  r 
to  Ohont,  but  it  was  found  that  it  coulfl  not  I"*  >pai  so  long  a 
period.  Th"  largost  (lispl;iv  in  t In-  (io\ rninu'iit  Gallerioh  will  Im: 
that  of  the  I*ost  office,  which  will  in<-liul<-  4-\;uii|>l<-s  ot  variolic 
instruments  used  by  the  Depai  tmcnL  lor  tlie  rapid  di>p;it'  h  ,'i 
tdgrains,  and  a  working  model  ot  an  r>\  orhead  line  Th',  «'xliil'it 
<" the  National  IMiysical  I^aboratoi y  will  illu.stratf  tli*'  work 
l)y  that  Department  in  elucidating  t  If  p'"l'l«'m、  of  fliulit.  aiwl 
show,  among  othor  tluiiK-s,  how  the  nir  ciii  rcnts  plaviii^  'ipoii  an 
aeroplane  are  photo^rapliod.  'J' lit*  w  or  k  uliu  li  thi.s  Department  " 
<loing  is  practically  unknown  to  the  public,  though  lully  appr'' 
ciatod  by  niaiiut'acturcrs  of  aeroplanes,  w  lio  、《ml  nuxlfls  and 
actual  parts  to  be  tested  for  air-resistance.  The  exhibit  of  trado 
and  technical  jou rnals,  "  lii(  h  will  l»o  sliou  n  in  a  library  opening 
out  of  the  Arts  and  Crafts  Section,  and  specially  designed  and 
decorated  by  Mr.  Frank  Brangwyn,  A.R.A.,  is  a  new  departure  in 
British  oxruhits,  and  should  prove  the  means  of  bringiiig  tl"' 
advortifiemeiits  oi  British  manufacturers  before  contiiM-ni ；) I  l>ii、'  r、 
By  the  work  of  the  Exhibitions  Branch  the  British  niaiiuta(-tur«T 
is  relieved  of  much  of  the  trouble  and  cost  of  exhibiting  his  goods, 
tor  the  whole  work  oi  organisation  is  uii("'rtak ，-' i  I'v  tin-  Depart 
ment.  Until  the  Exhibitions  Branch  was  founded  tli»*  '  、liil,it'，r 
was  obliged  to  make  his  own  arrangements  for  the  docoiation  f.i 
liis  stand,  the  laying  ol  foundations  for  his  machinery,  the  storing 
of  his  packing-cases,  and  for  much  similar  work,  all  ot  u liicli 
involved  expenditure  of  both  time  and  money.  This  w ork  i、  now 
all  uiuI(M*taken  for  liini,  and  even  when  it  is  necessary  for  him  to 
pay  for  any  part  of  it,  he  is  given  tho  benefit  of  the  special  rates 
u  liicli  the  Department  has  secured  from  contractors  ho  lore  the 
prices  are  raised  on  the  approach  of  the  opening  date 


Boiler  Inspection  in  Canada. ― Boiler  inspect  ion  、t;。M 
and  regulations  will  be  uniform  throughout  the  Canadian 
provinces,  after  July  1st,  as  a  result  of  negotiation  between 
representatives  from  th©  different  provinces.  These  regula- 
tions provide  for  the  rigid  inspection  of  all  boilers,  during 
construction,  to  see  that  proper  materials  and  safe  methods  are 
employed.  The  object  in  making  the  regulations  uniform  is 
to  ensure  a  uniform  degree  of  safety  and  to  enable  a  certificate, 
granted  in  respect  to  a  boiler  in  one  province,  to  be  accepted 
in  any  of  the  others.  To  carry  out  the  provisions  of  the  Act 
the  province  will  be  divided  into  districts  with  a  chief 
inspector  and  two  or  three  district  inspectors.  These 
inspectors  will  be  given  ample  discretionary  power  in  t lieir 
work,  with  authority  to  insist  on  a  proper  standard  of 
efficiency  being  maintained.  Hitherto  there  has  been  no  such 
system  of  inspection.  Steani-boat  and  railway  boilers  are  not 
included,  as  these  are  dealt  with  in  a  separate  Act.  Once  a 
boiler  is  inspected  and  installed  it  passes  under  the  jurisdiction 
of  the  inspectors  under  the  Factories  Act.  But  where  an  old 
boiler  is  resold  that  has  not  been  examined  witliin  one  year 
of  the  time  of  sale,  it  may  not  be  moved  and  applied  to  iic  a* 
work  without  a  further  inspection. 

Large  Turbo  Generators  with  Speed-reduction  Gears. ― The  u'' 

largest  direct-current  generators  yet  built  have  recently  been 
completed  for  the  Cleveland  (Ohio)  Electric  Illuiniiiat in^ 
Company.  Each  of  these  is  a  3,750  kw.  275-volt  180  revs, 
p&r  minute  shunt- wound  machine  driven  by  a  Parsons-t ype 
steam  turbine  through  Westinghouse  reduct  ion  i:，';u -、  having 
a  10 : 1  ratio.  The  gear  in  the  reduction  mechanisin  is  lOOin. 
diani.  with  259  helical  teeth.  The  j)inion  has  26  teeth, 
giving  a  ratio  of  26  to  259  and  introducing  the  so-ca]lc<l 
•'  hunting  tooth  "  to  prevent  frequent  recurit、m'£  of  r""ta' t 
between  the  same  pair  of  teeth.  The  full  rated  load  of  the 
^ear  is  5,350  b.li.p.,  and,  on  account  of  overloads,  t li" 
has  been  increased  to  6,000  b.li.p.  without  indications  of  (lis 
tress.  The  generator  is  21ft.  4in.  diain.,  across  the  frame-feet 
base,  and  it  stands  14ft.  2in.  above  the  floor.  The  entire 
unit  is  37ft.  2in.  long,  and  this  length  is  divided  hetween  the 
generator,  gear,  and  turbine  as  10ft.  lin.,  12ft.  oin.,  aiul 
14ft.  8in..  respectively.  The  turbine  aiul  j^ear  wore  i"a'l，'  I'v 
the  Westini:houso  Machino  Companv,  ； m'l  the  ;'t'iu'rat'，r  hv 
I  lu>  Wostin^liouse  Elect  lie  and  Manuf.ict  mini:  Cuinpanv, 
lMttsbm^h. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  E iKjineer,"  53,  New  Bailey  Street,  Manchester. 


Svstt'ins   lor  sta 
28903. 


MECHANICAL.  1911. 

internal  cotnl>ustioji  on^ii 

1912. 


Carburetters.    Drayton  &  Woodroft'o  4438. 

C'hange«peod  gearing.    Peterson.  7078. 

( '.t  rlmretters  for  internal  comiIhisI  ion  ongiiics. 


Kott. 


Cox. 


ind  Smith 


14497.' 
Schneider. 


Co  m- 


( 'aHmrott(、rs  for  internal-conibustion  engines. 
Variable  gearing.    Pettingill.  7415. 

Carburetters  for  internal-comb\istion  engines.     Halfin    A:  \V 
7575. 

Apparatus  for  forcing  viscous  fluids.    Dew  pjuicc. 
Gus  producers.    Mat  lack.  7712. 
(1;irburetters  for  intoDial  (■(»"" 川 stimi  iMi^ino: 
Watei'-lever  indicators  or  gauges  tor  stenm  lioih 

Davies.  7890. 
Kla'stic  fluid  turbines.    Cliurcliill  Sim nn.  7!—",二. 
Welding.    Kennedy,  and  British  \vr  Wt— 'ldi"g  Com 丄 uui.v.  8987. 
Fuel-injecting  devices  lor  intorjial  (.■uin^iistion  «_'iigin'、、.  Olilsson. 

9535. 

Furnace  grates.    Fletclier.  955-5. 

Rotary  pumps  and  blowers.    IloLertson.  11064. 

Vices.    Farmer.  13324. 

Lubricating  systems  for  hot-air  engines.    Model  Engineering  Com- 
pany, and  Wight.  13-129. 

Annealing  furnaces.     J ohn  Suiumers  &  Sons,  Lt(l.， 
13513. 

F  urnacos.    Krueger.  13670. 

Shaft  packing.    British  Thomson-Houston  Coinp;ui\ . 
Fuel  injection  devices  for  internal-combustion  engines. 
14662. 

Delaying  devices  or  dash  pots.     British  Thomson- Hoi 卜 i''m 
pany.  15070. 

Tools  employed  in  the  boring  of  artosian  w  ells.    A\'liat lr\ ,  Whatlov, 

； nid  Whatley  15907. 
Apparatus  for  actuating  rods  for  l)oring  ； i vi^sian  、、（'11、.  W'hatlev, 

Wliatley,  &  Whatley.  15908. 
Krgenerative  open-lioarth  i'uriiac(\s.    Eehnuum.     1 71:il . 
Apparatus  for  the  Letter  utilisation  of  heat  in  lire  tuhi;  boilers. 

Duschinski.  18573. 
Engine  starting  mechaui.sm.    Gilbert.  19917. 
Flying  machines.    O'Bryan.  20093. 

Speed-coutrol  apparatus  for  motor-cars.    Evans.  20730. 
Regulating  devices  for  pumps.     British  Tlioinsoii-Houston  Com- 
pany. 21103. 

Compressed-air  starting  device  for  motors.    Jorgeiisen.  21814. 
Airships.    Wulffing,  Smith,  &  Aerial  Transit,  Ltd.  23066. 
Fuel  calorimeteis.    Pullen.  24196. 

^Manometers  or  pressure  gauges.    Michaux  &  Quimfe.  24489. 
Bedplates  for  machinery.    British  A nti- Vibration  and  Noise  Com- 
pany. 25436. 
Ore  crushers.    AVall.  25471. 
Shaft  couplings.    Henclersliot.  28829. 

Starting  systems  for  tlie   cMi^iiies  of  ;t utuiuobilt'S.  J《（、ttt'ring. 
29071. " 

- 1913. 

Rock  drills.    Jlayner.  772. 

lioiler  tube  cloiinor.s.    Imray.  108U. 

fSciv 、、-  propellers.    Bruinicr.  2094. 


ELECTRICAL,  1911. 

s\>teii]s.      Hiitish  Tliomson-Houston  (J( 

c.    28808.  . 


Electrical  distribution 
puny.  i\  nd  W(lin'>i 

1912. 

Coatrol  of  clociric  motors  for  electrically  opera  led  driving  sysiemy. 

Cronipton  <V:  Co.,  Macfarlanc,  ； nul  Bingo.  4995. 
Alotliod  of  and  apparatus  for  utilising  transformed  and  primary 

currnits.    Dubilier.  (5909. 
lU-lays  i'ur  electric  control  sybtonis.     British  Thomson  Houston 

Company.  7014. 
Telephone  systems.    Mcllinger.  7100. 

Elortric  and  automatic  control  of  engines,  dvnauios.   and  l>;it- 

torios.    Sund(u*laiKl      Pillin^er.  737o. 
'J'i'lcphone  apparatus.    Grissinger.    7  \ 

Brush  lioldcrs  for  dynamos.     Akt.-Ges.  Brown,  Boveri;  ot  Cie. 

Appnraius  i'or  cleci rically  nvoi'ding  the  ； unount  of  coa  1  supplied 
to  ytoain  generators.    Wliitic  &  Lan^ley.  7885. 


Electric  motor  control  systems.  British  Thomson-Houston  Com 
pauy.  8611. 

Corrugated  secondary  battory  box.    Clark.  10766. 

Telephones.    Lagus.  11578. 

I'ele^ra pli  apparatus.    Pope.    1 160,5. 

Securing  electrical  contact  、、  ith，  and  continuity  of,  the  wiro 
annourin^  on  electric  oal)les  where  the  cables  are  joined 
together,  or  connected  to  apparatus.    Hepburn.  13171 

FJoctrodps  for  arc  lamps.  Hritisli  Timnwi  Houston  Compa" 、'， 
13375. 

Kloctrical  .switclics.     Kliiig  &  Norton.  16229. 

Metliod  for  producing  electric  oscillations  or  ali<Tiiatin<;  rurrents- 

Tl]<>nii)s()ii.  ]G827. 
Contact  box  for  connecting  oloctric  motors  to  tl"'  iiiiiins.    入 Vintwli. 

18992. 

Klcctric  motor  sta rtci's  and  cojiti-olltTs.  Mofiett  A:  Hosln/r.  *J01  lii. 
Electro-magnetic   clutches.      "  Vulkaii  "    Ma、(  liiii("ii: 山 ril"    Akt - 

Ges.  20922. 

Automatic  thermic  cut-out  for  electric  lighting  and  power  tr;i us 

mission  circuits.    Tasso.  21540. 
卜 [igli-tensioii  electrometers.    Bauer.    '2-31  (H  . 
Ignition  systems.    Kettering.  29091. 

1913. 

I'deplione  repeater  circuits.    Grissinger.  292V. 
Telephone  lines.    Grissinger.  2931. 
Telephone  leceivors.    Grissin^or.  3587. 
Telephone  sub-station  circuits.    Grissinger.  3780. 


METAL  QUOTAIIONS. 

TUESDAY,  APRIL  \5vi\. 

Aluminium  ingot   'JO/ -  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  " 

，，        sheets        „  ，'    "  120/-  " 

Antimony  £3j/— /—  to  £33/-/-  per  ton. 

Brass,  rolled   8}d.  per  lb. 

，，    tubes  (brazed)    10?d. ，， 

，，       ，，     (solid  drawn)   ！ )d.  ，, 

,，       ,,     wire   8jjd.  ，， 

Copper,  Standard   £6!，/】'V—  per  ton. 

Iron,  Cleveland   <>f*»/H  " 

，， Scotch   72/1J  ,, 

Lead,  English    £10/-/-  ，， 

，， Foreign  (soft)    £18/17/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ，，  ，，       medium   3/6  to  6/—  ,， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver  ：   £7/10/-  per  bottlr. 

Silver    27 告 d.  per  oz. 

Spelter    £2o/7/(i  per  ton. 

Tin,  block   £228/-/-  ，. 

Tin  plates   14/-  " 

Zinc  sheets  (Silesian)   £28/10/-  " 

,,  (Stettin  ；  VieiJle  Montague)   £28/12/0  ., 


The  Institution  of  Electrical  Engineers  ：    Paris  Meeting. ― The 

Council  have  accepted  an  invitation  from  the  Societe  Inter- 
nationale des  Electriciens  to  a  joint  meeting  to  take  place  iu 
Paris  from  May  21st  to  24tli  next.  Members  will  leave 
London  (Victoria  Station,  South-easteru  and  Chatliam  Rail- 
way) at  ]]  a.m.,  on  May  20th,  and  will  arrive  in  Paris  at 
6-45  p.m.  On  tlie  Wednesday  morning  the  opening  meetiug 
will  be  held  at  tlie  Conservatoire  cles  Arts  el  ^letiers,  when  a 
discussion  on  the  electrification  of  railways  will  take  place. 
In  the  afternoon  visits  will  be  paid  to  the  electrical  stations 
of  the  Electricite  de  St.  Denis  and  of  the  Triphase  at  Asiiihw 
aud  in  the  evening  tit  ere  will  be  a  reception  and  baiujuel  i\i 
the  Palais  d'Orsay  by  invitaliou  of  the  Societe  Internationale 
des  Electriciens.  The  】iioruing  of  Thursday  will  be  devoted  1(, 
a  discussion  on  long-distauci'  t  ransniission  of  electrical 
energy  by  (a)  continuous-current,  Tlnirv  system  (paper 
by  Mr.  J.  S.  llighlield)  ；  (A)  three-])hase  cu rrent  (|)aj>er 
by  M.  Maurice  Leblanr).  In  t  Iu*  a t'tenioon  t  here  will  be  a 
reception  by  M.  Eifl'el  at  tlie  highest  platform  of  the  EiiTol 
Tower,  when  the  wireless  installation  will  be  inspertetl.  On 
the  Friday  nioniing  the  disciii^iou  on  the  papers  previously 
read  will  be  resumed,  and  tlie  reuiaiuder  of  tlie  day  will  be 
speut  in  visits  to  places  of  interest  in  the  neighbourhood. 
Two  papers  are  dowu  for  reading  ou  the  Saturday  morniuLT, 
one  by  il.  Claude  on  "  Lighting  by  Means  of  Vapour  Tube 
Lamps  ''  (illustrated  by  experiments),  and  the  other  by  C，o"i- 
mandant  Ferrie  on  •'  Wireless  Telegrapliy."  In  the  after- 
noon an  excursion  has  been  arranged  to  Versailles,  ami 
afterwards  a  visit  to  the  Aerodrome  at  Kuo  to  witness  an 
exhibition  of  aeroplane  flying. 
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The  "  Aquitania." 

On  Monday  last  the  Cunarcl  liner  u  Aquitania  '，  was  launched 
from  the  yard  of  Messrs.  John  Brown  &  Co.,  Ltd.,  Clydebank. 
She  is  the  largest  British  ship  afloat,  and  but  little  smaller 
than  the  German  Ilamburg-Amerika  liner  "  Imperator," 
which  vessel,  however,  she  will  exceed  in  sj>ee<l  by  about  a 
knot.  The  launch  of  a  great  liner,  especially  one  which  m 
some  respects  marks  the  highest  achievement  in  shipbuilding, 
naturally  causes  one  to  survey  the  progress  made  in  the  past. 
It  is,  perhaps,  not  wise  to  turn  one's  glance  backward  too 
often.  Forward  is  the  goal.  Still,  if  one's  survey;  of  the 
past  encourages  fresh  efforts,  instead  of  filling  one  with  a  vague 
longing  for  the  simpler  life  that  is  Left  behind,  it  can  only 
do  good. 

It  is  difficult  for  us  to  realise  the  ships  of  the  ancients, 
propelled  mainly  by  oars  and  for  the  most  part  undecked, 
seldom  exceeding  100 ft.  or  140ft.  long  over  all,  and  10ft.  or 
14ft.  beam,  yet  in  such  vessels  Rome  and  Carthage  fought 
one  another,  and  the  Phoenicians  traded  with  the 
whole  of  the  known  world,  making  voyages  out  into 
the  Atlantic  and  across  the  stormy  Bay  of  Biscay 
to  England.  The  Vikings  invaded  Britain  in  open 
boats  about  70ft.  long,  propelled  by  oars,  and  a  sail  if 
the  wind  was  fair.  It  was  almost  certainly  in  oiie  of  these 
frail  craft  that  the  Vikings  crossed  the  Atlantic  to  Iceland 
for  the  first  time  in  874,  afterwards  going  westward  to  Green- 
land, and,  so  it  is)  believed,  about  the  year  1000,  a  party  of 
them  und^r  Eric  tlie  Red  found  their  way  across  to  tlie 
American  continent.  There  is  some  uncert-iiint v  as  to  the 
voyages  of  Eric,  but  none  as  to  the  famous  voyage  across  the 
Atlantic  which  Columbus  made  in  1492  with  three  small 
ships ― two  of  them  only,  partly  decked,  and  liis  rtagsliip,  the 
" Santa  Maria/*  a  vessel  less  than  130ft.  long  over  all  by  26ft. 
wide.  This  first  formal  Atlantic  passage  occupied  70  days 
from  land  to  land.  Cabot  made  the  first  Atlantic  passage 
from  England  in  1497  in  a  vessel  much  smaller  than  the 
" Santa  Maria/'  and  in  1577  Drake  left  these  shoves  on  his 
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famous  voyage  round  the  world  with  a  fleet  of  five  vessels,  the 
smallest  of  15  tons.  Such  were  the  craft  in  which  our  fore- 
fathers fearlessly  set  out  to  face  the  terrors  of  an  unknown 
world,  and  with  the  certainty  of  having  to  undergo  hard- 
ships undreamed  of  in  tliese  clays  of  steam  power  and  good 
food. 

There  are  still  people  alive  who  crossed  the  Atlantic  in 
sailing  ships,  for  although  the  iirst  .ste:uner,  the  "  Charlotte 
Dimdas，，，  existed  in  1802,  it  was  not  until  the  "  Savannah  ，， 
crossed  from  America  to  Liverpool  with  steam  up  for  a  por- 
tion of  the  voyage  in  1819  that  steam  was  used  on  the  Atlantic 
passage,  and  it  was  not  until  1838  that  a  ship  crossed  the 
Atlantic  with  steam  up  for  the  whole  voyage.  That  year 
marked  the  entry  of  the  Atlantic  liner  as  we  know  it  today, 
no  less  than  four  ships  making  the  passage,  and  all  from  this 
country.  The  first  was  the  "  Sirius/'  a  wooden  paddle- 
steamer,  208ft.  long  over  all,  with  a  speed  of  under 
eight  knots.  The  "  Great  Western/'  which  arrived  at  New 
York  only  one  day  after  the  "  Sirius,"  and  was  236ft.  long, 
and  rather  faster  than  the  latter,  was  the  first  steamship  built 
for  the  Atlantic  trade.  It  is  interesting  to  compare  lier 
236ft.  with  the  902ft,  total  length  of  tlie  "  Aquitania,"  her 
displacement  of  about  3,000  tons  with  the  47,000  tons  of  the 
new  liner,  and  her  2-cylinder  simple  engines  of  750  h.p.  (this 
being  more  than  double  that  of  the  "Sirius")  with  the 
60,000  h.p.  turbines  of  the  Cunarder.  Even  these  figures, 
striking  as  they  are  in  their  comparison,  fail  to  convey  the  full 
measure  of  the  advance  which  the  modern  Atlantic  liner  of 
to-day  marks  over  the  first  of  lier  type.  The  first  Atlantic 
liner  to  be  built  of  iron  was  the  Cunard  paddle-steamer 
" Persia  ，'  in  1856.  She  was  followed  late  in  1858  by  the 
" Great  Eastern/'  a  tremendous  ship  in  her  day  and  embody- 
ing many  iiniovations  of  construction  which  were  afterwards 
adopted  as  standard  practice.  She  was  692  feet  long  over  all 
by  83  feet  wide,  and  wa-s  propelled  by  paddles  and  a  screw. 
Sh-e  was  too  big  for  her  day,  and  too  feeble  in  engine  power 
for  her  size,  so  that  it  was  over  40  years  before  a  skip  so 
long  was  built.  Meanwliile,  progress  was  l>ciug  made  steadily. 
Compound  engines  became'  general  in  tire  sixties  and  triple 
engines  towards  the  eighties.  The  paddle  gave  way  to  the 
screw  in  the  sixties,  the  first  Cunard  screw  steamer  being  the 
" C'liina,"  built  in  1 8G'J  ；  and  in  tlie  seventies  steel  began 
gradually  to  displace  iron  on  the  same  grounds  tliat  the  latter 
had  displaced  wood ― saving  in  weight  and  greater  satisfac- 
tion generally. 

Steam  turbines  were-  first  used  on  the  Atlantic  by  the  Allan 
liners  "  Virginian  "  and  "  Victorian  "  in  1905.  Tliese  vessels 
are  of  comparatively  moderate  size  and  speed ,  being  520ft. 
long  by,  60ft.  wide,  and  of  12,000  h.p.  In  the  same  year  tlie 
Cunard  Company  built  the  "  Cannaiiia,"  650ft.  】oiig  between 
perpendiculars,  and  having  turbines  of  22,000  h.p.  The 
••  Lusitania  ，，  and  '•  Mauretania  ，，  followed  with  quadruple 
instead  of  triple  screws,  and  witli  turbines  of  68,000  h.p. 
Tliese  ships,  launched  in  1906，  were  785ft.  long  over  all  by 
87ft.  Gin.  beam ,  and  were  the  largest  in  existence  at  the  time. 
Their  speed  of  25  knots  has  not  yet  been  exceeded,  the 
" Aquitania  "  being  expected  to  average  23  J,  knots  only,  and 
the  "  Imperator  "  and  the  11  Olympic  "  22i  knots.  Thus  far 
have  we  progressed,  but  the  eud  is  not  in  sight. 


ality  has  not  taken  sufficient  account  of  the  ueed  for  con- 
centration and  unification  in  higher  education  ；  with  the 
result  that  even  to-day,  in  spite  of  considerable  improvement 
in  recent  years,  London  University  is  not  such  as  Englishuien 
can  feel  proud  of.  London  is  the  capital  city  of  the  Empire, 
and,  with  its  huge  population  and  enormous  wealth,  ought  to 
maintain  a  university  of  corresponding  rank.  Instead,  the 
London  University  consists  of  two  fairly  creditable  colleges, 
to  which  are  more  or  less  loosely  connected  a  number  of  other 
educational  institutions,  and  it  gives  degrees  on  two  distinct 
bases,  one  to  resident  students  and  tlie  other  to  externals,  who 
merely  sit  for  examination.  As  a  training  ground  for  men 
of  affairs,  London  University  does  not  compare  with  our 
older  universities  ；  and  with,  perhaps,  the  exception  of 
medicine,  for  the  study  of  which  London  hospitals  provide 
splendid  opportunities,  our  provincial  universities,  both  old 
and  new,  would  challenge  it  in  every  subject. 

We  do  not  make  the  above  remarks  with  any  desire  to 
belittle  the  metropolitan  university,  but  to  sliow  liow  complex 
the  problem  of  London's  liigher  education  is  and  at  the  same 
time  to  urge  that  the  greatest  city  of  the  world  simply  cannot 
afford,  as  a  matter  of  individual  interest,  of  national  business 
and  of  Imperial  pride,  to  be  content  with  anything  but  the 
best  in  higher  education.  With  the  detail  recommendations 
of  the  Royal  Commission  for  strengthening  the  London 
University  by  the  inclusion  of  certain  other  institutions,  and 
various  changes  in  constitution  and  organisation  we  do  not 
propose  to  deal,  but  the  subject  of  external  degrees  calls  for 
some  connnent.  The  facilities  for  granting  degrees  to  people 
who  merely  pay  a  fee  and  pass  an  examination  without,  in 
most  cases,  attending  the  university  courses  of  study,  are 
proposed  to  be  only  slightly  restricted  at  present,  but  there 
seems  a  likelihood  that  the  restrictions  will  be  gradually 
increased  until,  finally,  degrees  will  only  be  granted  to 
resident  students.  The  objection  to  the  external  degree  is 
that  it  is  merely  a  matter  of  examination  and  that  examina- 
tions are  a  very  poor  test  of  the  character  and  quality  of  a 
man.  It  is  true  that  tlie  same  test  is  applied  to  the  internal 
or  resident  student,  but  in  his  case  it  is  known  without  any 
examination  that  he  has  studied  in  the  regular  courses  for 
three  or  more  years .  A  student  may  do  this  and  emerge  little 
more  than  a  bookish  crammer,  but  in  general  he  enters  into 
the  corporate  life  of  the  place  and  thereby  imbibes  some  of  its 
living  spirit  and  acquires  the  seeds  of  that  conipreheusiou  of 
men  and  things  which  is  of  such  great  importance  iu  the 
liigher  walks  of  life.  One  may  read  football  reports  until 
every  move  of  the  game  is  familiar,  but  one  can  ouly  become 
a  footballer  by  practice  on  the  field.  la  the  same  way,  to 
establish  a  claim  to  stand  above  ones  fellows ~ which  should 
be  the  meaning  of  a  degree ~ one  must  justify  it  ou  a  more 
practical  field  than  an  examination  paper.  At  the  same 
time,  hi  a  practical  world  one  must  make  allowances  for  those 
who  are  not  fortunate  enough  to  secure  attendance  at  a 
university.  Examinations  are  defective,  but  they  at  least 
serve  to  measure  something  of  some  value  aud,  above  all, 
they  afford  many  persons  an  incentive  to  study  and  self- 
discipline  wliich  not  only  adds  to  their  knowledge,  but 
strengthens  and  refines  the  quality  of  the  individual.  It  is 
fitting  that  such  effort  should  be  recognised  by  some  form  of 
degree,  but  such  degree  should  be  clearly  distinguished  from 
that  granted  to  resident  students. 


London  University. 

The  Royal  Commission  appointed  to  report  on  the  London 
University  has  issued  a  unanimous  report  which  is  of  more 
than  merely  executive  interest.  London  is  typically  English 
in  its  individualism  and  in  university  matters  this  individu- 


West  of  Scotland  Iron  and  Steel  Institute. ― The  二)】 st  annual 

meeting  of  this  Institute  was  lield  at'  Glasgow  on  the  18th  inst. 
The  annual  report  stated  that  there  was  a  satisfactory  increase 
in  membership,  bringing  the  total  up  to  450.  The  report 
was  adopted. 


April  25,  1913] 


THE    MECHANICAL  ENGINRRR. 


THE  LATE  MR.  HENRY  HILLER. 

We  regret  to  a.rmouncc  1  lie  dcatli  oi"  Mr.  I  I<mh  v  1 1  illor, 
whicli  took  place  in  M;iii(.h"s"'r  on  April.  ；"  the  ； of 

79.  ]fe  was  liorn  and  ('山 ir;i"'(l  in  Siicilield ,  and  served  his 
appr^iticeship  with  the  (Mi^incpriti^  firm  of  Messrs.  Walker, 
Eaton,  &  Co,  There  were  very  limib&d  facilities  for  any 
theoretical  education  in  Sheffield  at  that  time,  and  Mr.  Hiller 
frequently  used  to  contrast  the  wealth  of  evening  classes  now 
offered  to  young  engineers  with  the  difficulty  of  the  situation 
in  which  he  and  others  found  the 漏 elves  in  those  days,  when 
I  he  most  they  could  obtain  was  a  class  in  niecliaiiical  drawing. 
After  his  apprenticeship,  Mr.  Hiller  worked  in  tJie  M;ui- 
rhester  district  as  a  fitter  at  the  works  of  Messrs.  Sliarp, 
Roberts,  &  Co.,  and  also  at  Gorton  Tank.  He  was  subsequent  ly 
appointed  to  be  assistant'  to  the  chief  engineer  of  ihr  M;m 
chaster  Steam  Users'  Association.  He  spent  some  time  in 
that  8ervk:e,  and  in  1864  whs  appointed  rhiri'  inspector  and 
afterwards  chief  engineer  of  the  National  Boiler  Insurance 
Company,  of  Manchester.  The  National  Company,  which  is 
now  one  of  the  leading  institutions  ia  the  particular  braiu  li 
of  engineering  devoted  to  inspection  and  insurance, 
was  then  in  its  early  days,  and  the  whole  of  Mr.  Hiller's 
energies  were  occupied  in  the  development  of  the  company, 
boih  on  the  engineering  and  the  commercial  side.  Frorn  the 
very  first  Mr.  Hiller  kept  before  himself  the  principle  of  pre- 
vention of  explosion  by  careful  and  efficient  inspection,  ami 
山 iriiig  the  whole  of  his  connection  with  the  National  Com- 
pany he  developed  the  work  of  the  organisation  on  these  lines. 

Tn  the  early  clays  the  general  nature  of  the  work  involved 
was  in  tlie  first  place  convincing  boiler  owners  of  the  necessity 
of  having  their  boilers  regularly  inspected,  and 
(hose    persons    responsible    for    inspecting  and 
insurance  organisations  had  to  spend  very  much 
of  their  time  in  missionary  work ― endeavouring 
to  convince  users  of  steam  power  of  the'  soundness 
and  necessity  of  what  is  accepted  to-day  as  a  self- 
evident  principle.      The  period  of  Mr.  Hiller's 
work  was  on©  of  considerable  change  in  boiler  con- 
struction and  attention,  and  he  took  a  great  part 
in  the  work  of  improving  boiler  design,  which  in 
this  country  is  attributable  in  a  large  degree  to 
the  work  of  the  insurance  companies.      In  the 
early  days  of  the  period  referred  to  the  boilers  in 
u&e    included    long    ex  tern  a  1 1  y  -  fi  red  egg-ended 
boilers  commonly  put  down  in  ironworks,  a  large 
number    of    shorter    extern  al  ly  -  fi  red    boilers  at 
collieries  and  similar  places,  together  with  Cornish 
and  Lancashire  boilers.    The  pressures  were  low, 
about   301bs.    to   601bs.    per  square   inch :  the 
materials  of  construction  were  iron  plates  having 
generally  a  low  ductility  and  tensile  strength  ； 
the  rivet  holes  were   punched,  and   the  plates 
were   bent  from  the   flat   after  the  holes  had 
been    made.     Hand    riveting  was   generally  in 
use.    At  the  end  of  th©  period  in  question  pres- 
sures had  increased  to  lOOlbs.  to  1501bs.  per  square  inch  : 
materials  had  been  greatly  improved  by  the  introduction  of 
mild  steel  plates  ；  methods  of  construction  had  advanced  by 
the  adoption  of  making  the  boilers  of  one  ring  in  each  plate, 
the  rivet  holes  being  drilled  from  the  solid  ；  types  of  boilers 
had  changed,  the  old  externally-fired  egg-ended  boiler  hav- 
ing become  obsolete,  and  the  Lancashire  and  similar  types 
having  been  much  improved  in  detail  ；  also  the  high-pressure 
water-tube  boiler  had  firmly  established  itself. 

The  history  of  the  National  Boiler  Insurance  Company, 
with  which  Mr.  Hiller  was  engaged,  is  bound  up  and  identV 
fied  to  a  great  extent  with  the  changes  which  took  place, 
； i  ml  there  is  no  doubt  that  a  great  part  of  the  credit  for  the 
advance  in  construction,  care,  and  inspe^-tion  which  have 
shown  themselves  by  a  great  reduction  in  loss  of  life  ai  d 
damage  due  to  boiler  explosions,  are  attributable  to  the  work 
which  was  done  by  Mr.  Hiller  and  other  engineers  in  similar 
positions.  It  is  not  commonly  realised  in  how  great  a  (！ euref 
the  advances  in  the  past  in  the  development  of  steam  pewer 
liave  been  bound  up  with  the  development  of  the  boiler  insm'- 
aiice  companies.  On  the  staff  of  the  National  Company,  w'ah 
、vhi('h  Mr.  Hiller  was  associated,  and  wliicli  is  now  under  tlie 


direction  of  his  son,  Mr.  Edward  G.  Hiller,  there  is  over 
300  peiuiis,  and  tlie  number  of  engineers  em  ployed  in  in- 
specting, supervising,  aurl  the  like  is  over  KM).  I  ri  ； i 小 iiti<>" 
to  the  work  directly  <  <jniie<  te*l  with  the  ins|>ectioii  of  st^-.t  m 
boilens  and  tlie  like,  Mr.  Henry  Hiller  was  of  an  ingenutiis 
mechanical  turn  of  miiul,  and  took  out  a  niiml^r  of  |'; 山' ii 卜、 
referring  principally  to  fusible  plugs,  safety  valves,  &c.f 
which  proved  very  success lul. 


DEVELOPMENTS  OF  THE  ROE  PUDDLING  PROCESS. 

The  developments  tliat  have  taken  phire  iik  Hi''  Rtx- 
"f  puddling  were  des<'ril)fvl  hy  M r.  1).  K.  Rol>erts  at  a  m('M - 
ing  of  the  Staffordshire   I  rou  and  Stwl   I  ust  il  ut^,  held  at 
Diulley  on  April  5t-h.    Since  its  first  intro'luctioii  in  t  In* 

inventor  had  had  bo  overcome  many  difficult  ies  to  ""'t  his  pro- 
cess taken  up.  Eventually  the  】{e;"ling  Coinpan v,  wlio  are 
the  largest  makers  of  wrought  iron  in  America,  determined 
to  put  down  a  plant,  which  had  recently  been  started  up.  The 
Heading  furnaces  are  of  the  oscillating  pal  tern  and  verv 
large,  measuring  26ft.  long  by  nearly  12ft.  wide  inside.  They 
have  made  heats  well  over  6,0001hs.  ia  weight.  The  gain  in 
weight  sometimes  reaches  11  per  rent.  The  following  are 
actual  figures  ： — 

Pig  charged    ....    5,3001bs.    Billets    ...  5,8551bs. 

，，         ，，         -…    5,4501bs.        „       ...  6,0801bs. 

,，         ，，         …- 5,1501bs.        ，，       ...  5,760lbs. 
This  is  due  partly  to  iron  reduced  from  t ho  oxidf  in  the 
ciiuler,  and  also  to  the  al)sence  of  any  waste  by  surface  oxida- 
t ion  after  the  process  is  romplete,  lor  (he  hall  is  disi  liarwl 
into  the  squeezer  iiintiediately  it  is  made.    The  plant  consists 


Fig.  1.— Uok  PtTDDUNG  MAf'mNi-:.   Longitudinal  Section. 

of  two  furnaces,  but  has  been  so  designed  that  it  can  con- 
veniently be  extended  to  twelve.  No.  3  is  being  proceeded 
with,  and  arrangements  are  also  being  made  to  extend  the- 
buildings  for  the  accommodation  of  furnaces  Ncs.  4,  5，  and 
6.  The  furnace  bottom,  originally  a  straight  line,  is  now 
shaped  as  in  Fig.  2.  This  is  done  for  two  reasons  ：  (1)  It  is 
found  in  operation  that  to  keep  the  bottom  clean,  about  half 
of  it  must  always  remain  exposed  to  the  flames,  and  thus  be 
kept  hot  ；  (2)  the  incline  also  gives  the  charge  a  more  rapid 
start  at  the  beginning  of  each  descent. 

First  of  all,  the  fettling,  which  consists  of  puddle  tap 
cinder  in  a  re-melted  condition,  is  inserted.  This  melting  is 
done  in  another  small  tilting  heating  furnace  close  at  hand. 
The  puddling  furnace  is  then  rocked  a  few  times  until  this 
fettling  washes  well  over  the  bottom,  and  then  the  molten 
charge  is  put  in  and  operation  commences  The  conditions 
of  operation  being  the  same  exactly  as  those  in  an  ordinary 
puddling  furnace,  a  similar  kind  of  cinder  is  required,  and 
an  important  point  is  its  proj>er  production  and  maintenance, 
both  chemically  and  physically,  i.e,t  the  correct  amount  of 
silica  and  oxide  of  iron.  The  quantity  of  fettling  necessary 
is,  of  course,  regulated  by  the  quantity  and  the  quality  of 
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the  iron  used.  The  furnace  is  rocked  upon  hollow  trunnions, 
and  through  these  truruiions  gas  and  air  come  in,  and  com- 
bustion takes  place.  The  roof  is  raised  as  shown  at  the  centre, 
to  give  room  for  combustion.  There  are  two  curved  chim- 
neys on  each  end  of  the  furnace,  through  which  gases  escape, 
and  when  the  rocking  proceeds,  the  gases  escape  from  the 
chimneys  under  a  large  canopy  which  practically  covers  the 
whole  furnace,  and  the  heat  escaping  from  the  chimneys 
under  this  canopy  heats  the  air  for  combustion  in  what  is 
called  the  "  recuperator,"  this  air  later  entering  the  furnace. 
The  speed  of  rocking  is  controlled  to  fib  the  conditions;  as 
they  change  during  the  process.  When  the  iron  is  molten, 
the  furnace  is  moved  very  little  and  gradually,  but  as  the 
process  begins  to  develop  then  the  amount  and  speed  of  the 
rocking  increases,  and  eventually,  as  the  iron  comes  to  nature, 
dries  up,  and  the  ball  is  formed,  it  develops  to  the  maximum. 
The  proper  manipulation  of  the  oscillations  enables  the  entire 
mass  to  be  uniformly  finished,  this  being  assisted  by  the 
great  width  of  the  bottom.  Care,  of  course,  has  to  be  taken 
that  there  is  no'  raw  iron  present  when  the  final  massing  by 
impact  takes  place  to  form  the  ball.  At  the  final  movement 
the  door  at  one  end  of  the  furnace  is  opened,  and  the  ball 


Fig.  2— Roe  Puddling  Machine.  Cross  Section. 


is  thrown  out  into  a  cradle  waiting  to  receive  it.  The  receiv- 
ing cradle  puts  the  ball  into'  the  hydraulic  press,  and  there 
it  is  subjected  to  heavy  pressure  all  over,  and  a  slab  is  pro- 
duced about  28in.  wide  by  about  7 in.  thick,  and  about  12ft. 
6 in.  long.  All  sides  of  the  press  for  squeezing  the  block  are 
perforated  to  allow  the  cinder  to  get  away. 

The  furnaces  are  each  capable  of  turning  out  a  heat 
approximately  once  an  hour,  and  although  they  are  called 
2|-ton  furnaces,  yet  on  a  few  occasions  several  heats  have 
amounted  to  well  over  this  total.  Each  furnace  is  good  for 
about  30  tons  output  per  day  of  12  hours,  and  approxi- 
mately on  a  reasonable  basis  of  300  tons  a  week.  Consider- 
able economy  from  the  labour  point  of  view  is  obtained,  as 
each  furnace  only  requires  three  men,  one  puddler  and  two 
helpers.  Thirty  tons)  a  day  with  throe  men  is  equal  to  ten 
tons  per  man,  as  against  the  present  output  of  something 
between  0*6  or  0'7  ton  per  man  per  day,  a  difference  of,  say, 
15  to  1.  The  slabs  can.  be  produced  for  nearly  the  same  cost 
as  open-hearth  ingots  of  similar  weight.  It  is  claimed  from 
actual  experience  that  not  only  is  the  product  made  much 
cheaper,  but  that  it  is  improved  in  character  over  ordinary 
puddled  iron,  due  to :  (1)  More  thorough  agitation  ；  (2)  work- 
ing on  a  hot  bottom,  and  consequently  greater  "uniformity  of 
the  mass )  (3)  less  likelihood  of  laminations  when  the  mass 
is  rolled  direct  ；  (4)  more  scientific  control  of  the  cinder,  and 


thereby  of  the  character  of  the  product.  It  is  also  found 
that  a  greater  range  of  pig-iron  is  made  possible  for  a  given 
product. 

The  Reading  Company  take  the  slab  formed  in  the  press, 
shear  it  up  into  short  pieces,  and  roll  each  piece  separately. 
The  author  believes  that  they  were  led  to  this  system  by  the 
fear  that  possibly  in  so  large  a  slab  the  cinder  left  in  the 
middle  might  be  excessive,  but  it  has  been  found  from  very 
careful  examination  and  tests  that  the  squeezing  of  the  slab 
clears  out  the  slag  in  the  most  uniform  maimer,  so  that  there 
is  not  more  of  it  left  in  the  middle  than  there  is  near  the 
surface  of  the  bloom.  The  author  has  particularly  referred 
to  this  point,  as  it  would  appear  to  him  that  to  suit  the  con- 
ditions in  the  South  Staffs,  district  any  producing  plant  that 
might  be  put  down,  with  a  mill  attached,  should  be  able  to 
turn  off  in  large  quantities  from  the  roughing-mill  billets,  say 
4 in.  or  5in.  wide,  which  could  be  sheared  up  into  suitable 
lengths  of  correct  weight,  and  be  distributed  throughout  the 
district  amongst  the  numerous  finishing  mills,  and  there  take 
the  place  of  the  present  pile.  There  is,  in  the  author's 
opinion,  an  immense  field  here  for  such  a  producing  plant,  if 
only  to  supply  the  present  demand  of  these  finishing  mills. 
Judging  from  the  present  information  to  hand  regarding  the 
process,  there  is  no  doubt  that  such  a  plant  could  deliver,  to 
these  various  mills,  billets  ready  for  heating  and  rolling  at  a 
very  handsome  saving  compared  with  the  price  at  which  <\\c\\ 
mills  can  now  provide  themselves  with  the  article  piled  ready 
for  heating.  It  will  be  realised  that  apart  from  the  saving 
due  to  the  large  units  handled,  and  the  great  reduction  in  the 
labour  cost,  there  are  also  savings  from  the  far  smaller 
quantity  of  crops,  apart  from  the  fact  that  the  Roe  billets  sug- 
gested are  much  more  easily  handled  than  is  the  material 
which  at  present  goes  to  make  up  the  pile. 

The  cost  of  putting  down  such  a  plant  as  this  is  neces- 
sarily an  expensive  item.  A  furnace  as  shown  in  the  illus- 
trations, and  alone  as  it  stands,  can  be  put  down  for  between 
£5,000  and  £6,000.  Taking  into  consideration  the  entire 
equipment  necessary,  and  embodying  two  furnaces  only,  this 
would  work  out  at  approximately  £30,000  per  furnace. 
Upon  a  larger  plant,  however,  which  would  embody,  say,  six 
furnaces,  the  cost  would  work  out  approximately  at  £20,000 
a  furnace,  and  with  this  plant  of  half-a-dozen  furnaces, 
assuming  that  one  is  always  idle,  an  output  of  approximately 
】，500  tons  a  week  of  puddled  iron  could  be  obtained. 


Explosions  in  Mines. ― The  Home  Office  has  just  issued  the 
third  report  from  the  Explosions  in  Mines  Committee  on  tlie 
influence  of  incombustible  dusts  on  the  inflammation  of 
gaseous  mixtures.  The  conclusion  that  the  Committee  have 
drawn  from  the  experiments  is  that  the  presence  of  suspended 
incombustible  dust  in  weak  gaseous  mixtures  does  not  render 
them  more  explosive  than  before.  On  the  contrary,  they  are 
of  opiuion  that  as  heat-absorbing  material  they  render  such 
mixtures  less  explosive.  The  introduction  of  incombustible 
dust  into  a  mine  for  the  purpose  of  lessening  the  danger  of 
coal-dust  would  not,  they  remark,  even  if  Abel's  contention 
was  correct,  introduce  a  source  of  danger  that  was  not  already 
present,  for  whatever  the  incombustible  dust  could  do  in  pro- 
moting gaseous  explosions,  coal-dust  could  do  much  more 
effectively.  Whatever  danger  of  gaseous  explosions  might 
exist  already  by  reason  of  tlie  presence  of  coal-dust,  it  cer- 
tainly would  not  be  augmented  by  the  addition  of  incom- 
bustible dust.  They  are,  however,  of  the  opinion  that  incom- 
bustible dusts  do  not  have  the  effect  attributed  to  them  by 
Abel,  but  have  a  distinctly  contrary  effect.  They  do  not 
therefore  apprehend  any  increase  of  danger  from  gas  explo- 
sions by  their  introduction  into  mines.  Experiments  with 
inconibu.stible  dust  were  being  continued  in  tlie  large  gallery, 
and  they  hoped  soon  to  publish  an  account  of  them.  Having 
thus  found  that  inert  dust  had  a  retarding  effect  upon  the 
ignition  of  mixtures  of  gas  and  air,  it  occurred  to  the  Commit- 
tee to  try  whether  inert  dust  could  stop  an  explosion  of  gas 
aud  air  which  had  already  formed  and  was  in  progress.  They 
found  this  to  be  the  case  in  a  series  of  preliminary  trials.  It 
would,  however,  be  premature  to  draw  conclusions  from  them 
until  they  have  been  repeated  on  a  larger  scale." 
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QUADRUPLE  SCREW  TURBIN 已 -DRIVEN  CUNARD  LINER  "  AQUITANIA." 

J!i  n;r  and  Enoinkd  in*  Mk'ssks.  John  Hkown  &  C(>.，  Lti».,  Shkikikld  am*  ('i,、ijm"、k. 


齓 


Bow  View  of  the  Vessel  ox  the  Stocks. 


The  "  Aquitaiiia,"  which  was  launched  from  the  yard  of  the 
builders,  Messrs.  John  Brown  &  Co"  Ltd.,  Clydebank,  on 
Monday  last,  combines,  in  her  design  and  construction,  the 
experience  and  invaluable  information  deduced  from  the  con- 
struction and  performance  of  the  '(  Lusitania and  "  Maure- 
tania,"  and  the  many  other  famous  ships  that  have  preceded 
her  under  the  Cunard  flag.  Each  succeeding  vessel  built  for 
the  company  during  the  73  years  of  its  existence  has  in  one 
way  or  another  marked  an  advance  on  its  immediate  pre- 
decessor. The  principal  figures  of  the  "  Aquitania "  are  : 
Length,  901ft.;    breadth,  97ft.  ；    depth  to  boat  deck,  92ft. 

;  gross  tonnage,  47,000  tons  ；  speed,  23  knots  ；  accom- 
modation for  3,250  passengers  and  a  crew  of  nearly  1 ,000. 

The  unprecedented  weight,  length,  and  other  abi)oruial 
features  of  the  great  ship  involved  the  consideration  of 
unusual  conditions,  and,  like  everything  else  connected  witli 
the  construction,  demanded  arrangements  being  made  on  a 
scale  of  magnitude  never  before  required  on  the  Clyde.  In 
order  to  lay  down  the  leviathan  the  whole  face  of  the  yard 
had  to  be  changed.  The  ground  on  which  tlie  ship  was  to  be 
built  had  to  be  specially  prepared  and  strengthened,  piled  and 
cross-piled.    Over  the  cross  piles  were  placed  layers  of  steel 


plates,  then  quantities  of  cement,  it  being  essential  that  tlie 
ground  should  not  yield  an  inch  at  any  point.  New  nam、 
systems  had  to  be  installed  for  lifting  the  heavier  materials  on 
to  the  wider,  longer  slip.  The  same  berth  was  used  as  that 
upon  which  the  "  Lusitania  ，，  was  built,  but  owing  to  the 
much  greater  length  of  the  "  Aquitania  Jt  the  preparation  of 
the  ground  had  to  be  very  considerably  extended.  The  berth 
being  in  line  with  the  river  Cart,  which  Hows  into  the  Clyde 
almost  opposite  the  yard,  enabled  the  builders  in  launching 
the  ship  to  avail  themselves  of  this  natural  advantage.  Tlie 
new  ground  was  prepared  as  that  for  the  "  Lusitania."'  The 
part  on  which  the  earlier  ship  structure  luul  rested  requireil, 
of  course,  comparatively  little  treatment  beneath  its  surface. 
The  blocks  were  then  put  down,  the  keel  laid,  and  the  frames 
erected .  In  addition  to  the  preparations  in  the  yard  tlie 
river  liad  to  be  deepened  and  widened,  and  the  builders' 
fitting-out  basin  at  Clvdebank  has  also  had  to  be  dredged  in 
order  to  accommodate  the  liner  during  completion. 

An   important   feature  in  the  "  Aquitania/'   as  in  the 
"Lusitania"  and  •' Mauretania,"  is  that  extending  through- 
out tlie  most  vulnerable  parts,  there  is  that  great  desideratum 
a  ship  within  a  ship.    In  other  words,  there  are  two  shells 
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the  inner  as  well  as  the  outer  shell,  both  being  watertight. 
The  space  between  the  outer  and  inner  skins  averages  about 
】5ft'.，  and  at  short  intervals  there  are  bulkheads  dividing  this 
intervening  space  into  relatively  small  ('ompartnients.  It 
will  be  understood,  therefore,  that  any  fracture  of  the  outer 
shell  due  to  collision  will  result  in  I  lie  ingress  o\'  1  lie  sea  l>eint( 
lnmi  im|  1(1  a  small  area  ai>  the  side  of  the  ship.  In  addition 
bo  this  important  provision,  there  are  16  bulkheads  extending 
athwartship  from  the  port  to  starboard  side.    It  might  be 

I  lioti^hl,  tli at  this  combined  syslcm  of  transverse  and  longi- 
tudinal vertical  watertight  sub-division  was  in  itself  sufficient 
safefjuard  against  flooding,  but  further  provision  has  been 
made  by  the  development  of  the  system  of  fitting  watertight 
decks   whicli  was  introduced   into  tlie    construction  of  the 

II  iiUsii  ania  "  atul  Maurdiiiia."  It  will  Llius  be  seen  i  hat 
I  rmn  a  point  oi  view  of  strength  ilie  "  Atpiil  ania  "  embodies 
the  main  features  of  the  "  Lusitania  "  and  ''  Mauretania,'' 
wil  li  additions  consequent  upon  increased  beam  and  length. 
The  ^  Aquilania  "  will  also  be  fitted  witli  Fralnn's  anti- 
rolling  tanks,  which  Iiave  proved  so  successful  in  the 
" Laco'nia."  There  are  altogether  eight  decks  on  which 
passengers  are  carried .  The  division  of  the  ship  into  water- 
tight compartments  is  much  more  extensive  than  is  required 
by  any  regulations,  and  exceptional  conditions  might  there- 
fore have  been  obtainable  in  connection  with  the  lifeboats, 
but  the  Cunard  Company,  15  months  ago,  submitted  their 
plans  to  the  Board  of  Trade  for  an  installation  of  lifeboats  to 
accommodate  every  pass&nger  on  board.  Two  motor  lifeboats 
will  also  be  provided. 

The  vessel  is  fitted  with  four  screws  driven  by  steam  tur- 
bines of  60,000  i.h.p.  The  turbines,  which  have  been  can- 
st nn-led  by  ilie  builders  of  the  vessel,  are  arranged  to  work 
on  the  triple-compound  system  and  are  located  in  three  engine- 
rooms,  one  in  each  wing  and  a  o&ntre  compartment.  The 
wing  shaft  is  driven  by  a  high-pressiirei  turbine,  whicli 
exhausts  into  an  intermediate-pressure  turbine  on  the  star- 
board wing  shaft,  the  steam  flowing  thenoe  to  a  pipe  leading 
into  both  low-pressure  turbines  mounted  on  the  inner  shafts, 
the  arrangement  being  such  that  any  of  the  turbines  may  be 
cut  out  at  will  in  the  event  of  an  accident.  Some  idea  of  the 
dimensions  of  the  turbines  is  afforded  by  tlx©  photos  on 
page  447.  The  boilers,  21  in  number,  are  of  the  double-ended 
marine-  type,  constructed  for  a  working  pressure  of  1951bs. 
per  square  inch,  and  are  each  fitted  with  Howden's  system  of 
forced  draught.  The  electrical  installation  is  very  complete 
and  comprises  four  Westinghouse  impulse  turbines,  each 
driving  a  225-volt  three-wire'  direct-current  generator  of 
400  kw.  at  1,500  revs,  per  minute.  For  emergency  purposes 
a  Mirrless-Diesel  oil  engine,  driving  a  30  kw  Westingliouse 
generator,  will  be  provided.  Close  on  200  motors,  ranging 
from  60  b.h.p.  to  J  b.h.p. ,  will  be  installed  to  meet  the  varied 
requirements  o'n  board  ship.  The  vessel  will  be  liglit-ed 
throughout  by  close  on  7,000  el &c trie  lamps. 


HANDLING  HEAVY  MACHINE  PARTS  WITH  CRANES. 

BY  JOHN  B1DDELL. 

The  handling  of  heavy  machines  and  parts  of  machines  in  a 
large  electrical  factory  is,  of  course,  a  matter  of  the  greatest 
importance.  The  apparatus  used  includes  travelling  cranes, 
jib  cranes,  and  other  machinery  ；  and,  during  the  ordinary 
working  day,  has  to  deal  with  weights  varying  between  very 
wide  limits.  Tlie  different  cranes  may  vary  in  capacity  from, 
say,  3  tons  to  100  tons  ；  and  the  weights  of  the  pieces  which 
have  to  be  handled  may  be  anything  from  lOOlbs.  to  100  tons. 

As  a  general  rule,  no  particular  trouble  need  be  expected 
in  handling  tlie  larger  weights,  since,  owing  to  their  impor- 
tance, more  care  is  exercised  in  making  hitches  and  other 
preparations.  It  is  from  pieces  of  medium  weight  and 
light  weight  that  trouble  more  often  results.  The 
man  handling  so  niucli  of  this  class  of  work  becoxne-s 
thoughtless,  the  slings  became  chafed  and  worn,  and  the 
chains  become  crystallised  by  long  use.  The  last  is  a  fre- 
(jiient  cause  of  trouble.  There  is  a  great  difference  between 
ropes  and  slings  used  for  hoisting.  In  ropes  the  wear  can 
always  be  seen  l>v  t  he  strands  becoming  frayed,  loose,  or  cut. 
A  chain,  outside  of  a  few  bruises,  will  not  show  any  signs  of 
weakness  ；  although  actually  it  may  be  full  of  small  craoks 
wliich  cannot  be  seen  by  the  naked  eye,  or  it  may  be  much 
crystallised  by  long  use.  A  chain  under  these  conditions  is 
rapicUy  becoming  weaker  with  each  lift  ；  until  it  fmallv  fails. 


But  whether  anyone  is  hurt  or  not,  there  is  always  a  loss 
to  the  factory.  Sometimes  it  may  only  be  a  rough  casting, 
but  very  often  it  is  a  piece  of  finished  apparatus  on  which 
much  time  and  labour  have  been  spent  j  and  worst  of  all, 
there  is  usually  urgent  need  for  the  apparatus  at  its  destina- 
tion, and  disappointment  to  follow.  Suitable  racks  should  be 
provided  for  hanging  chains  and  slings  on,  and  when  not  in 
actual  use  they  should  be  kept  on  these  racks.  When  not 
following  cranes  and  making  liitclies,  the  followers  should  l>e 
inspecting  these  slings  to  detect  weaknesses  and  sorting  out 
the  bad  ones  to  have  them  repaired. 

Wire  cable  slings  occupy  a  very  important  place  in  hoist- 
ing, and  have  been  found  very  satisfactory  when  carefully 
used.  A  wire  cable  sling  should  never  be  used  singly  when 
liooked  by  a  spliced  eye.  Wlien  the  weight  is  sufficient  the 
cable  is  liable  to  untwist,  thus  allowing  tlie  splices  to  open 
and  slip.  Such  slings  should  always  be  used  double,  and 
where  sharp  corners  or  rough  castings  exist  tlie  cable  should 
be  protected  by  pads.  Another  method  of  protecting  the 
rable  is  by  two  loose  metal  blocks  that  should  be  perfectly 
free  to  adjust  themselves  and  afford  ample  protection  for  the 
slings  so  used. 

Table  I. ― Bye  Bolts. 
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A  =  outside  diameter  of  bolt  shank  ；  B- inside  diameter  of  eye  ； 
C  =  diameter  of  stock  iu  eye. 


In  using  slings  of  any  kind,  especially  rope,  car©  should  be 
taken  to  see  that  they  are  properly  laid  ；  i.t.y  to  see  that  one 
rope  does  not  lie  on  top  of  the  other,  as  this  will  prevent 
proper  equalisation,  putting  an  undue  strain  on  the  outer 
rope.  It  very  often  happens,  when  a  rope  sling  is  used 
double,  that  the  ends  of  the  rope  are  passed  through  the 
doubled  part,  as  when  placed  around  a  casting  ；  and,  unless 
this  is  done  carefully,  instead  of  having  the  strength  of  two 
parts  of  a  rope,  as  supposed,  it  can  be  so  slipped  around  tlie 
casting.,  or  other  piece  being  lifted,  as  to  actually  only  have 
the  strength  of  one  part. 

Before  lifting  heavy  loads  by  means  of  a  crane,  the  crane 
brakes  should  always  be  tested  to  9ee  that  they  are  in  good 
condition  and  will  hold.  Care  must  be  used  wlien  lowering 
loads  to  limit  the  speed,  which  should  not  exceed  the  hoisting 
speed  of  the  crane  for  the  same  load.  Particular  care  must 
be  taken  to  apply  the  brakes  gradually  when  bringing  the 
load  to  rest.  The  ordinary  hoisting  speed  for  a  30-ton  motor- 
operated  crane  is  about  18ft.  per  minute,  and  for  a 
50-ton  crane  is  about  18ft.  per  minute  with  the  rated  load. 
Stopping  the  load  at  such  speeds  within  a  distance  of  ^in.  may 
double  the  stress  on  the  slings  and  crane.  This  point  cannot 
be  emphasized  too  strongly  ；  as,  in  more  than  one  instance, 
serious  accidents  have  resulted  from  the  sudden  stopping  of 
a  crane  while  the  load  was  being  lowered. 

When  a  weight  is  lifted  by  two  or  more  slings  connected 
to  the  crane  hook  and  making  an  angle  with  each  other,  the 
increase  in  the  stress  of  the  individual  slings  nuist  be  con- 
sidered. On  account  of  this  angle  between  the  two  sets  of 
slings  the  stress  on  each  set  is  greater  than  half  the  total  load, 
and  increases  very  rapidlv  as  the  angle  between  tlie  sling  and 
tlie  work  is  decreased.  An  angle  of  45°  between  the  sling 
and  the  work  makes  the  stress  in  eacli  sling  three-fourths  of 
t  he  total  weight,  and  the  collaj^sin^  force  between  tlie  two 
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TURBINES  OF  QUADRUPLE-SCREW  CUNARD  LINER  "AQUITANIA." 

CONSTKUCTED  HY  MESSRS.  JOHN  BltOWN  &  Co.,  LTD.,  SHEFFIELD *AND  ClYDEHANK. 

(For  description  see  p.  445.) 


A  Low-pressurk  Ahead  and  Astern  Turbink,  with  L'pi*kr  Casing  Kaiskd. 


，： yg 

Rotor  of  One  of  the  Two  Low  pressure  Ahead  and  Astern  Turbines. 
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j'oinls  of  attachment  to  the  "work  is  equal  to  one-half  the 
weight.  This  collapsing  force  acts  in  a  direct  line  between 
the  two  points  of  attachment.  If  the  work  is  ring-shaped,  it 
would  tend  to  deform  the  ring.  A  spreader  of  sufficient  stiff- 
ness should  be  used  between  these  two  points  to  resist  this 
collapsing  force.  It  will  be  seen  that  eyebolts  are  not  suitable 
for  attaching  tlie  slings  to  the  work  unless  a  spreader  is  used 
to  relieve  them  of  iliis  side  pull,  which  would  put  a  heavy 
bending  moment  on  the  shank  of  the  bolt.  Reducing  the 
angle  between  the  sling  and  the  work  to  30°  makes  the  stress 
in  each  sling  equal  to  the  total  weight,  aud  the  collapsing 
force  is  also  equal  to  the  total  weight.  Such  a  small  angle 
should  never  be  used  if  avoidable. 


work  to  be  able  to  decide  on  a  proper  method,  and  the  proper 
slings  or  other  apparatus  to  be  used.  Where  he  is  in  doubt 
as  to  the  weights  to  be  lifted  or  methods  employed,  he  should 
seek  advice  from  those  qualified  to  give  it.  For  the  guidance 
of  those  engaged  in  handling  or  lifting  pieces  it  is  also  sug- 
gested a ud  urged  that  all  irregular  shaped  castings,  and  in 
fact,  all  castings  weighing  over  a  ton,  should  have  the  gross 
weight  marked  in  plain  figures.  It  is  always  safer  to  over- 
estimate a  weight  than  to  underestimate  it  ；  and  it  is  always 
safer  to  use  slings  of  ample  lifting  capacity  than  those  about 
which  one  is  in  doubt. 

Other  defects  besides  those  in  lifting  apparatus  will 
occasionally  be  discovered;   such  as  a  cracked   arm  of  a 


Table  II. ― Safe  Loads  on  Hopes,  Chains,  and  Cables. 
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Wheu  it  is  necessary  to  use  eyebolts  for  lifting  loads,  no 
greater  strain  should  be  allowed  than  given  in  Table  I"  which 
gives  the  safe  load  in  pounds  for  bolts  up  to  and  including 
2|in.  diam.  It  should  be  noted  that  the  values  given  are 
correct  only  when  the  pull  is  in  the  direction  of  the  axis  of  the 
threaded  shank,  and  when  the'  bolt  is  in  good  condition. 

It  should  be  understood  that,  to  obtain  the  greatest 
strength  from  an  ©yebolt,  it  must  fit  reasonably  tight  in  the 
hole  into  which  it  is  'screwed,  and  the  pull  applied  in  a  line 
with  the  axis  of  the  screw.  Eyebolts  should  never  be  used 
if  considered  the  least  faulty.  They  should  never  be'  painted 
when  used  for  miscellaneous  lifting,  as  paint  is  very  apt  to 
cover  up  flaws.  They  should  be  tested  occasionally  by  tap- 
ping gently  with  a  hammer,  but  not  sufficiently  to  bend  or  to 
otherwise  injur©  them.  If  it  does  not  impart  a  good  ring, 
on©  of  two  tilings  is  the  rea&ou.  It  may  fit'  too  loosely  in  the 
hole,  or  there  may  be  a  flaw.  Where  a  bolt  is  to  be  used 
for  anything  like  its  maximum  load  it  should  be  screwed  in 
tight  wiih  a  bar  and  given  a  geutle  tap  with  a  bar  or  hammer 
to  see  if  it  imparts  a  solid  feeling.  If  not,  it  should  not 
be  used. 

Table  II.  gives  the  safe  loads  which  may  be  put  on  manila 
rope,  wire  cables,  and  chains.  The  first  column  gives  the 
diameter  of  the  rope  or  chain 3  the  second  column  gives  the 
safe  load  which  the  rope  or  chain  is  to  carry  singly.  In  a 
sling  where  tli©  strain  is  carried  by  two-  ropes  oir  chains,  the 
loads  given  in  the  third  column  should  be  used.  In  a  sling 
where  four  parts  of  the  rope  or  chain  cany .  the  load,  the 
figures  in  the  fourth  column  should  be  used.  Figures  are  in 
tons  of  2,0001bs.  each.  The  loads  for  manila  rope  should  be 
used  only  when  the  rope  is  in  fairly  good  condition  ；  when 
badly  chafed  or  worn  the  load  should  be  reduced  in 
proportion. 

A  wood  or  lag  screw,  when  made  in  tho  form  of  an  eyebolt, 
should  never  be  used  to'  hang  any  hoisting  tackle  on. 
Wherever  possible,  the  safest  way  to  hang  such  tackle  is  by 
passing  the  shank  of  an  eyebolt  through  the  floor  or  beam, 
properly  protecting  the  wood  by  a  large  plate  wasliei*  and  nut . 
It  frequently  happens  that  a  chain  or  rope  sling  can  be  used 
by  passing  it  over  a  properly  secured  timber.  There  are 
several  good  ways  of  doing  things,  and  many  wrong  ways. 
Care  should  always  be  used  to  see  that  they  are  done  in  a 
good  way.  Case  after  case  might  be  enumerated  ；  but 
enough  has  been  said  to  enable  any  person  entrusted  with  this 


flywheel,  or  other  similar  piece.  If  this  defect  is  discovered 
by  the  person  originally  handling  the  piece,  he  should  call 
his  superior's  attention  to  it  immediately  upon  making  such 
discovery.  Those  engaged  in  this  important  class  of  work 
should  also  have  some  idea  of  the  strength  of  materials. 
They  should  know  how  the  strains  will  be  set  up  in  such 
materials,  and  also  know  how  to  apply  slings  for  lifting. 
They  should  know  that  using  too  small  an  angle  on  the  slings, 
as  in  the  case  of  a  field  ring,  will  tend  to  pull  the  sides 
together  ；  and  that,  in  the  case  of  a  revolving  field  where  tlie 
sliug  is  applied  between  a  pair  of  amis  instead  of  around 
adjacent  arms,  the  tendency  will  be  to  break  out  a  portion 
of  the  ring.  These  things  are  all  matters  of  judgment  and 
the  importance  of  appointing  proper  persons  to  have  charge 
of  this  work  cannot  be  urged  too  strongly.  A  reduction  in 
the "  number  of  crane  accidents  can  only  be  effected  by 
extreme  vigilance.  The  loss  of  material  in  the  past  lias  been 
very  great.  The  suffering  to  humanity  caused  by  thought- 
lessness has  been  as  great.  With  proper  care  sucli  accidents 
can  be  almost  totally  avoided. ― "  General  Electric  Review." 


THE  TRAINING  OF  ENGINEERS.* 

BY  SIR  H.   FREDERICK  DONALDSON,  K.C.B. 

I  propose  to  deal  more  particularly  with  some  aspects  of  the 
educational  system,  the  thorough  appreciation  of  "which  I 
regard  as  of  paramount  importance  for  the  future  well-being 
of  the  eugineering  profession  as  a  whole  and  of  the  prosperity 
of  this  institution  in  particular.  Probably  tliere  is  no  recent 
action  taken  by  this  institution  which  will  liave  a  wider  effect 
in  the  future  than  the  decision  to  establish  a  method  by  which 
candidates  for  admission  as  graduates,  or  associate  members, 
shall  give  evidence  that  they  possess  that  knowledge  of  those 
scientific  principles  which  the  practice  of  the  profession  of 
mechanical  engineering  in  the  present  day  more  aud  more 
insistently  requires.  The  intrcduction  of  these  educational 
tests  aims  at  securing  the  greatest  ]>ossible  advantage  to  the 
profession  at  large,  wliile  at  the  same  time  its  object  is  to  raise 
the  status  of  membei*ship  of  the  institution  to  a 】)lane  even 
higher  than  】"is  already  been  atUiine<l.  Even  if  such  an 
aspiration  were  not  very  much  to  be  desired  on  its  own  account, 

*  Abstract  of  presidential  address  delivered  before  the  Institution  of 
Mechanical  Engineers.  April  18.  1913. 
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it  may  certainly  be  l-egaided  as  iwe 纖 l'y  for  Ui"  mamt''ii;i'i'  " 
of  our  national  )KKsition  iti  (lie  "n^mf'cnng  m;u.k("'s  thi、 
world,  and  as  enabling  us  Huccessrully  to  m"M  iiit(>rii;"'i 。"； il 
comj>etition,  the  existence  of  which  is  so  keenly  felt  on  cvrrv 
side. 

The  application  of  science  t>o  problems  "i('rl"mi's，  of 
metallurgy,  and  of  electricity,  is  in  itself  an  object  to  aim  ； i( , 
but  added  to  this  is  the  following.  The  tone  of  rniud  whicli 
results  will  tinge  actions  in  other'  directions,  wliere  hi- Im-i 
qualities  of  treatment  of  the  daily  routine  of  mauufactur©  are 
iieeded  to  arm  us  for  the  battle  of  trade  coinpetilion  ；  it  will 
foster  our  efforts  after  progress,  whether  it  be  in  quality, 
quantity,  or  value  of  engineering  trades,  and  will  assist  in 
meeting  tlio  difficulties  of  each  day's  work.  No  one  will  iin 
say  the  siatement  that  engineering  in  all  its  branches  is  a 
praciical  profession,  aud  though  I  am  endeavouring  to  press 
upon  you  the  urgent  necessity  for  sound  scienUfic  kimwh'tlg" 
as  on©  of  the  assets  of  every  individual  iMi^iuoer,  it  would  be 
but  half  the  tale  if  this  appeal  aimed  only  at  closer  appliffi- 
iion  of  science  to  every-day  problems.  Practical  work  is 
absolutely  essential  if  a  practical  prof<i6>sion  is  to  be  can  u-d 
on  effectively,  and  no  eiFoii/  should  be  spared  t'o  impress  this 
upon  all  concerned. 

It  is  probably  within  the  iwol lection  and  exj)erienoe  of 
many  here  that  tliose  who  press,  and  quite  rightly  press,  the 
imporianc©  of  scientific  and  theoretical  study  as  training  for 
an  engineering  career,  also  plead  very  hard  for  an  adequate 
recognition  of  tlieir  efforts  from  employers.  They  iuvite  their 
cordial  co-operation,  and  sometimes  scold  them  for1  a  back- 
wardness in  affording  it.  Their  aspiration  for  oo-aperation 
can  be  given  the  fullest  sympathy,  but  I  am  none  the  less 
iuclined  to  take  teachers  themselves  to  task  with  regard  to 
®om©  of  the  advico  they  give  either  explicitly  or  tacitly  to 
their'  students.  Too  many  young  men  adopt  the  idea  when 
they  have'  submitted  themselves  to  a  course  of  technical  study, 
and  have  perhaps  displayed  conspicuous  ability  therein,  that 
they  leap  from  that,  and  that  alone,  to  a  level  which  at  once 
entitles  thein  to  look  for  and  expect  a  lucrative  position  in 
engineering  works.  This  is  entirely  erroneous,  unless  they 
have  an  actual  practical  training  as  an  additional  asset.  I 
do  not  complain  of  the  natural  ambition  which  probably  helps 
towards  such  an  idea  on  the  part  of  the  young  man,  but  I  do 
seriously  complain  of  those  teachers  wha  foster  such  an  error. 
If  teachers  meet  occasionally  witli  an  apparent  lack  of  appre- 
ciation on  the  part  of  employers  of  the  theoretdoal  and  scien- 
tific training  which  they  have  given  to  their  students,  I  think 
that,  if  enquiry  were  made,  there  may  be  some  thing  to  be  said 
for  the  employer.  It  will  very  possibly  be  found  that  the  em- 
ployer regards  such  half-trained  men  with  some  suspicion, 
and  possibly  even  he  may  have  suffered  from  an  engagement 
of  such  a  young  man  to  an  extent  which  leads  him  to  say  that, 
however  much  he  desires  a  man  thoroughly  trguin-eil  both  in 
theory  and  practice',  he  cannot  afford  to  employ  a  man  trained 
only  on  the  former  lino,  and  that  if  he  can  only  get  training 
on  one  line  h&  would  prefer  the  practical  to  the  theoretical 
man. 

For  myself,  I  desire  to  secure  the  services  of  men  who  are 
thorouglily  trained,  and  I  speak  from  some  experience  of  tlieir 
value,  but  I  regret  tliat  I  also  speak  from  experience  when  I 
say  that  there  is  too  often  a  neglect  of  th-e  practical  workshop 
course.  I  am  convinced  that  such  an  omission  of  an  essential 
part  of  the  training  is  most  disadvantageous  to  the  student 
himself,  as  well  as  to  the  ultimate  strength  of  tlie  profession 
as  a  whole.  One  of  the  results  of  this  tendency  is  that,  when 
a  vacancy  has  to  be  filled,  it  is  by  no  means  easy,  to  find  a 
man  who  is  equipped  with  good  theoretical  and  scientific 
training,  coupled  with  a  thorough  workshop  training,  and 
ability  to  apply  the  one  to  the  other  in  an  efficient  manner. 
A  good  portion  of  the  blame  for  this  must  lie  at  the  door  of 
some  of  the  teachers,  and  I  can  only  hope  that  any  to  whom 
such  charges  apply  directly  or  indirectly,  may  without  delay 
recognise  that,  if  they  desire,  as  of  course  they  do,  the  co~openv- 
t'km  of  employers  in  forwardino  tlie  interests  t  lieir  siudenis, 
they  must,  see  k)  it,  that,  ihey  not  only  avoid  t  lie  iiu-tilcai i(m 
of  such  erroneous  ideas  into  the  heads  of  those  under  their 
vliarg«,  but  also  musl  adopt  the  line  of  impressiiig'  on  llit'm 
that  for  a  practical  profession  they  must  be  practical  mon. 


hiuI,  in  order  to  attain  that,  tlicy  must  submil  tlieniHelv«8  to 
thurougli  practical  as  wrfi  as  1  liorou^li  llieon.*ti«-al  training. 

One  may  ask  oneself  how  it  lia(>[>e)is  that  men  who  »|>eiid 
tlieir  energies  aa  whole-lieartedl y  as  ih*-  "'； in  enginecx*- 
ing  college«  and  the  like  do,  in  the  iiitereete  of  the  student 
entrusted  to  tlieir  care,  make  llic  misl ak<*  "lii'  li  I  am  二 ",.-t 
ing  they  do  make.  There  can  doubtletifl  be  several  answern 
given,  bub  probably  the  true  one  is  that  there  is  sometliing 
wanting  in  the  training  of  many  or  most  of  Uiose  of  wlioxn  we 
(•ornplain.  If  we  look  round  at  the  leading  lights  the  engi- 
neering educatioual  firrnanient  who  liave  tliemselves,  before 
embarking  in  teaching  work,  not  only  passe* I  through  a 
thorough  workshop  training  but  have  followed  that  by  a 
considerable  amount  of  practical  work  and  experience,  we 
shall  not,  I  think,  find  that  they  are  offenders  in  tlie  eenae  of 
which  I  am  speaking.  It  would  seem  thai  it  i.s  rat  Ikt  Ui'k 
who  have  not  themselves  undergone  a  workshop  training ~ or, 
if  they  have  done  that,  have  taken  up  teaching  before  they 
have  accumulated  an  adequate  supply  ol'  j>ractical  expem'n'c 
― who  are  most  prone  to  decry  the  imporlanr (；  of  practical 
training  and  experience,  and  thus  by  their  ('xpli'  it  and  tacit 
advice  throw  irnpeilinients  in  the  way  of  a  young-  mau  carrv 
ing  liis  education  through  iu  the  most  complete  nianiier.  Such 
men  may  be,  and  probably  are,  ilioroughly  conversant  witli 
theory,  "and  moat  perfectly  competent  to  teach  tliab  side  of 
tlieir  subject,  but  if  they  are  themselves  lacking  in  practical 
training  and  experience  it  must  necessarily  follow  that  their 
powers  of  imparting  knowledge  of  the  application  of  theory  to 
practice  must  be  stunted  and  narrowed.  If  a  man  is  to  be 
able  to  teach  the  application  of  science  to  practice  efficiently, 
he  must  hims&lf  be  not  only  a  scientist,  but  a  practical  man 
as  well.  In  the  interests  of  the  teachers  themselves  and  of  tlie 
.students  under  them,  this  surely  ought  to  be  recogiiiaed. 

If  it  could  be  arranged  tliat  every  teacher  could,  concur- 
rently with  his  teaching,  be  engaged  on  practical  work  of  a 
nature  allied  to  the  snbjeot  taught  by  liiin,  great  advantage 
would  undoubtedly  accrue  to  tJie  teacher  and  the  student. 
Such  a  departure  would,  of  course,  entail  considerable  reform 
in  the  present  methods  of  teaching,  and  the  allocation  of  tlie 
teacher's  time,  but  that  need  not  be  regarded  as  impossible, 
because  it  has  in  fact  been  found  practicable  in  other  coun- 
tries. Of  course,  in  the  larger  educational  centres  the  teachers 
do  have  some  opportunity  of  keeping  in  touch  with  practical 
needs  from  various  investigations  and  researches  they  are 
invited  to  make  in  the  education  laboratories,  but  if  they 
coulrl,  in  addition  to  this,  be  actually  engaged  on  practical  or 
even  commercial  work,  as  well  as  laboratory  experiments  and 
investigations,  tlie  authority  with  which  they  could  direct,  the 
studies  of  their  students  must  undoubtedly  be  enhanced. 

I  hope  I  shall  not  be  thought  to  have  spokeu  too  critically, 
but  if  an  excuse  be  necessary,  I  would  plead  the  great  imjx>r- 
tance  which  it  has  for  the  whole  profession ― I  will  ou  that 
account  even  go  further,  and  crave  indulgence  for  addressing 
also  a  few  cautionary  remarks  to  students  and  young  nieu. 
I  have  not  infrequently  met  oases  of  young  men  who,  wlien 
questioii^d  as  to  their  practical  training,  advauce  the  state- 
ment that  the  work  they  have  done  in  their  college  workshops 
and  the  like  is  equivalent  to  a  workshop  training.  I  have 
nothing  to  say  against  the  existence  of  such  a  college  work- 
shop as  a  place  where  a  certain  amount  of  niauual  dexterity 
may  be  acquired  as  a  sort  of  relaxation  from  the  regular  work 
of  the  study  or  the  lecture-room.  It  canuot,  however,  be 
regarded  as  iu  any  way  approacliing  what  is  really  required  in 
the  way  of  practical  training,  or  as  capable  of  giving  any 
approximation  to  the  value  of  the  experience  to  be  gaiueil 
from  work  in  tlie  shops  under  real  working  aud  commercial 
conditions. 

Supposing  that  the  statement,  that  the  importance  of 
practical  work  is  very  great,  will  not  be  seriously  controverted, 
I  must  add  that  all  the  advantages  caunot  be  regarded  as 
fully  secured,  even  when  courses  of  theoretical  study  have 
been  combined  with  workshop  training.  When  the  primary 
courses  have  been  romplet^d,  tlie  ediu-at ion  of  an  engineer 
must  still  go  on  by  tlie  ;u't[uisit.ioii  of  ox|MMitkn»v,  and  from 
point'  of  view  the  engiueer's  e<lm、" '•"，，  is  never  finished. 
Sir  A.  Trevor  Dawson,  in  an  address  he  delivered  last  autumn, 
seems  to  me  to  urge  his  hearers  very  strongly  on  these  Hues,  for 
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in  more  than  one  seufcenoe  he  pointedly  refers  to  the  impor- 
tance of  the  acquisition  of  practical  experience  by  young 
men,  even  at  a  temporary  shortening  of  salary.  For  instance, 
he  ©aid :  "  For  the  moment  it  is  enough  to  establish  that 
experience  is  a  dominant  consideration.  This  cannot  be  too 
forcibly  emphasized,  for  young  men  are  at  times  prone  to  9eek 
advancement  without  carefully;  considering  whether  tliat 
which  looks  like  advancement  will  conduce  to  tlie  winning  of 
the  experience  so  invaluable  in  future  work."  To  this  I 
cordially  assent. 

In  my  opiiuou,  before  such  practical  experience  can  be 
pioperly  assimilated,  a  workshop  braining  is  essential.  Its 
value  is  very  great  all  round,  for  it  covers  a  great  deal  more 
than  manual  dexterity.  For  instance,  it  affords  a  man  an 
insight  (not  otherwise  attainable)  into  the  working  of  men's 
minds,  men  perhaps  of  rather  a  different  class  from  himsfl!', 
but  who,  undoubtedly  to  start  with，  are  head  and  shoulders 
above  him  in  their  ability  and  in  their  methods  of  handling 
and  carrying  through  particular,  and  it  may  be  very  impor- 
tant, operations.  Moreover,  ho  will,  of  necessity,  from  work- 
ing at  the  bench  and  the  like,  even  if  he  keeps  his  eyes  only 
slightly  open ,  become  -acquainted  with  the  point  from  which 
various  matters  are  viewed  by  the  operative,  and  he  will  un- 
doubtedly find  that  study、  not  withouti  its  uses  in  after  life. 
He  will  recognise  the  fact  that  the  user  of  a  machine  will  be 
most  cognisant  of  the  peculiarities  of  the  particular  piece  of 
mochanism  with  which  he  has  to  do,  and  it  is  useful  to  a  young 
man  to  watch  and  se©  how  such  a  man  will  care  for  and  nurse 
the  peculiarities  of  his  machine  in  order  to  secure  the  best 
results.  Of  course,  iu  this  case- 1  am  speaking  of  a  good  work- 
man, of  whose  class  we  may  be  thankful  to-day  wo  have  a  fine 
supply  ；  but  the  young  man  will  also  find  ifc  instructive  and 
useful  to  study  the  doings  of  a  lass  careful  or  even  a  careless 
workman,  of  whom  there  are  also  some,  as  h©  will  thereby 
learn  how  not  to  do  it. 

Perhaps  9ome  apology  is  needed  for  dwelling  so  long  on 
this  particular  portion  of  my  subject,  but  I  feel  as  strongly 
that  a  man  with  only  technical  and  no  practical  training  is 
far  from  being  a  thoix>ugh  engineer,  as  that  a  man  with 
practical  and.  no  technical  training  is  insufficiently  equipped 
to  meet  the  conditions  of  engineering  work  to-day.  The  com- 
petition which  exists,  both  at  home  and  abroad,  spurs,  and 
should  spur,  us  to  the  greatest  efforts  after  ideal  perfection. 
There  appear  to  be  two  desiderata  for  meeting  this  competi- 
tion ：  (1)  Our  quality  of  output  should  continue  to  be 
superior  to  that  of  our  competitors  ；  (2)  our  selling  prices 
should  be  if  possible  actually,  but  at  anyrate  relatively,  lower 
tlian  theirs.  The  former  of  these  demands  that  the  machi- 
nery and  appliances  should  be  the  best  of  their  kind,  that  the 
men  engaged  should  be  fully  qualified  from  their  personal 
skill  for  their  use,  and  that  the  association  of  these  two  should 
be  most  closely  effective.  The  latter  requires  that  the 
methods  of  doing  the  work  of  production  should  be  organised 
on  the  highest  lines  of  efficiency,  having  special  regard  to  the 
avoidance  of  waste  of  either  material  or  energy.  It  will 
perhaps  not  be  out  of  place  if  I  attempt  to  sketch  out  methods 
of  organisation  which  will  help  to  attain  the  desired  ends, 
presupposing  that  the  directing  minds  are  both  practical  and 
scientific. 

While  quality  must  of  course  stand  first,  quantity  which 
results  from  cheapness  of  production  follows  close  in  the  scale 
of  importance.  Cheap  production  postulates  the  use  of  every 
labour-saving  appliance  which  can  be  economically  employed, 
large  powers  of  output  and  widespread  oonsumptiou  of  the 
product.  This  entails  most  strenuously  watchful  manage- 
ment to  control  "  on  charges"  at  the  lowest  possible  figure ； 
it  involves  organising  power  of  a 】iigh  order  as  regards  supply 
of  material,  adequate  machinery  and  arrangement  thereof, 
the  proper  distribution  of  labour  of  the  quality  each  operation 
requires,  and  the  maintenance  of  the  whole  of  the  organisation 
at  the  highest  point  of  efficiency.  It  is  here  that  men  highly 
trained  both  scientifically  and  practically  will  prove  their 
worth  and  show  their  value  in  the  ultimate  profit  and  loss 
account. 

Both  theory  and  practice  are  needed  to  so  distribute  the 
various  qualities  of  labour  which  are  required  for  manufactur- 
ing, as  distinct  from  fitting,  operations.  Cheapness  of  pro- 
duction must  necessarily  follow  manufacturing  lines,  but  all 
classes  of  labour  are  required  for  proper  organisation.  The 
high-class  fitter,  though  required  to  as  great  an  extent  (even 


if  not  greater)  as  in  the  past,  is  less  prominently  apparent  as 
a  direct  producer,  but  he  really  is  one  of  the  main  sources  of 
power  to  enable  cheap  manufacture  to  be  effected.  The  less 
skilled  and  therefore  cheaper  labour  is  apt  to  be  regarded  by 
the  casual  observer  as  the  main  and  actual  producer,  and  the 
liighly-skilled  preliminary  and  maintaining  force  is  sometimes 
too  much  neglected.  I  must  therefore  not  be  understood  to 
advocate  cheap  labour  as  against  the  more  skilled  and  there- 
fore more  expensive  labour,  though  I  admit  that  present-day 
requirements  do  involve  a  change  of  direction  in  the  employ- 
ment of  the  latter  ；  at  the  same  time  it  is  well  to  make  it 
clear  that  not  only  is  the  highest  quality  of  skill  required  on 
the  part  of  the  workman  of  the  best  class,  but  even  more  of 
the  class  are  needed  than  formerly. 

Not  only  is  this  so,  but  the  increased  demaud  which  fol- 
lows cheaper  production  leads  to  the  employment  of  a  large 
increase  in  the  number  of  operatives  who,  though  partially 
skilled,  have  not  attained  to  the  level  of  the  highest  class.  I 
base  this  statement  on  a  large  number  of  statistics  which  were 
compiled  and  published  some  years  ago  by  the  United  States 
Government.  It  was  shown  thereby  that,  no  matter  what 
the  product  investigated  might  be,  a  large  output  at  reduced 
selling  price  led  to  an  enormously  increased  demand  for  that 
product,  with  the  result  that  not  only  was  there  a  large 
increase  in  the  number  of  men  of  the  highest  skill  required, 
but  there  came  into  existence  an  immense  volume  of  work 
with  good  wages  for  operatives  of  less  skill,  for  whose  services 
there  was  no  use  under  the  old  system.  Any  methods,  there- 
fore, which  will  have  such  a  result  must  be  beneficial  not  only 
to  the  trade  of  the  country  but  to  the  community  at  large, 
and  any  employer  who  so  directs  his  works  that  he  is  able  to 
pay  wages  on  the  highest  and  widest  scale,  and  yet  produce  at 
prices  capable  of  competing  on  favourable  terms  in  foreign 
markets,  is  little  short  of  a  true  benefactor  to  his  country, 
and  is  well  deserving  of  the  profits  of  his  enterprise  which  he 
is  able  to  secure.  I  say  that  to  attain  such  results  he  must, 
not  only  have  and  use  brains  himself,  but  lie  must  employ 
brains  of  high  practical  efficiency  in  all  branches  of  his 
undertakings. 

While  I  am  pressing  for  mental  qualities  as  necessary  in 
those  entrusted  with  administrative  and  executive  duties,  it 
must  not  be  overlooked  that  it  is  as  requisite  that  the  mental 
calibre  of  the  rank  and  file  should  also  be  higher  than  in  the 
past.  This  is  required,  because  machinery  itself  needs  even 
more  skill  in  its  use,  and  the  nature  of  the  work  to  be  done 
is  more  precisely  stated,  than  formerly.  I  do  not  meau  for 
one  moment  to  decry  the  skill  and  ability  of  mechanics  of  the 
past.  On  the  contrary,  I  have  the  utmost  admiration  for  the 
excellence  of  their  work  when  using  machines  of  less  precision, 
and  methods  which  depended  in  a  way  more  upon  individual 
skill  and  initiative  than  is  the  case  now.  The  case  of  a 
mechanic  of  the  old  class  is  really  quite  a  good  one  to  take 
for  comparison  of  then  with  now.  He  turned  out  work  which 
was,  and  indeed  in  many  cases  is  to-day,  second  to  uoue,  but 
he  attained  his  high  quality  to  a  large  extent  by  trial  and 
error  when  it  came  to  fitting  two  pieces  of  mechanism 
together  ；  he  was  not  in  a  position  to  adopt  the  process  of 
to-day,  called  "assembling."  The  direction  given  to  him  by 
the  drawing  was  in  fact  inadequate,  for  the  subdivision  of  an 
inch  by  the  system  of  repeated  bisections  lefl  him  without  real 
guidance  as  to  the  closeness  of  the  fit  which  he  was  required 
bo  obtain.  His  appliances  for  fine  measurement  were  con- 
spicuous by  their  absence,  and  his  high  quality  of  work  was, 
perhaps,  not  unaffected  by  his  health  on  a  particular  day. 
In  a  word,  though  he  produced  work  of  the  highest  quality, 
he  did  so  without  any  actual  knowledge  of  the  fineness  of  the 
dimension  to  which  he  was  required  to  work.  Contrast  with 
this  the  more  modern  system  ；  the  mechanic  of  to-day  is,  in 
up-todate  si  1  ops,  given  the  dimension  to  which  he  has  to 
work,  in  decimals  of  an  inch.  Measuring  appliances  of 
adequate  precision  are  in  his  hands  or  available  for  his 
assistance,  the  quality  of  the  work  required  is  at  least  as  high, 
but  he  approaches  his  task  with  knowledge  of  what  is  required 
as  to  the  nature  of  the  fit  for  which  he  has  to  prepare,  and  his 
machine  is  probably  mucli  more  accurate  in  its  action.  It  is 
not,  therefore,  unreasonable  to  expect,  nor  is  it  unusual  to 
obtain,  equal  or  even  better, quality  of  work  at  less  expendi- 
ture of  material  and  energy,  and  cost. 

These  remarks  deal  of  course  with  men  of  the  highest 
skill,  but  a  ward  seems  necessary  as  to  those  of  less  high 
quality  whose  services  are  required  for  work  of  a  repetition 
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character.  Here  the  operative  has  gau^s,  lemplai os,  and 
the  like,  to  whicli  he  has  bo  work,  and  he  is  not  so  much  con- 
cerned with  knowledge  of  actual  dimensions,  for  all  provision 
o'f  that  sort  is  embodied  in  the  rnanufa (； lure  of  t  he  ^au^rs 
themselves  ；  if,  as  should  be  tlie  case,  he  has  gauges  of  liigli 
and  low  limit  given  liiiti  between  wliich  his  work  shouhl  "  y 
and  "  nob  go，"  it  is  manifest  tkat,  as  less  actual  skill  is 
demanded  from  the  man,  and  what  is  demanded  ran  be 
secured  without  a  long  apprentioeship,  1  lie  remuneration  of 
such  labour  is  less,  while  1  lie  prmliictio"  is  nion»  i  and  the 
cotistM|uent  selling  price  is  reduced.  1 1  must',  liowover,  not  he 
overlooked  that  these  provisions  involve  a  considerable 
amount'  of  t'l"1'  jireparat-ory  work  which  must  form  "  on 
diaries  "  on  the  finished  product.  It  is  there  tliat  the  con- 
trol of  such  charges,  at  a  figure  which  shall  not  be  over- 
burdensonie,  requires  the  utmost  care  on  the  part  of  the 
(»xocui ive  and  administration.  For  this,  the  traiii(>(l  mind  will 
be  the  most  useful  safeguard. 

Now  turn  to  the  office  and  worksliop  to  select  examplt's  of 
cases  where  economies  and  improvements  in  working  will 
follow  ihe  greater  use  of  scientific  attainments  coupled  with 
practical  application.  For  the  more  ready  apprehension  of 
what  follows,  it  is  perhaps  well  that  the  meanings  attached 
to  "Administration"  and  "Executive"  should  be  defined. 
By  the  administration  is  meant  the  controlling  powers  of  the 
undertaking,  whatever  it  may  be,  and  the  staff  directly 
attached  thereto,  for  arranging  and  administering  the  whole 
concern.  The  term  executive  is  used  to  mean  those  who, 
under  the  adminisfcration,  are  entrusted  with  tlie  control  of 
personnel,  machinery,  and  work,  for  obtaining  the  output  o'f 
the  product  with  whicli  the  undertaking  is  concerned. 

There  will  be  no  dissentient  voice  against  the  statement 
that  that  undertaking1  is  best  equipped  which  has  in  it's 
administration  not  only  high  quality  of  business  ability,  but 
a  firm  basis  of  scientific  and  practical  knowledge  to  guide  its 
actions  in  framing  the  policy  and  giving  it  first-hand  power  to 
form  clear  and  reliable  opinions  as  to  the  correctness  of  the 
operations  carried  out  by  the  executive  under  its  control.  It 
seems  in  fact  to  be  a  truism,  that  the  administration  must  be 
fully  informed  of  its  own  knowledge  of  the  scientific  and 
practical  possibilities  of  a  case,  before  it  can  effectively  lay 
down  a  policy  to'  be  followed.  There  are  few  more  fruitful 
sources  of  loss  in  working  than  to 】ay  down  a  line  of  policy  on 
insecure  foundations,  or  on  lines  which  are  either  totally 
impracticable  of  realisation  without  excessive  cost,  or  which 
are  so  far  unscientific  as  to'  shake  the  confidence  of  the 
executive  in  the  soundness  of  the  judgment  of  the  administra- 
tion. Similarly,  the  executive  must  be  equally  conversant 
with  scientific  principles  as  well  as  thoroughly  master  o'f  all 
practical  technical  details.  In  a  word,  knowledge  and 
practical  experience  must  b©  the  "undoubted  possessions  of 
both  branches,  for  there  is  no  part  of  any  engineering  estab- 
lishment which  will  not  bo  more  benefited  by  the  services 
of  men  holding"  this  combination  of  qualities,  than  by  men 
qualified  only  with  practical  experience.  Conversely  there  is, 
in  my  opinion,  no  possibility  of  an  establishment  being  suc- 
cessfully worked  by  men  having  only  a  scientific  and 
theoretical  knowledge  without  practical  training  and  experi- 
ence in  addition. 

Let  us  now  try  to'  follow  up  another  line.  Every  under- 
taking which  aims  at  keeping  at  least  abreast  of  current 
requirements  must  be'  prepared  to  spend  some  money  in 
experiments,  investigations,  research,  and  the  like,  and  there 
can  be  no  question  that,  on  the  one  hand,  in  the  inception  of 
such  work,  in  its  arrangement  and  in  its  operation,  the 
presence  of  the  mind  scientifically  trained  is  essential,  and 
tliat  for  practical  work,  on  the  other  hand,  the  scientists 
employed  should  also  be  practical,  in  their  methods  of 
approaching1  and  handling  the  investigation  or  research,  and 
in  the  application  of  tlie  results  presented.  Some  will  con- 
sider tli at  the  branch  for  carrying  out  this  class  of  work  slimild 
be  |)rimarily  under  the  direct  control  of  the  administration, 
while  others  will  hold  that  it  is  more  essential  to  the  executive 
and  should  be  primarily  part  thereof.  The  results  of  the 
work  are  undoubtedly  want-ed  bv  both,  by  the  administration 
because  its  policy  may  be  affected ,  and  by  the  executive 
because  its  economies  in  working  mav  be  materially  assisted 
thereby.  On  the  whole  it  would  probably  be  best  to  entrust 
the  control  of  the  branch  to  the  executive  with  an  arrange- 
ment that  all  important  results  should  reach  the  administra- 


tion simultaneously  with  the  executive:  among  the  reaiioiiH 
for  this  preference  might  be  instanced  that  the  executive  will 
find  it  advantageous  to  have  a  considerable  number  of  wiuill 
experiments  carried  out  which  could  hardly  be  liououred  by 
so  high  a  title  as  "  research,"  but  which  none  the  lem  may 
liave  great  economic  value.  For  such  work  the  executive 
would  be  primarily  interested. 

Any  research  of  a  larger  or  more  expensive  nature  might 
and  probably  should  only  be  undertaken  with  tlie  concurrence 
of  the  administration.  In  tact,  in  order  to  prevent  the 
expenses  of  the  branch  becoming  m  great  as  to  be  over- 
burdensoine  on  the  whole  undertaking,  it  might  be  found 
reasonable,  tliat  the  «ul ministration  should  keep  close  financial 
control  of  such  work,  by  laying  down  that  nob  more  than  a 
definite  sum  should  ho  expended  on  any  one  investigation  or 
research  without  its  specific  authority.  This  is  the  system  in 
use  in  many  places,  and  has  been  found  to  work  with  natui- 
facix>ry  results.  At  present,  inadec|uate  attention  is  too  often 
afTorded  to  such  matters,  and  I  could  quote  many  examples. 
I  will  take  one.  It  is  quite  likely  that  there  are  not  a  few 
mechanical  engineers  who  fail  to  appreciate  the  considerable 
effects  which  even  small  differences  in  temperature  in  lieat 
treatments  may  have  on  ordinary  steel.  It  may  even  Burprisf^ 
some  to  hear  that  a  variation  in  one  temperature  of  a  series 
of  treatments,  which  would  be  represented  by  a  number  of 
degrees  much  less  than  those  between  freezing  and  boiling- 
point  of  water,  will  so  act  as  bo  make  the  material,  which 
with  one  series  is  suitable  for  some  purposes,  entirely  unsuit- 
able with  another  series.  Let  me  quote  from  actual  trials 
what  this  means.  Ordinary  steel,  containing  about  0*53  per 
cent,  carbon,  fairly  high  in  silicon  (about  018)  and  manganese 
(about  0  84),  was  investigated,  and  with  certain  treatments 
gave  the  following  mechanical  tests :  Yield-point,  36  tons  per 
square  inch  ；  breaking  load,  56  tons  per  square  inch  ；  elonga- 
tion , 8  per  cent,  on  2in.  effective  length.  The  same  quality 
of  steel,  by  varying  heat  treatment  (heated  790。  C.)，  oil- 
quenching  (about  80°  C.)，  and  reheating*  (about  330。  C),  gave 
approximately  tlie  following  results  :  Yield-point,  68  tons  per 
square  inch  ；  breaking*  load,  84  tons  per  square  inch  ；  elonga- 
tion, 2  per  cent,  on  2in.  effective  length.  When  the  same 
initial  heating  and  oil-quenching  were  coupled  witli  a  reheat- 
ing temperature  raised  by  only  70°  C.  (that  is,  to  about 
400°  C.)，  the  test  results  were  approximately  as  follows  ： 
Yield-point,  42  tons  per  square  inch  ；  breaking  load,  64  tons 
per  square  inch  ；  elongation,  16'5  per  cent,  on  2in.  effective 
length. 

With  such  varying  results  there  seem  to  be  very  good 
grounds  for  pressing  for  scientific  methods  in  actual  work,  for 
no  amount  of  rule  of  thumb  or  expert  eye  could  ever  ensure 
uniformity  in  results  with  so  narrow  a  margin  in  the  matter 
of  one  temperature.  It  seems  clear,  therefore,  that  there  is 
essential  need  for  some  arrangements  which  shall  not  depend 
upon  the  natural  gifts  or  unaided  ability  of  a  single  indi- 
vidual, and  that  some  system  of  pyrometry  is  called  for  as  a 
protection  against  failures.  The  installation  of  apparatus  of 
this  sort  is  by  no  means  common,  and  is  apt  to  be  regarded 
by  many  as  somewhat  in  the  nature  of  a  luxury.  It  ought 
not  to  be  so  regarded,  for  nothing  short  of  it  will  ensure 
prevention  of  failure  and  waste  arising  from  mistakes  in  heat- 
treatment  operations.  Such  apparatus  would  not  be  without 
its  use  in  the  ordinary  miscellaneous  foundries,  as  well  as 
tliose  specially  provided  for  particular  products,  for  more 
uniform  results  could  probably  be  got  with  castings,  if 
greater  attention  were  paid  to  the  temperature  of  the  metal 
when  poured  and  subsequently  cooled,  and  even  to  the  speed 
at  whicli  the  material  was  reduced  to  and  from  a  molten 
condition.  If  scientific  knowledges  coupled  with  tfie  neces- 
sary practical  experience,  is  brought  to  bear  upon  such 
matters  as  these,  the  undertaking  will  reap  large  advantages 
in  higher  efficiency  of  output,  less  waste,  and  consequently 
actually  cheaper  production. 

Maiiv  other  examples  in  support  of  the  ends  at  whicli  、、- ,、 
should  all  aim  could  be  brought  forward,  and  probably  many 
will  occur  to  vour  minds,  so  your  time  need  not-  be  occupied 
in  suggesting  them.  I  trust,  however,  that  the  object  in 
view  may  be  clear  and  in  no  way  obscured  by  my  method  of 
presenting  it.  What  it  amounts  to  is  this  :  the  engineer  of 
to-day  has  more  varied  calls  on  him  than  in  bygone  times,  and 
he  must  therefore  be  more  highly  equipped  to  meet  such  calls. 
He  must  be  to  a  large  extent  a  scientist,  but  he  must  alao  be, 
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in  every  sense  of  the  word,  a  practical  man.  His  views  must 
be  wide,  and  there  should  be  nothing  either  petty  or  narrow 
in  his  dealings. 

Research  in  the  hands  of  firms  and  engineering  under- 
takings, has  already  been  advocated,  and  no  one  would  wish 
to  see  such  efforts  in  any  way  hampered  ；  but  if  it  were 
possible  to  co-ordinate  tli©  work  more  than  is  done  at  present, 
and  also  to  place  the  results  at  the  disposal  of  the  profession 
more  readily  than  is  now  the  case,  great  advantage  may  be 
expected  to  result.  Is  it  not  worth  considering  whether 
enquiries  should  nofc  be  made  to  see  if  an  Engineering 
Research  Committee,  the  bounds  of  which  should  be  much 
wider  than  membership  of  this  Institution  alone,  could  be  got 
together  with  a  view  to  organising,  co-ordinating,  and  assist- 
ing research,  more  particularly  for  engineering  purposes  ？ 
The  success  which  has  attended  the  Engineering  Standards 
Committee  might  be  regarded  as  holding  out  hopes  of  similar 
possibilities  of  success  for  an  Engineering  Research  Commit- 
tee, so  far,  at  anyrate,  as  obtaining  the  gratuitous  personal 
assist. ance  of  those  best  competent  to  assist  in  particular  direc- 
tions. It  must  be  admitted  at  once  that  the  expenses  attach- 
ing to  an  Engineering  Research  Committee  must  necessarily 
be  heavier  than  has  been  the  case  with  the  Engineering 
Standards  Committee,  for  though  individuals  may  be  ready 
to  give  their  time  and  attention  to  meetings  and  the  general 
direction  and  co-ordination  of  diffeirent  researches,  the  actual 
carrying  through  of  the  researches  themselves  must  neces- 
sarily be  a  costly  matter. 

This  Institution  spends  a  certain  amount  of  money 
annually  in  research,  and  it  might  well  b©  that  part  at  any  rate 
of  the  money  which  we  are  able  to  devote  to  individual 
researches  might  be  better  expended  in  helping  to  support 
the  work  of  a  Central  Engineering  Research  Committee,  and 
that  other  societies  and  institutions  might  also'  be  ready  to 
allot  funds  for  a  similar  object.  I  am  well  aware  that  grants 
in  aid  of  research  are  already  made  from  many  sources, 
notably  from  the  Royal  Society,  from  the  Government,  as 
well  as  from  various  private  firms  and  individuals,  and  some 
of  these  might  possibly  be  tapped  for  the  more  specific 
researches  which  would  fall  within  the  scope  of  the  Engineer- 
ing Research  Committee.  The  advantages  which  would  seem 
to  accrue  from  such  a  'step  would  he  the  prevention  of  a  con- 
siderable amount  of  overlapping  work  ；  the  carrying  out  of 
individual  researches  to  absolute  results  ；  the  publication  of 
such  results,  and  the  inclusion  in  sucli  publication  accounts  of 
private  researches  and  experiments  carried  out  by  those  who 
would  associate  themselves  witli  tlie  Engineering  Research 
Committee,  and  would  be  willing  to  place  results  of  work 
privately  carried  out  at  the  general  disposal  of  the  Com  in  it- 
tee.  In  time,  the  Committee  would  doubtless  acquire  so  large 
an  accumulation  of  data  as  to  make  it  the  first  source  upon 
wliich  the  public  would  draw  for  information  as  to  any 
research  already  effected,  and  as  to  the  possibilities  of  extend- 
ing research  on  lines  which  might  at  the  moment  seem  to 
require  investigation. 

The  subject  is,  of  course,  a  very  large  one,  but  it  covers  a 
combination  of  applied  science  and  practice,  and  as  such  falls 
readily  within  the  scope  of  tliei  subject,  or  subjects,  with  which 
I  have  been  endeavouring"  to  deal  in  this  address.  Ii  is, 
however,  only  right  that  I  should  say  that  the  suggestions  I 
have  made  with  regard  to  this  Research  Committee  are  made 
on  my  own  responsibility,  and  must  not  be  regarded  as  in  any 
way  representing  the  views  of  other  members  of  the  Council. 
I  have  not  so  far  discussed  the  matter  with  them,  but  should 
the  Council  be  disposed  to  regard  the  idea  with  favour,  it  may 
be  that  they  would  think  well  to  take  the  initiative  in  institut- 
ing enquiries  as  to  whether  co-operation  could  be  arranged 
from  private  individuals  and  from  other  societies,  to  consider 
the  practicability  of  the  whole  subject,  and  the  possibility  of 
the  attainment  of  any  advantage  by  a  move  in  this  direction. 


out  of  their  rig] it  position  by  the  action  of  their  own  weight 
or  by  centrifugal  force.  When  the  direction  of  the  thrust  is 
changed  such  sliiftings  may  give  rise  to  jammings,  which 
easily  result  in  the  running  liot  of  the  bearing  or  at  least  a 
rapid  wearing  out  of  its  parts.  This  injurious  play  very  soon 
arises  also  in  the  case  of  thrust  bearings  whicli  are  originallv 
built  without  play,  in  consequence  of  the  unavoidable  wear 
of  the  co-operating  parts.  To  overcome  these  disadvantages, 
Messrs.  Krupp,  of  Kiel-Gaarden,  Germany,  have  designed 
and  patented  the  arrangement  illustrated,  in  which  the 
axial  relative  positions  of  the  two  ball  systems  are  always 
maintained  even  in  an  unloaded  condition,  so  that  sh  if  tings 
are  rendered  impossible. 

Referring  to  the  illustration,  A  is  a  shaft,  the  propeller 
shaft  of  a  ship  for  example,  which  transmits  the  thrust  of  the 
propeller  to  the  ball  thrust  bearing  rigidly  arranged  in  the 
ship.  Between  the  two  halves  of  the  casing  D  of  the  tlirust 
bearing  is  inserted  a  thrust  ring  E  against  which  the  inner 
running  rings  F  and  G  of  the  ball  systems  B  and  C  bear. 
The  corresponding  outer  ball  running  rings  F1  and  G1  bear 
against  annular  intermediate  pieces  H  and  K，  which  are 
movable  to  a  slight  extent  in  an  axial  direction  upon  rings 
L  and  M.  These  rings  L  and  M  are  held  apart  by  a  sleeve  N, 
and  are  prevented  from  moving  in  the  direction  of  the  axis 
of  the  shaft  by  a  shoulder  a1  on  the  shaft  contacting  with  the 


DOUBLE-ACTING  BALL  THRUST  BEARING  FOR  HORIZONTAL 
OR  INCLINED  SHAFTS. 

Double-acting  ball  bearings  having  a  system  of  balls  opera- 
tive for  each  dir&ctioTi  of  thrust,  in  the  case  of  shafts  arranged 
horizontally  or  on  an  incline,  present  the  disadvantage  that 
axial  play  arises  in  that  system  of  balls  which  has  no  load  on 
it  at  the  particular  time.  In  consequence  thereof  the  balls  of 
this  system  and  the  rings  on  which  they  run  are  easily  shifted 


Double-acting  Ball  Thrust  Bearing  fob  Horizontal  or  IxcLiMEn  Shafts. 

ring  M  and  a  collar  J  mounted  on  the  shaft  contacting  with 
the  ring  L.  The  sleeve  N  is  surrounded  by  two  cylindrical 
sleeves  O  P  of  different  diameters,  which  have  on  their  inner 
ends  flanges,  turned  towards  each  other  and  retain  between 
them  a  powerful  helical  spring  R  for  whicli  the  flanges  serve 
as  abutments.  The  outer  end  of  the  sleeve  P  engages  by 
means  of  a  flange  pl  a  seat  turned  out  in  the  intermediate 
piece  K,  while  the  outer  end  O1  of  the  sleeve  O  is  rigidly 
connected  by  a  screw  thread,  with  the  intermediate  piece  H， 
which  latter  is  constructed  in  the  form  of  a  nut.  The  screw- 
ing of  the  intermediate  piece  H  more  or  less  on  to  tlie  sleeve  O 
serves  to  regulate  the  tension  of  tlie  helical  spring  R  accord- 
ing to  requirement®. 

For  the  explanation  of  the  action  of  the  apparatus  let  it 
be  assumed  that  the  thrust  set  up  in  the  shaft  acts  in  the 
direction  of  the  arrow  x.  The  transmission  of  this  thrust  to 
the  casing  or  its  foundation  then  takes  place  through  the 
medium  of  the  ball  system  B，  that  is  to  say,  through  the  collar 
J,  the  ring  L,  the  intermediate  piece  H,  the  running  ring  F1, 
the  ring  of  balls  B,  the  running  ring  F,  and  the  tlirust  ring 
E.  When  the  thrust  takes  place  in  this  direction  there  is  no 
load  on  the  ball  system  C.  Any  shifting  of  the  balls  and 
miming  rings  are,  however,  avoided  by  the  sleeve  P,  which  is 
under  fclie  influence  of  the  helical  spring  R，  thrusting  the 
parts  of  this  ball  system  against  the  thrust  ring  £,  some  play 
taking  place  between  tlie  parts  K  and  M，  as  can  be  seen  from 
the  drawing.  If  the  direction  of  the  thrust  set  up  in  the 
shaft  changes,  the  force  of  the  thrust  will  be  transmitted  to 
the  casing  D  through  the  medium  of  the  ball  system  C, 
through  the  parts  a1,  M，  K，  G1,  C,  G,  and  E，  the  same  helical 
spring  R  which  previously  pressed  the  system  C  against  the 
thrust  ring  E，  now  holding  tlie  parts  of  the  ball  system  B 
togetlier  in  the  same  way.  It  will  therefore  be  seen  that  the 
position  of  the  parts  of  both  systems  witli  relation  to  the 
shaft  A  is  permanently  preserved  unchanged,  no  matter  in 
whicli  direction  the  thrust  acts. 
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SURFACE  COMBUSTION  HEARTH  FOR  LANCASHIRE  AND 
CORNISH  BOILERS. 

A  construction  of  hearth  utilising  the  principle  of  surface 
coiiibustion  and  applicable  to  boilers  of  tlie  Lancashire  ami 
Cornish  type  lias  been  designed  and  patented  by  Prof.  W.  A. 
Bone,  of  the  Leeds  University,  and  Mr.  C.  I).  McCourt.  It 
is  shown  in  tho  accompanying  cuts,  Fig.  1  being  a  longitudinal 
section  through  the  hearth,  and  Fig.  2  a  part  plan,  view 
showing  one  manner  in  which  the  hearth  may  be  built  up. 
Fig.  3  illustrates  the  arrangement  and  disposition  of  1  lio 
hearth  within  the  flu©  of  a  Lancashire  or  Cornish  steam 
generator.  Gr  is  the  hearth  of  refractory  material  and  pro- 
vided around  its  sides  or  edges  with  low  walls  H,  which  serve 
to  retain  the  bed  of  refractory  material  in  granular  or  frag- 
mentary condition  in  position.  The  hearth  is  contained 
within  a  carrier  J  of  metal.  This  carrier  is  made  hollow  and 
is  in  communication  with  the  gas  and  air  supplies.  Connec- 
tion with  the  gas  and  air  supplies  is  effected  through  an 
aperture  K  and  a  supply  pipe  L ;  this  pipe  being  in  turn 
connected  with  an  air  supply  pipe  M  and  a  gas  supply  pipe 
N，  each  controlled  by  a  cock.    The  connection  of  the  interior 

G  H 


Figs.  1  and  2. 


Pig.  3. 

RuRFAfK  Combustion  Hkarth  for  Lancashirf.  and  Cornish  Boilers. 

of  the  carrier  with  the  atmosphere  is  afforded  through  a 
number  of  narrow  apertures  0，  these  apertures  being  formed 
through  bosses  P  on  the  upper  plate  or  face  of  the'  carrier. 
The  hearth  is  composed  of  a  number  of  firebricks  R  which  are 
laid  on  the  upper  face  of  the  carrier.  The  hearth  is  made  of 
such  thickness  that  the  tops  of  the  bosses  P  are  slightly  below 
the  upper  face  of  the  hearth,  in  order  to  prevent  the  bosses 
from  being  burned.  The  cross-section  of  the  apertures  O  is 
such  that  the  speed  at  which  the  combustible  mixture  passes 
therethrough  is  greater  than  the  speed  of  ignition  backwards 
of  the  gaseous  mixture  in  the  apertures. 

The  bed  of  refractory  material  is  piled  on  the  hearth, 
being  in  pieces  of  from  lin.  to  l|in.  diaan.  and  of  such  a 
character  as  to  withstand  the  temperature  produced.  Thus 
where  coke  oven  gas  is  employed,  a  high  temperature 
being  thereby  obtained,  calcined  magnesite  is  found  to  be  a 
suitable  material.  When,  however,  tlie  gas  employed  is  one 
which  does  not  produce  so  high  a  temperature,  a  less  refrac- 
tory material  may  be  employed  in  the  formation  of  the  bed, 
for  example,  firebrick  may  be  used  when  blast  furnace  gas  is 
employed.  The  carriers  J  for  the  hearths  are  mounted  on  a 
carriage  S，  the  connection  of  the  carrier  witli  the  carriage 
being  effected  by  means  of  brackets  T  on  the  carrier  and  pins 
on  the  carriage.  The  carriage  is  in  turn  mounted  on  and 
movable  in  relation  to  runners  V  disposed  within  tlie  flue  and 
extending  some  distance  beyond  the  front  of  the  steam 


generator  so  that  tlie  carrier  witli  lieartli  and  bed  of  refractory 
material  can  be  pmporly  positioned  within  tho  flue  or  wholly 
witlul rawn  Uiwefrom  for  ins[M*<'(  ion  or  repair.  To  enable  tlie 
heat  radiated  from  the  iucaiideticent  bed  of  refractory 
material  to  he  i  hrowu  or  dir^*t^W  in  an v  d('sir"l  rlircrt  ion, 
i.f.,  either  clim-tly  upwards  to  1-ho  flue  wall  ahov^  and 
adjacent  to  tlie  lieartli  or  to  a  greuU*r  or  N-ss  distan<  <*  ； ilont( 
the  flue,  the  carrier  is  so  mounted  that  it  may  be  placed 
either  horizontally  or  inclined  at  an  angl&  to  the  horizontal. 
To  enable  the  carrier  to  he  maintained  in  ； in  indiiic'l  po-it  ion. 
it  is  provided  on  its  end  or  side  opposite  to  that  to  which  the 
brackets  T，  with  downwardly  extending  anns  \V.  The^e 
arms  are  provided  witli  holes  through  which  pins  can  be 
passed,  tlie  inclination  of  the  carrier,  and  therefore  of  tlie 
hearth,  being  adjusted  by  alteration  of  the  positions  of  tlie 
pi  us  in  the  holes.  The  pivotal  mounting  of  the  carrier  also 
permits  or  facilitates  the  discharging  of  the  he(i  of  refractory 
material,  the  carriage  being,  when  this  operation  is  necessary , 
wholly  withdrawn  from  the  flue  and  the  carrier  turned  about 
its  pivotal  connection  with  the  carriage. 

The  gaa  is  supplied  under  a  pressure  of,  say,  lib.  per 
square  inch  and  the  air  at  a  similar  pressrure.  In  starting  up 
the  gas  controlling  cock  is  first  opened  and  the  gas  as  it  issues 
from  the  top  of  the  bed  of  refractory  material,  is  ignited. 
The  air  controlling  cock  is  then  opened,  the  air  mixing  with 
the  gas  in  the  supply  pipe  and  the  flame  as  a  consequence 
becoming  more  and  more  aerated  until  a  point  is  reached  at 
which  it  strikes  back  and  an  accelerated  combustion  takes 
place  within  the  bed  of  refractory  material,  no  flame  appear- 
ing above  the  top  thereof.  The  proportions  of  air  and  gas 
are  then  so  adjusted  that  if  the  supply  of  air  be  slightly 
decreased,  a  slight  appearance  of  flame  on  the  top  of  tlie  bed 
of  refractory  material  results.  When  tlie  supplies  of  air  and 
gas  have  been  adjusted  as  described,  the  gas  and  air  aro 
present  in  the  combustible  mixture  substantially  in  the  pro- 
portions theoretically  necessary  for  complete  combustion. 
The  continuous  combustion  which  takes  place  within  the  bed 
of  refractory  material  maintains  it  in  a  state  of  incandescence 
and  a  large  amount  of  heat  is  radiated.  The  products  also 
contain  a  very  small  percentage  of  free  oxygen,  for  example, 
the  proportion  may  be  as  low  as  1  per  cent. 

Where  it  is  desired  that  the  whole  of  the  combustion  shall 
not  take  place  within  the  bed  of  refractory  material,  and  that 
a  proportion  of  the  gas  shall  burn  above  tlie  bed  witli  1  he 
formation  of  flame,  tlie  proportions  of  air  and  gas  are  so 
regulated  that  the  combustible  mixture  contains  a  proport  ion 
of  air  less  than  the  proportion  required  for  complete  。'm- 
bustion,  the  further  supply  of  air  necessary  being  admitte'l 
above  the  bed  so  that  the  flame  issuing  therefrom  is  supplied 
with  the  further  amount  of  air  required  to  effect  complete 
combustion. 

When  the  arrangement  is  applied  to  Lancashire,  Cornish . 
or  other  steam  generators  which  have  been  constructed  and 
erected  for  firing  with  solid  fuel,  some  or  all  of  the  firebars 
are  removed  so  as  to  enable  the  runners  and  carriage,  carrier 
and  hearth  to  be  placed  within  the  flues  or  combustion 
chamber.  In  such  cases  it  will  be  necessary  to  close  com- 
pletely the  front  of  the  steam  generator,  all  air  necessary  for 
complete  combustion  being  contained  in  the  romftu-t  ilih1 
mixture,  except  it  be  required  to  burn  the  gas  with  the 
appearance  of  flame  above  the  bed  as  mentioned  above,  in 
which  event  the  closure  to  the  furnace  front  is  provided  with 
controllable  air  admission  means.  The  gases  employed  should 
be  substantially  free  from  dust  so  as  to  avoid  clogging  tlie 
bed  of  refractory  material.  When  the  gas  is  not  free  from 
dust,  the  periodical  renewal  of  the  bed  will  bo  iie'  essary. 


Underground  Electric  Railway  System  for  Sydney. ― Consider- 
able amendments  have  been  made  to  tlie  scheme  submitted  in 
1912  to  the  Minister  of  Public  Works  for  the  improvement 
of  the  Sydney  railway  system  by  the  Public  Works  Depart" 
ment  in  conjunction  with  the  Chief  Railway  Commissioner. 
Under  the  scheme  now  proposed  an  underground  loop  railway 
will  be  built,  with  connections  to  the  eastern  and  western 
suburbs,  and  to  North  Sydney  by  a  bridge  to  Milson's  Point. 
The  Cabinet  has  approved  of  the  consti-uction  of  the  first 
section  of  the  railway  and  the  survey  has  been  begun.  Plans 
and  specifications  are  in  course  of  preparation  so  as  to  enable 
the  construction  to  be  commenced  as  soon  as  possible  after  the 
sanction  of  Parliament  has  been  obtained. 
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THE  LONGITUDINAL  STABILITY  OF  SKIMMERS  AND  HYDRO- 
AEROPLANES* 

BY  J.  E.  STEELE,  B.SC. 

{Concluded  from  page  438.) 

The    Donnet-Leveque    Hydro-Aeroplane. ― This    is    a  biplane 

(Fig.  6)，  whose  water-tight,  torpedo-shaped  fuselage  is  on  the 
lines  of  a  skimmer,  having  the  characteristic  step  of  the  latter. 
Near  the  blunt  nose  of  the  fuselage  there  is  a  horizontal  eleva- 
tor, which  prevents  the  nose  from  diving  when  alighting,  and 
the  machine  from  consequently  tripping  over.  Wlien  suffi- 
cient speed  is  attained  the  aftier  end  lifts,  and  the  machine 
glides  on  the  sloping  front.  After  skimming  on  the  surface  of 
the  water  for  about  50  yards,  an  elevation  of  tho  rear  elevator 
causes  the  machine  to  rise  bodily  into  the'  air.  The  head 
resistance  is  reduced  to  a  minimum  by  the  propeller,  with  its 
Gnome  engine,  being  placed  at  the  other  end  ；  the  wash  from 
the  propeller  thus  encounters  no  obstacles. 


Fig.  7. 

The  Donnet-Leveque  Hydbo-Aeboplane. 
When  gliding  on  the  surface  of  the  water  on  its  sloping 
front  (Fig.  7)  the  weight  of  the  machine,  together  with  the 
vertical  component  of  the  propeller  thrust ~~ the  thrust  in  this 
case  tending  to  depress  the  machine ~ is  shared  by  the  lift  of 
the  resultant  water  pressure  (RK)  on  the  sloping  portion  of 
the  fuselage,  and  the  lift  of  the  resultant  air  pressure  (RP) 
on  both  the  front  planes.  The  drift  of  both  the  water-borne 
portion  of  the  fuselage  and  of  the  planes  is  overcome  by  the 
horizontal  component  of  the  propeller  thrust.  The  horizontal 
rudder  as  yet  plays  no  part  in  the  equilibrium,  as  it  is 
probably  neutral.  The  three  forces,  R,  T,  and  W，  meet  in 
the  point  O. 

*  Paper  read  at  the  Spring  Meetings  of  the  Fifty-fourth  Session  of  febe  Tn- 
stitution  of  Naval  Architeota,  March  13th,  1913. 


As  was  seen  when  considering  "  Miranda  IV.，，，  an  increase 
in  the  propeller  thrust  will  cause  the  machine  to  rise  into  the 
air,  so  that  steering  in  a  vertical  plane  can  be  accomplished 
by  increasing  or  diminishing  tlie  thrust  of  the  propeller.  An 
increase  in  propeller  thrust  then  tends  to  cause  the  machine 
to  rise,  and  it  will  raise  it  altogether  into  the  air  when  the 
thrust  gets  large  enough.  When  the  machine  is  altogether 
air-borne  R  y  suddenly  disappears  almost  entirely,  as  now  air 
acts  on  the  sloping  front  of  the  body.  The  result  is  that 
Rj»  alone  is  left,  increased  in  magnitude  by  the  increase  in 
the  angle  of  attack,  and  as  the  angle  of  attack  also  shifts  the 
centre  of  pressure  aft,  there  is  a  considerable  unbalanced 
couple  tending  to  overturn  the  machine  forward.  The  hori- 
zontal rudder  must  now  come  into  play  to  restore  equilibrium, 
and  to  give  it  the  requisite  anti-clockwise  moment  about  G 
the  rudder  must  be  depressed.  In  order  that  the  machine 
may  quickly  assume  the  new  position  of  equilibrium  it  must 
be  longitudinally  kinetically  stable.  Owing  to  the  le^  dense 
medium  impinging  on  tlie  sloping  part  of  the  fuselage,  the 
drift  of  that  part  of  the  machine  is  almost  entirely  done  away 
with,  and  tlie  unbalanced  part  of  the  propeller  thrust  will 
accelerate  the  speed. 

As  horizontal  flight  in  air  is  outside  our  province,  we  will 
pass  to  the  time  when,  the  flight  over,  the  pilot  is  just  about 
to  stop  the  motor  in  order  to  volplane  to  the  water.  That 
there  may  be  no  sudden  alteration  in  longitudinal  stability 
when  the  motor  is  stopped,  the  line  of  action  of  the  propeller 
thrust  should  pass  near  the  centre  of  gravity  of  the  machine, 
otherwise  a  large  unbalanced  couple  will  act  till  the  counter- 
vailing horizontal  rudder  couple  is  brought  to  play.  It  is 
well  to  design  so  that  the  propeller  thrust  may  not  pass 
exactly  through  the  centre  of  gravity,  but  at  a  certain  dis- 
tance from  it,  so  that  on  its  removal  the  machine  may 
naturally  tilt  to  the  best  angle  for  volplaning. 

When  alighting  the  reaction  RF  of  the  water  on  the  fore 
part  of  the  fuselage  leaps  into  existence,  and  in  a  much 
intensified  form,  as  the  nose  will  probably  be  driven  deeply 
into  the  water,  though  there  is  a  limit  to  this  depth  deter- 
mined by  the  horizontal  fins  fitted  near  the  fore  end  to 
prevent  diving  too  deeply.  If  the  augmented  reaction  RF  is 
at  too  great  an  angle  to  the  resultant  of  the  combined  air- 
pressures  on  the  planes,  the  common  resultant  will  swing  so 
far  forward  that  the  unbalanced  couple  will  bring  the  after 
end  down  with  a  jar  if  the  resultant  passes  in  front  of  the 
intersection  O  of  the  other  foTces,  or  trip  up  the  machine  if  it 
passes  too  far  behind  O. 

The  inclination  of  the  flight  path  to  the  horizontal 
influences  the  longitudinal  stability,  which  falls  off  as  this 
inclination  increases.  When  the  angle  reaches  somewhat  less 
than  twice  the  angle  of  attack,  the  machine  becomes  longi- 
tudinally unstable.  The  head  resistance,  however,  has  a 
great  effect  on  the  above,  as  with  a  greater  head-resistance 
instability  would  not  occur  till  a  greater  inclination  of  the 
line  of  flight  to  the  horizontal  than  that  given  above  was 
attained.  This  shows  the  advantage  of  rising  into  the  wind, 
as  the  relative  velocity  of  wind  to  machine  is  increased. 

Care  must  be  taken  when  alighting:,  as  the  pilot  mav  not 
have  near  objects  to  guide  him  as  to  his  real  speed  relatively 
to  the  surface  of  the  water.  If  the  speed  of  the  machine  be 
V,  and  the  wind  happens  to  blow  with  a  speed  v  in  the  same 
direction  as  that  in  which  the  machine  is  travelling,  the  pilot- 
will  not  be  aware  of  the  change  in  speed  relatively  to  the 
water  surface,  his  speed  down  the  wind  will  now  be  V  + and 
if  he  attempts  to  take  the  water  at  this  speed  an  accident  mav 
happen  due  to  trippiner.  If,  however,  he  runs  up  the  wind, 
liis  speed  will  then  be  Y  ~t\  and  he  can  alight  in  safety. 

To  the  assumptions  which  have  been  made  in  the  case  of 
the  "  Flying-Fish  "  must  be  added  the  following: :  The  wash 
on  the  tail  plane  produced  by  the  front  plane  alters  the  angle 
of  attack  of  tlie  former,  but  probably  to  a  small  extent.  As 
tlie  course  of  the  stream  lines  is  unknown,  the  wind  direction 
as  it  approaches  the  rear  plane  is  taken  as  parallel  to  that  at 
which  it  meets  the  machine. 

The  gyroscopic  effect  due  to  the  angular  momentum  of  the 
propeller  and  of  the  rotating  engine ~ if  that  type  be  fitted ― 
mixes  up  the  two  sets  of  oscillations,  symmetric  and 
asymmetric,  and,  if  these  happen  to  have  nearly  the  same 
period,  resonance  effects  would  be  set  up,  making  the  machine 
an  uncomfortable  one  to  those  on  board.  The  gyration  effect 
due  to  the  above  two  causes  also  influences  the  steering  of  the 
machine.  If  twin  screws  are  fitted,  working  against  one 
another,  then  tHe  gyrostatic  effects  of  the  rotating  inertia  of 
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the  propellers,  rotating  engines,  also  the  additional  effects 
to  propeller  torque  and  unbalance  of  engine,  are  all 
eliminated.  \\\  some  aeroplanes  there  are  contrary-working 
screws  worked  by  chain  drives  from  one  shaft.,  one  ch<un  乂 
crossed  to  give  tlie  reverse  motion.  There  is  also  ； i  motor  in 
which  the  propeller  and  engine  both  revolve,  as  in  the  Gnome 
motor,  but  in  opposite  directions,  so  that  their  gyroscopic 
effects  cancel.  We  will  discuss  the  case  of  tlie  engine  with 
propeller  attached  revolving  round  the  shaft,  ； is  tliis  lias  the 
greatest  effect  on  both  tlie  steering  and  the  longitudinal 
stability  of  the  machine. 


Via. 


Fir;. 


By  the  principle  of  conservation  of  momentum,  the  axis 
of  spin  tends  always  to  keep  pointing  in  the  same  direction, 
say  due  east,  even  though  the  machine  be  carried  about  by 
wiird  currents.  If  by  gradually  altering  the  angle  to  the 
horizontal  by  steering  in  the  vertical  plane,  we  apply  a  couple 
to  the  axis  of  spin  tending  to  tilt  it  up,  the  axle  will  commence 
to  precess  in  a  certain  direction  determined  by  the  direction 
of  spin  and  of  the  couple  applied.  The  greater  the  magnitude 
of  the  couple  applied  the  greater  will  be  the  rate  of  precession. 
It  will  be  seen  from  the  diagram  (Fig.  8)  that,  with  a  right- 
handed  propeller  and  engine  turning  with  it，  if  a  couple  be 
applied  by  tlie  machine  being  steered  downwards,  tlie  preces- 
sion will  cause  the  head  bo  turn  to  the  left.  If  this  precession 
be  retarded  by  applying  an  opposing  horizontal  couple  by 
means  of  the  vertical  rudder,  then  the  axis  of  spin 
will  tilt  further  down  at  the  for©  end.  If,  on  the  other  hand, 
we  accelerate  the  precession  by  giving  the  machine  some  helm, 
the  whirling  parts  will  tend  to  cause  the  forward 
end  to  lift. 

If  a  turn  is  made  to  the  left  (Fig.  9),  the  after 
end  of  the  piano,  owing  to  precession,  will  dip  down  ； 
a  sickening  feeling  to  the  pilot,  who  almost  invariably 
turns  to  the  right  with  a  right-turning  propeller. 
Again,  the  greater  the  steering  couple  applied,  the 
greater  will  be  the  tendency  to  dip,  as  the  greater 
will  be  thet  precession.  When  the  aeroplane  is  to  be 
turned  in  the  horizontal  plane,  then,  not  only  must 
the  vertical  rudder  be  actuated,  but  the  horizontal 
rudder  must  be  moved  to  overcome  the  gyroscopic 
influence.  With  a  right-handed  screw,  if  the  head  of 
the  aeroplane  be  turned  to  the  left,  the  horizontal 
rudder  must  be  inclined  to  prevent  the  rear  part  of 
the  machine  from  sinking.  The  inclination  of  the 
propeller  shaft  does  not  affect  these  results,  so  that, 
so  long  as  the  turning  couple'  is  constant,  so'  long  will 
the  tendency  to  precess  be  unchanged  ；  if,  however, 
the  revolutions  of  the  propeller  be  reduced,  the  rate 
of  precession  will  increase. 

In  the  Aeroplane  Show  at  Paris  this  year,  the  most  notable 
machine  from  the  point  of  view  of  inherent  longitudinal 
stability  was  one  designed  by  M.  Drzewiecki,  who  read  a  paper 
before  this  Institution  in  1901.  The'  principle  embodied  in 
this  design  is  that  of  difference  in  pressure  intensity  on  the 
forward  and  the  after  curved  planes,  due  to  the  different  cross- 
sections.  On  the  involuntary  rising  of  the  for©  part  of  the 
machine,  the  increase  in  the  angle  of  attack  has  quiie  a  diffe- 
rent effect  on  the  fore  to  what  it  has  on  the  rear  plane.  The 
pressure  per  square  foot  on  the  front  plane  is  but  very 
gradually  increased  for  changes  of  the  angle  of  attack  between 
the  limits  of  5。  and  18°,  whereas  that  on  the  after  plane 
increases  very  rapidly  with  the  angle  at  which  the  wind  meets 
it.  The  result  is  an  excess  of  lift  aft  which  restores  the 
machine  to  its  original  position.  The  converse  holds  if  the 
front  of  the  machine  is  involuntarily  depressed.  The  reduc- 
tion in  the  angle  of  attack  leaves  the  pressure  on  the  front 
plane  but  slightly  altered,  but  reduces  quickly  that  on  tlie 
rear  plane,  resulting  in  a  drop  of  that  part  to  the  normal 
position. 


TIMING  GEAR  FOR  THE  ADMISSION  OF  LIQUID  FUEL  IN 
OIL  ENGINES. 

The  accompanying  illustrations  show  a"  arrangement  of 
timing  gear,  the  invention  of  Mr.  James  McKechnie,  of 
Vicker3,  Ltd.,  Naval  Construction  Works,  Barrow-in- 
Furnes9,  by  means  of  wliioh  the  |>eriod  of  admission 
of  liquid  fuel  in  intenial-<*oi!ihustion  engines  of  the 
Diesel  type  may  be  varied  at  will  during  the  run- 
ning of  the  engine  by  the  adjustment  of  the  potfrition  of 
the  valve-operating  cam.  It  is  intended  more  especially  for 
U9e  in  connection  with  an  engine  of  the  kind  in  wliick  the 
liquid  fuel  is  injected  suddenly  into  the  cylinder  under 
extremely  liigh  resilient  pressure.  In  such  an  engine  the 
accurate  timing  of  the  fuel  admission  is  of  considerable 
importance,  different  periods  being  required  for  eflir-i*Mit 
working  at  high  or  low  engine  speeds,  or  at  higli  or  low  powers 
for  the  same  speed. 

Fig.  1  is  an  elevation  of  the  gear,  Fig.  2  is  a  view  at  ri^\i\ 
angles  to  Fig.  1，  and  Fig.  3  is  a  sectional  detail  of  the  coupling 
device  employed.  A  is  a  shaft  through  which  the  fuel  cam 
shaft  B  is  driven  from  the  cam  shaft  C  controlling  the 
suction  and  exhaust  valves.  D  is  the  coupling  element 
mounted  to  slide  on  the  shaft  A  and  to  turn  with  it,  this 
element  being  in  the  form  of  a  nut  with  internal  spiral  teeth 
J.  E  is  the  driven  element  of  the  coupling,  driving  the  fuel 
cam  shaft  B  through  bevel  wheels  K  L,  and  having  spiral 
teeth  M  meshing  with  the  teeth  J  of  the  nut  D.  F  is  a  sliding' 
sleeve  through  which  the  longitudinal  adjustment  of  the  nut 
D  is  effected,  ball  thrust  bearings  being  interposed  between 
the  nufc  and  sleeve.  The  timing  gear  is  carried  by  the  rasing 
Q  farming  part  of  the  frame  of  the  engine.  Tlie  bevel  wheel 
K  on  the  horizontal  fuel  cam  shaft  B  gears  with  the  bevel 
wheel  L  on  the  upper  end  of  the  coupling  element  E  \vlii«-li 
forms  a  continuation  of  the  vertical  driving  shaft  A.  The  slid- 
ing sleeve  F  is  connected  through  bolts  to  a  collar  N  which  is 
engaged  by  the  fork  O  forming  an  arm  of  the  bell  crank  lever 


Fio.  1. 


Fig.  2 

TiMiNYi  Gear  i'oh  Oil  Knyum  s 
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H,  the  other  arm  of  which  is  in  tlie  form  of  a  toothed  segment 
P  gearing  with  the  worm  R  on  the  shaft  S  turned  by  the  hand 
wheel  shown.  On  rotating  this  wheel  the  lever  H  is  si  owl  v 
turned  around  its  axis  and  the  sleeve  F  is  moved  up  or  down, 
giving  to  the  coupling  member  D,  through  one  of  the  ball 
thrust  bearings,  a  corresponding  axial  movement  with  rela- 
tion to  the  shaft  A.  This  axial  movement,  acting  througli 
the  spiral  teetli  J  and  M  of  the  two  coupling1  elements  D  and 
E，  causes  the  latter  element  to  turn  through  an  angle  (rela- 
tively to  the  element  D)  which  depends  on  the  axial  displare- 
ment  and  on  the  slope  of  the  teetli  J  and  M.  The  phase  of 
the  movement  of  the  fuel  cam  shaft  with  relation  to  that  of 
the  engine  crank  is  altered  by  a  corresponding  angle  through 
the  bevel  gearing  K  L.  After  atljust ment  the  hand  wheel 
may  be  fixed  in  position  by  means  of  a  small  binding  s<、re、v. 
The  apparatus  is  arranged  to  give  adjustment  to  tlie  cam 
tlirough  an  angle  of  about  30°  to  40°  and  tlie  angle  of  adjust- 
ment of  the  fuel  cam  shaft  and  consequently  the  timing  of 
the  fuel  valve  is  indicated  by  the  pointer  on  tlie  sleeve  F 
moving  over  the  fixed  graduated  plate  T. 
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A  COMPARATIVE  TRIAL  BETWEEN  THE  TRIPLE  EXPANSION 
ENGINE  AND  GEARED  TURBINES  IN  CARGO  STEAMERS, 

BY  C.  WALDIE  CAIRNS,  M.SC. 

(Concluded  from  page  419.) 
Regarding  the  trials,  it  is  a  matter  of  regret  to  the  author 
tlia(.  no  (t  measured  mile  })  results  are  available  for  either 
of  the  ships  in  question,  in  either  light  or  loaded  condition. 
Neither  of  them  have  been  "  on  the  measured  mile  ，，  off  the 
Tyne.  There  is  none  available  in  the  Bristol  Channel,  and 
the  nature  of  tidal  currents  there  makes  any  attempt  at  exact 
speed  determination  by  distance  run  point  to  point  practi- 
cally useless,  whilst  in  the  English  Channel  the  weather 
conditions  were  too  unfavourable  to  make  any  useful  record 
obtainable.  It  will  be  understood  that  the  object  of  the 
trials  to  be  described  was  purely  a  comparison  of  the  two 
ships  under  conditions  as  nearly  identical  as  could  be  attained. 
With  this  end  in  view  the  two  steamers  loaded  to  draughts 
mentioned,  left  Cardiff  Docks  on  the  morning  tide  of  Thurs- 
day, February  6th,  1913.  The  Parsons  Marine  Steam  Tur- 
bine Company,  Ltd.,  Messrs.  Wm.  Doxford  &  Sons,  Ltd., 
and  Messrs'.  Cairns,  Noble,  &  Co.，  managers  of  The  Cairn 
Line,  each  had  three-  watches  of  observers  on  each  steamer. 
The  owners  were  particularly  concerned  in  the  coal  records, 
but  the  two  first-mentioned  firms  in  addition  to  checking  coal 


30- 


P 

-犮 


Z5- 


\ 

o 
1u 


■Re 

w 

MM、 

55 


6S 


Fig.  7.— Estimated  Perfobmance  in  Fine  Weather. 
Upper  curve,  s.b.  "  Cairngowan  "  ；  Lower  curve,  s.b.  "  Cairnross," 
Trim  of  ships  and  evaporation  as  on  36  hour  trial. 
Note. ― 60  revs,  per  min.  corresponds  (approx.)  to  10  knots. 

consumption,  obtained  other  records  of  particular  interest 
from  their  respective  standpoints,  and  by  their  courtesy,  the 
author  is  enabled  to  embody  them  in  this  paper.  The  two 
ships  were  run  by  their  usual  staffs  of  engineers  and  firemen, 
the  only  additional  assistance  in  stokehold  being  one  man  on 
each  watch  for  the  filling  of  coal  skids. 

On  completion  of  compass  adjusting,  &c.f  the  two  vessels 
left  Barry  Roads  about  4  p.m.  on  February  6th.  It  had 
been  arranged  that  the  coal  measuring  trial  would  commence 
at  some  time  the  same  night,  time  to  be  agreed  by  exchange 
of  signals  after  steady  working  of  firemen  and  steady  steam 
was  assured.  Instructions  had  been  given  for  62  revs,  to 
63  revs,  to  be  aimed  at,  and  for  the  vessels  to  be  kept  con- 
stantly within  signalling  distance  of  one  another.  Before 
settling  to  steady  running,  a  series  of  records  were  taken  on 
the  "  Cairnross  which  may  be  described  in  one  sense  as  a 
" progressive  trial. M  These  were  taken  just  after  leaving 
Barry  Roads,  in  comparatively  fine  weather  conditions,  for 
the  purpose  of  obtaining  a  curve  connecting  revolutions  per 
minute,  with  steam  pressure  at  entrance  to  turbine  at  this 
draught  and  trim  of  the  ship.  The  results  of  this  trial  are 
embodied  in  the  lowest  curve  in  Fig.  7.  It  will  be  noticed 
on  this  curve  that  spots,  representing  actual  readings,  show 
recorded  results  at  from  56  to  64"2  revs,  per  minute.  A  use 
for  this  curve  will  be  referred  to  later. 

*  Paper  read  before  the  North-east  Coast  Institution  of  Engineers  and  Ship- 
builders, March  28tb,  1913. 


As  the  ships  proceeded  clown  the  Bristol  Channel  the 
weather  freshened,  and  a  strong  head  wind  and  sea  was 
encountered  by  the  time  both  ships  were  ready  for  coal 
measuring.  The  revolutions  were  therefore  allowed  to  remain 
at  from  60  to  62,  the  horse-power  under  these  weather  con- 
ditions, at  63  revs.,  being  heavy,  and  not  representing  any- 
thing like  normal  running  conditions  for  either  ship.  At 
9  p.m.  Thursday  (February  6th),  coal  measuring  commenced 
on  each  ship,  both  being  then  in  the  neighbourhood  of  Lundy 
Island.  The  vessels  proceeded  around  Land's  End,  up  the 
English  Channel  as  far  as  St.  Catherine's  (Isle  of  Wight), 
where  both  vessels  "  put  about 79  and  back  towards  Brixham. 
Coal  measuring  ceased  at  9  a.m.  Saturday  (February  8th), 
thus  allowing  a  continuous  record  for  36  hours,  and  Brixham 
was  reached  about  noon. 

From  the  log  abstracts  appended,  it  will  be  seen  that 
stormy  weather  was  experienced  throughout  the  trial.  As 
the  wind  and  sea  were  abeam  only  for  a  short  time  whilst 
rounding  Land's  End,  being  ahead,  or  abaft  the  beam  the 

Table  II. ― Summary  of  36- Hour  Trial. 


" Cairnross  " 
Geared  turbine. 


1.  Revolutions    per  min. 
(mean  of  36- hour) . … 

2.  Coal  per  day  

3.  I.H.P.  

4.  S.H.P.  

5.  Ratio  of  S.H.P.  "Cairn- 

ross "  to  I.H.P.  of 
" Cairngowan  ，， 

6.  Lbs.  of  coal  per  I.H.P  hr. 

all  purposes  

[ 7.  Lbs.  of  coal  per  S.H.P. 
hr.  all  purposes  

8.  Estimate  of  water  con- 

sumption per  hour  all 
purposes   

9.  Estimate  of  water  con- 

sumption per  I.H.P. 
hour  

10.  Estimate  of  water  con- 

sumption per  S.H.P. 
hour  

11.  Hot  well  temperature . . 

12.  Feed  temperature  

13.  Estimate  lbs.  of  、vater 

per  lb.  of  coal  (from 
feed  temperature) . . 

14.  Percentage  of  ash  

15.  Pressure,  steam  pipe  in 

engine  room  

16.  Initial    pressure,  H.P. 

turbine  

17.  Vacuum   

18.  Circulating  water  inlet. . 

19.  ，，  ，，  outlet 


(equi 


61-76 
27 -8  tons 

1,570 


87.7% 
1-45  lbs. 
1-65  lbs. 

22,000  lbs. 


(equiv.)  12*3  lbs. 


14  Iba. 
79°  Fah. 
203°  Fah. 


8-5  lbs. 
12-5% 

158  lbs. 

138  lbs. 
28-75" 
50°  Fah. 
70°  Fah. 


" Cairngowan  " 
Triple  expansion. 


61*68 
32 -7  tons 
1,790 


1-704  lbs. 
(equiv.)  1-94  lbs. 

27,200  lba. 

15-18  lbs. 


(equiv.)  17 '3  lbs. 

104°  Fah. 
221°  Fah. 


8-  97  lbs. 

9-  36% 

175  lbs. 


26-8* 
50°  Fah. 
95°  Fah. 


remainder  of  the  time,  no  difficulty  in  keeping  steam  arose 
from  rolling.  In  considering  the  results  obtained  in  this 
trial,  it  must  be  borne  in  mind  that  ordinary  seagoing  con- 
ditions of  running  were  adhered  to.  Thus  steering  engine, 
steam  ash  hoist,  and  auxiliaries  were  supplied  with  steam 
from  the  main  boilers.  The  evaporator,  too,  was  run  in  each 
case  as  necessary  watch  by  watch,  for  the  maintenance  of 
water  level  in  boilers.  Steam  was  also  supplied  to  radiators 
in  officers'  quarters  and  to  steam  boiler  in  galley.  No  correc- 
tion has  been  applied  for  these  items.  Further,  fires  were 
burned  down,  cleaned,  and  made  up  as  in  ordinary  running 
on  voyage.  The  author  understands  that  this  is  not  always 
done  in  consumption  trials,  especially  in  cases  where  forced 
draught  is  available,  and,  naturally,  where  such  procedure 
becomes  possible,  through  shortness  of  trial  or  other  cause 
remarkably  favourable  results  may  be  obtained  which  could 
not  possibly  be  maintained  on  a  more  extended  trial.  Further, 
in  view  of  the  careful  and  frequent  determination  of  horse- 
power, any  inflated  figures  are  avoided  such  as  are  often  put 
forward  in  steamship  reports  in  which  indicator  cards, 
obtained  when  conditions  are  at  their  most  favourable  level 
in  the  day's  work,  are  coupled  with  the  coal  consumption 
over  the  whole  of  a  12  hours'  or  24  hours'  trial.  Anyone 
who  has  practical  experience  of  the  running  or  supervising  of 


April  25,  1913] 


THE    MECHANICAL  ENGINEER. 


457 


steamers  is  well  aware  of  the  caution  with  which  reports  rnusi. 
be  accepted,  in  which  claims  are  made  regarding  triple-expan- 
sion machinery  alleged  to  be  able  to  do  their  daily  work  at 
from  1*2 lbs.  to  l'51bs.  of  coal  per  indicated  horse-power  hour. 
Shipowners  and  engine  builders  alike  appear  to  enjoy  tall 
tales  of  this  order,  but  in  this  case  the  author  has  no  such 
tale  to  tell.    General  results  of  the  trial  are  given  in  Table  II. 

The  main  result  in  which  the  owners  of  the  two  ships, 
and  no  doubt  other  shipowners,  are  interested  is  the  ascer- 
tained coal  per  day  of  the  two  ships,  32*7  tons  for  the  triple 
expansion  set  and  27.8  tons  for  the  geared  turbine  set,  a  gain 
of  15  per  cent,  of  the  consinn  pt  ion  of  tlie  triple  set,  or  stated 
in  the  other  direction,  the  triple  set  demands  17*6  per  cent, 
more  fuel  than  the  turbine  set.  Referring  to  the  other  ">m- 
parisons  in  Table  II. ，  the  following  explanations  and  com- 
ments are  offered  : — 

Line  1  ：  Revolutions  per  minute  were  ascertained  by  a 
mechanical  counter. 

Lin©  2  :  Coal  per  day.  The  coal  for  the  whole  period  of 
trial  was  measured  by  means  of  the  usual  stoke -ho  Id  skids ~ 
open-bobfcomed  measures  of  sheet  iron.  The  weight  of  the 
contents  of  representative  skids  were  taken  each  watch,  and 
the  coal  used  on  each  watch  was  calculated  from  the  weight 
per  skid  taken  during  that  watch. 

Line  3 :  The  indicated  horse-power  on  the  "  Cairngowan  " 
has  been  calculated  from  the  cards  by  plauimeter  in  the  usual 
way,  no  deduction  being  made  for  piston  rod  areas.  A 
typical  set  of  indicator  cards  is  shown  in  Figs.  8,  9，  and  10. 

Line  4:  The  shaft  horse-power  on  the  "  Cairnross  "  was 
obtained  by  a  Hopkinson  Thring  Torsion  meter,  applied  to  a 
calibrated  length  of  shafting  in  tunnel,  and  is  therefore 
practically  the  effective  power  supplied  to  the  propeller. 

Line  5:  Ratio  of  shaft  horse-power  of  "Cairnross"  to 
indicated  horse-power  of  "  Cairngowan."  This  gives  an 
interesting  approximate  determination  of  the  mechanical 
efficiency  of  such  a  set  of  triple  expansion  machinery,  includ- 
ing thrust  block.  It  seems  safe  under  the  circumstances  of 
the  trial  to  assume  that  the  effective  horse- powers  of  the  two 
sets  of  machinery  were  equal. 

Line  6 :  The  t(  equivalent "  figure  l"451bs.  given  in 
" Cairnross's  ,J  column  may  be  taken  to  mean  the  coal  per 
indicated  horse-power  hour  that  a  reciprocating  set  under 
similar  circumstances  and  with  same  boiler  efficiency  would 
have  to  attain  to  give  results  equal  in  coal  economy  to  the 
results  on  the  turbines.  The  actual  figure  for  the  triple ~ 
l*7041bs.  per  indicated  horse -power  hour ― appears  high  in 
view  of  the  efficient  feed  heating  ；  but  the  fact  that  the 
result  includes  coal  for  all  purposes  must  be  borne  in  mind,  as 
well  as  certain  points  regarding  evaporation  to  be  referred 
to  later  on.  It  will  be  noticed  from  the  indicator  cards  that 
the  engines  of  the  "Cairngowan"  are  well-loaded,  the 
referred  mean  pressure "  being  nearly  37Albs.  per  square 
inch.  This  is  probably  not  conducive  to  a  good  result  in  fuel 
per  indicated  lioi-se-power  hour,  although  favourable  to  true 
economy  in  fuel  per  effective  horse-power  hour. 

Line  7:  For  the  "Cairnross"  this  figure  is  the  direct 
result  of  lines  2  and  4.  For  the  "  Cairngowan  "  this  figure 
is  obtained  on  the  assumption  that  the  shaft  horse-powers  of 
the  triple  and  turbine  sets  are  equal. 

Lin©  8:  In  the  caae  of  the  u  Cairngowan  11  the  single 
Weir's  pump  delivering  hot  feed  from  heater  to  boilers  was 
utilised  as  a  water  meter,  the  number  and  the  length  of  its 
strokes  being  integrated  by  a  mechanical  counter,  and  a 
delivery  efficiency  of  90  per  cent,  being  assumed.  As  the 
auxiliary  exhausts  including  exhaust  from  steering  engine 
mingle  with  the  water  from  main  engine  feed  pumps  in  the 
feed  heater,  the  water  measured  by  the  Weir  feed-pump  is 
really  the  total  consumption  of  main  and  auxiliary  machi- 
neyy5  and  should  represent  the  total  evaporation  of  the 
^oilers.  This  figure  is,  of  course,  subject  to  the  uncertainty 
involvdd  in  the  assumption  above  as  to  the  "  slip  7>  of  the 
pump. 

The  figure  given  for  the  "Cairnross,"  in  line  8，  is  the 
turbine  consumption  calculated  from  the  average  pressure  at 
fi，t  stage  in  turbine,  and  from  area  through  blades  of  first 
guide  row  in  accordance  with  experimental  results  in  Messrs. 
Parsons'    possession,   plus   an   allowance   for  exhaust  from 


auxiliaries,  calculated  from  the  observed  rise  of  temperature 
resulting  from  the  mixture  of  this  exhaust  steam  with  the 
condensed  exhaust  from  turbine.  The  calculation  has  been 
made  on  the  basis  of  dry  saturated  exhaust  from  the 
auxiliaries,  which  probably  introduces  an  error  reducing  the 
calculated  total  below  its  true  value ― for  instance,  a  drvness 
fraction  of  the  auxiliary  exhaust  steam  of  5  would  nearly 
double  the  allowance  for  auxiliary  exhausts,  raising  the  water 
per  hour  to  about  24,4001bs.  Probably  the  true  value  lies 
l>et\veeii  this  and  22,U()()U>,s.  A n  ； ttU'inpt  wan  marie  to 
measure  the  feed  water  by  the  pump  counter  in  the  case  of 
the  "  Cairnross,"  as  in  the  "  Cairngowan,"  but  Die  slip  of 
the  |)utiij)s  in  the  "  Cairnro9s  "  proved  to  be  so  variable  from 
hour  to  hour  that  there  was  no  oj)tion  )>ut  to  discard  the 
results,  and  fall  hack  on  an  estimated  value. 

Lines  9  and  10  are  subject  to  interpretation  similar  to  that 
indicated  for  lines  G  aiul  7,  with  thf  rcs^Tva lion  that  lines 
5  and  6  represent  the  results  of  actual  measurements,  assump- 
tions such  as  are  mentioned  in  connection  with  line  8，  from 


Atrrvos. 


Fig.  9. 

I  P-  diagram.   M.E.P.  341bs.  per  sq.  in.    I.H.P.  598.   Scale  Ain.  -  4011>8. 


Atrrws.   ^  ^^sw 

Pig.  10. 

L.P.  diagram.    M.E.P.  13'9lbs.  per  sq.  in.   I.H.P.  668.   Scale        -  121bs. 
Indicator  diagrams  taktm  during  competitive  trial  of  s.s.  "Cairngowan."  Cylin- 
ders 24in.  x  40in.   、  t>6in.    Stroke  4"iin.  Set  No.  】'2.    Total  I  H.P.  1778.    Revs,  per 
mm.  62  ；  boiler  pressure  1721bs.  per  sq.  in.  ；  I. P.  receiver  691  bs.  per  sq.  in.  ；  L.F. 
receiver  13'751bs.  per  sq.  iu.  ；  vacuuui  26^ins. 

which  lines  9  and  10  are  calculated,  not  being  involved  in 
lines  2,  6,  and  7. 

Line  11:  The  liotwell  temperature  in  the  case  of  the 
il  Cairnross  "  is  measured  in  the  head  of  the  wet  air-pump. 

Line  12:  The  feed  temperature  mentioned  in  case  of 
" Cairnross"  was  attained  by  utilisation  of  auxiliary  exhaust 
only.  This  rise  of  temperature  amounting  to  123°  is,  of 
course,  a  valuable  aid  to  economy  of  fuel,  representing  as  it 
does  the  return  to  the  boiler  of  the  latent  and  sensible  heat 
of  the  auxiliary  exhaust.  The  author  thinks  he  will  be 
correct  in  claiming  this  as  the  first  instance  of  the  installa- 
tion of  a  contact  heater  with  turbine  machinery.  In  the  case 
of  the  "  Cairngowan/ '  less  auxiliary  exhaust  is  available, 
but  by  the  aid  of  steam  withdrawn  from  the  lower-pressure 
steam  chest,  the  very  satisfactory  temperature  mentioned  is 
maintained,  and  the  feed  pump  deals  with  the  water  at  this 
temperature  without  any  difficulty. 

Line  13?  Estimate  "  lbs.  of  water  per  lb.  of  coal,"  This 
is  the  result  of  calculation  based  on  the  measured  quantities 
of  line  2，  and  the  estimated  quantities  in  line  8.  It  is  thus 
an  estimated  evaporation  "  from  feed  temperature  at  boiler 
pressure."  Converted  to  11  evaporation  from  and  at  212。" 
the  figures  would  be  about  5  to  6  per  cent,  greater.  There 
seems  no  obvious  reason  why ― with  identical  boilers ~ there 
should  be  nearly  5  per  cent,  poorer  evaporation  in  the  case  of 
the  "  Cairnross  ，，  than  in  the  "  Cairngowan,"  the  only 
apparent  difference  in  conditions  being  the  15  per  cent,  lower 
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demand  for  steam,  which  could  hardly  raise  the  boiler  radia- 
tion-loss ratio  high  enough  to  reduce  the  efficiency  to  this 
extent.  Part  of  the  apparent  difference  is  no  doubt  traceable 
bo  the  different  means  of  ascertaining  the  water  consumption 
in  the  two  cases.  If  the  evaporation  for  the  "  Cairnross  ，，  be 
calculated  on  a  mean  between  the  water  consumption  stated 
in  Table  II.  and  the  figure  based  on  '5  dryness  of  auxiliary 
exhausts,  say  23,2001bs.  per  hour,  the  evaporation  comes  to 
practically  the  same  figure  as  on  the  "  OairngoMran."  In 
neither  case  can  the  evaporation  per  pound  of  ooal  be  con- 
sidered very  good,  in  view  of  the  fact  that  a  good  class  of 
Welsh  coal  was  used,  of  Admiralty  large  "  type.  The  coal 
burnt  per  square  foot  of  grate  (neglecting  the  bridges)  works 
out  to  17*91bs.  per  hour  for  the  "  Cairnross，，，  and  2 libs,  per 
hour  for  the  "  Cairngowan.M  Owing  to  the  high  funnels,  the 
draught  was  always  ample;  probably  with  such  ample  draught 
a  more  economical  result  would  have  been  attained  with 
either  smaller  tubes  or  with  refcarders  in  the  actual  tubes.  It 
should  be  stated  that  in  spite  of  the  apparently  high  per- 
centage of  ash,  and  the  fairly  high  rate  of  combustion,  there 
was  no  difficulty  in  keeping  good  fires  ；  no  pricking  and  only 
one  turn  with  a  round  poker  was  necessary  between  each 
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Fig.  11.— Kesults  of  Progressive  Trial  (smooth  water)  s.s.  "  Gaienross." 

round  of  firing  ；  at  the  same'  time  it  is  possible  that  better 
results  might  have  been  obtained  with  good  North-country 
coal  which,  according  to  the  writer's  experience,  is  usually  at 
least  as  satisfactory  as  Welsh  coal  with  natural  draught  and 
the  usual  firemen  obtainable. 

Line  14  :  Percentages  of  ash.  The  difference  between  the 
results  on  the  two  ships  is  possibly  due  to  some  difference  in 
the  incidence  of  fire  cleaning,  as  the  coal  for  the  two  ships 
was  got  from  tho  same  colliery. 

Line  17:  In  the  "  Cairnross  "  the  vacuum  was  measured 
by  the  "  Kenotometer,"  an  instrument  by  which  the  absolute 
back-pressure  is  indicated  by  a  mercury  column,  so  arranged 
that  it  is  practically  impossible  for  any  accident  to  cause 
mercury  to  be  drawn  to  the  condenser.  It  is  not  perhaps 
generally  enough  realised  that  mercury  has  a  prompt  and 
ruinous  effect  on  tb©  metals  and  alloys  usually  classed  as 

I  (  non-ferrous."  The  Kenotometer  was  connected  to  the 
upper  part  of  the'  condenser,  at  its  forward  end.    On  the 

II  Cairngowan M  an  ordinary  Bourdon  type  vacuum  gauge 
was  connocted  to  a  point  just  below  the  centre  of  the  con- 
denser, at  the  forward  end. 

The  weather  conditions  during  this  trial  make  direct  com- 
parison of  the  running  on  trial  of  these  two  ships  with  the 
ordinary  running  of  any  other  ship  useless.  The  immediate 
object  of  i lie  trial  was  obtained,  namely,  a  comparison  of  the 
two  ships  under  identical  conditions.  The  law  of  steam 
consumption  of  the  steam  turbine,  however,  makes  some 
interesting  deductions  from  the  rough  weather  trial  possible. 
The  law  is  an  experimental  result,  well  founded  in  Messrs. 
Parsons'  experience,  to  the  effect  that  in  a  given  turbine  (with 


constant  vacuum)  the  steam  passed  per  unit  of  time  is 
approximately  proportional  to  the  absolute  pressure  at  inlet  to 
high-pressure  turbine,  and  is  practically  independent  of  the 
speed  of  rotation.  It  follows,  therefore,  that  the  inlet-pres- 
sure gauge  is  a  reliable  index  of  the  consumption  of  steam, 
and  consequently  of  fuel.  The  11  revolutions  per  minute  "  of 
the  system,  for  a  given  initial  pressure,  will,  of  course,  vary 
with  each  change  of  turning  moment  resistance,  as  altered  by 
the  variations  of  resistance  of  the  ship,  and  the  consequent 
variations  of  thrust  and  slip. 

As  the  "  Cairnross  "  was  at  same  draught  on  the  smooth 
water  trial  and  on  the  36-hours'  trial,  the  law  above  enables 
a  connection  between  the  two  trials  to  be  established  as 
follows :  It  was  found  on  36-hours'  trial,  that  to  maintain 
138】bs.  initial  pressure  (or  rather  steam  flow  resulting  from 
same)  a  consuinption  of  27*8  tons  of  coal  per  day  was  required. 
Owing  to  weather  conditions,  the  revolutions  per  minute  on 
this  trial  were  only  about  61'8.  On  referring  to  Fig.  11， 
where  steam-pressure  and  revolution  per  minute  for  smooth 
water  conditions  are  plotted,  we  find  that  1381bs.  initial 
pressure  should  give  64  revs,  per  minute  in  smooth  water.  We 
may  therefore  safely  deduce  that  for  64  revs,  per  minute,  in 
smooth  water ?  with  the  ship  in  trial  trim,  the  consumption  of 
ooal  would  be  27*8  tons  per  day.  On  Fig.  7  this  deduction, 
64  reys.  per  minute,  for  27  8  tons  per  day,  is  used  as  the 
starting  point  for  a  new  curve,  the  lower  of  the  two,  con- 
necting coal  per  day  and  revolutions  per  minute  for  the 
" Cairnross/ '  Of  course,  this  27*8  tons  per  day  includes  coal 
for  auxiliaries,  so  in  extending  the  curve  to  lower  revolutions 
the  following  assumptions  are  made.  (1)  That  the  initial 
pressure  and  revolution  will  be  connected  as  on  Fig.  11.  (2) 
That  the  turbine  consumption  will  be  proportional  to  the 
absolute  initial  pressure.  (3)  That  the  auxiliary  steam  will 
be  constant  (calculated  as  before  with  dryness  fraction  —  1). 
(4)  That  the  coal  per  day  will  be  proportional  to  the  turbine 
steam  and  auxiliary  steam,  with  total  coal  27'8  tons  per  day 
for  64  revolutions  per  minute  as  basis. 

In  attempting  to  extend  the  <{  Cairngowan 's  ,J  36-hours' 
trial  result  to  smooth  water  conditions  we  are  met  with  diffi- 
culties arising  from  change  of  feed  per  revolution  and  change 
of  revolutions,  between  the  trial  figure  61'8  and  the  standard 
64  revolutions,  with  their  unknown  effect  on  consumption. 
If  we  assume,  however,  that  the  same  effective  horse -power 
is  required  in  the'  two  ships,  at  the  36-hours'  trial  condition 
and  at  64  revs,  in  smooth  water ― and  this  only  involves  the 
assumption  of  constant  efficiency  of  the  turbines  from  61'7 
revs,  per  minute  to  64  revs,  per  minute ^ we  may  claim  that 
in  the  case  of  the  "  Cairngowan  ，，  32*7  tons  per  day  should 
give  64  revs,  per  minute  in  smooth  water. 

If  we  assume  further  that  the  ratio  ascertained  on  trial 
between  the  consumptions  of  the  two  ships  at  trial  condi- 
tions (assumed  also  for  64  revs,  smooth  water  conditions), 
holds  within  the  limits  of  Fig.  7，  we  can  plot  the  upper  curve 
on  that  figure.  This  curve  agrees  fairly  well  with  the  ordi- 
nary running  results  of  the  "  Cairngowan  "  at  about  60/62 
revs,  per  minute.  Of  course,  any  improvement  in  evaporative 
efficiency  would  improve  both  ships  proportionately. 

In  conclusion,  the  writer  must  express  his  indebtedness  to 
The  Parsons  Marine  Steam  Turbine  Company,  Ltd.,  and  to 
Messrs.  Wm.  D  ox  ford  &  Sons,  Ltd.,  for  the  use  of  plans  and 
trial  records,  and  to  them  and  the  owners  of  the  two  ships  for 
permission  to  make  public  the  results  obtained. 

Appendix. 

Extract  from  Chief  Officer, s  Log  Book ,  s.s.  if  Cairiujowan," 
Th  ursday,  Febritary  6th, 

2-45  p.m.  Arrived  Barry  Roads,  turned  round  and  pro- 
ceeded at  half  speed.   3  p.m.,  full  speed. 

6-5  p.m.    Nash  point  abeam. 

8  p.m.     Strong  gale,  bead  sea,  vessel   shipping  water 

forward —— clear. 

9  p.m.    Started  trial. 

10-55  p. in.   Hartland  Light-  abeam,  distance  5ft. 

1  "2  p.m.    Strong  gale  and  terrific  squalls,  liigh  sea,  vessel 

|>ltin^in^  lu-avil v,  rlear. 
Fritlatj,  Ft  hnmri/  7  fli. 

2-50  a.m.    Trevose  Ilead  abeam,  distance  7ft. 

4  a.m.    Moderate  gale  and  high  head  sea  :  vessel  Hooding 

fore  decks  and  batches  ；  clear  weather. 
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8  a.iu.    Longsliips  abeam,  <lisl;mr,'  I  in. 

10-35  a. mi.    Lizards  abeam,  distance 

Noon.    Moderate  to  fresh  gale,  heavy  beai"  sea, 

taking  quantities  of  water  fore  and  aft,  misl  v 
4  p.m.    Similar  weatlier  continues. 
8  p.m.    Strong  gale,  very  high  sea,  vessel  taking 

(juantities  of  water,  weather  clear  at  times. 
9-41  p.m.    Portland  abeam,  distance  9  A  ft. 
] 1  - H)  p.m.    Anvil  Point  abeani,  (listam  (>  9ft. 
Midnight.    Strong  following  hreeze  ； m(l  s(',i ,  ''h':u 
Satiwdaijy  February  8th. 

1-45  a.m.    St.  Catherine's  alwaiu,  (listamv  (lit.  T 

ship  round  and  proceeded  to  Tor  Bay. 
4  a.m.    Strong  half  ^ale  with  terrific  squalls,  nn<\  < 
4-25  a.m.    Anvil  Point'  abeam. 
7-8  a.m.    Portland  abeam,  distance  5ft. 
8  a.m.    Strong  head  wind  and  sea;  vessel  ilwlm 

deck  and  ] latches,  clear  weailicr. 
\)  a.m.    Fi" islied  trial. 


\'('SS('| 


【- ge 


l'-;ir. 


g  fore 


CASE-HARDENING  OF  GEARS. 

In  the  disciission  on  the  paper  on  "  Case  CiU'honisin^,"  \>y  M  r. 
M.  T.  Lotlirop,  read  before  the  American  Society  ()t  " 
uical  Engineers,  Mr.  B.  E.  Bisler,  of  tlie  Cambria  St&el  (」（）m 
pany,  furnished  some  interesting  information  relaf  ing  to  i\\v 
case-hardening  of  parts  in  the  works  of  his  firm.    About  700 


Floor  Line -j^ 


Fl<;.  1. ― Ft'ItNACK  I-OK  CaSI>HA  tlDKM.N (；. 

or  800  bevel  and  spur  gears  for  mill  roller  runs  had,  he 
inentioiied,  been  treated  during  the  past  three  years,  varying 
in  size  from  lOiii.  to  18in.  pitch  diameter  and  about  4in.  to 
5in.  w id tli  of  face.  Practically  all  crane  and  tuotor  piiiimis 
were  now  case-hardened  and  a  few  spur  gears  as  1  a rge  as  30it) . 
diani.  by  8in.  face  had  been  treat  eel .  About  90  per  cent,  of 
the  case-hardened  gears  were  made  from  open -hearth  steel 


-IZ'P.CK  '- —— -- 

——二 fczi 


I'n;  '2.— Half  ('ori'i.p 
vkw.  c aiihon  Steel ； 


WITH  Ml  1  ki:  (；  i:\it.  N«>. 
ASK   CAHhOMSKI)  ON   1'  、i  I 
l>l'.NKTKATU>\,  il、 


1  .Ml l.l.  I-  riiN  \ri:  Hi  n  ；  111-2  ri;it 

A  N  f )  IN  li(»UK   AM>    K  I  ：  \  WAVS. 


forced  l)lanks  ol'  <ltvul  soft  slock  with  ra  rhoti  l>el  w  ocn  "  US  and 
per  cent.  The  riimpaiiv  lia<l  case-liardtMiod  steel  wit  li  ； i 
carbon  content  as  lii^h  as  ()"20  per  cent.,  but  found  tliat  i\w 
best  results  were  obtained  by  using  steel  witli  carbon  mulor 
012.  The  other  10  per  cent,  of  the  gears  treated  were  steel 
castings  made  to  tlie  fallowing  specifications :  carbon  010  to 


(, 15  per  <rcnt.  ；  sulphur,  nol  over  0  05  \mv  cent.  ；  phosphorus, 
not  over  0*04  per  cent.  ；  silicon,  0*15  to  0'30  per  ceiit.  ；  and 
manganese,  0  60  to  0  80  per  cent. 

Regarding  the  life  of  the  case-hardened  gears,  lie  Ktated 
that  the  roller  run  was  installed  in  front  of  '"ill  furnace  No.  1 
； ihoui  four  years  ago,  when  ahoul  'J 00  ('； li;ir'j''ii'-'l  y ；"、 
were  used,  and  up  to  the  present  not  ono  liad  been  replaced, 
although  tlie  table  had  seen  very  lia n\  s'"  vi「".     Gea rs  in  t  lie 


tm  naspocktd  with 


\  trite  the  day  msckaned 
I  outfffltr  heaf/rrgane/  a 
!  steel p/n  pfaceain  the 


hole  tewra^ncfffnqi 
rrhencoldmepin  wj 
pushed  0(/f  ijhder  the 
hammer. 


I'  l".  3.— CASK-IIAKI)EM:1)  ItOLLKR  |  <)K  OKK  SCKKL.M  n (-  P|,、、l 

About  30  liours  is  rctiuircd  for  ^,in.  penetration. 

roller  runs  leading  up  to  the  18in.  iriill,  in  the  roller  runs  at 
Gautier  24in.  mill,  and  in  the  tables  at  the  Franklin  Mills, 
were  giving  equally  good  service.  Among  other  parts  case- 
hardened  were  bushings  for  roller  bearings  (ground  after 
treated)  ；  links  and  chains  for  conveyer  chains  (very  light 
penetration,  about  ^\in.)  ；  and  valve  motion  parts  and  con- 
necting rod  slides  for  locomotive  repairs. 

The  gears  or  other  parts  to  be  treated  were  placed  in 
rouud  or  square  boxes  and  packed  with  bone  black,  usin 乂 
about  three-quarters  old  to  about  one-quarter  new  matcri;ii. 
The  boxes  were  then  sealed  with  clay  and  placed  in  t  lif 
furnace,  where  they  were  heated  by  natural  gas  to  a  tempera- 
ture of  about  1,800°  Fah.  Tlie  time  required  to  heat  properly 
varied  from  12  hours  to  30  hours,  depending  entirely  on  1  lie 
size  of  the  parts  being  treated  and  the  amount  of  penetration 
desired.  A  great  amount  of  the  work  required  about  20  to 
24  hours  from  the  time  the  furnace  was  lighted  until  tlie 
charge  was  ready  to  be  withdrawn  and  quenched.    This  would 


Fiii.  4.— Gea  us  for  34in.  Mill  Tablks  ;  Foucings,  0  08  to  012  i'eis  ckn  i  . 
Carbon  Steel. 
About  24  hours  required  for  iin.  itetietration. 

give  about  ^iu.  penetration,  which  was  the  depth  reached  on 
most  of  the  gears. 

On  light  work  the  charge  was  usually  allowed  to  cool  before 
it  was  taken  out  of  the  carbonising  material,  when  it  was 
reheated  to  about  1'， 400°  Fah.  and  quenched  in  water.  Nearly 
all  of  the  gears  and  other  heavy  work  were  quenched  in  water 
direct  from  the  packing  box,  a  method  which  gave  very  good 
results  and  saved  the  cost  of  reheating.  The  heat  in  the  gear 
at  the  time  of  quencliiug  in  this  case  was  also  1,400°  Fall,  as 
near  as  the  operator  was  able  to  judge  with  the  eye.  It  w as 
fouud  necessary  to  grind  tlie  bores  of  all  gears  after  hardening 
as  the  bore  was  usually  slightly  out  of  round.  Boxes  made  of 
1  in.  plate  steel  would  last  for  about  15  times  iu  the  furnace 
before  they  became  too  thin  from  frequent  scaling.  The 
furnace  used  was  of  very  simple  const  ruction,  wit  h  t  wo  heat  in^ 
chambers,  pacli  heiii^  su|>|>lieil  wit  It  t  wo  nat  ural  g;"  h\\ rners. 
No  ti*uul)le  wliali^ver  was  t、\|n*rit'ii，  t'《l  in  maintainiiig  an  even 
temperat  ure  of  I  ,S0l>  Fall,  t  hrougliout  I  lie  time  the  charge 
was  in  the  i'unuK-e.  Tlie  time  required  to  bring  the  cold 
eh  a  rge  up  to  this  temperature  re<|iiireil  from  four  to  six  liours. 
A  diagram  of  the  furnace  used  is  shown  in  Pig.  1，  and  draw- 
ings of  tlie  pieces  ca^e-hardoned  in  Kigs.  2-1. 
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MODERN  LOCOMOTIVE  PRACTICE  IN  EUROPE  AND 
AMERICA* 

BY  LAWFORD  H.  FKY,  M.INST. C.E. 

The  present  paper  shows  the  most  important  types  and  sizes 
of  locomotives  which  are  being  used  by  the  principal  railways 
of  Europe  and  America,  and  gives  an  idea  of  the  general 
trend  of  locomotive  practice  at  the  beginning  of  the  year  1913. 
The  railways  having  locomotives  referred,  to  in  the  paper  are 
enuinerabed  in  Table  I.，  which  also  shows  the  mileage  and  the 

Table  I. 

Total  Mileage  and  Total  Number  of  Locomotives  on  Railways 
Mentioned  in  Paper. 

Total  Loco- ~~ ] 

Number  motives 

Railway.                           Total            of  for  each 

Mileage.        Loco-  10  miles 

motives,  of  Railway 


Great  Central  

Great  Eastern   

Great  Northern   

Great  Western   

Lancashire  and  Yorkshire   

London  and  North  Western   

London  and  South  Western   

London,  Brighton,  and  South  Coast 

Midland   

North  Eastern  


631 
1,217 
1,008 
3,000 
597 
1,966 
1,022 
487 
1,416 
1,734 

Caledonian    1,035 

North  British   1  357 


Total  (11  British  Railw  ays) 
Belgian  State  :  


P.L.M. 


French  State 

Nord  

Paris- Oi.k'ans 


Total  (4  French  Railways). . 

Prussian  State   (about) 

Bavarian  State   

Baden  State   


Total  (3  German  Railways) 
One  Italian  State   


Oh; 


Atchison 
Baltimore  and 

Burlington   

Rock  Island  

Erie   

G.N.  (U.S.A.)  

New  York  Central  . 

Nashville  

S.  Pacific  

Virginian  

Wabash  

Illinois  Central   

Chicago  G.VV  

Norfolk  and  Western 


Total  (14  American  Railways) 


15,470 
2,700 


0,310 
5,270 
2,490 
4,520 


18,590 


21,000 
4,880 
1,090 


26,970 
10,500 


5,562 
3,462 
9,074 
7,449 
2,430 
6,894 
3,320 
1,230 
6,663 
474 
2,524 
4,755 
1,471 
1,937 


57,235 


1,257 
1,085 
1,279 
2,590 
1,549 
3,063 
748 
535 
2,800 
2,000 
927 
906 


18,745 
4,187 


3,291 
2,4Ht 
1,993 
1,902 


8,605 


20,000 
2,365 
836 


23,201 
4,937 


1,706 
1,739 
1,661 
1,500 
1,448 
1,173 
1,940 

265 
1,326 
82 

650 
1,410 

323 

908 


15,194 


121 
15-5 


8-6 
4.7 


2-7 


total  number  of  locomotives  owned  by  each  road.  The  Euro- 
pean roads  repres&nt©d  cover  about  64,000  miles,  and  have 
about  60,000  locomotives,  while  the  American  roads,  with 
about  57,000  miles,  have  about  15,000  engines.  These  rail- 
ways represent  about  30  per  cent,  of  the  total  European 
mileage  and  about  26  per  o&nt.  of  th©  total  mileage-  in  the 
United  States,  and  though  some  important  railways  are 
omitted  those  included  are  sufficient  in  number  and  impor- 
tance bo  represent  good  practice  in  tlio  two  continents.  Simi- 
larly, the  locomotives  shown  for  each  ro'ad  do  not  represent 
exhaustively  the  practice  of  that  road,  but,  taken  as  a  whole, 
tliey  give  a  reasonably  good  picture  of  modern  tendencies  of 
designs. 

The  selection  of  representative  locomotives  for  the  various 
European  roads  has  been  left  by  the  author  in  a  large  measure 
to  the  chief  mechanical  engineers  of  the  railways.  He  asked 
a  number  of  these  gentlemen  to  give  him  particulars  of  (a)  a 

" Paper  rea<l  before  the  Institution  of  Locomotive  Engineers,  March  29th.  1913. 


modern  passenger  locomotive,  and  (6)  a  modern  goods  locomo- 
tive. For  their  courtesy  in  answering  this  enquiry  the  author 
wishes  to  express  his  sincere  thanks.  Information  regarding 
the  Belgian  and  Italian  locomotives  is  taken  from  the  account 
of  locomotives  at  the  Brussels  Exhibition  by  Signor  I.  Valen- 
ziani,  of  the  Italian  State  Railways,  while  the  particulars  of 
the  Prussian  State  locomotives  are  from  "  Die  Entwicklung 
der  L oko mo ti v-P a rkes  bei  den  preussisch-hessischen  Staat- 
seisenbalmen,"  by  Gustav  Hammer,  and  the  particulars  of  the 
Paris-Orleans  engines  from  articles  in  the  "  Revue  Generale 
des  Chernins  de  Fer,"  by  MM.  Paul  Conte  and  Laurent.  The 
American  engines  are  selected  from  typical  examples  recently 
constructed  by  the  Baldwin  Locomotive  Works,  with  the  ex- 
ception of  the  large  Virginian  Mallet,  which  was  built  by  the 
American  Locomotive  Company. 

The  majority  of  the  locomotives  to  be  examined  have 
separate  tenders,  and  the  particulars  of  all  iliese  engines  are 
given  in  Table  II.  for  goods  and  in  Table  III.  for  passenger 
service.  In  these  tables  the  locomotives  are  arranged  in  order 
of  total  weight,  and  in  addition  to  particulars  as  to  the  type 
of  wheel  arrangement,  the  quality  of  steam  used,  whether 
saturated  or  superheated,  the  number  and  dimensions  of  cylin- 
ders, and  whether  single  expansion  or  compound,  the  diameter 
of  driving  whoels,  and  the  boiler  pressure,  there  are  given  for 
each  engine  the  four  important  dimensions  of  total  weight, 
weight  on  driving  wheels,  rabed  tractive  effort,  equivalent 
heating  surface  and  grate  area.  These  dimensions  determine 
the  service  for  which  the  engine  is  adapted.  The  weight  on 
driving  wheels,  by  which  the  author  means  the  weight  on  all 
coupled  wheels  or  adhesive  weight,  taken  in  conjunction  with 
the  rated  cylinder  tractive  effort,  determines  the  maximum 
pull  the  locomotive  can  exert.  The  rated  cylinder  tractive 
effort  represents  the  maximum  tractive  force  the  cylinders 
can  deliver  at  the  rim  of  th©  driving  wheels,  and  for  the  single- 
expansion  engines  is  calculated  by  allowing  a  mean  effective 
pressure  of  85  per  cent,  of  the  boiler  pressure.  For  compounds 
the  rated  tractive  effort  is  calculated  on  the  assumption  that 
the  work  done  in  the  high  and  low  pressure  cylinders  is  the 
same,  and  that  the  mean  effective  pressure  in  the  high-pressure 

cylinder  is  ^  ^  P,  where  b  is  the  ratio  of  the  volume  of  the 

low-pressure  to  that  of  the  high-pressure  cylinder,  and  P  is 
the  boiler  pressure.  The  heating  surface  determines  the  horse- 
power, and  hence  fixes  the  maximum  pull  that  can  be  exerted 
at  a  given  speed  or  the  maximum  speed  that  can  be  attained 
when  exerting  a  given  pull.  Approximately  1  h.p.  can  be 
obtained  from  each  2\  sq.  ft.  of  equivalent  heating  surface. 
The  figures  given  in  the  tables  show  the  equivalent  heating 
surface,  tliat  is  to  say,  the  amount  of  heating  surface  wliich 
in  a  saturated  steam  locomotive  would  give  the  same  power 
as  can  be  obtained  from  the  superheater  engine.  This  equiva- 
lent heating  surface  is  obtained  by  adding  to  the  evaporative 
surface  1^  times  the  surface  of  the  superheater.  The  grate 
area  from  its  proportion  fixes  the  rate  of  combustiou,  and 
hence  the  quality  of  fuel  for  which  the  engine  is  adapted. 

Goods  Engines.-  doming  now  to  a  general  comparison, 
take  first  the  goods  engines  of  Table  II.  The  first  point  to  be 
remarked  is  the  wide  range  of  size.  The  total  weights  run 
from  100，0001bs.  (45  tons)  for  the  North  British  0—6—0  to 
540,0001bs.  (240  tons)  for  the  Virginian  2—8—8—2  Mallet. 
Between  these  extremes  the  locomotives  fall  more  or  less 
clearly  into  three  groups  according  to  nationality.  At  the 
lighter  end  are  the  Bi*itish,  and  at  the  heavy  end  the 
Americans,  while  the  continental  engines  take  an  intermediate 
position.  The  average  American  engine  is  about  twice  as 
heavy  as  the  average  British  engine,  while  the  heaviest 
American  is  over  three  times  as  heavy  as  the  heaviest  British, 
and  over  five  times  as  heavy  as  the  lightest  British  machine. 

This  very  considerable  difference  between  the  practice  on 
th©  two  sides  of  the  Atlantic  is  not  determined  by  undue 
conservation  on  this  side  or  by  a  tendency  to  exaggeration 
of  the  other.  It  is  legitimately  produced  by  the  difference  in 
the  conditions  of  the  traffic.  Great  Britain  is  densely  popu- 
lated, while  in  the  United  States  the  population  is  much  more 
widely  distributed,  so  that  it  is  necessary  to  provide  a  con- 
siderably greater  mileage  for  each  inhabitant.  The  actual 
mileage  is  some  ten  times  greater  (220,000  to  22,000  miles  in 
round  figures),  while  the  population  is  only  about  two  and 
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(a)  Feed  water  Heater. 

economical  results.  These  conditions  of  operation  are  also 
reflected  in  the  number  of  locomotives  per  mile  of  road.  On 
the  railways  mentioned  in  this  paper  the  English  roads  have 
for  each  10  miles  of  road  121  engines,  while  the  American 
roads  have  only  27  engines.  The  same  influences  are  visible 
in  the  continental  countries.  Belgium  and  Germany  are 
densely  populated,  and  show  comparatively  large  numbers  of 
light  locomotives  per  mile  of  road,  while  more  sparsely  popu- 
lated France  employs  fewer  and  heavier  engines. 

Consider  now  the  types,  or  wheel  arrangements,  employed 
in  goods  service.  Table  II.  shows  the  number  of  engines  of 
each  type  belonging  to  the  various  countries.     From  a  con- 


(&)  Roheater. 

2 ―  8 ~ 2  … Heavy  goods   American. 

2 — 10 ~ 2  ...  Extra  heavy  goods  ....American. 
Mallet    Extra  heavy  goods  ....American. 

Of  these,  the  engines  without  trucks,  the  0 ~ 6 ― 0,  the 
0 ~ 8 ~ 0，  and  the  0—10 ~ 0  types,  do  not  differ  from  each 
other  in  principle.  The  whole  weight  of  the  engine  is  carried 
on  the  coupled  axles,  and  the  choice  between  the  three  tvpes 
will  be  determined  by  the  adhesive  weight  required,  and  bv 
the  weight  allowed  on  each  axle.  The  other  tvpes  are 
derived  from  these  three  by  the  addition  of  a  truck  or  trucks. 
The  addition  of  a  two-whwled  front  truck,  givino-  the 
2—6 ― 0，  2 ― 8 ~ 0，  or  2 ― 10 ~ 0  type,  allows  a  larger  boiler. 


one-half  times  as  great  (say,  100,000,000  to  40,000,000),  so  sideration 

that  each  inhabitant  of  the  United  States  is  served  by  about  follows  ： ― 

four  times  as  much  mileage  as  each  Briton.    Roughly  speak-  0 ~  6 ~ 0 

ing,  Great  Britain  has  about  1,800  inhabitants  per  mile  of  2 ―  6 ― 0 

railway,  and  the  United  States  about  450.    From  the  longer  4 ―  g _ 0 

haul  thus  necessitated,  and  from  the  large  quantities  of  raw  0 ―  8 ~ 0 

material  to  be  handled,  it  follows  that,  while  in  England  it  2 ―  8 ~ 0 

is  economical  to  provide  an  intensive  service  with  a  large  4 ―  g ― 0 

number  of  trains  of  moderate  weight,  in  the  United  States,  0 — 10 一 0 

less  frequent  and  much  more  heavily-loaded  trains  give  more  2 ― 10 ― 0 

Table  II. 

Goods  Locomotives, 


of  thin,  the  various  types  may  be  characterised  a,n 

■  ■■  Liglit  goods   British. 

… Fast  goods   British. 

… Express  goods   British  and  French . 

...  Heavy  goods   British  and  German. 

… Heavy  goods   British  and  continental. 

… Heavy  fast  goods   French. 

… Heavy  goods   Continental. 

… Heavy  goods   Continental. 


Railway. 


Class. 


No.  Single 

of  Kx\\ 

Cylin-  or 

dors.  Com  p. 


Sat- 
urated 

or 
Super. 


Cylinfler 
】）iam.  and  St. 
Ins.  Ins. 


pH°iIer  T,,tal 

\\  lied    Prossuro  -..  -.  on 

Diam.    Lbs.  per  y\e,Snt-  Driv, , 

T                f         libs.  T , 

Jns.       sq.  in.  Lbs. 


Traotivo 
Effort. 


Enuiv.     n  , 

Surfar-o  ^r'- 
.Sr,.  ft.    S(i-  ft 


Super. 
Super. 

Sat. 
Super. 
Super. 
Super. 
Super. 
Super. 
Super. 

Sat. 
Super. 
Super. 
Super. 

Super. 

Super. 

Super. 

Super. 

Sat. 

Sat. 
Super. 
Super. 
Super. 
Super. 

Super. 

Super. 

Sat. 
Super. 

Sat. 
Super. 
Super. 
Super. 
Super. 
Super. 
Super. 

Sat. 

(") 
Super. 

(«)  (b) 
Sat. 

(«)  (6) 

Super. 


20x28 
20X26 
18ix26 
l»|x26 
23-6x26 
20ix24 
20x26 
21x26 
20x26 
20x26 
21-6x2.5-2 
24-8x26 
20x26 

21x26 

24} 

161\ 
24-4/ 
14-8" 


X25-2 


X25-6 


X25-6 


X28 
X28 
X32 
X32 


Super. 


X32 


1W) 

l(i(t 

180 
160 
170 
160 
170 
170 
1G0 
180 
170 
170 
]f,0 

1 八/ >      1  A/V 

10fi,120 
109,!K)0 
112,950 
121,410 
123,400 
135,000 
138,210 
141,120 
147,600 
149,630 
152,400 
1  .->",' "111 
158,000 

228 

154,000 

124,600 

28,500 

160 

161,300 

145,600 

27,800 

228 

161,700 

140,000 

29,000 

228 

163.000 

136,200 

31,300 

228 

164,200 

146,200 

30,900 

228 

165,000 

165,000 

31,200 

228 

173,000 

173,000 

38,850 

228 

181,200 

159,400 

30,700 

228 

187,600 

171,500 

40,800 

170 

21fi.r.(lO 

194,000 

56,600 

228 

218,000 

194.500 

42,700 

200 
200 
170 
205 
185 
175 
185 
180 
170 
175 

ggggggggog 

OC^  O  O       M  5D  d  O  CO 
一  C-)  C,  <N  d  (M  O  。1  w  n 

寸 OS  0  0 寸*  二  0' 卜' 卜 '一' 

200 

384,800 

320,000 

69,800 

220 

390.200 

319.000 

66,200 

21(t 

448,800 

405,400 

102,500 

210 

450,000 

419,000 

104,000 

200 

540,000 

479.200 

115,000 

Great  Eastern    0-  6-0 

Midland   0—6-0 

North  British    0-  6-0 

Caledonian  1  2-  6-0 

Prussian  State   0-  8-0 

London  and  North  Western  .  . . .  i  0—  8-0 

Great  Northern   8-  6-0 

London,  Brighton  &  South  Coast  2—  6-0 

North  Eastern   ；  0-  8-0 

Lancashire  and  Yorkshire   0-  8-0 

French  State    4-  6-0 

Prussian  State    0-10-0 

North  Eastern    4-  G-0 

P.L.M  I  4-  8-0 

Great  Central    2-  8-0 

P.L.M   2-  8-0 

Baden  State   2-  8-0 

Paris-Orleans   :  2-  8-0 

Italian  State   0-10-0 

Bavarian  State  ；  0-10-0 

Nord    2-  8-0 

Paris-Orleans    2-10-0 

Nonl    2-10-0 


Nord   

Belgian  State   

Wabash   

Burlington  

Baltimore  and  Ohio  

Chicago  G.W  

Illinois  Central  


Virginian    . . 
Rock  Island 

Erie   

Burlington  . , 
South  Pacific 

Atcliison   2-6-6-2 

Virginian   2-8-8-2 

O.N.  (U.S.A.)   ^-8-8-0 

Virginian   2-8-8-2 


Mallet 
Mallet 


4,554  63*0 

5,493  S40 

7,091  78-4 

7,510  j  99-2 
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which  makes  for  greater  speed  with  the  same  weight  on  the 
coupled  wheels.  The  front  truck  also  has  the  advantage  of 
relieving  the  wear  on  the  flanges  of  the  front  pair  of  drivers 
when  curves  are  encountered.  The  four-wheeled  front  truck 
is  useful  for  higher  speeds,  as  it  gives  a  greater  boiler  capacity 
and  steadier  riding.  For  express  goods  service  the  4 — 6 ― 0 
type  is  used  particularly  in  England.  The  4 ― 8 ― 0  is 
occasionally  employed  on  the  Continent,  but  has  less  justifica- 
tion, as  a  two-wheeled  truck  is  well  adapted  to  all  speeds  at 
which  an  eight-coupled  engine  is  likely  to  be  run . 

The  axle  loads  carried  with  the>  goods  engines  are  about 
15  tons  in  Germany  and  Italy,  17  tons  in  England,  Belgium, 
and  France,  and  23  to  27  tons  in  the  United  States.  This 


169  tons,  witli  135  tons  on  drivers,  6,600  sq.  ft.  of  heating 
surface  and  88  sq.  ft.  of  grate. 

When  larger  dimensions  than  this  are  required,  the  Mallet 
articulated  type  is  employed.  Five  examples  are  shown  in 
Table  I. ,  two  with  six  wheels  coupled  in  each  group,  and 
tliree  with  eight.  Of  these,  the  four  lighter  engines  represent 
current  American  practice  for  lines  where  heavy  trains  are 
to  be  taken  over  steep  grades.  The  Virginian  2 ― 8 — 8 — 2  is 
an  exceptionally  heavy  engine.  It  is  shown  here  rather  as  a 
maximum  which  is  not  likely  to  be  passed  for  some  time,  than 
as  an  exam  pie  of  every -day  American  practice.  It  has  nearly 
27  tons  on  each  of  eight  driving  axles,  215  tons  on  the  16 
coupled  wheels,  and  as  neither  the  weight  per  axle  nor  the 


Table  III. 

Passenger  Locomotives. 


more  solid  road  bed  enables  the  American  engines  to  get  an 
adhesive  weight  of  up  to  108  tons  with  only  four-coupled 
axles,  while  the  heaviest  European  engines  with  five-coupled 
axles  have  only  about  87  tons  on  drivers.  In  America  at  the 
present  time,  the  most  usual  type  of  goods  or  freiglit  engine, 
except  where  the  heavy  Mallets  are  required,  is  the  Mikado, 
or  2 ― 8 ~ 2.  This  type  "with  four-coupled  wheels  and  two- 
wheeled  trucks  front  and  back  gives  a  most  satisfactory 
engine.  Sufficient  boiler  capacity  is  obtained  fco  give  fairly 
high  speeds,  while  the  rear  truck  permits  ample  firebox 
capacity  and  grate  area.  The  engines  shown  in  Table  I.  have 
from  4,500  sq.  ft.  to  5,500  sq.  ft.  of  heating  surface  and  up  to 
70  sq.  ft.  of  grate.  A  more  powerful  engine  is  obtain- 
able by  using  the  2 — 10 ― 2  type,  and  a  certain  number  have 
been  built.  The  Burlington  engine  referred  to  in  Table  I.， 
which,  when  built,  the  heaviest  non-articulated  engine,  weighs 


number  of  coupled  axles  are  likely  to  be  increased  for  regular 
service,  it  seems  improbable  that  anything  verv  much  heavier 
will  be  adopted  in  the  near  future. 

It  will  b©  noticed  that  the  majority  of  the  engines  referred 
to  employ  superheated  steam,  and  about  half  of  the  whole 
number  have  two  cylinders  expanding  the  steam  once  ouly. 
The  French ,  Bavarian,  Baden,  and  Italian  engines  u&e  four 
compound  cylinders,  while  the  extra  heavy  American  engines 
are  Mallet,  compounds. 

There  is  a  fairly  regular  progression  in  the  heating  surface 
with  the  increase  in  the  total  weight.  Each  square  foot  of 
heating  surface  requires  from  601bs.  to  701bs.  of  total  weight, 
and  as  each  horse-power  requires  about  2|  sq.  ft.  of  heating 
surface,  the  engines  weigh  from  1351bs.  to  1601bs.  per  horse- 
power, or  from  14  h.p.  to  16'5  h.p.  can  be  obtained  per  ton  of 
total  weight. 


Railway. 


Midland  

North  British   

Prussian  State   

Caledonian  

London  and  North  Western  . . 

Great  Eastern   

Prussian  State   

London,  Brighton ,  and  South  C'st 

Great  Northern  (Eng.)  

French  State   

Baden  State  

Italian  State  

Great  Western  

Great  Central   

Prussian  State   

North  Eastern   

Lancashire  and  Yorkshire  .... 

Prussian  State   

Belgian  State   

Nord   

Bavarian  State  

Italian  State  

Baden  State  

Paria- Orleans   

Paris- Orleans   

French  State   

Paris-Orleans   

P.L.M  

Paris-Orleans   

Southern  Pacific   

Belgian  State   

Southern   

Wabash  
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The  correctness  of  iho  assumption  made  above  that, 
2\  sq.  ft.  of  heating  surface  will  produce  1  h.p.  depends  on 
the  grate  being  properly  proportioned  to  iho  lieat  iu^  surface, 
due  regard  being  paid  to  the  quality  of  the  fuel  t'(>  1"'  ijumt- 
The  influence  of  the  quality  of  the  coal  is  visible  in  Table  IT. 
The  English  engines  are  able  to  use  a  good  quality  of  ooal, 
and  have  grate  areas  of  about  23  sq.  ft.,  the  largest  in  t  he- 
table  being  tlie  Great  Central  2 ― 8 ― 0  with  26*0  aq.  ft.  The 
German  engines  of  the  same  size  have  about  \Y2  scj.  ft.,  t  hat 
is,  12  5  per  cent,  more,  and  are  hence  adapted  to  a  lower 
grade  of  fuel .  The  larger  French  engines  have  from  s (卜 fi . 
to  40  sq.  ft.  of  grate,  which  stands  to  their  weiglit  in  about 
ihe  same  proportion  as  is  found  in  th©  British  engines.  Tlio. 
Belgian  2 ― 10 ― 0  has  54'9  sq.ft.  of  grate,  which  is  sufficient 
to  burn  comparatively  inferior  coal. 

The  American  engines  have  proportionately  more  grate 
than  the  English  or  Frenoh.  The  2 ― 8—2  type  engines  have 
from  60  sq .  ft.  to  70  sq.  ft.  of  grate,  while  the  Burlington 
2 ― 10—2  has  88  sq.ft.,  and  the  Virginian  Mallet  99  sq.  ft. 
As  each  20  sq.  ft.  of  grate  will  bum  about  one  ton  of  coal 
per  hour,  it  follows  that  the  Mikado,  or  2 ― 8 ~ 2  type,  are 
capable  of  consuming  from  3  to  3*5  tons  of  coal  per  hour,  and 
the  larg&r  engines  from  4  to  5  tons.  It  is  practically  impos- 
sible for  a  man  bo  fire  coal  at  this  rate,  and  therefore,  if  these 
large  engines  are  to>  develop  their  full  power  cont'imumslv, 
they  must  either  burn  oil  fuel  or  be  fitted  witli  some  kind  of 
mechanical  stoker. 

Passenger  Engines* ― On  examining  the  engine  shown  in 
Table  III.,  it  appears  that  the  number  of  types  employed  is 
fewer,  and  the  range  of  weight  is  less.  The  heaviest  engine 
in  the  table  is  an  American  "  Pacific  n  type  weighing  about 
269,0001bs.  (120  tons) .  There  is  not  in  pas&enger  service 
the  9am  e  tendency  as  in  goods  service  to  increase 
the  weight  of  the  locomotives.  Concentration  of 
loading  and  reduction  in  tlie  number  of  trains  does 
not  produce  the  same  economies  in  passenger  as  in 
goods  service.  Among  tlie  passenger,  a>9  among  the 
goods  engines,  tlie  lightest  are  the  English,  and  tlie  heaviest 
the  Americans,  but  the  divisions  are  not  so  sharply  drawn  as 
in  the  goods  engines,  and  some  oontinental  passenger  loco- 
motives are  lighter  than  the  heaviest  English  engines,  and 
other  continental  engines  are  heavier  than  the  lightest 
Americans.  In  England  and  Germany  the  4 一 4 ― 0  and 
4 ~ 4 ― 2  types  are  still  in  active  service,  but  it  appears  tliat 
four-coupled  engines  are  obsolescent  elsewhere  and  the  bulk 
of  modern  main  line  passenger  service  is  being  performed  by 
six-coupled  engines.  In  England  and  in  Prussia,  the 
4 ― 6 ― 0  suffices,  but  elsewhere  in  Europe  and  in  America  the 
4 ― 6 ― 2,  or  Pacific  type,  is  required  to  provide  sufficient 
boiler  capacity. 

As  in  the  goods  engines,  superheated  steam  is  predominant, 
and  about  half  the  number  of  engines  referred  to  have  two 
single-expansion  cylinders.  One  engine  has  three  and  six 
have  four  si ngl e-exp ansi o n  cylinders,  the  remainder  being 
four-cylinder  compounds.  The  singles-expansion  engines 
include  all  of  the  English ,  and  all  but  one  of  the  American 
engines,  while  a  large  majority  of  the  oontineiital  engines  are 
four-cylinder  compounds.  While  there  are  greater  advan- 
tages in  compounding  with  passenger  than  with  goods  engines, 
il  appears  that  the  decision  as  to  whetlier  the  advantages  or 
disadvantages  of  compounding  are  greater  is  largely  a  matter 
of  nationality,  the  English  and  American  giving  the  upper 
hand  to  the  disadvantages  and  tho  continental  designers  to 
the  advantages.  It  may  bei  of  interest  to  set  out  briefly  the 
advantages  and  disadvantages  of  compounding  when  four 
cylinders  are  employed. 

The  advantages  are :  (1)  A  saving  of  from  15  to  20  per 
cent,  in  coal  and  water,  whether  saturated  or  superheated 
steam  be  used  ；  (2)  a  more  even  tractive  force  ；  (3)  a  reduction 
in  the  pressure  on  the  connecting  rod  crank  pins  ；  (4)  a  vtM  v 
nnich  betier  balance  of  the  machinery,  tending  to  reduce  iho 
wear  on  the  bearings  and  to  make  the  locomotive  much  le^s 
destructive  to  track  and  bridges. 

Against  these  are  to  be  set  as  disadvantages :  (1)  Four 
cylinders  instead  of  two,  with  a  consequent  increase  of  weight 
and  first  cost;  (2)  a  greater  number  of  moving  parts  to  be 
oiled,  inspected,  and  maintained. 

The  choice  for  or  against  compounding  will  be  determined 
by  local  conditions  in  which  the  class  of  men  available  for  the 
care  and  operation  of  the  locomotives  will  be  of  importance. 


Where  simplicity  is  of  prime  importance,  single  expnnsion 
will  be  used,  hut  where  a  slight  complication  can  be  pertnitted 
for  the  sake  of  economy,  compounding  is  indicated.  It  is 
hard  to  see  why  four  si n g le-ex pansion  cylinders  should  be 
used .  Four  cylinders  are  desirable  in  heavy  lii^h-s]>ee<i 
engines  for  the  sake  of  balancing,  but  if  four  cvlinders  are 
used,  compounding  introduces  practically  no  further  compli- 
cation and  secures  considerable  economy. 

With  regard  to  heating  surface  and  grate  area  there  is 
little  to  be  added  to  what  was  said  iti  <-onsideri!i^  the  poods 
(Migines.  The  American  and  tho  roiilinenl ； il  <"i""m，'、、  tak'*  ! u!! 
advantage  of  the  rear  truck  to  secure  ample  heating  surface 
and  grate  area,  and  the  largest  American  Pacific  type  engines 
have  up  to  5,000  sq.  ft.  of  heating  surface  and  70  sq.  ft.  of 
grate. 

Having  now  considered  the  locomotives  broadly,  a  hasty 
examination  of  them  will  be  made,  grouping  them  so  as  to  get 
some  idea  of  the  general  practice  of  the  various  roads  and 
countries. 

Table  IV. 


Number  of  Locomotives  of  the  different  Tj/pes  bt/  Nationalities 


Type.  British. 

French. 

German. 

Italian. 

Belgian. 

Ampri- 

can. 

Total 

No. 

Passenger  Enpinc-. 

4  -4  0 
4  1-2 
2—6—2 
4—6—0 
4—6—2 

4 

3 

4 

1 

7 

1 

1 

3 
2 

1 
1 

1 

8 

5 
3 
2 
8 
19 

Total 

11 

8 

7 

2 

、 

37 

I 

Goods  Engines. 

0—6—0 

2—6—0 

4—6—0 

0—8—0 

2—8—0 

2—8—2 

0—10—0 

2—10—0 

2—10—2 

Mallet  . . 

Total 

3 
3 
1 
3 
1 

1 

3 

3 

1 
1 

2 

一 
1 

1 

8 

1 

5 

11 

7 

4 

1 

14- 

38 

Great  Britain.  ―  Most  of  the  roads  are  represented  by  t、、  " 
locomotives  only,  one  goods  and  one  passenger,  and  conse- 
quently the  complete  practice  of  any  one  road  is  not  repre- 
sented. The  types  presented,  however,  by  the  different  roads 
are  sufficiently  varied  to  give  a  reasonably  comprehensive 
picture  of  British  practice.  As  has  been  pointed  out, 
the  lighter  types,  such  as  the  0 ― 6 ― 0  and  the  0 ― 8 ― 0  in 
goods  service  and  4 ― 4 ― 0  and  4 ― 4 ― 2  in  passenger  service 
are  still  used  in  England,  while  elsewhere  growth  in  the 
weights  of  trains  has  pushed  these  types  into  the  background. 
The  4 ― 6 ― 0  type  is  being  largely  used  for  passenger  service, 
and  as  the  demands  on  the  motive  power  department  continue 
to  increase,  this  type  must  become  more  and  more  important. 
For  fast  goods  service  a  new  type  for  England,  the  2 ― 6 ― 0， 
or  Mogul,  is  being  introduced  by  the  Caledonian,  by  the 
London,  Brighton,  and  South  Coast,  and  by  the  Great 
Northern.  Many  of  the  runs  in  England  are  short  enough 
to  be  handled  by  tank  engines,  and  some  excellent  results  are 
being  obtained  with  this  class  of  machine. 

Tn  examining  the  quality  of  steam  used,  it  will  be  seen 
that  all  but  three  of  the  British  engines  shown  in  Tables  II. 
and  III.  are  equipped  with  superheaters,  and  while  this  does 
not  mean  that  saturated  steam  is  a  thing  of  the  past  in  Great 
Britain,  it  does  indicate  that  an  increasingly  large  number  of 
new  engines  will  be  fitted  with  superheaters.  Both  of  the 
Lancashire  and  Yorkshire  engines  use  saturated  steam,  but 
while  Mr.  Hughes  gives  these  as  typical  of  his  modern  prac- 
tice, he  has  informed  the  author  that  he  is  giving  superheat- 
ing his  close  attention,  and  expects  to  increase  his  use  of  the 
hot  steam.    All  of  the  engines  in  the  two  tables  are  single 
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expansion,  and  it  appears  that  compoundiug  is  hardly  doing 
more  than  holding  its  own. 

France.  —  The  goods  service  is  being  handled  mainly  by 
2 ― 8 ― 0  and  2 ― 10 ― 0，  and  the  passenger  service  by  4 ― 6 ― 2 
engines.  France  has,  of  course,  always  been  the  country  of 
4-cylinder  compound  engines,  and  this  style  of  machine  is 
being  maintained  in  spite  of  the  introduction  of  superheating. 
With  i  lie  first  introduction  of  superheat,  there  was  a  tendency 
to  revert  to  single  expansion,  but  the  evidence  is  now  clear 
that  compounding  is  just  as  advantageous  with  superheated 
as  with  saturated  steam. 

Mr.  Marechal,  of  the  Paris,  Lyons,  and  Mediterranean 
Railway,  has  given  the  author  a  most  interesting  account  of 
the  development  of  the  motive  power  of  that  railway  since 
1905.  The  engines  designed  at  that  time  were  4 ― 6 ― 0  for 
passenger  and  4 ― 8 一 0  for  goods  service,  the  4 一 6 ― 0  replac- 
ing the  4 ― 4 ― 2  engines,  so  as  to  have  ample  adhesion  for  the 
heavier  trains.  It  soon  became  evident  that  more  power  was 
required  in  passenger  service,  and  Pacific  type  4 ― 6 ― 2 
engines  were  introduced.  In  the  goods  service  the  4 ― 8 ― 0 
are  being  succeeded  by  2 ― 8 ― 0  engines,  the  front  coupled 
axle  and  the  front  carrying  axle  being  equalised  together  bo 
form  a  Zara  truck.  This  type,  has  proved  satisfactory,  'as  it 
gives  an  engine  with  as  much  power  as  the  4 ― 8 ― 0，  with  a 
slightly  smaller  total  weight  andl  a  slightly  greater  adhesive 
weight. 

The  French  State,  in  addition  to  the  4 ― 6 ― 2  type,  has  some 
4-cylinder  single-expansion  superheater  4 ― 6 ― 0  engines,  of 
wliicli  20  were  put  into  service  in  1912.  These  engines  handle 
trains  of  365  tons  on  grades  up  to  1  per  cent.,  and  witli  a  train 
of  245  tons  can  sustain  speeds  of  68  miles  per  hour  on  the 
level,  60  mile's  per  hour  on  a  one-half  of  1  per  cent,  grade,  and 
46  to  48  miles'  per  hour  on  a  0*9  per  cent,  grade. 

The  Paris-Orleans  are  using  Pacific  type  superheater 
engines  for  their  best  trains,  and  in  tests  made  in  service 
between  Paris  and  Sb.  Pierre-des^Corps,  143  miles,  the  follow- 
ing results  wore  obtained  ： ― 


Train  behind 
Tender 

Average  run- 
ning speed 

Horse-powei-  at 
rail 

Consumption  per  horse- 
power hour  at.  rail 

Tons. 

Miles  per  hour 

b.p. 

Water 
lbs. 

Coal 
lbs. 

m  m  。，  c»  口 

48-  4 

49-  5 
56  1 
56-6 
58-0 

oc  oo  to  -1  00 
o      *a  to  I 

18-3 
18-5 
18-8 
18-9 
18-6 

2-38 
235 
2-52 
2-74 
2-72 

The  line  on  which  these  tests  weire  made  has  one  grade  of 
0*8  per  cent,  about  six  miles  long,  but  is  otherwise  not  a 
difficult,  profile.  The  fuel  used  was  briquettes  of  good  quality, 
having  a  heating  value  of  about  15,150  B.Th.U.,  and  only 
5'6  per  cent  of  ash.  The  economy  effected  by  the  powerful 
modern  engines  is  strikingly  shown  by  some  figures  givon  by 
the  Paris-Orleans  Railway  for  the  coal  consumed  in  hauling 
the  Parish-Bordeaux  -express  from  Paris  to  Tours.  In  1897  the 
train  weighed  175  tons,  and  3,235  kgs.  of  coal  were  burnt. 
In  1911  the  train  on  the  same  timing  weighed  340  tons,  an 
increase  of  94  per  cent.,  while  the  ooal  burnt  was  3,583, 
an  increase  of  only  14  per  cent.  The  ooal  consumed  per  ton 
of  train,  which  was  18"5  kgs.  in  1897，  was  only  10'5  in  1911. 

Germany. ― The  German  Empire  is  represented  in  this 
paper  by  three  railways,  the  Baden  and  the  Bavarian  State 
Railways,  of  South  Germany,  and  the  Prussian  State  Rail- 
way, of  North  Germany.  The  South  German  engines  are  all 
four-cylinder  compound  superheaters.  Baden  uses  2 ― 8 一 0 
for  goods,  and  2 ― 6 ― 2  and  4 ― 6- ~ 2  for  passenger,  while  the 
Bavarian  engines  are  0 ― 10 ― 0  for  gcxxls  and  4 一 6 ~ 2  for 
passenger.  The  South  German  roads  stand  alone  in  Europe 
in  using  bar  frames  of  American  pattern. 

The  goods  engines  shown  for  the  Prussian  Stat©  are 
0 ~ 8 ― 0  and  0 ― 10 ~ -0,  both  being  two-cylinder  single- 
expansion  superheater  machines.  The  larger  of  them  takes 
train  of  1,000  tons  on  a  grade  of  0  9  per  cent.,  at  a  speed  of 
about  11  miles  per  liour. 


The  passenger  engines  are  a  4 ~ 4 ― 0  and  three  4 一 6 ― 0's. 
Tli©  4 ~ 4 ― 0，  which  is  for  light  high-speed  passenger  service, 
and  the  lightest  4 — 6 ~ 0，  which  is  for  moderate-speed  work, 
are  two-cylinder  single-expansion  superheaters.  Far  heavy 
Iiigh-speed  trains  two  types  of  4 ― 6 ― 0  superheater  engines 
are  used.  The  first  of  these  types  to  be  introduced  expanded 
Uie  steam  once  only,  but  recently  the  design  lias  been  modified 
to  use  compound  cylinders,  and  tlie  results  obtained  have  been 
so  satisfactory  that  it  is  probable  that  the  Prussian  State  will 
return  permanently  to  comjx>und  cylinders  for  the  heaviest 
high-speed  engines.  The  4 ― 6 ― 0  compound  has  shown  itself 
capable  of  taking  a  train  of  590  tons  on  a  level  line  at  59  miles 
an  hour,  and  a  train  of  4.70  tons  up  a  continuous  grade  of 
】 per  cent,  at  35  miles  an  hour.  When  working  trains  of  514 
tons  weight,  the  water  consumption  is  given  as  181bs.  per 
horse-power  hour,  while  the  single  expansion  engines  of  the 
same  class  require  23'81bs. 

Belgium.— The  2—10 ~ 0  goods  and  the  4—6—2  passenger 
engines  are  tlie  heaviest  European  locomotives  shown  in  the 
paper.  For  lighter  passenger  service  a  4 ― 6 ~ 0  type  is  used. 
All  of  these  engines  have  four  single^-expaiiision  cylinders  and 
use  superheated  steam. 

Italy.  ― The  heaviest  goods  traffic  is  handled  by  0 ― 10 ~ 0 
type  engines  with  four  compound  cylinders  and  saturated 
steam.  As  much  of  the  passenger  service  is  not  handled  at 
very  high  speeds,  engines  of  the  2 — 6 ― 2  type,  having  the 
Zara  type  of  truck,  give  satisfactory  results.  A  4 ― 6 ― 2  type 
has  been  introduced,  but  for  the  present  at  least  this  engine 
is  more  powerful  than  is  absolutely  necessary,  and  it  is  so 
heavy  that  it  cannot  be  used  on  all  parts  of  the  railway. 
Both  the  passenger  engines  shown  use  superheated  steam 
and  four  cylinders,  the  2 ― 6 ― 2  being  compounded  and  the 
4 ― 6 ― 2  single  expansion. 

United  States. ― As  has  been  pointed  out,  the  2 ― 8 一 2  and 
the  Mallet  are  the  modern  American  goods  engines.  The 
passenger  service  is  handled  by  4 ― 6 ― 2  engines.  Except  in 
the  case  of  the  Mallet  engines,  oompounding  is  little  used. 
The  tables  show  only  one  example,  that  of  the  Atchison 
4 ― 6 ― 2,  which  is  four-cylinder  Vauclain  compound.  Two 
cylinders  are  almost  universally  used,  and  superheating  is  not 
quite  so  widely  used  as  in  Europe. 

Conclusions. ― As  a  result  of  the  foregoing  rather  cursory 
examination  of  the  various  engines,  a  few  general  conclusions 
can  be  drawn  as  to  the  tendencies  noticeable. 

The  use  of  superheated  steam  is  being  widely  extended. 

Compounding  shows  a  revival  on  roads  where  it  has  been 
dispossessed  by  the  introduction  of  superheating,  and  while 
there  is  plenty  of  evidence  that  valuable  economies  in  coal 
can  be  effected  by  the  double  expansion  of  the  steaiii,  yet  the 
engineer  who  decides  to'  forego  them  for  tlie  sake  of  simplicity 
will  do  SO'  in  very  good  company. 

In  the  matter  of  wheel  arrangement  there  is  little  room 
for  choice.  In  goods  service  tlie  number  of  coupled  axles  is 
definitely  determined  by  the  weight  of  train  to  be  hauled  and 
the  weight  allowed  on  each  driving  axle.  In  passenger  ser- 
vice everyone  is  being  forced  to  the  use  of  six-coupled  wheels, 
and  except  in  England  and  Germany  it  is  being  found  desir- 
able to  use  a  two-wheeled  rear  truck,  thus  producing  a  Pacific 
type  machine  to  obtain  sufficient  boiler  power. 

The  fact  stated  seven  years  ago  by  Monsieur  Desmoulins 
becomes  continually  more  obvious.  The  more  difficult  the 
problem  presented  to  the  locomotive  engineer  the  fewer  are 
the  solutions  which  will  prove  satisfactory. 


Third    International    Congress   of   Refrigeration  ― The  third 

International  Congress  of  Refrigeration  will  be  held  in  the 
United  States  in  September,  1913.  The  formal  opening  will 
take  place  at  Washington  on  September  15th,  when  a  recep- 
tion will  be  held  by  the  President  of  the  United  States.  On 
the  17th  the  other  meetings,  business  and  scientific,  will  begin 
at  Chicago,  and  continue  daily  until  the  23rd.  It  is  proposed 
to  have  half- day  sessions  for  the  reading  of  papers,  &c.，  during 
this  time,  and  that  the  rest  of  the  day  should  be  spent  in 
visits  to  points  of  interest,  such  as  the  Union  Stock  Yards, 
Military  Post,  Naval  School ,  works  of  tlie  Illinois  Steel  Com- 
pany, cold-storage  warehouses,  ice-plants,  &c.  The  Secretary- 
General  of  the  Congress  is  J.  F.  Nickerson,  Esq.,  431，  South 
Dearl>oni  Street,  Chicago. 
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THE  TESTING  OF  FANS. 

At  ； i  ineeiing  of  tlie  Mining  Institute  of  Scoiland,  held  on 
Apnl  12th,  a  paper,  entitled  ''  Tlie  Testing  of  Fans  ：  A  | 山' a 
for  standardised  test  coinlitions,"  was  read  by  Mr.  Jolin  \V;it 
son,  M.I.Mech.E.  He  observed  that  fan  tests  that  were  }»rc 
sumably  conducted  and  published  in  good  faith  varied  so 
widely  in  their  results,  particularly  in  regard  to  efficiency 
values,  that  it  would  b©  well  if  the  best  conditions  were  stan 
dardised.  The  objects  of  fan  testing  were,  generally,  to  de- 
termine (a)  the  quantity  of  air  per  minute  passed  by  the  fan, 
(6)  the  resistance  overcome  by  the  fan,  namely,  the  water- 
gauge,  (c)  the  efficiency  of  the  fan,  and,  in  some  (，； "es，  {<!) 
the  efficiency  of  the  whole  plant. 

The  quantity  of  air  passed  by  a  fan  was,  he  remarked,  imt 
infrequently  calculated  from  a  single  auemometer  measure- 
ment made  in  the  fan  chimney  or  in  the  fan  drift.  The 
more  ordinarily  accepfced  method  was  to  divide  the  area  of 
the  chimney  or  drift  into  a  number  of  rectangular  and 
approximately  equal  areas,  in  each  of  which  a  reading  was 
taken  by  the  anemometer.  From  these  readings,  after  the 
correction  (if  any)  for  the  anemometer  used  had  been 
applied,  the  average  velocity  per  minute  over  the  whole  area 
was  determined.  The  variation  of  velocity  was  not  regular, 
and  the  velocity  in  any  one  of  the  test  areas  could  hardly  be 
considered  uniform  over  the  wholo  space,  or  even  uniformly 
variable.  This  raised  the  point  whether  the  average  velocity 
as  usually  determined  was'  correct  for  areas  over  which  the 
velocity  varied  widely.  In  the  author's  opinion,  the  most 
accurate  results  were  obtained  when  the'  anemometer  was 
kept  continually  moving  at  a  uniform  rate  over  the  small  area 
being  measured,  and  then  moved  on  to  the  next  area  without 
any  stoppage,  and  bo  on  ；  the  instrument!  being  kept  con- 
tinually on  the  move  for  the  period  during  which  it  was  being 
used  in  each  area.  It  was  assumed  that  the  time  for  which 
tli&  anemometer  was  kopt  in  any  space  was  1  minute  ；  but 
smaller  periods  would  serve  if  it  was  necessary  bo  shorten  the 
t'ime  occupied  in  obtaining  a  complete  reading  over  a  fairly 
large  area. 

Ife  was,  he  said,  important  that  the  anemometer  should  be 
calibrated  both  before  and  after  tests,  and  that  a  type  of 
instrument  suitable  to  the  velocity  being  measured  should  be 
used.  This  was  especially  so  in  the  case  of  measurements 
made  in  th©  fan  chimney,  where  the  velocity  was  usually  high, 
lu  whatever  way  the  average  velocity  per  minute  of  the  air 
had  been  determined,  the  product  of  that  velocity  and  tlie 
area,  in  which  it  was  obtained  gave  the  quantity  of  air  passed 
per  minute  through  the  fan.  This  niiglil>  be  more  or  less 
t-ban  the  fan  performance,  as  the  natural  ventilation  of  the 
mine  would  in  some  cases  assist  the  fan,  and  in  other  cases 
l)e  against  itt.  The  true  performance  of  the  fan  could  there- 
fore only  be  arrived  at  after  allowance  had  been  made  for 
the  effect  (if  any)  of  natural  ventilation.  If  anemometer 
measurements  were  taken  in  a  fan  drift,  they  should  be  made 
in  a  part  of  the  drift  sufficiently  far  from  the  ear  of  the  fan 
to  be  beyond  the  region  of  whirling  air,  and  in  a  straight  or 
nearly  straight  part  of  the  drift,  so  as  to  ensure  a  moderately 
even  distribution  of  the  air  over  the  whole  area.  On  account 
of  the  great  variation  in  the  length  and  form  of  fan  drifts, 
the  author  was  of  opinion  that  it  was  preferable  to  measure 
the  quantity  of  air  in  the  fan  chimney  ；  and  the  results  of 
measurements  made  simultaneously  in  a  fan  chimney  and  in 
a  fau  drift  favourable  for  accurate  measurement  showed  that 
the  quantity  of  air  obtained  either  way  was  in  very  close 
agreement. 

Several  styles  of  water-gauge  tube-termination  in  the  fan 
drift  were  illustrated.  It  was  rather  difficult  to  make  exact 
measurements  of  the  water -gauge,  on  account  of  the  oscilla- 
tion of  the  water  column,  and  it  was  therefore  advisable  to 
adopt  】neans  to  eliminate  this  oscillation.  Even  if  this  bad 
been  done,  two  observers  often  gave  different.  measwrfnuMits 
of  water-gauge,  and  the  effect  of  a  small  error  in  lneasurin^ 
the  gauge  was  iinportani ,  e«]>eoi;ill  v  at  low  water-gauges. 

When  the  power  in  the  air  liad  lieen  found ,  Hie  eiliciency 
of  tlie  fan  was  ascertained  by  dividing  the  power  in  the  air 
by  the  power  exerted  on  the  fan  shaft.  The  power  exerted 
on  the  fan  shaft  nuist,  in  the  case  of  direct  engine-driven 
fans,  be  measured  by  a  dynamometer,  or  calculated  fiom  the 


indicated  horae-power  of  the  engine  multiplied  by  a  factor, 
namely,  the  efficiency  of  the  engine;  or,  in  the  case  of  direct 
motor-driven  fans,  by  the  efficiency  of  the  motor.  In  the  oa»e 
of  fans  driven  by  belt  or  ropes,  an  additional  factor  waa  em- 
ployed, so  as  to  allow  for  loss  of  power  in  the  drive.  When 
the  drive  was  by  motor,  the  electrical  input  should  be 
measured  by  a  wattmeter. 

The  efficiency  of  the  whole  plant  waa  aiK;ertained  by  divid 
ing  the  work  done  oil  the  air  per  minute  by  the  work  of  the 
engine  or  motor  per  minute.  The  degree  of  exhaustion  pro- 
duced in  the  interior  of  the  fan  could  be  measured  on  the 
water-gauge  by  completely  stopping  the  entrance  of  air  to 
the  fan  drift,  and  running  the  fan  at  Ob  speeds  as 
was  done  for  testing  purposes.  The  degree  of  exhaustion 
due  to  the  velocity  of  the  fan  blades  could  be  calculated  and 
reduced  to  a  water-gauge  usually  called  the  "  theoretical 
water-gauge."  The  manometric  efficiency  of  the  fan  was 
found  by  dividing  the  gauge  produced  in  the  fan  drift,  when 
all  entrance  of  air  had  been  stopped,  by  the  calculated 
theoretical  water-gauge.  The  author  had  uot,  however,  been 
able  to  determine  what  useful  object  was  served  by  obtaining 
this  ratio. 

It  was  important  to  make  a  careful  test  of  the  difference 
between  the  water-gauge  obtained  in  the  closed  drift  aiul  t  h«- 
water-gauge  obtained  in  the  open  drift  for  the  same  speed  of 
the  fan.  This  difference  was  the  measure  of  the  resistance  to 
the  passage  of  the  air  through  the  fan,  and  was  well  worth 
knowing. 

In  evidence  of  tlie  divergence  of  practice  in  regard  to 
measurement  of  the  air  and  the  water-gauge,  the  following 
stipulations  were  extracted  from  recent  fan  specifications,  not 
with  the  view  of  criticising  the  stipulations  themselves,  but 
solely  for  the  purpose  of  exhibiting  the  differences  of  opinion 
existing  ：  ― (1)  The  quantity  of  air  and  the  water-gauge  were 
to  be  measured  in  the  upcast  shaft.  (2)  The  quantity  of 
air  and  the  water-gauge  were  to  be  measured  at  the  pit- 
bottom  near  the  separation  doors.  (3)  The  quantity  of  air 
was  to  be  measured  in  the  fan  drift  at  a  place  specified,  and 
the  water-gauge  was  to  be  measured  by  a  tube  led  into  a  box 
in  the  side  of  the  fan  drift  covered  by  a  perforated  plate. 
(4)  The  quantity  of  air,  the  speeds,  the  horse-power  in  the 
air,  and  the  brake-horse-power  at  the  fan  pulley,  with  vary- 
ing water-gauges  of  3，  4，  5，  and  6in.  at  constant  equivalent 
orifice,  must  be  stated. 

When  conditions  differing  so  much  were  laid  clown,  ； ui'l 
where  such  differences  in  actual  practice  in  testing  as  】i;ul 
been  referred  to  were  possible,  one  need  hardly  wonder  tliat 
the  results  of  tests  were  not  readily  comparable.  The  author 
was  of  opinion  that  the  whole  subject  of  fan  testing  required 
careful  consideration,  in  order  that  conditions  universally 
applicable  lnighfc  be  devised,  so  that  the  results  of  tests  which 
niiglit  be  carried  out  under  these  conditions  should  be  readily 
comparable.  He  suggested  the  appointment  of  a  committee 
to  confer  with  the  other  Federated  Institutes  on  this 
important  subject. 


Powerful  Electric  Locomotives. ― Tlie  New  York  Central  and 
Hudson  River  Railroad  Company  has  recently  placed  an 
order  with  the  General  Electric  Company,  Scheuectady,  N.Y., 
for  nine  of  what  will  be  the  most  powerful  electric  locomotives 
ever  built.  They  will  weigh  100  tons  and  will  exert  a  suffi- 
cient tractive  effort  to  haul  a  train  weighing  1,000  tons  at  a 
speed  of  60  miles  per  hour.  In  regular  service  they  will  have 
a  capacity  for  developing  1,400  h.p.  continuously  and  for 
short  periods  5,000  h.p.  can  be  delivered.  The  uew  loco- 
motives will  have  an  articulated  frame  with  bogie  guiding 
trucks  at  each  end.  The  cab  containing  the  engineer  s  com- 
partments and  that  for  the  operating  mechanism  will  be 
swung  between  the  two  parts  of  the  frame  on  the  centre  pins. 
Each  section  will  be  equipped  with  two  two- axle  trucks 
having  a  bi-polar  gearless  motor  mounted  on  eacli  axle.  Each 
motor  will  have  a  capacity  of  325  amperes  at  600  volts  for 
one  hour  or  a  continuous  rating  of  260  amperes  under  forced 
ventilation.  Tliev  will  be  connoted  permanently  in  parallel 
in  pairs,  and  the  pairs  can  be  connected  in  series,  series- 
parallel,  or  parallel  combinations.  Tlie  current  will  be  col- 
lected by  eight  under-running  third-rail  shoes,  or  by  two 
overhead  trolleys,  when  operating  on  gaps  on  the  third-rail. 
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ELECTRO-BESSEMER  FURNACE. 

A  novel  type  of  electric  refining  furnace,  which  is  a  combina- 
tion of  the  electric  and  Bessemer  processes,  is  shown  in  the 
accompanying  views,  far  which  we  are  indebted  to  "  The  Iron 
Trade  Review/'  The  furnace  is  being  introduced  by  L.  P. 
Hoult,  Muskegon,  Mich.,  and  is  known  as  the  electro-Bessemer 
type.  It  consists  of  a  closed  converter  with  an  opening  in  one 
side,  through  which  the  charge  may  be  introduced  and  slags 
added  and  withdrawn.  It  is  mounted  on  bearings  of  ample 
size,  and  is  capable  of  being  tilted  within  an  angle  of  more 
than  180°,  the  motive  power  being  either  electric  or  hydraulic, 


Fig.  1.— Electro-Bessemer  Furnace  :   Front  Elevation  . 


with  suitable  gearing  interposed.  One  end  of  the  furnace  is 
fitted  with  blast  tuyeres  for  blowing.  At  the  other  end  of  the 
vessel  electrodes  are  arranged  entering  through  the  furnace 
wall.  A  tapping  hole  is  provided  at  this  end  of  the  furnace, 
which  may  be'  used  for  the  removal  of  the  finished  product, 
if  desired.  Samplings  may  b©  taken  fro'm  the  charging  open- 
ing, which  might  also  be  used  for  pouring  the  molten  metal. 
The  electrodes  are  fitted  with  cooling  jackets  of  cold  air  or 
water.  When  operating,  the'  furnace  is  preheated  in  the 
ordinary  way,  and  it  is  then  charged  with  molten  metal  from  a 
cupola  or  blastfurnace  mixer,  the  furnace  being  tilted  into  a 
horizontal  position.  It  is  then  brought  to  a  vertical  position, 
the  Bessemer  portion  containing  the  charge.  The  blast  comes 
into  action  automatically  as  this  position  is  gained  and  the 


Fig.  2. — Electuo-Bessemer  Furnace  :  Cross  Section  showing  position 
of  Electrodes. 

process  of  conversion  proceeds  as  in  the  ordinary  converter. 
Meantime  the  electric  portion  of  the  furnace  is  heated  by  the 
hot  gases,  &c.，  resulting  from  the  Bessemer  blow.  On  the 
completion  of  this  part  of  the  process  the  furnace  is  tilted,  and 
the  metal  is  transferred  to  that  end  which  is  provided  with 
electrodes.  Current  is  switched  on,  and  the  refining  operation 
is  continued  to  any  desired  extent.  Both  arc  and  resistance 
heating  can  be  obtained  in  the  furnace.  The  average  specific 
energy  consumption  is  100  kw.  hours  per  ton  of  steel  produced. 
If  a  larger  unit,  namely,  7  or  8  tons,  is  installed  with  con- 
tinuous operating,  the  oonsumptioii  is  well  below  90  kw.  hours 
per  ton  of  steel. 

New  Allan  Liner. ― The  Allan  Line  Steamship  Company's 
quadruple  turbine  steamer  "  Calgarian "  was  launched  on 
Saturday  last  from  the  Clyde  yard  of  the  Fairfield  Shipbuild- 
ing Company.  The  "  Calgarian,"  which  is  intended  for  the 
Liverpool-Canadian  service,  is  600ft.  in  length  and  is  of 
18,000  gross  tons. 


INDUSTRIAL  AND  TRADE  NOTES. 

Miners'  Wages  Advanced. ― A  meeting  of  the  English  Coal  Con- 
ciliation Boa rd  whs  li('kl  in  London  on  the  loth  inst.  to  consider 
the  inen，s  application  for  a  5  per  cent,  advance  in  wages.  The 
return  of  the  selling  prices  of  coal  from  representative  collieries 
in  the  area  showed  an  average  price  of  9s.  3d.  per  ton,  as  com- 
pared with  8s.  7d.  when  the  last  advance  was  granted.  The 
Board  granted  the  application.  The  advance  represents  an  ad- 
dition of  about  £20,000  per  week,  or  £1,000,000  per  annum. 

Electric  Power  Output  of  the  United  States. ― The  combined  electric 
output  of  the  7,500  central  stations  in  the  United  States  for  the 
year  ended  December  31  st?  1912,  was  12,000.000  h.p.  These  figures 
iiichult1  only  public  service  companies,  and  take  no  account  of  the 
great  railroad  and  manufacturing  companies  which  produce  and 
use  their  own  power,  so  that  the  total  power  generated  is  easily 
double  the  output  of  the  central  stations.  It  is  estimated  that  the 
total  business  in  electrical  machinery  in  the  United  States  in  1912 
amounted  to  approximately  60  millions  sterling. 

Trials  of  a  Large  Oil  Tank  Steamer. ― The  laigest  oil  tank  steamer 
in  the  world,  the  "  San  Fraterno,"  built  by  Messrs.  Swan,  Hunter, 
and  Wigliarn  J{ichar(Lsoii;  Wallsend-on-Tyne,  underwent  her  trials 
in  the  Tyne  on  the  1 7th  inst.,  and  these  proved  In  every  way  satis- 
i  actory.  The  vessel  has  a  deadweight  capacity  of  15,500  tons. 
The  speed  stipulated  for  was  ll-J  knots,  and  during  the  trials 
1 2  knots  were  averaged.  Owned  by  the  Ea^le  Oil  Transport  Com- 
pany, Ltd.,  she  is  the  first  of  10  similar  vessels,  and  the  company 
also  owns  nine  vessels  of  9,000  tons  capacity  each.  The  vessel  will 
shoi  tly  proceed  to  Mexico  on  her  maiden  voyage. 

Exchange  Telephones. ― In  the  House  of  Conimoiis  rt'rently.  the 
Postiuaster-General  stated  that  the  total  number  of  excliun^e 
telephones  in  London  on  December  31st,  1912,  was  227.313,  a  net 
increase  of  15,972  telephones  during  the  year,  or  7*. 56  per  cent, 
net  increase  on  the  telephones  at  the  beginning  of  the  year. 
Since  December  31st,  1908,  when  the  percentage  was  12*93  per 
cent"  there  had  been  an  annual  decline.  The  total  number  of 
exchange  telephones  in  the  provinces  on  December  31st,  1912, 
was  452^839,  the  net  increase  of  exchange  telephones  during  the 
year  bein^:  '2*2,847,  the  largest  in  any  vea r  during  the  period  under 
review. 

World's  Largest  Dredger. ― Messrs.  Lobnitz  &,  Co.,  Ltd.,  Rentrrw . 
launched  on  Saturday  last,  for  the  Suez  Canal  Company,  the 
dredger  "  Penelope/'  which  is  the  largest  bucket  dredger 
afloat.  The  vessel  is  309ft.  in  length  on  deck,  47ft.  in  breadth, 
and  20ft.  2in.  in  depth.  The  dredging  machinery  is  of  the  most 
imp  roved  type,  having  independent  dredging  engine  direct 
gt'an'd  to  the  top  tumbler.  The  twin-screw  propelling  machi- 
nory  is  iii(lepeii(l(、iit,  and  all  the  gearing  has  machine  cut  teeth. 
The  bucket  ladder  is  fitted  with  Lobnitz's  patent  elastic  suspen- 
sion to  facilitate  dredging  hard  ground  in  a  seaway,  the  \es&el 
l)oin^  intended  to  work  at  the  entrance  to  tbe  Suez  Canal. 

Machine  Tool  Trade  in  America. ― A  special  Consular  Report  has 
recently  been  issued  by  the  United  States  Department  of  Com- 
merce and  Labour,  dealing  with  the  markets  for  machine  tools  in 
Latin  America.  The  countries  included  are  for  the  most  part  agri- 
cultural, and  the  demand  for  machine  tools  has  been  small,  but 
there  &eem  to  be  some  markets  that  are  steadily  expanding.  The 
report  contains  lists  of  the  importers  and  users  of  machine  tools, 
descriptions  of  the  sales  methods  employed,  aud  opinions  on  the 
possibilities  of  the  different  markets,  &c.  The  report  may  he  seen 
by  machine  tool  manufacturers  in  the  United  Kingdom  at  the 
Commercial  Intelligence  Branch  of  the  Board  of  Tr;uU>.  73，  Bas- 
inghall  Street,  London,  E  C. 

A  Large  Surfacing  Condensing  Plant. ― The  Mirrlees  Watson  Com- 
pany, Ltd.,  Glasgow,  have  recently  secured  a  repeat  order  for  a 
large  surface  condensing;  plant  for  the  Leeds  Corporation  Elec- 
tricity Works,  capable  of  dealing  with  1^0,0001bs  st^a m  per  hour. 
The  plant  will  be  connected  to  a  1nrl>o-alternator,  for  which 
Me&srs.  Willa ns  &  Robinson  have  just  received  the  order.  The 
coiulenser  of  this  installation  is  of  a  very  special  design  to  suit 
the  conditions  of  dirty  wat^r  obtained  for  condensing  purposes 
from  the  river  Aire.  This  water  contains  a  lar^e  amount  of 
woollen  materia],  w hich.  along  、vith  nnul.  soon  clogs  up  the  ordi- 
nary type  of  coiulenser.  The  condenser  is  designed  so  that  all 
the  tubes  can  l>e  rlea ned  out  whilst  tho  plant  is  in  o])oration. 
rrhe  (low  of  the  cooling  water  can  be  roversod  without  interfering; 
with  the  rumiing  of  the*  phuit.  Th(>  coiulonsor  is  of  the  vertical 
type  design,  having  24,800  sq.  ft.  cooling  surface.  The  total  hoi^ht 
of  the  condenser  is  28ft.  and  weighs  85  tons. 

The  Invention  of  the  Sewing  Machine. ― It  appears  that  tl"、  （"(lit 
for  the  invention  of  the  sewing  machino.  which  is  *i«Mierally  given 
to  America,  is  not  well  fouiidod.  According  to  our  contemporary. 
" Commercial  Intolli^cnoe/'  Mr.  J.  J.  Darby,  principal  exaniiner 
in  the  United  States  Patent  Office,  states  that  the  earliest  attompt 
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iit  sewing  l>y  machiiiory  of  which  there  is  any  autlnMitio  record 
was  in  1755,  in  which  y(»a r  a  iuachiiu'  was  j>;» tented  in  Kn^Iaixl 
hy  ("mrl(>s  F.  Wcisciithal.  In  1790  anotln-r  Ku^lisli  patent  was 
griuitwl  to  one  Thomas  Saint,  and  in  \X(H  another  I'lii^Iislunan, 
iiaitun]  Duncan,  nindc  a  chain  stitch  liiachinc.  A  l'， iviirli m:m 
iiiiined  }$;u*thel<Mny  Thi"""mit、r  iiivonttnl,  in  1 830,  ；'  KuichiiH^  that 
phi  bodied  the  Saint  principle's,  with  one  exception.  Th<'  first 
Aniericim  pati'iit  was  issued  to  a  man  nanuyl  in  1 HM.  What 

was  proliM  l)l>'  the  (irst  lockstitch  machine  \\;is  Im  ill  in  1       .'i  1  hy 
Walter  H unt,  of  New  "Vm.l<  (  it. v.    Many  i 川 tt'uts  iollowcd,  but  the 
<^reaL  opoch  of  the  .sewing  niaHiim'  w  as  IVoin   Hi,   u  licn 
Howe  pat(Mitod  his  niacliinc,  to  1  X~)  I ,  w  hen  t  fie  \\'ilson  p;i  tent  w  ;is 
issntnl. 

Prospects  of  United  States  Petroleum  Industry  in  1913. — H . M .  Embassy 
;tt  Wiishin^ton ,  in  a  rm"it  report,  states  that  (luring;  the  months 
of  .January  and  I "小 rii:i r.v  tlie  feature  of  cliief  interest  was  tin* 
continued  rise  in  the  price  of  crude  petroleum.  This  rise  book  place 
in  all  parts  of  the  counti'v,  w  ith  the  exception  of  Caliiorni;),  \\ 
it  has  so  fa r  remained  stationary,  although  the  consuniption  in  tlit' 
latter  State  has  increased  to  such  an  cxicut  as  practically  to  over- 
take the  production.  During  the  first  months  of  thi.s  、  。： the  pro- 
duction has  increased  in  Oklalioin;i  ow  ing  to  the  development  of 
the  Gushing  oilfield,  and  in  the  liorthcni  });u*t  oi'  Tt'xas  (>、\.iiig  to 
increased  activity  at  Electra.  Operations  in  other  parts  oi  t lie 
United  States  have  only  siiiii('"'nt  to  fontimio  pi'oduction  at 

approximately  the  same  as  last  year.  The  increased  price  of  oil 
ha^  stimulated  drilling,  and  vt'r.v  jj;iv;it  ofTorts  will  Ik-  made  this 
spring  to  increase  the  production  of  the  older  fields.  Tlu、  Diivrtm. 
of  the  Geological  Survey  considers  that,  generally  spdkiiig,  the 
output  of  petroleum  in  tho  United  States  for  this  vrar  will  not 
differ  materinlly  i  roni  that  of  last  year. 

The  Warwickshire  Coalfield. —— Sonu1  interesting;  history  relating 
to  this  coalfit'ld  was  given  in  un  adcirtvss  recently  delivered  I>y 
Mr.  J.  W.  MoT  rusty,  mining  lecturer  under  the  Warwickshire 
County  C'(Mincil.  AVai"\\  icksliire  coalpits  had  been  troubled  with 
spontaneous  conibustion  from  the  very  earliest  times.  They  had 
records  of  fires  in  1603,  mikI  in  1604  it  was  recorded  that  col- 
lieries were  affected  hy  dninp.  Those  dates  were  not  the  l>ojj;in 
a  ing  of  mining  in  Warwickshire.  The  first  definite  record  of 
mining  in  the  county  was  in  1275,  in  tlit、  C'liilvors  Coton  district. 
I  ii  1338  shafts  wero  hoin^;  sunk  near  Nuneaton.  Jn  1603  records 
again  referred  to  mining  in  the  Nuneaton  district,  and  it  was 
intorostiiifi  to  noto  that  tin1  names  which  applied  to  tlie  somiiis  ai 
the  present  time  applied  in  those  days ― rycler  coal,  slate  coal,  and 
seven-foot  ooal.  The  mining  industry  developed  very  slowly  for 
n  time.  Kroni  the  historical  |)(»int  of  view  it  avus  iiit(、i'('stiiig  to 
note  that  the  second  steam-engine  that  was  made  was  fixed  at 
Nunoaton  in  1715.  In  177(i  Wnrwickshire  was  oonsiderod  to  luive 
the  most  powerful  punipiiifj;  on^ino  in  this  country,  and  it  was 
lixetl  at  H;u\  ksl)ui'y  Lano  colliery,  I  u  1 7'21  tliero  wcmo  al>oiit 
50  collieries  in  Wai、vi('l《sliiiv,  n  ^roup  nt  seven  liciii^j;  in  tin*  Wilno- 
roto  district. 

Employment  in  the  Engineering  Trades. ― Tli('  lioa  rd  of  Trade  re- 
port on  tlie  state  of  the  labour  ninrki-t  states  that  employnuMit 
continued  good  generally  in  March.  Th*>r(、  was  an  iniproiomciit 
in  the  iron  and  steel  trades,  while  in  coal-miiiiiig,  cn^inoerinji, 
and  shipbuilding  the  lii^h  of  recent  months  was  maintainod. 

Th('rt、  was,  howevor,  a  marked  tloclino  iu  the  tinplate  trade.  It  is 
](ip{>rted  by  Labom'  Exchanges  that  tlioro  was  ;x  oontinuaiice  of 
the  law  deniand  for  workmen  of  all  classes  in  the  shipl)iiildiii<i 
trades,  and  in  the  engineering  trade  there  was  still  a  scarcity 
of  labour  in  some  districts.  The  upward  mmcuu'iit  in  want's 
continued.  Trade  unions  with  a  net  inejnl)ersliip  of  9( )S,27*i  iv 
ported  17,533  (or  1*9  ]>or  cent.)  of  their  nicinlfers  as  n nemployt'd 
at  the  end  of  March,  1913,  compared  with  per  cent,  at  the  rnd 
ot  Keltruary,  1913.  The  changes  in  rates  of  wages  taking  effect 
in  March  resulted  in  an  increase  of  nearly  L'lU.lKK)  per  week  in 
the  wa^es  of  224, (H)0  workpeople.  The  nnml>er  of  trade  dispiitrs 
lie^innin^  in  March  was  81,  and  the  n umber  of  workpeople  in- 
volved in  all  disputes  in  progress  during  the  month  was  11,983, 
as  compared  with  45,382  in  February,  1913,  nnd  1 ,040,542  in 
March,  1912,  when  1,000,000  workpeople  wero  involved  in  tho 
national  coal  strike. 

Inspector's  Strictures  on  Municipal  Trading.— Tn  the  course  of  ； i 
Local  Government  Boa  rd  eiiquir.v,  at  C'ovontiy,  into  the  appli 
ration  of  the  Corporation  to  borrow  a  further  £20.000  for  th(、 
electricity  undertitkii)<^,  tho  I  nspi^'tor  (M  r.  H.  H.  Hoo])or, 
M.Iiist.C.E.)  expressed  a  strong  view  as  to  the  application  of  pro- 
fits made  by  the  trading  of  the  dei);uln\(Mit  while  thoro  was  a 
mass  of  outstanding  capital.  He  said  tlie  Corporation  last  vr Mi- 
ni ado  £16,000  profit  on  electricity,  and  applied  £4,000  in  relief 
of  rates  instead  of  paying  hack  again  some  of  its  outstanding 
c:\ pital,  which  had  doublod  in  tho  last  six  yo;irs.  H(、  did  not 
question  that  Coventry  had  done  voi'y  woll.  l>ut  tho  oity  was 


ai>plyin^  money  in  rH"'f  of  rates,  and  was  still  gciiig  on  l>orrow- 
("•(""•  to  do  .so.    The  rewult  wjw  that  tli<>  ratepayer  had  to 
pay  more  in  the  long  run.    A^ain,  2,000  oUntricity  (o'iKim"*r>* 
were  making  prolitn  for  people,  one  tiftielh  of  the  |" 屮 il- 

lation making  a  (  oiitrilmtioii  to  the  rates  for  ""-  U'nefit  of  otli.-i  -. 
who  did  not  us"  electrical  tiiicr^y.  H<'  li' 屮'' '1  tlf  (  omicil  would 
seriously  consider  the  question,  and,  without  rel"'vi"g  tlx*  r.""、 
look  to  the  future  and  avoid  iurth«*r  I>onowin^  ol  niorioy.  The 
department  was  in  business,  and  then*  was  no  .、*  iini"'  iit  :il,'，"t  it 
at  all.  Coventry  was  a  very  enterpi  isin^  city,  and  could  not 
afford  to  be  generous,  and  .sliouhl  mi|>j>I v  clit-ap  powt-r 

Suspension  of  Electric  Iron  Smelting  and  Copper  Refining  in  Norway. ― 

H.A1.  Consul  at  Chri.sti;uiia  r^-ports  that,  acfordin^  to  the  local 
press,  the  "  Aktieselskal)ot  Hardan^er  Eloktriskc  .J'-ni  Staal 
verk,"  a  company  formed  for  the  electric  smelting  of  iron  near 
OtlcTa,  has  resolved  to  discontinues  the  umlt>rtakiii^  on  account  of 
the  cost  of  production,  and  to  let  tlie  works  to  a  Frenrh  s\  n<licat<* 
which  proposes  to  inamiiaflurc  sonic  kitul  ot  tt-rti I iscr  'I  II.-  u orks 
of  this  compaiiy  were  the  first  electric  iron  ore  smelting  、vorkjs  in 
Norway,  and  their  closing  will  prol)al>ly  prmc  a  w'rimi.s  l>lo\\  to 
the  further  development  of  the  industry  in  that  country  ；  ir"k 屮 <1. 
one  company  whose  electric  .smelting  works  are  not  yet  coinplfterl 
is  said  to  be  holding  its  scheme  in  :il"'v:m('"  for  the  tin".  U'iiig. 
Tho  u  Akticsclskaltt't  Bandak  L':l('<  tr(>lvti、k''  Kol,l"'rv*'rk  "  fdi  tiifd 
to  refine  copper  ore  at  the  Aamdal  mines  liy  the  H.vl'in«'tt('  |,r。'  • 、、 
― ha&  decided  to  close  its  works  from  April  3('Ui,  o、、i'ig  to  ； m 
insufficiency  of  ore  in  the  mine,  tliou^h  tho  actual  refining  process 
is  said  to  have  been  siifccssful.  Tl"'  local  ynoss  states  that  tli«*  com 
pany  intends  to  re-erect  the  copper  extracting  works  oti  the  coast 
near  the  Chrijstiania  Fjord.  The  company  ow  ns  the  HyKincttc  pro 
cess  for  the  extraction  of  copper  and  zinc  from  the  purplo  ore  l  mm 
cellulose  factories,  as  well  as  from  natural  ores,  and  it  is  said  this 
move  to  the  coast  points  to  the  intended  realisation  of  the  project 
i:or  smelting  tho  re i" use  from  Norw <^ian  cellulose  factories. 

Russian  Industries  in  1912. ― According  t"  t  In*  .l''m  ii:il  'r  t  Ik*  II""'' 

British  Chamber  of  Commerce,  1912,  like  the  two  preceding  years, 
witnessed  a  general  improvement  in  the  economic  position  of 
Russia.  The  improvement,  however,  was  by  no  means  ov*inl>  (1 卜 
trilmted  over  the  various  branches  of  trade.  Good  demands,  high 
prices,  a  larger  influx  of  capital,  and  the  opening  of  new  *'iit<*r 
prises  and  the  enlargement  of  old  ones,  represent  in  general  terras 
the  industrial  development  in  1912.  Mining  and  the  allied  indu.s 
tries  shared  very  largely  in  this  development.  Tlu»  metallurgical 
industries,  working  at  high  pressure,  were  unable  to  keep  pace  with 
the  large  number  of  orders  received.  In  spite  of  a  maximum  homo 
production  and  large  imports  from  abroad  there  was  a  shortage  oi 
pig  iron,  while  the  demand  for  steel  and  metal  maiiutactun's  was 
very  firm  all  through  tlie  year,  chiefly  on  account  ot  an  unusually 
lar^o  consumption  for  railway  and  municipal  re(|iiirements.  The 
output  of  the  iron  works  attained  record  figures,  while  their  、、： 卜 
a  considerable  increase  in  the  production  of  copper.  The  coal  and 
oil  industrios  experienced  similar  conditions.  The  demand  for  fuel 
was  in  excess  of  the  supply,  so  that  towards  the  end  of  tho  ,、、':ir. 
notwithstiuulinu  a  marked  increase  in  the  import  of  coal  from 
abroad,  a  shortage  was  felt,  while  prices  of  coal  and  petroleum  roso 
perceptibly.  A  tendency  tow  a  ids  a  more  general  tniploynuMit  of 
electrical  energy  was  noticeable,  which  resulted  in  an  i'"  iv;iM'<i 
home  manufacture  and  imports  of  motors  and  dynamos. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  22nd. 

Aluminium  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  «fec  from  112/ —  ,, 

，，        sheets        ,,  ,,   ，  120/-  ,, 

Antimony  £31/-/-  to  £33/-/-  per  ton. 

Brass,  rolled   8[d.  per  lb. 

,, tubes  (brazed)    10Jd. ，， 

,，       ，，     (solid  drawn)   9d.  ，， 

，，       ，，     wire   Sjjd-  ，， 

Copper,  Standard   £67/17/<i  per  ton. 

Iron,  Cleveland   ,, 

,， Scotch   75/1  i 

Lead,  English    UH/W/-  ,, 

，， Foreign  (soft)    £17/l,->/-  •' 

Mica  (in  original  cases),  small   to  3/-  per  lb. 

，,  ，,  ,,       medium   3/(5  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- 

Quicksilver   £7/10/-  per  bottle. 

Silver   27{Jd.  per  oz. 

Spelter    £23/10/-  per  ton. 

Tin,  block   £227/ 10/ 誦  ，. 

Tin  plates   14/-  ,， 

Zinc  sheets  (Silesian)   £28/10/-  .. 

„  (Stettin  ；  Vieille  Montagne)   £28/12/(5  ,， 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  pti&Hs/i€d，  and  we  shall 
pleased  to  forward  copies  post  free^  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  53s  New  Baihy  Street}  Manchestrr. 

MECHANICAL  1911. 

Engine  starting  device.  Kettering.  29085. 
Engine  starting  devices.    Kettering.  29344. 

1912. 

Methods  of  producing  wrought  shapes  of  manganese  steel.  Potter. 
2324. 

Clutches.    Humphries.  2385. 

Working  of  gas  producers.    Testrup  &  Rigby.  5024. 
Machines  for  operating  upon  propeller  blades.    I  to.  5287. 
Portable  scaling  hammers.    Stewart  &  White.  5663. 
Process  for  ooating  iron  sheets  and  plates  with  aluminium.  Woud. 
6971. 

Cain-regulating  mechanism.     British  Thomson-Houston  Company. 

7096. 

Starting  internal-oombustion  engines.    Willis.  7118. 
Driving  gear  for  motor-vehicles.    Hartley.  7473. 
Steam  boiler  tube  scrapers.    Restucci  7484. 

Internal-combustion  engines  with  sleeve  distribution.  Van  Lam 
mere  n.  7554. 

Method  of  and  apparatus  for  controlling  the  speed  of  a  moving 
body  and  its  application  to  lifts,  hoists,  or  other  elevators. 
Gazagnaire.    7771 . 

Furnace  fire  bridges.    Wager.  7791. 

Appa ratus  for  operating  the  points  of  railways  and  tramways. 
Thomson.  7938. 

Radiators  for  internal  combustion  engines.  Haegele  &  Zweigle. 
7989. 

Systems  for  washing  out  and  re-filling  locomotive  boilers.  Groom. 
8143. 

Lubricating  systems.    Maranville.  8184. 
Condensing  plant.    Parsons  <fe  Cook.  8189. 
Drilling  appliances.    J  ones.  8267. 

Carburetters  for  internal-combustion  engines.    Storey.  8287. 

Process  for  cleaning  and  sharpening  files.    Goold.  8358. 

Armour  plates.    Gathmann.  8439. 

l^rake  for  railway  vehicles.    Barclay.  8777. 

Stuffing-boxes.    Crawford.  8898. 

Supplying  of  air  to  furnaces.    Fletcher.  9452. 

Valve  for  internal-combustion  engines.  Tuckfk'kl.  Garland,  and 
Petersen.  9736. 

.\])H;uatns  for  starting  internal-conil)ii8tion  fiigincs.  Mayo. 
10467. 

Strain  engines.    McKay.  11026. 
Ilotai  y  pumps.    Wallis.  11990. 

Apparatus  for  treating  gas  for  purification.  Cliandl^r  S:  Waller. 
12007. 

Starting  of  internal- combustion  engines.    SteplioiKS.  12316. 
Apparatus  for  making  observations  on  the  gas  caps  of  miners' 

safety  lamps.     Wolf  Safety  Lamp  Company,  and  Gremcr. 

12641. 

Point  or  switch-operating  mechanism  for  railways.    Lanco.    131 6G. 
Friction  clutches.    Price.  13362. 
INIotor-vehicles.    Lines.  13598. 

Nozzles  for  welding  burners.    ScliAveiz  Flussiggasfabrik  L.  A\'oli . 

Akt.-Ges.  14622. 
vStoam  generators.    Soloniiac  &  Olier.  14671. 
\\';iter-tube  boilers.    Babcock  &  Wilcox,  Ltd.  15093. 

ring  for  the  transmission  of  rota r y  motion.      Rovce  &  Rolls 

Royce3  Ltd.  15333. 
Cocks  or  valves.    Potter.  15725. 

Method  of  uniting  the  ends  of  rails,  girdei.s.  and  other  parts  of 

iron  and  steel  structures.    Th.  Goldsclnnidt  Akt.-Ges.  16165. 
JNmips.    Drewett.  16608. 

Rotary  engines  and  pumps.    Sandreczki.  173-"i(). 
Fluid- pressure  engines  and  lubricators  therefor.    Justice.    1 7962. 
Rotary  gas  compressors.    Elliott  &  Waller.  18887. 
Valve  devices  for  internal-combustion  engines.    Pollak.  19996. 
Co  in  p  r  esseduai  r  driven  winding,  haulage,  and  like  motors.  Leroyer. 
21694. 

Pipe  joints.    Meyenborg.  21748. 
Means  for  locking  nuts.    MacDonald.  21847. 
Metal-shaping  machines.    Herl)eit  &  Vernon.  220^2. 
Tube  mills.    Fennell.  22059. 

Priming;  (le\icc&  for  centrifugal  pumps.        M a fFei-Sch w a r tz k o j > ft" 

Werke  Ges.  22625. 
Ball  bearings.    Rennorfelt.  22843. 
Furnaces  of  steam  generators.    Schleyder.  23057. 
Apparatus    for    relieving    compression    in     internal  combusition 

engines.    Tisdell  &  New  Hudson  Cycle  Company.  23147. 


Joints  or  couplings  for  connecting  brauch  pipes  to  main  pipes. 

Westphal.  23347. 
Variable-speed  gear  for  motor-road  vehicles.    Doherty  and  D.  H.  K. 

Motor  Cycle  Specialities  Company.  23519. 
Speed-indicating  apparatus.    Faigle.  23942. 
Presses  for  producing  weldless  tubes.    Hydraulik  Ges.  24357. 
Pressure  indicators.    Von  Riegen  &  Lambert.  24568. 
AppliajK-cs  for  coupling  and  uncoupling  railway  trucks.  McEntyre. 

24811. 

Monoplane.    Desaye.  25078. 

Cooling  internal-combustion  engines.    Kilburn.  2.5219. 

Means  for  loosening  tubes  from  mandrels  in  the  manufacture  of 

tubes.    Wefetin.  25905. 
Rotary   slid"   valves   for   internal-combu.stion   engines.  Lentz. 

26286. 

Ball  bearings.    W'or.th  2656G. 
Lift  valves.    Day  &  Windeler.  28150. 
Lifting  jacks,    farpin.  28637. 
Systems  for  starting  engines.    Kettering.  29070. 
Starting  systems  for  internal-combustion   engine.s.  Kottvriii". 
29083. 

1913. 

Heat  insulating  materials.    Arthur.  243. 

Ore-dressing  apparatus.    Velten.  502. 

Systems  for  starting  engines.    Kettering.  504. 

Stabilisators  for  flying  machines.    Greer.  984. 

Machinery  for  grinding  and  polishing  metallic  rings  Sangster. 

1807  and  1808.  . 
Stea in- stee ring  machinery.    P atte rson .    23o 4 . 

Blade  rings  for  radial  flow  turbines.     Aktie^>olaget  Ljungstroms 

Angturbin.  2544. 
.Alothod  of  man ufacturing  blade  rings  for  steam  and  gas  turbines. 

Aktiebol;ijz<'t  ljungstroms  Angturbin.  2o4o. 
Steam  turl)ines.     Aktiebolaget  Ljungstroms  Angturbin.  2U'2'2 

ELECTRICAL,  1911. 

Tioad  equalising  a rrange merits  for  electric  generators.  Marks. 
29178. 

1912. 

Means  for  regulating  dynamos.    Leitnor.  7776. 

T,'k'graphy.    Heurtley.  7786. 

Kloctric  insulators.    Miiller.  7972. 

Dynamos.    Vendervell  &  Midgle.v.  804(1 

Voltage  regulators  for  electric  genrratois.    ()lnistc<l     、n(i 丄 

High-frequency  apparatus.    Dubilier.  819(3. 

Electric  telegraph  transmitting  systems  and  ； ipparatus  tlirrrior 

Raymond  Ba  rker.  8352. 
Automatic  signalling  arrangement  for  electric  niih 、； i、、.  Sainaia. 

10434. 

Electric  control  systems.     British  Thomson-Houston  C'ompanv. 
11466. 

Systems  for  the  electrical  transniission  of  powei*  and  si^nailin^ 

purposes.    Hunter  &  Shand.  13355. 
Armoured  electric  cables.     Callender's  Cable  n n<l  Con.struction 

Company  and  Pipkin.    1 41-37. 
Trolley  heads  for  electric  traction.    Parker  t、'  Smilli.    1  oi)22. 
Automatic  telephone  circuits.    Siemens  Bros.  &  Co. 
Telephone  system.    Baumann.  18676. 
Printing  telegraph  instruments.    Kessels.    2]  :VS2. 
Vapour  electric  apparatus.    Hewitt.  22246. 

Telephone  receivers.    British  L.  M.  Ericsson  Manuiacturing  Coin 

pany,  and  Brookes.  22252. 
Intercommunication  telephone  systems.     13ritish  L.  M    Erir -、 mi'i 

IVlanufa^turing  Company,  and  Brook (^-  2'」'— 'Vi. 
^lethod  of   producing   high-frequency   oscillations.  JhiUpirfh 

22875. 

Electric  switches.    laddie.  24932. 
Telephones.    J<"w"  A:  Pridham.  25896. 

Appliances  for  producing  electric  oscillations.    Krau^r     K>! ，：) 

1913. 

Wireless  telegraph  installations  for  aerial  vessels.  】{ouzet.  947. 

Arrangement  for  the  static  tra nsformation  ot  three-phase  alter 

nating  current  into  one-phase  ^lternatin*:  turreut  having 

treble  the  frequency  of  the  prima ry  current.  Spinclli.  2471. 

Telephone  transmission  circuit.    Egerton.  2749 

Kloctric  inorcuiry  switches.    Gruber.  4297. 


Non-ferrous  Laboratories  at  Sheffield  University. ― The  labora- 
tories of  the  Department  of  Non-ferrous  Metallurgy  at  the 
Sheffield  Applied  Science  Buildings,  are  uow  almost  complete. 
They  will  form  an  important  and  valuable  addition  to  the 
work  of  Sheffield  Uuiverskv.  The  formal  opening  is  to  take 
place  on  Thursday,  May  1st. 
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Restriction  of  Output  and  its  Effect  on  the  Individual. 

Tm':  i'la('iii"  of  orders  for  three  large  British  steamers  witli 
French  linns  at  Dunkirk  lias  raised  a  heated  discussion  in 
the  Press  and  on  the  plntforin.  Certain  newspapers  anrl 
individuals  roundly  assert  thai  tht\se  orders  wtMit  abroad 
because  of  the  attitude  of  British  shipyard  workers  in  resti  i«-t 
ing  the  output  from  British  yards  by  losing  time  and  gene- 
rally by  adopting  the  socalled  ca，  canny,  or  reduced-output 
policy.  The  labour  ]>ress  and  officials  in  return  stoutly  deny 
that  the  British  workman  does  any  sucli  thing,  and  assert 
tliat  the  whole  agitation  is  merely  a  capitalist  cry  to  dis- 
credit the  trade  unions  and  the  wage-earning  classes. 

I"  this  particular  instance  both  sides  have  some  evidence 
wherewith  to  support  their  cases.  On  the  side  of  the  em- 
ployers there  is  evidence  that  certain  sections  of  the  workers 
lose  a  good  deal  of  time  before  breakfast  and  on  Mondavs, 
sonietinies  balancing  this  by  working  overtime.  So  far  as 
the  present  discission  is  concerned,  this  lost  time  seems  mainlv 
confined  to  tlie  shipbuilders ;  the  engineers  and  indoor  men 
giving  little  cause  for  complaint.  On  the  labour  side,  as 
above  remarked,  the  lost  time  seems  sectional  rather  than 
general,  but  the  sections  most  guilty  are  those  which  most 
influence  the  time  required  to  build  a  ship.  The  st ron^r>t 
argument  of  the  labour  man,  however,  is    tlie  undoubted 

t  tfiat  shipbuilding  firms  in  tliis  country  aro  verv  busv 
and  have  very  full  order-books,  in  which  ciiruinsUiices  the 
date  of  coiuj)letion  is  ne<vssarilv  pushed  several  inuulhs 
further  off.  Having  granted  that  the  Britisli  working  man 
is  not  the  impersonatioM  of  laziness  and  ineaiiiiess,  we  mav 
dismiss  the  three  French-built  shij>i>.  There  r'm""is,  how- 
ever, the  whole  question  of  restrirtin^  output,  and  it  is 
desirable  to  face  t  his,  t>m、  of  I  lie  most  j>er|>loxiii»:  juobleuis 
of  modern  industry. 

Restriction  of  output  (loss  exist.  Sometimes  it  takes  the 
form  o(  wi(lesi>roafl  refusal  on  tlio  part-  of  thv  work  men  tu 
put  fort  h  tlieir  Ik、s'  efforts,  or,  as  it  is  often  tmi ,  Uie  men 
t'a'  caiiny.  hi  Amci'i，;i  IIk'v  (all  "  s"l，l"、i"i"',  whirh  is  i^v- 
baps  a  saivaam  un  military  life  iu  that  hustling  laml.  At 
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ot  her  times  lornl  bodies  of  workpeople,  witli  or  wii  hunt  i  lie 
official  support,  oi'  their  unions,  resist  and  hinder  methods  of 
working  wbicti  arc  calciilat '.mI  to  increase  the  output  or  reduce 
the  cost  of  production.  In  mi)\e  cases  these  methods  extend 
over  a  wider  Held  and  a  wliole  union  is  up  in  arms  against 
some  innovation  designed  to  reduce  or  cheapen  labour  costs. 
Every  responsible  works  engineer  is  constantly  coining  across 
instances  <»f  l-cst riclioii  such  as  outlined  above.  Except  in 
the  case  of  the  larger  disj>ute.s  t  \\cy  soldom  come  before  the 
|)ublic,  and  to  a  greater  or  less  extent  are,  iii(l*u、（l，  officially 
condemned  by  the  trade  unions. 

The  secret  causes  of  this  wi(k、sj>r(»a(l  limitation  of  output 
； ire  the  two  nat ural,  and  in  themselves  legitimate,  desires  on 
the  ]>a rt  of  the  workmen  to  avoid  doing  another  】nan  out 
of  his  job,  and  also  to  always  leave  sufficient  work  for  hiiiisolf 
to  do.  Tiir  workman  thinks  that  there  is,  roughly,  only  a 
<-(M't-;iin  ； I uiouiit.  of  work  to  be  flouc.  llem't'  if  anyone  doss 
more  than  his  share  some  one  else  will  be  done  out  of  a  job, 
and  if,  on  the  oilier  hand,  all  alike  speed  up  their  work  they 
will  all  find  themselves  on  short  time  aud  short  pay  to  corre- 
spond. If  this  argument  is  true  the  worker  is  justified  in 
his  rest  r\r\  ive  altitude.  Is  it  wholly  true,  and  if  not  vdiolly 
true,  is  it  partly  true  ？  That  is  the  question,  or  questions, 
to  Avhich  serious  attention  should  be  directed.  If  the  British 
workman  can  be  convinced  that  there  is  plenty  of  work  for 
all,  most  of  the  annoying  and  harmful  interference  and 
antagonism  which  works  managers  suffer  at  the  hands  of  the 
men  will  disappear.  One  may  tackle  the  problem  in  two 
ways :  By  an  appeal  to  history ― that  is,  to  experience ~ or  by 
au  appeal  to  reason  - 

Let  us  consider  the  verdict  of  history.  There  have  b&en 
alternate  periods  of  good  and  bad  trade,  and  will  be  in  the 
future,  but,  speaking  of  the  average  demand  for  labour,  there 
is  certainly  no  sign  of  any  slackening  now  as  compared  with 
25，  50，  or  100  years  ago,  although  in  thesd  intervals  there 
has  b&en  a  rapid  increase  in  the  amount  of  work,  as  measured 
by  production,  which  a  man  can  do.  To  take  a  few  examples  ： 
Screws  were  formerly  made  either  by  hand  or  by  skilled 
artisans  with  a  certain  amount  of  machine  assistance. 
Today  they  are  made  in  vast  quantities  by  automatic 
machinery.  The  demand  for  screws  has  not  stood  still.  On 
the  contrary  it  has  expanded  enormously ,  and,  owing  to  the 
cheapness  wii  h  which  screws  are  now  made,  they  can  be 
used  in  many  cases'  where  formerly  they  were  too  expensive, 
thus  benefiting  other  workers  as  well  as  the  screw-makers. 
No  one,  indeed,  would  suggest  that  labour  would  be  benefited 
if  we  could  go  back  to  the  ancient  methods  of  making  screws. 
An  even  more  striking  example  is  furnished  by  the  printing 
press.  When  books  were  hand-printed  or  written  and  hand- 
made they  were  the  treasures  of  the  very  rich.  Only  when 
the  letters  were  reproduced  mechanically  by  type  did  the 
blessings  of  books  come  within  reach  of  even  the  middle 
classes.  Further  and  more  recent  improvements  in  the 
printing  and  making-up  of  books  have  placed  almost  all 
litt'raliu-e,  1  cclinical  and  otherwise,  within  reach  of  the  work- 
ing-man. One  man  can  produce  many  times  as  much 
printed  matter  as  formerly.  Yet  the  demand  for  printers 
has  increased,  and  we  are  】iot  in  sight  of  the  end  of  the 
increasing  demand  for  literature. 

Leaving  individual  examples  and  surveying  the  field  of 
industry  as  a  whole,  the  average  proportion  of  unemployed 
is  not  increasing.  Of  that  there  is  no  room  to  doubt  ；  the 
evidence  is  too  complete.  And  yet  the  individual  is  today 
producing 励 iv  than  ever  in  the  past.  Why,  then,  should 
、ve  imagine  that  further  increases  iu  producing  power  will 
i、、（lii('e  the  demand  for  labour?    Tlie  verdict  of  history  being 


miinistakablv  against  tlie  assertion  that  increase  in  produc- 
tivity and  industrial  efficiency  will  make  for  uiicmployiaent, 
lei  us  icvif'w  tli"  \o^\c  of  1  Ik1  ar^unu'iits  on  both  sides. 

Why  should  1  Inire  be  a  limit  to  the  amount  of  work  "> 
l>t>  done  in  the  world  ？  Work  is  necessary  just  iit  proportion 
to  the  demands  of  people,  rich  and  poor  included,  for  food, 
clotliing,  travel,  reading,  amusements,  and  all  other  things 
which  cost  money.  Has  the  world  enough  of  all  these  things, 
or  even  of  any  one  of  them  ？  There  can  certainly  be  only 
one  reply.  Some  of  us  have  enough  food,  altliougli  most  of 
us  would  like  better  food ― that  js,  food  which  requires  more 
labour  of  one  sort  and  another  to  produce.  The  same 
applies  to  clothing,  although  there  are  many  people  who 
would  be  glad  of  more  of  both  food  and  clothing,  apart 
aliogel he r  from  any  improvement  in  its  quality.  If  we  turn 
to  the  】ess  immediately  urgent  necessaries  of  life,  we  none  of 
us  are  satisfied,  but  are  all  insistently  seeking  for  inor*:. 
A  New  Englander  put  the  whole  matter  concisely  when  he 
said  that  he  had  twice  the  income  of  his  father,  but  20  t imcs 
his  wants.  This,  indeed,  is  the  conclusion  of  sociologists 
and  politicians  of  all  opinions  :  That  the  demand  of  the  people 
for  the  things  which  cost  money  is  increasing  more  rapidly 
than  the  incomes  out  of  which  the  purchases  have  to  be  made. 

In  fact,  the  problem  of  the  future  is  not  to  find  markets 
for  the  swelling  outputs  of  our  fields,  factories,  and  mines, 
but  to  curb  the  demands  of  the  people  within  the  limits 
which  can  be  supplied.  We  need  not  fear  that  we  shall  '  do 
another  man  out  of  his  job,"  but  unless  we  strenuously 
increase  industrial  efficiency  by  reducing  labour  costs  we  shall 
certainly  narrow  and  stunt  the  lives  of  th©  people,  particu- 
larly the  poorer  classes.  They  are  the  chief  sufferers  from 
the  warm-hearted  but  mistaken  ca'  canny  policy. 

One  other  point  should  be  touched  upon.  Trade  is  not 
always  good.  Industry  is  built  up  on  human  understandings. 
Often  these  go  astray.  One  section  over-estimates  the 
demand  of  humanity  for  its  products  and  there  comes  a 
.slump.  The  people  do  not  buy  and  the  workers  go  short  in 
wages.  Or，  again,  misunderstanding,  coupled  perhaps  with 
dishonesty  in  places,  leads  to  an  industrial  mistake  or  mis- 
calculation. Confidence,  the  cement  of  all  human  relation- 
ship, is  shaken  and  there  is  a  lull  in  new  enterprises  ；  perhaps 
even  a  panic.  Or,  again,  it  occasionally  happens ― although 
more  rarely  than  most  people  think ― that  a  change  iu 
industry  comes  suddenly  and  displaces  labour.  Except  for  a 
few  old  or  unfortunate  ones,  such  displacement  is  only  tem- 
porary. It  is  none  the  less  painful  on  that  account,  and 
demands  the  earnest  attention  of  sociologists  ；  but  it  must  not 
be  allowed  to  obscure  the  urgent  need  of  the  whole  people, 
but  more  particularly  the  poorer  classes,  for  a  higher  stan- 
dard of  living  ；  and  this  cau  only  be  secured  by  a  steady  and 
persistent  speeding  up  and  increase  iu  the  efficiency  of  the 
industrial  machine.    More,  ever  niore，  is  the  great  need. 


Death  of  the  Inventor  of  Interlocking  Railway   Points. ― Mr. 

John  Saxeby,  inventor  of  interlocking  railway  points  and 
signals,  died  last  week  at  Hassocks,  near  Harvard  s  H  eat  Ik 
at  the  age  of  91.  He  was  born  at  Brighton  in  very  humble 
circumstances.  For  over  22  years  he  worked  for  the  Brighton 
K  ail  way  Company,  and  brought  out  a  signalling  lamp  which 
gave  twice  the  light  of  those  in  use.-  For  this  the  company 
gave  him  £50.  Fame  aud  a  fortune  of  £200,000  came  to 
him  through  his  invention  of  interlocking  railway  points  aud 
signals.  Prior  to  this  invention  many  accidents  were  due  to 
the  changing  of  points  while  a  train  was  ]>assing  over  them, 
but  with  Mr.  Saxeby 's  invention  there  raine  into  existence 
a  mechanical  reciprocating  coinniunifation  and  action  bet  ween 
all  the  points  and  signals  at  a  railway  station.  The  first 
signal  of  the  type  was  erected  at  Key  hum*  Junction,  nea  r 
Hayward's  Heath.  Mr.  Saxeby  started  in  business,  and  as 
railways  rapidly  recognised  the  value  of  his  invention  he 
ultiinatelv  employed  some  3,000  bauds. 
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QUADRUPLE  SCREW  TURBINE-DRIVEN  ALLAN   LINER  "  CALGARIAN." 


Built  by  Thk  Fair kikld  Sim'iii  iu'iv:  \\h  I-aoinkkrinc  ('。.，  Lik,  (:', 


Thj:  launch  of  the  "  Calgarian,"  the  latest  addition  to  the 
large  ileet  of  the  Allan  Line,  took  place  on  Saturday,  April 
19th,  from  ih©  yard  of  the  Fairfield  Shipbuilding  and 
Engineering  Company.  She  is  sister  ship  to  the  "  Alsatian,'' 
launched  a  few  weeks  ago  on  the  Clyde,  and  will  share  with 
that  v&ssel  the  distinction  of  being  the  largest  and  most 
magnificently  appointed  liner  in  the  Canadian  trade.  It  is 
peculiarly  fitting  that  this  should  be  the  case,  for  the  Allans 
pioneered  this  trade,  having  sailed  the  first  craft,  the 
brigantine  u  Jean/'  of  169  tons,  from  Glasgow  to  Quebec,  as 
far  back  as  June,  1819.  From  that  early  and  auspicious,  if 
comparatively  insignificant,  beginning  has  been  built  up  a  fleet 
and  a  reputation  that  might  well  be  envied.  Not  only  has  the 
flag  been  carried  by  progressive  steps  from  a  craft  of  less  than 
200  tons  to  one  of  more  ihan  ten  times  lier  size,  but  it  has 
floated  over  epoch-making  ships  representative  of  some  of  the 
most  important  changes  ihafc  have  taken  place  in  the  history 
O'f  tlie  world's  mercantile  marine.  The  first  steamship  to 
engage  in  this  trade  to  carry  out  the  first  mail  contract  entered 
into  by  Canada  was  the  "  Canadian,"  built  in  1853，  and  this 
contract  has  bee-n  enirusied  bo  Allans  ever  since.  The  total 
fleet,  of  the  Allan  Line  registers  materially  over  200,000  tons 
to-day. 

The  new  ship,  together  with  the  "Alsatian,"  will  be 
employed  in  the  main  mail  service  between  Liverpool  and  tlie 
St.  Lawrence.  She  is  externally  exactly  like  the  Alsatian," 
excepting  tlie  decorations  of  the  passengers'  quarters.  The 
" Calgarian  "  is  a  four-screw  vessel,  590ft>.  in  length,  70ft.  in 
beam,  and  54ft.  deep  to  the  bridge  deck,  of  a  gross  tonnage  of 
about  18,500，  and  a  speed  at  sea  of  18  knots.  Special  con- 
sideration has  been  given  to  the  question  of  subdivision,  and 
so  numerous  are  the  water-tight  bulkheads  and  decks  that, 
under  ordinary  circumstances,  any  four  compartment's  could 
be  thrown  open  to  the  sea  without  serious  risk  of  foundering. 
The  bulkheads  in  the  engine  and  boiler  spaces  have  doorways 
through  them  for  ease  of  communication  and  to  facilitate 
control  ；  each  o'f  these  openings  is  fitted  with  a  "  Stone-Lloyd  " 
door,  which  clo&es  automatically  in  case  of  flooding  of  the 
adjoining  compartments ;  they  can  also  be  closed  from  the 
bridge  by  tlie  offio&r  in  charge.  The  large  measure  of  safety 
thus  secured  is  added  to  by  the  provision  of  a  double  bottom 
extending  well  up  the  bilge.  In  case  of  ultimate  necessity, 
liowever,  there  is  a  full  provision  of  boats  for  all,  together 
with  a  life  jacket  for  every  person  on  board.  Like  the 
Canadian  Pacific  liner  "  Empress  of  Russia,"  at  present  on 
her  maiden  voyage  to  Vancouver,  the  new  vessel  has  a  straight 


stem  and  a  cruiser  sterfi,  with  an  overhung  and  submerged 
rudder.  This  form  of  stern  was  severely  tested  during  the 
official  trials  of  the  "  Empress  of  Russia  '*  and  earned 
unqualified  approval  on  account  of  its  excellent  qualities  as 
regards  freedom  from  vibration,  steadiness  and  ease  of  steer- 
ing, and  efficiency  of  propulsion.  In  addition  to  the  usual 
light  and  sound  signals  and  a  powerful  installation  of  wireless 
telegraphy,  the  "  Calgarian 1J  is  provided  with  a  submarine 
signalling  apparatus  which  enables  the  ship  to  ascertain  the 
relative  position  of  any  ship  or  station  similarly  equipped, 
even  when  invisible  on  account  of  fog  or  other  cause. 

In  order  to  provide  the  power  necessary  for  lighting,  heat- 
ing, ventilating,  cooking,  working  forc&d  draught  fans,  lifts, 
hoists,  and  all  the  miscellaneous  services  now  required,  three 
turbo-driven  generating  sets  are  fitted,  each  of  250  kw. 
capacity  ；  and  as  a  stand-by  in  case  of  a  complete  break-i<>u  u 
of  tlie  main  plant,  an  18  kw.  turbine^cl riven  generating  set  is 
installed  on  deck,  well  above  the  water  line.  A  refrigerating 
plant  of  large  capacity  is  provided,  which  supplies  the  large 
cargo  chambers  as  well  as  the  ship's  cold  stores. 

The  propelling  machinery  consists  of  four  turbines  of  tlie 
Parsons  type,  embodying1  the  most  recent  improvements  in 
design  and  construction  to  ensure  tlie  maximum  economy  in 
fuel  consumption,  and  resembling  in  this  respect  the  '•  Empress 
of  Russia  "  and  the  "  Empress  of  Asia,"  recently  construct  *•-! 
by  the  same  builders.  The  pert  wing  shaft  is  driven  by  a 
high-pressure  turbine  exhausting  into  an  intermediate- 
pressure  turbine  driving  the  starboard  wing  shaft.  The  two 
inner  shafts  are  each  driven  by  a  low-pressure  turbine  whicli 
has  a  powerful  astern  turbine  incc rporated  in  tlie  same  casing. 
For  manoeuvring  when  entering  or  leaving  harbours, 
independent  liigh- pressure  steam  connections  are  provided  on 
each  low-pressure  ahead  turbine.  There  is  also  an 
independent  high-pressure  steam  connection  to  the  inter- 
mediate-pressure turbine  winch,  combined  with  a  suitable 
arrangement  of  valves,  enables  the  high-pressure  turbine  to 
be  cut  out,  or  should  the  intermediate-pressure  turbine  be  out 
of  action,  the  high-pressure  turbine  can  exhaust  direct  into 
one  or  other  or  both  of  the  low-pressure  turbines. 

The  whole  of  the  main  propelling  and  auxiliary  machinery 
is  situated  in  one  water-tight  compartment.  The  condensing 
plant  ensures  the  maintenance  of  the  high  vacuum  esseDtial 
for  economy  with  turbine  machinery.  It  consists  of  two  con- 
densers of  tlie  Weir  uniflux  type,  four  circulating  pumps  of 
large  capacity,  and  two  Dual  type  wet  and  dry  air  pumps. 
The  circulating  pumps  and  air  pumps  form  two  distinct  and 
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separate  sets,  each  set  working  in  conjunction  with  one  con- 
denser, and  iiulei)€ncl«!it  of  other,  but  are  so  arranged 
with  suitable  cross  connections  that  either  set  of  pumps  can,  if 
required,  work  in  conjunction  with  hoi li  condensers.  The 
installation  of  auxiliary  marliiiicry  is  ex (屮 p"'>iially  large,  and 
it  also  has  be'en  designed  to  smin'  i  lie  ^rcat est  economy  in 
fuel  consumption  witli  convenience  in  working.  The  feed- 
water  system  for  the  bailers  comprises  two  twin  filters  of  the 
gravitation  type,  through  which  the  water  from  the  air  pumps 
is  discharged  on  its  way  to  t  he  tanks  ；  four  i.t'"(l  pumps 
discharge  through  a  surface  f&&d- water  heater  direct  to  tlie 
boilers.  The  feed-water  is  heated  by  the  exhaust  steam  from 
the  auxiliary  machinery,  the  waste  steam  from  ship's  heating 
and  drainage  systems  and  from  steam  pipes  throughout  th-e 
ship.  Tliis  system,  th^  result  of  careful  (")nsi 山' ration,  will 
ensure  that  all  waste  heat  frorn  the  auxiliary  steam  and 
exhaust  systems  is  utilised  in  livat  ini^  the  feed-water  inst  -a*! 
of  being  carried  away  by  the  circulating  water  from  t  he 
condensers. 

For  harbour  use,  a  separate  auxiliary  cundensor  with 
circulating  pump,  air  punip,  t'eed  filter,  and  feed  pump  is 
fitted  to  admit  of  the  corresponding  auxiliary  uiacliinery  u&ed 
on  service  being  opened  out  for  cleaning  and  examinaliuTi. 
All  bearings  for  the  turbine  and  line  shafting  are  connected 
to  the  forced-lubrication  system  and  tlie  supply  is  maintained 
by  four  large  pumps  which  discharge  the  oil  through  special 
coolers  before  entering  the  bearings.  Separate  pumps  are 
fitted  for  circulating  cold  sea  water  tlirougli  the  oil  ('imli'is. 
The  pumps  for  ship's  us©  include  general  service  ])iun])s, 
sanitary  hot.  and  cold  water  pumps,  bilge'  pumps,  fresh  water 
pumps,  ballast  pumps,  and  two  Stone- Lloyd  pumps  for  tlie 
water-tight  door  hydraulic  closing  gear.  The  distilling  machi- 
nery is  also  situated  in  the  main  machinery  compartinent  ajul 
consists  of  two  large  evaporators,  and  four  fresh  water  dis- 
tillers with  the  necessary  indejiendent  pumps. 

Steam  is  generated  in  six  large'  double-ended  and  four 
single-ended  boilers  situated  in  two  separate  compartments 
and  working  under  the  Howden  system  of  forced  draught. 
The  air  supply  is  maintained  by  an  installation  of  electrically- 
driven  fans.  In  order  to  overcome  the  rapid  deterioration 
which  frequently  takes  placei  between  the  time  of  lighting  the 
fires  and  the  raising  of  steam,  owing  to  tliei  unequal  expansion 
of  the  internal  and  external  parts  of  the'  boiler,  a  special 
device  of  the  Allan  Line  Company's  superintendent  engineer's 
has  been  fitted,  which,  by  causing  a  continuous  circulation  of 
the  water,  ensures  a  uniform  temperature  throughout  the 
boiler.  For  dealing  with  the  ashes  at  sea,  See's  ash  ejectors 
are  fitted  in  each  stokehold,  and  in  each  boiler  compartment-  a 
specially  designed  ash  ejector  pump  for  supplying  the  water 
under  pressure  to  the  ejectors  is  fitted.  Two  Crompton's  silent 
ash  hoists  are  also  fitted  in  each  boiler  compartment  for 
harbour  service,  in  order  bo  avoid  the  noise  which  is  frequently 
objected  to  when  ash-hoisting  machinery  i&  used  in  the  vicinity 
of  the  passengers'  quarters. 

The  total  complement  of  the  "  Calgarian  '，  is  about  2,100 
persons,  of  whom  about  200  are'  first  class,  450  second,  and 
1 ,000  third-class  passengers,  the  crew  luunbering  som&  450. 


SELF-SYNCHRONISING  MACHINES. 


Launch  of  the  Cruiser  "  Nottingham." ― The  light  cruiser 
" Nottingham/'  the  13th  vessel  of  the  "  City  ，'  class  to  be  put 
afloat  for  the  British  Navy,  was  launched  at  Pembroke  Dock- 
yard on  the  18th  ult.  Her  first  ke&l-plate  was  laid  on  June 
13th,  1912，  and  she'  is  expected  to  be  completed  in  March, 
1914.  Her  principal  dimensions  are  ：  Length,  430ft. ； 
extreme  breadth,  49ft.  lOin.  ；  mean  load  draught,  15ft. 
lOin.  ；  and  displacement,  5,400  tons.  The  vessel  will  be  pro- 
tected by  side  armour  consisting  of  an  outer  belt  of  nickel 
steel  and  an  inner  belt  of  high-tensile  steel,  of  a  maximum 
thickness  of  3in.  The  propelling  machinery,  which  is  being 
constructed  by  Messrs.  Hawthorn,  Leslie,  &  0o.，  of  Newcastle, 
will  consist  of  twin  turbines,  developing  25，000h.p.，  giving 
the  vessel  a  speed  of  25'5  knots.  There  will  be  12  Yarrow 
water-tube  boilers,  four  in  each  of  three  stokeholds.  In 
addition  to  coal  bunkers  with  a  maximum  capacity  of  650 
tons,  she  will  have  accommodation  for  oil  fuel.  The  main 
armament  will  include  nine  6in.、guns，  or  one  more  than  in 
the  Chatham  class  of  the  previous  year's  programme,  and 
there  will  also  be  two  21in.  torpedo  tubes.  The  complement 
will  nunibe]-  400  officers  and  m^n. 


{Concluded  from  page  430.) 

SeLK-STAJ{TIN (；  liOTARV  CONVKHTEHB. 

Rotary  converters  are  frequent  lv  st  arU^l,  like  squirrel-cage 
niotors,  from  low- volt;' 仁 m'  t  ajjpni^s  on  t  he  transformers.  In 
general,  the  procedure  is  the  same  as  that  described  for 
synchronous  motors,  but  there  are  two  or  three  aggravating 
conditions.  There  is  a  commutator  with  hnislies  always 
sliort-circuiting  a  certain  part  of  the  armature  winding,  and 
the  field  winding  is  not  excited  from  an  outside  source,  but 
generally  I'rom  the  continuous-current  brushes  of  the  rot  ary 
converter.  Connnutatiii^  poles  are  frequently  added,  wiiicli 
fill  part  of  tlie  space  ln*t  ween  the  main  poles,  t  lieir  tips  not 
being  fitted  wilh  dampers  like  the  tips  of  the  main  poles. 

The  short  -circuiting  of  one  part  of  the  armature  winding 
will  naturally  reduce  the  torque  for  a  given  starting  current , 
or  will  increase  the  starting  current  required  for  a  given 
torque.    It  also  causes  sparking  during  the  starting  period. 


H't'h  Lension  supply 


tension 


應  Sm^le-phase 
""'I       rotary  converter 


VolCrretei 


Fig.  8.— Diagram  of  Connections  of  Self  -synchronising  Singi.e-phase  Rotary 
Converter  with  Starting  Motou. 

If  we  assume  a  distance  of  lOin.  from  brush  arm  to  arm  and 
a  brush  thickness  of  lin. — a  ratio  which  from  the  point  of 
view  of  commutation  might  be  quite  permissible ~ we  wouJd 
have  practically  one-tenth  part  of  the  pole  arc  of  the 
armature  winding  short-circuited  under  the  brushes.  In  a 
600-volt  continuous-current  machine  (425  volts  diametrical 
alternating-current  voltage)  which  is  started  witli  one-third 
to  half  of  full  voltage,  windings  with  an  electromotive  force 
of  14  to  21  volts  alternating  current  would  be  short-circuited 
by  the  brushes  if  the  voltage  was  evenly  divided  around  the 
armature.  In  a  machine  without  interpoles,  the  "  short- 
circuited  voltage  "  is  lower,  but  in  a  machine  with  interpoles 
it  will  be  even  higher  than  the  above-mentioned  value.  It  is 
an  alternating-current  voltage  of  full  frequency  at  first,  and 
later  on  of  reduced  frequency.  Designers  of  alternating- 
current,  commutator  motors  know  that  even  with  a  consider- 
ably lower  voltage  than  15  to  20  volts  under  the  brushes  it  is 
necessary  to  use  resistance  leads  in  order  to  prevent  violent 
sparking  at  the  brushes,  and  that  the  brushes  are  generally 
reduced  in  thickness  as  mtich  as  possible  in  order  to  reduce 
the  voltage  under  the  brushes  to  a  far  lower  value.  Natu- 
rally, also,  the  brushes  of  rotary  converters  which  are  started 
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in  this  way  aro  very  liable  to  spark ,  and  ii  is  ncco-sary  to 
tv(lure  t  Ite  rat  io  bet  ween  llic  l>ruslt  t  Ii  ick  ncss  and  ( lir  disl  am-(\ 
of  brush  arms  to  a  considci'ablv  lower  value  t  lian  won h I  l>c 
retjuirod  to  ol>tain  ^ood  commul  at  ion  wIkmi  working  w i 1 1 1  rm 卜 
tinuous  curreni  on  I  \\v  conimut  ator.  Tlie  most  violent  spark- 
ing occurs  as  a  rule  when  approadiiiig  syiiclironistn .  Tiio 
armature  then  tries  to  hang  on  first  to  one  pole  until  it 
to  t he  fringe  of  the  field,  and  tlien  jumps  in  a  jerk  to  the 
other  pole.  This  jerk  means  magnet  "'； ill v  t  hai  one  pole, 
vvliicli  u[)  to  tlien  was  excitetl  from  the  armature  in  oiw 
tlirection,  is  suddenly  reversed.  The  roils  which  aro  short  - 
cii'cuited  throii^li  ilie  brushes  are  traversed  hv  the  whole 
rna^iietic  llux  flowing  from  one  pole  to  another,  and  the 
sudden  reversal  causes  a  heavy  electromotive  force  in  t  lie 
sliort-circuited  winding,  as  the  electromotive  force  is  jiro- 
port ional  to  the  momentarv  change  in  flux  (di IVerent i;i I  v;i lut* 
of  ilux  time). 

It  is  not  permissible  to  fit  clampers  on  the  tips  of  tlie  oom- 
mutat in*^  poles  as  is  done  on  the  main  jjoIps.  \VIkmi  working 
in  regular  service  with  continuous  current,  the  commutating 
pole  should  vary  its  llux  as  quickly  as  possible  with  1  lie 
changes  in  the  line  current  to  provide  t  \iv  proper  comrnutal  - 
ing  field  for  every  monieutary  value  of  t  he  armature  current . 
1  i'  a  damper  were  fitted  t(j  t he  pole-tip  this  would  prevent 
smldon  cluui^es  o I'  the  flux,  and  would  make  the  connnutat in^ 
pole  sluggish,  and  the  machine  would  therefore  have  a 
tendency  to  flasli-over  with  sudden  changes  of  load.  We 
now  during  the  starting  period  a  certain  current  ilowing 
through  all  turns  of  the  armature  winding.  Under  the  main 
poles  the  magnetising  action  of  the  armature  current  is 
counteracted  by  the  opposed  induced  currents  in  the  damper. 
Under  the  commutating  poles  there  is  no  damper  and  no 
counteraction.  The  field  density  under  the  commutating 
pale  would  therefore  be  far  greater  than  the  field  density 
under  the  main  poles.  An  iiuluct  ion  motor  with  complete 
squirrel -cage  secondary  shows  no  tendency  to  run  at  half 
speed .  A  single  axis  secondary  winding,  however,  shows  a  dis- 
tinct tendency.  A  secondary  winding  which  is  only  confineil 
to  a  distinct  part  of  each  pole  arc,  and  allows  a  strong  field  to 
l>e  established  in  other  parts  of  the  arc  of  the  secondary,  will 
have  the  same  influence.  Tlie  machine,  running  at  half- 
speed,  will  induce  in  the  secondary  a  half -frequency  oscil- 
lat in^  field,  which,  replaced  by  two  opposed  rotating  fields  of 
half-frequency,  explains  the  possibility  of  the  machine 
remaining  stationary  at  half-speed,  or  the  distinct  reduction 
of  the  torque  at  this  speed.  In  order  to  prevent  this  it  is 
necessary  to  provide  during  starting  a  damping  winding  on 
th©  commutating  poles,  and  this  is  achieved  in  the  simplest 
way  by  short-circuiting  the  commutating  pole  winding  during 
starting  and  opening  the  short-circuit  before  switching  the 
machine  on  to  the  continuous-current  mains. 

A  rotary  converter  started  from  low-voltage  tappings 
requires  considerably  more  than  full-load  armature  current, 
even  if  barring  gear  is  provided  to  take  care  of  the  initial 
starting  friction,  or  if  ball  bearings  are  used.  For  the  line 
this  may  represent  only  part  of  the  full-load  current,  due  to 
the  reduction  in  the  transformer  ；  but  in  the  rotary  it  will 
generally  cause  the  extinction  of  the  residual  magnetism  of 
the  poles,  and  when  the  machine  locks  into  syucliroiiism  it 
may  show  either  the  right  or  wrong  polarity.  Therefore  pole- 
changing  devices  are  always  provided  for  rot  aries  started  in 
this  way,  which,  if  the  wrong  polarity  is  obtained,  give  an 
opportunity  of  making  the  machine  slip  one  pole  and  obtain 
the  proper  polarity. 

The  sparking  on  the  bruslies  is  as  a  rule  llio  more  objec- 
tionable the  higher  the  output  and  the  frequency  of  the 
rotary,  and  it  would  of  course  be  more  objectionable  with 
higlier  voltages  if  brushes  of  the  same  thickness  were  used  as 
with  lower  voltage.  If  the  sparking  is  not  too  violent,  and 
it  tlie  rotary  is  only  rarely  started,  say,  once  a  week,  or  once 
<i  clay,  the  polish  of  the  commutator  and  brushes,  which  is 
spoilt  to  a  certain  degree  during  starting,  will  again  be  estab- 
lished during  ordinary  working  with  continuous  current,  and 
therefore  this  method  has  been  adopted  by  many  makers  as 
standard  for  certain  sizes.  For  large  sizes,  however,  eitlier 
outside  synchronising  devices  are  adhered  to,  starting  being 
ejected  either  from  the  continuous-current  side  or  l)v  mean^ 
of  a  starting  motor,  or  brush-lifting  devices  are  introduced  to 
overcome  the  sparking.  As  a  rule  only  one  positive  and  one 
negative  brush  are  left  on  the  commutator  so  as  to  enable  the 
operator  to  recognise   the  polarity  to  wliii-li   the  machine 


"x(  hes  itself,  and  to  diani/f  it  hy  | "山 '-slipping  it'  ii^-essarv. 

A   brush-lifting   device    used   with    multipolar  iiiaclunes 
with  many  hruslios  ]>cr  arm   r,'|,r'*、M，ts  ； i  great 
coiiiplicai  ion 

Self-synchronibing  Uhino  a  Starting  Motoh. 
A  new  metliod  introducer  I  t>y  llio  author  allows  Belf- 
synchronisiji^  of  the  rotary  converter  witli  small  armature 
current,  prevents  sparking  on  the  brushes,  and  prevents  the 
reversal  of  the  field  of  the  rotary  converter.  A  «tart"ig 
motor  is  coimected  in  series  witli  the  slip-rings  of  the  rot-irv 
converter.  As  a  starting  motor,  an  ordinary  squirrel-ca^(? 
jKjlyphase  motor  is  nearly  always  used,  but  tlie  ex|'l;""t"'"i 
of  the  rnetliod  is  perhaps  simplest  by  assuming  a  single^pl"'t", 
rotary  converter  and  a  sin^le-pl»ase  commutator  motor  for 
starting  (as  in  Fig.  8).  There  are  no  starting  tappings  on  the 
main  transformer.  One  low-voltage  terminal,  B,  of  the 
Iransformer  is  connected  direct  to  one  slip-ring,  B,  of  the 
rciary  comv&rtier,  while  ilie  other  terminal,  A,  lias  a  si  rai^lit 
connection  through  a  sin^Ie-])ol©  main  switch,  and  another 
connection  if  the  main  switx*^  is  open  tlnough  the  single-pha.se 
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Fio.  9.— Diagram  of  Connections  op  SELF-SYNriiRoNisiNG  Thbee-phask  Rotary 

CONVEUTElt  WITH  STARTING  MOTOR, 

starting  motor.  A  small  switch  is  shown  in  series  with  the 
single-phase  motor,  but  is  not  essential. 

If  the  high-tension  switch  of  the  transformer  and  the 
switch  of  the  starting  motor  are  closed,  the  main  low-tension 
switch  being  open,  the  current  will  flow  through  the  starting 
motor  into  the  rotary  converter.  The  starting  motor  limits 
the  current  to  a  fraction  of  tlie  full-load  current  of  the  rotary. 
The  rotary  armature  represents  very  little  impedance. 
Assuming,  for  instance,  that  for  full-load  current  in  the 
rotary  the  voltage  across  the  slip-rings  would  be  20  per  cent, 
of  the  normal  voltage,  then,  if  the  starting  motor  is  designed 
so  as  only  to  allow  30  per  cent,  of  full -load  current  to  pass 
through  the  rotary,  the  voltage  on  the  slip-rings  will  be 
reduced  to  6  per  cent,  of  the  full-load  voltage.  The  starting 
motor  takes  practically  the  full  voltage  of  the  transformer 
terminals,  and  as  with  a  properly  designed  rotor  this  current 
of  30  per  cent .  can  produce  a  very  good  torque  which  is  far  in 
excess  of  the  starting  friction,  it  will,  without  any  barring, 
start  and  bring  the  rotary  up  to  speed  very  quickly.  A 
current  of  this  value  is，  as  experience  lias  shown,  not  sufficient 
to  destroy  the  residual  magnetism  of  the  rotary  converter. 
The  field  circuit  of  the  rotary  converter  remains  connected 
across  the  continuous-current  brushes,  and  tlie  rheostat  is  pre- 
ferably put  into  such  a  position  as  to  reduce  the  inserted 
resistance  slightly  below  the  value  required  for  normal 
no-load  excitation,  as  is  done  for  instance  with  ordinary 
continuous-current  sluuit-wouinl  maoliines  in  order  to  allow 
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quick  excitation.  As  soon  as  it  approaches  synchronism, 
the  machine  will  therefore  readily  excite  itself  like  any  other 
continuous-current  machine.  This  gives  on  the  slip-rings  an 
alternating  current  of  a  frequency  which  at  first  is  slightly 
(JjUVrent  from  the  transformer  frequency. 

Assuming  that  the  rotary  has  excited  itself  to  full  voltage, 
then  immediately  before  slipping  into  synchronism  the  voltage 
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-Diagram  of  Connections  of  Selp-synchuonising  Six-phase  Hotary 
convellter  with  starting  motor. 


on  the  starting  motor  will  vary  from  zero  to  double  slip-ring 
voltage,  and  as  the  current  flowing  through  the  starting  motor 
has,  of  course,  some  influence  on  the  rotary  converter ,  the 
continuous-current  voltmeter  will  show  violent  fluctuations. 
Immediately  the  rotary  h as  slipped  into  synchronism,  this 
voltmeter  will  be  steady  ；  the  voltage  can  then  be  adjusted, 
and  the  main  single- pole  switch  which  short-circuits  the 
starting  motor  can  be  closed.  The  rotary  would  be  in 
synchronism  before  the  switch  was  closed,  and  being  excited 
to  full  voltage  the  closing  of  the  switch  caus&s  neither  a  heavy 
rush  of  current  nor  any  sparking  at  the  commutator.  Across 
the  main  low -tension  switch  an  indicating  lamp  can  be  fitted 
as  shown  in  Fig.  8.  This  lamp  will  flicker  before'  synchronism 
is  reached,  and  will  be  dark  after  the  rotary  has  slipped  into 
synchronism.  Attendants  who  are  used  to  the  old  method 
of  synchronising  become  more  easily  accustomed  to  the  new 
method  if  they  see  the  working  of  the  indicating  lamp.  In 
general,  however,  the  continuous-current  voltmeter  gives  full 
indication  of  synchronism.  It  is  quite  easy  to  understand 
that,  with  a  starting  current  as  mentioned,  no  reversal  of  the 
field  polarity  takes  place  ；  while  with  "  self-starting  ，，  rotaries 
this  occurs  frequently. 

A  moderately  saturated  continuous  or  alternating-current 
machine  will  show,  unexcited,  a  voltage,  clue  to  residual 
magnetism,  of  approximately  1  to  2  per  c&nt.  of  full  voltage. 
The  field  can  be  considered  as  the  seat  of  a  ftiagneto- motive 
force  nearly  equal  to  1  or  2  per  cent,  of  the  field  ampere-turns 
which  are  required  to  send  the  full  voltage  flux  through  the 
field,  air  gap,  and  armature.  If  we  impress  on  th&  slip-rings 
of  a  self-starting  rotary  converter  an  alternating-current 
voltage  equal  to  33  or  50  per  cent,  of  full  voltage,  we  create 
a  flux  of  33  or  50  per  cent,  and  excite  the  machine  from  the 
armature  with  a  number  of  ampere^tums  slightly  less  than 
33  or  50  p&r  cent,  of  the  normal  field  ampere-turns.  About 
nine-tenths  of  this  magneto-motiv&  force  will  be  absorbed  in 
the  air  gap  and  the  iron  of  the  armature.  One-tenth  of  it, 
viz. ,  about  3  to  5  per  cent,  of  the  normal  field  ampere-turns, 
is  consumed  in  the  field  iron .    The  coercive  force  of  the  field 


is  smaller,  viz.,  1  to  2  per  cent.,  and  therefore  the  magnetism 
of  each  pole  will  be  reversed  every  time  the  rotary  "  slips  a 
pole."  If,  on  the  other  hand,  a  series-connected  starting 
motor  limits  the  voltage  impressed  on  the  rotary  slip-rings  to 
6  per  cent.,  the  magneto-motive  force  impressed  on  the  field 
is  only  about  \  per  cent,  of  the  normal  field  ampere-turns, 
and  is  not  able  to  reverse  the  residual  magnetism,  which 
represents  nearly  1  to  2  per  cent. 

Fig.  9  shows  the  self-synchronising  arrangement  for  a 
3 -phase  rotary  converter  in  series  with  a  3-phase  squirrel-cage 
motor.  No  indicating  lamp  is  here  shown.  Fig.  10  shows 
the  connections  for  a  6-phase  rotary  converter.  By  using  a 
slip-ring  motor  the  starting  current  could  be  kept  even  lower 
than  30  per  cent.  ；  and  the  impedance  of  the  starting  motor 
cauld  be  reduced,  when  the  rotary  is  in  synchronism,  by  short- 
circuiting  the  rotor  of  the  starting  motor.  The  simple 
squirrel-cage  rotor,  however,  is  preferred  in  most  cases.  In 
Figs.  8，  9，  and  10  a  single-pole  field  switch  with  discharge 
resistance  is  used.  It  is  possible  to  keep  the  field  switch  open 
during  starting,  which  will  allow  the  rotary  to  approach 
synchronism  in  an  even  shorter  time  than  with  a  closed  field 
switch.  When  the  rotary  passes  through  synchronism,  one 
can  observe  on  the  continuous-current  voltmeter,  which  is 
shown  in  Figs.  9  and  10  as  a  central  zero  voltmeter,  one 
oscillation  from  a  small  positive  bo  a  small  negative  value,  or 
vice  versa,  for  every  slipping  of  one  pole.  By  putting  tliis 
field  switch  in  at  the  moment  of  proper  voltage  indication,  the 
machine  will  build  up  immediately  to  full  voltage,  and  remain 
in  synchronism. 

With  starting  motors,  allowing  approximately  30  per  cent, 
of  full-load  current,  the  whole  starting  and  synchronising  is 
completed  in  less  than  one  minute,  and  the  rush  of 
current  in  short-circuiting  the  starting  motor  does 
not  exceed  the  starting  current,  that  is,  30  per 
cent,  of  full  load.  Various  tests  with  50-cycle  rotaries  of 
200  kw.  to  1,000  kw.  gave  as  the  time  necessary  for  starting 
and  synchronising  30  to  50  seconds,  the  current  not  exceeding 
； it-  ;mv  moment  of  the  starting  period  one-third  of  the  full-load 
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current.  By  connecting  the  windings  of  the  starting  motor 
in  a  different  way,  and  allowing  a  starting  current  of  50  to 
60  per  cent.,  it  was  possible  to  start-  in  15  to  20  seconds.  Such 
a  current,  however,  may  destroy  the  residual  magnetism,  and 
therefore  it  is  necessary  in  such  cases  to  use  the  field  switch 
shown  in  Figs.  8-10，  aud  to  close  it  at  the  moment  when  the 
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polarity  of  the  unexciled  machine  is  such  as  to  ensure  build- 
ing up  in  the  right  direction. 

It  will  be  evident  that  there  is  no  tendency  for  sparking 
during  the  starting  period  if  a  very  low  alternating  voltage, 
such  as  6  per  cent,  of  the  normal,  is  impressed  on  the  slip- 
rings.  Let  the  commutator  brushes  short-circuit  10  per  cent, 
of  this  voltage.  This  means  with  a  600-volt  rotary  an 
alternating  voltage  of  0*6  x  4*2  =  2*5  volts ；  that  will  not 
cause  sparking.  Although  with  the  field  circuit  closed  the 
field  strength  is  considerable  before  slipping  into  synclironism, 
there  is  only  a  small  alternating  field  superimposed  upon  the 
field  of  constant  direction,  and  this  small  reversing  field  is  of 
course  quite  harmless.  The  series  connection  of  starting 
motor  and  synchronous  machine  can,  of  course,  also  be  used 
for  synchronous  motors. 

For  high-tension  synchronous  motors,  a  low-tension 
starting  motor  presents  advantages.  For  this  purpose  an 
indirect  series  cuii 肪' ti(ui  by  uieaus  of  a  series  transfonnrr 
can  be  used  (Fig.  11).  The  primary  windings  of  the  trans- 
former are  connected  across  the  lower  switch  shown  in  Fig.  1 1  ； 
the  secondary  winding  is  connected  to  the  starting  motor. 
For  starting,  the  lower  switch  is  open,  and  the  upper  switch 
clo'&ed.  After  the  machine  has  pulled  into  synchronism,  the 
lower  switch  is  closed,  thereby  short-circuiting  the  primary 
windings  of  the  transformer.  No  current  will  then  flow 
either  through  transformer  or  starting  motor,  although  the 
primary  windings  of  the  transformer  remain  alive. 

Such  a  "  self-synchrouising  ，，  series  arrangement  may 
appear  considerably  more  complicated  than  th©  "  self- 
starting  "  of  the  high-tension  motor  itself  as  a  squirrel-cag© 
motor  by  means  of  an  aufco-transformer.  This,  however,  is 
hardly  the  case.  The  auto-transformer  required  for  self- 
starting  is  of  nearly  the  same  size  as  the  transformer  for  the 
starting  motor  in  the  self -synchronising  method  of  Fig.  11. 
With  the  seJf-sta-rting  method  we  also  have  voltage  surges  in 
the  end  turns  of  the  windings  of  the  synchronous  motor  when 
we  switch  over  to  the  full  voltage.  Momentary  rushes  of 
current  also  occur  here,  first  in  switching  on  to  the  low 
voltage,  and  more*  particularly  in  switching  over  to  the  full 
voltage.  These  rushes  are  a  very  serious  drawback,  and 
cause  sudden  movements  of  the  winding,  which  may  have  a 
detrimental  effect  on  the  life  of  the  insulation.  If  pre- 
cautions were  taken  to  avoid  these  jerks,  either  by  resistances 
or  multi-step  switches,  the  addition  o'f  the  necessary  apparatus 
would  make  the  gear  more  complicated  than  the  gear  of 
Fig.  11. 

In  the  arrangement  of  Fig.  11  when  starting,  the  voltage 
surg&s  are  taken  up  by  the  transformer  and  not  by  the  motor 
windings.  The  transformer  windings  are  far  better  suited 
for  this  function.  Before  short-circuiting  the  starting  trans- 
former, the  motor  has  already  full  voltage  on  its  terminals. 
No  voltage  -surge  should  therefore  occur  at  the  moment  of 
short-circuiting.  The  current  rushes  at  the  moment  of 
switching  in  and  at  the  moment  of  sho rt-ci rcniti ng  the  start- 
ing transformer  are  only  a  fraction  of  full-load  current.  It 
therefore  seems  justifiable  to'  use  this  method  of  starting  for 
synchronous  motors,  although  it  was  primarily  designed  for 
use  with  rotary  converters.  It  is  easy  to  provide  in  con- 
nection with  tho  starting  transforme.r  a  few  turns  which 
remain  permanently  in  circuit  and  protect  the  motor  winding 
against  voltage  surges  occurring  during  normal  work . 

In  a;  self-starting  synchronous  machine,  the  induction 
principle  brings  the  machine  up  nearly  to  synchronous  spe^d, 
and  the  synchronising  action  does  the  rest.  Also  with  the 
s&lf-synchronising  method  it  is  possible  to  do  this  and  to  us© 
the  same  number  of  poles  on  the  starting  motor  as  on  the 
synchronous  motor.  The  starting  motor  would  then  have 
finished  its  work  by  starting  the  set  up  to  a  speed  slightly 
below  synchronous  speed,  and  would  leave  the  synchronous 
machine  to  do  the  rest  to  raise  the  speed  to  synchronism. 
There  is  no  objection,  however,  to  using  on  th©  direct-coupled 
starting  motor  a  smaller  uumber  of  poles  than  on  the  main 
motor.  The  starting  motor  then  brings  the  set  up  to  full 
speed  much  more  quickly,  and  if  the  exciting  circuit  is  closed, 
with  the  proper  resistance,  tlie  synchronising  action  of  the 
machine  will  prevent  the  starting  motor  from  running  through 
the  synchronous  speed.  If  the  excitation  circuit  is  not  closed, 
the  starting  motor  will  ruu  up  to  a  higher  speed,  but  a  later 
closing  of  th«.  exciting  circuit  will  soon  reduce  the  speed  and 
cause  synchronising.    It  is  of  very  little  importance  to  design 


the  rotor  of  the  starting  motor  for  any  exact  slip,  as  a  very 
wide  margin  is  allowed. 

If  a  rotary  converter  is  fitted  with  an  alternating-current 
booster,  it  is  possible  to  provide  the  booster  with  a  separate 
starting  winding  consisting  of  many  turns  of  comparatively 
thin  wire,  and,  leading  these  to  separate  slip-rings  or 
terminals,  use  the  booster  like  a  squirrel-cage  starting  motor 
with  the  same  number  of  poles  as  the  rotary  converter.  This 
method  can  bo  used  in  special  cases.  In  general  it  will  not 
be  advisable  because  the  starting  winding  witli  many  turns 
would  give  comparatively  high  voltage  during  running,  and 
the  breaking  up  of  the  starting  winding  to  prevent  higher 
voltage  during  running  would  generally  be  only  permissible 
in  the  case  of  stationary  armatures. 

Voltage  Distribution  jietwekn  Synchiionouh  Machink  and 
Series-connected  Staktin"  Motoic 
It  is  of  great  theoretical  interest  to  consider  the  voltage 
distribution  between  starting  motor  and  synchronous  rnachi n*- 
before  the  starting  motor  windings  have  been  ahort-circnited , 
but  after  the  machine  has  locked  into  synchronism.  It  is 
permissible  to  vary  the  excitation  of  the  synchronous  machin** 
up  or  down  to  a  very  great  extent  without  bringing  U"'' 
machine  out  of  step.  The  starting  motor,  if  arrangod  wit  li 
fewer  poles  than  the  synchronous  machine,  works  witfi  a  slip 
fixed  by  the  synchronous  machine,  and  therefore  is  forced  to 
give  a  mechanical  output  entirely  dependent,   and  within 
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Fig.  12.— Vabiation  of  Current,  Voltage  Distuibution.  and  Input, 
with  Change  of  Kotary  Excitation*. 

certain  limits  proportional  to,  the  square  of  its  terminal 
voltage.  The  phase  angle  between  voltage  and  current  in 
each  phase  of  the  starting  motor  is,  with  the  fixed  slip, 
nearly  constant  within  certain  limits  of  the  impressed  voltage. 
The  starting  motor  has  here  also  the  function  of  an  impedance 
coil  (reactance  coil  with  appreciable  ohmic  resistance)  inserted 
between  the  supply  and  the  synchronous  machine.  A  change 
in  the  excitation  of  the  synchronous  machine  will  change  the 
voltages  of  both  the  synchronous  machine  and  of  the  starting 
motor. 

The  input  necessary  to  defray  the  total  losses  and  the 
mechanical  work  done  by  the  set  can  be  divided  up,  according 
to  the  excitation  of  the  synchronous  machine,  in  different 
ways  between  the  starting  motor  and  the  synchronous 
machine.  We  can  impress  such  a  small  voltage  on 
the  starting  motor  that  it  contributes  very  little  to 
the  total  torque  of  the  set,  and  so  that  practically 
all  the  torque  is  developed  by  the  synchronous 
machine.  We  can,  on  the  other  hand,  by  under-  and  ovei- 
exciting  the  rotary  converter,  impress  a  high  voltage  on  the 
starting  motor.  Thus  the  starting  motor  does  nearly  all  the 
work.  If  the  starting  motor  is  amply  diinensioued,  it  is 
even  possible  to  make  it  do  more  work  than  is  required  for 
driving  the  set.  Then' the  synchronous  machiue  works  as  a 
generator  or  brake  preventing  the  set  from  running  above 
synchronism.  This  is  very  clearly  illustrated  in  Fig.  1-. 
giving  the  test  results  of  a  1,000  kw.  12-pole  rotary  converter 
for  500  volts  (direct  current)  coupled  to  a  10-pole  starting 
motor.  The  rotary  is  a  6-phase  machine,  connected  according 
to  Fig.  10.    The  voltages  were  measured  for  one  of  the  three 
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distinct  phases  of  the  supply,  and  also  across  one  phase  of  t  lie 
starting  motor  and  across  tlie  rotary  slip-rings  connected  to 
electrically  diametrical  points  of  the  rotary  armature. 

For  this  test  the  stator  coils  of  the  starting  motor  were 
grouped  in  a  special  way  so  as  to  give  a  very  high  torque,  and 
it  was  possible  to  change  the  excitation  of  the  rotary  con- 
verter between  such  wide  limits  (from  9'5  to  1  '9  amperes,  the 
mu+mal  no-load  excitation  being  apju'oxiniatclv  (V3  ； mip''r''M 
that  during  the  last  few  tests  the  wattmeter  across  the  starl- 
ing motor  showed  acluallv  morr  1  npul  1  n  1  lie  wat  t  meter 
across  1  lie  supply,  and  t  lie  i'(tt  ;i  vy  converter  \v;i1 1  mrt  cf  ； i<-1  ually 
reversed,  showing  that  the  converter  really  acted  as  a 
generator.  It  must  be  mentioned  that  with  very  low  excit ;i- 
tions  the  instruments  were  not  steady,  but  the  machine  still 
reiiiniiied  in  step.  Only  by  rediu-in^  t lie  lit'ld  cu rrctit  hclow 
1  0  ； mip"'es  did  the  st;u'lm"r  motor  pull  1  lie  rot  ai  v  ；山 （a  " 
synchronism. 

Fig.  13  shows  the  vector  diagram  of  the  supply,  rotary, 
and  starting  motor  voltages  for  different  excitations.  Tl"、 
consequent  readings  with  ever-decreasing  excitation  are 
marked  1，  2，  ...  8  in  Figs.  12  and  13.  Reading  1  was 
,  taken  with  9  5   amperes  excita- 

tion. In  Fig.  13  O  A  represents 
the  vector  of  the  supply  vol- 
tage, O 】 t'lie  voltage  of  the  rotary 
cuuverter,  1  A  the  voltage  on  the 
si :u  ting  motor  for  reading  No.  1. 
For  readings  1  to  5  the  vector  of 
the  rotary  is  lagging  behind  t  lie 
supply.  For  reading  6  to  8  the 
rotary  vector  is  leading.  If  the 
starling  motor  were  a  mere  choke 
coil,  the  current  tlirough  the  sys- 
iam  would  be  nearly  at  right 
angles  to  the  Vectors  1  A,  2  A, 
&c.，  and  6，  7，  8  would  represent 
positions  where  the  rotary  acts  as 
a  generator.  Here,  however,  the 
an^le  between  current  and  start- 
ing motor  voltage  is  mucli  sinalltT 
than  90°,  and  the  rotary  is  not 
acting  as  a  generator  in  positions 
6  and  7，  but  only  in  position  8. 

As  mentioned  above,  to 
"achieve  these  tests  the  stator 
winding  of  the  starting  motor  was  specially  arranged,  and  the 
rotary  could  be  started  and  syiiclironised  in  a  small  fract  ion 
of  a  minute.  The  starting  current  with  this  arrange 川 ont' 
a j Mounted  to  approximately  450  amperes,  or  45  per  cent,  of 
the  normal  rotary  current.  After  re-connecting  the  windings 
to  the  normal  position  the  starting  current  was  ap].)ruxiniatelv 
one-half  of  this  amount,  and  synclironising  could  be  achieved 
in  just  under  one  minute.  With  the  proper  conne€tions  no 
attempt  was  made  to  reverse  the  wattmeter  reading  on  t  he 
rotary  converter,  but  in  that  case  also  the  field  current  could 
be  varied  between  8'25  and  2'5  amperes  without  throwing  the 
rotary  out  of  step. 

The  rush  of  current  at  the  moment  of  short-circaiiting  the 
starting  motor  is  smallest  when  the  rotary  converte'r  is 
excited  to  a  slightly  lower  voltage  than  the  line  voltage. 
However,  even  with  the  starting  motor  excited  to  the  full- lm" 
voltage,  the  rush  of  current  is  lower  than  the  starting  curivnt 
if  the  starting  motor  is  dimensioned  for  approxiim"elv  30 
per  cent,  starting  current  aiul  lias  t  lie  proper  rotor  resists  11。:'. 
Great  latitude  is  possible  in  eit  lier  direct  ion  without  rausiu^ 
too  great  a  rush  of  current,  without  causing  any  visible 
rkiag  on  the  brushes  at  t  he  inomont  of  sliort-circint  ,  and 
without  affecting  the  line  voltage.  If  the  rotary  is  excited 
to  full  voltage,  or  slightly  over-excited,  the  line  voltage  even 
has  at  the  moment  of  short-circuiting  the  starting  motor  a 
tendency  to  rise  slightly  and  not  to  drop,  wliich  can  be  (juit  p 
clearly  observed  if  the  generator  or  transformer  supplying  the 
current  lias  a  ]>ooj-  r''i;ul:it  imi . 

The  tests  here  described,  and  many  other  vsimilar  tests, 
were  largely  carried  out  on  the  synchronous  motors  by  Mr. 
R.  Town  end,  and  on  llie  rotary  converters  with  starting 
motors  by  Mr.  F.  C.  Aldous  and  Mr.  S.  G.  Noitage.  and  by 
M essrs.  Nicholson,  Eniblet on,  and  Thorn asson.  My  best 
tlianks  are  due  fco  these  gentlemen,  and  also  to  Messrs.  I to- 
rn aain,  Townend,  and  Nottage  for  their  help  iu  preparing 
the  diagrams. 


Fi<i.  13.— Relation  ov  Supply, 
Rotary,  and  Staktinc;  ISIotou 
Pressures. 


IMPROVEMENTS  IN  WATER  TUBE  BOILERS. 

To  pi'event  disturbance  in  ciiculalion  of  a  water-tube  boiler 
of  the  type  having  at  some  distance  below  the  bottom  tubes  of 
tlie  boiler  an  extra  series  of  tubes  connected  into  tiie  builcr 
circulation,  tlie  Babcock  &  Wilcox  Company,  of  New  York, 
have  recently  j)atented  the  arrangement  illustrated,  Fig.  1 
being  a  central  longitudinal  wlioii  t lirougli  the  boiler,  and 
Fig.  2  a  detail  vertical  section  on  t lie  plane  of  the  line  X — X 
of  Fig.  1. 

As  shown,  the  boiler  comprises  a  bank  A  of  inclined  tubes 
connected  to  front  and  rear  headers  respectively.  This  baJik 
of  tubes  is  divided  by  transverse  baffles  to  provide  passes  for 
the  gases  from  the  furnace  to  the  uptake.  A  row  of  tubes  B 
is  arranged  below  and  somewhat  detached  from  llie  bank  of 
tubes,  the  】o、vei'  tubes  hein^  coiniectecl  witli  the  boiler  circula- 
tion by  ex])ancling  their  ends  into  liori/.ontal  boxes  C1  and  I) ； 
tliese  boxes  being  connected  by  short  tubei>  E  to  the  headers. 
Now,  if  all  of  the  tubes  B  should  disdiarge  their  cinulalorv 
water  into  a  single  chamber,  the  circulation  of  the  boiler  iniglit 


B 

Fig.  2. 

Impkovements  ix  Wateh  Tdke  Boilkrs. 

be  disturbed  by  greatly  varying  heat  conditions  on  opposite 
sides  of  the  furnace.  In  order  to  prevent  sucli  disturbance, 
diaphragms  F  are  placed  in  either  or  both  of  the  boxes  ('  ； uul 
】）， dividing  them  into  a  number  of  separate  chainl^ers  G 
thereby  preventing  tlie  crossing  over  of  the  ciiTiilatorv  water 
from  one  end  of  the  box  or  of  each  box  to  the  other  end  of 
the  same.  The  boxes  ;\ re  divided  by  anv  desired  lunnber  of 
diapliragnis,  live  Wia|>hragnis  being  shown,  whereby  the  tubes 
of  the  bank  are  formed  into  groups  of  two  and  t luee  tubes  in 
widt  h.  One  or  more  tubes  B  conimuuicate  with  oach  t-liamber 
G，  as  sliown  in  Fig.  2，  and  the  diaphragms 卜、 may  be  so  dis- 
posed as  to  provide  one  or  more  outlets  from  each  of  the 
cliambers  of  the  box  C  connected  bo  the  front  header,  tlie 
water  in  each  chamber  being  compelled  to  take  its  exit  throuirli 
the  tube  or  tubes  leading  into  that  particular  coni]>art!neiit 
int;)  which  it  is  supplied.  By  the  use  of  these  diaphragms  tlie 
circulation  o\'  t  lio  boiler  is  divided  into  vertical  sections,  that 
is  t  o  sav,  t  ho  circulation  through  any  ^roup  of  two  or  Um"、 
of  the  vertical  headers,  a、s  the  case  uiav  l"、，  toj^et  Ikm*  wit li  1  hri v 
lieal ing  tubes  will  be  iiKlei>en<]ont  of  the  circulation  through 
the  remaining  lubes  of  the  boiler. 
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USE  OF  WASTE  HEAT  OF  OPEN  HEARTH  FURNACES. 

An  interesting  paper  by  ，J.  Sclireibcr  <l('\':'t 。'l  io  lln-  met  ImxIs 
<,f  utilising  the  heat   of  t  lie  wast  i'    t;;iscs    i'roin  licai'i  h 

furnaces  appearerl  in  n'n'i"  issues  oi'  Slalil  ； m'l  Kiscn,"  "ml 
we  are  inflel)ted  for  the  following  ahst nwl  to  "  I'll'1 
1  run  Age."  The  author,  who  is  sii])iM'i nt crulenl  "I'  1  h" 
IMiu-nix  plant,  in  l)uisburg-H uhrorl ,  (k'scrilji's  1  lie  inst;ill;il  i  »n 
IIkm-c  for  raisiim  sft';mi  wit  ]i  t  lit'  w;ist:、  ga^'s,  ^ivin^  ； ils:,  tli:' 
results  obtained.  References  to  the  work  of  Mavcr  and 
Spriiigoriim  show  t  hat  from  lJ!)  U>  .'52  \n*v  ('('，".  oi'  Ui:'  lic  it 
developed  in  1  lie  opeti-liearth  process  is  carried  away  by  t  In- 
waste  gases.  The  theoretical  temptM  ature  at  whidi  t  \w  waste 
o;isi's  should  enter  i  lui  chimney  is  given  at  :i()U  '  (_'.,  ;i  ti'in- 
])erature  which  is  not  ronchcd  in  |n-;n-t  ice,  U'r;ms('  wit  li  active 
optM'alion  it  is  mutvoidahle  t  hat  a  ('unsiflcn 山 It'  part  of  t  In- 
hot  gases  burn  while  passing  through  the  ]mr1  s  ； mil  rlu'rk*'rs， 
or  even  after  leaving  the  reversing  ap]>;n  al  us.  Even  if  it 
were  possible  that  hy  soine  arrangenient  1  \w  "'m|"'r;i"u'('  of 
the  gas  and  air  entering  the  hearth  could  be  kept  const ;mt 
between  reversal  periods,  the  theorct  ical  wastt*  gas  t"m|"'ra- 
1  iii'o  is  onl v  lowered  to  273°  C.，  or  aboul  1 0  per  cent,  less 
than  30(r  (、. 

As  fi  matter  of  \';u-\ ,  i  he  waste  gas  t,、mj'。n"  ures  ； i  re  caw- 
sideral)!  v  hi^licr  w  i  i  1 1  most  ())kmi-1um  rl  h  i'nni;iccs.  "In  i;('ii('r;'l 
t  hey  may  1h'  <;iven  as  from  600°  lo  700 '  V  y  hut  with  ad  ive 


that  l  ir)  tons  of  steam  were  rained  per  ton  of  coal  used  in 
the  producers.  The  furnace  was  slowe<l  flown  so"i''wl"" 
owing  to  the  lony  narrow  gas  coiifluit  to  the  IjoiUts  anrl 
the  coming  together  of  the  waste  gase«  from  I  li*-  i'm  i"" ''  aii'l 
the  nei^liljourin^  hoiln  s,  and  as  t  li*"  n('''"s -、； tr  v  '  li;i，igt'j*  rouUl 
not  !)(»  made  i\ut  htjilcr  plant  was  ,li，、'omR'rt  w|  If  ； i  U'il'-r 
plant  were  connected  to  a  50-ton  fmii'i'f*  it,  would  iwi  a 
Miucli  larger  cliimney  to  give  the  m'('*'ss;u  v  <\ rau^lii ,  l"''  aii、" 
there  is  the  increased  resistam-t?  of  t  he  hoilcrs  to  1"，  overcoin*', 
and  also  the  gases  will  enter  the  chimney  at  a  murh  l(,、v'  r 
tern]>eratur(3  tlian  bcl'oi  ^.  Acconlin^ly  when  in  1909  t  In* 
introduction  of  waste  heat  boilers  was  f  onsulere^l  for  tli''  new 
PliaMiix  plant,  it  was  resolved  to  experiinenl  wit  h  t  li<*  use  of 
artificial  draught  on  an  old  *J()-ton  funi.-n*:-.  ]t  was 
to  use  the  Scliwaljach  patcntrfl  met  Iwxl  to  procure  t  、iir，ioii， 
"ii'l  a  boiler  wit  h  1  ,378  scj.  ft .  heating  sui  t;n  c,  t " 乂'' t  li'.r  with 
a  Scliwabach  a|>paral  us,  was  inst;illcfl.  The  test  was  s;" 卜 
fartory  to  tlie  extent  thai  tlic  operation  oi*  1 1"'  I'm  h;k;c  was 
not  slowed  down  ；  <jii  t  he  cont  rary  a  speeding  uj)  was  possible. 
The  boiler,  however,  was  too  small,  for  1  he  wast**  '-';ts«'s  wcttt 
only  cooled  down  from  700°  and  750°  C.  to  400°  and  450。  C. 
Ifc  was  concluded  to  install  a  sufTicicnt lv  lar^e  sii'  ti (川  plaiit 
for  the  30-ton  furnaces  in  the  new  plant,  hixI  as  the  r('siih、 
were  satisfactory  the  50-ton  furnaces  were  also 

To  carry  out  Hie  Schwa  bach  met  hod  a  fan  flra  ws  r，,l'l 
air  from  the  atniosplicre  and  blow.-  it  into  the  chiiniiey-likc 


Fi«.  1.— Cuobs  Skction  of  Open-hearth  Plant  ，':wun'i'i':i>  with  W ast i:  Hkat  Hoilkus. 


working  tJiev  are  oflt'ii  mm'h  higher.  If  lower  figures  are 
obtained  tlie  reason  may  not  be  better  furnace  efficiency,  l)ut 
greater  radiation  losses  before  the  gases  enter  the  checkers, 
<>r  loose  brickwork  allowing  the  entrance  of  cold  air.  Thest^ 
temperatures  hold  good  for  the  ordinary  scrap  process,  and  it 
is  natural  that  higher  ones  should  be、  obtained  when  liquid 
metal  is  used.  Springorum  gives  630°  to  960°  C.  for  the 
Hoesch  process,  but  here  the  temperature  of  the  producer 
gas  was  proportionately  high,  being  800°  to  870。  C.  The  usb 
cold  gas,  such  as  mixtures  of  coke  oven  and  blastfurnace 
gas,  should  give  lower  figures.  Simmersbacli  found  an 
average  of  565°  C.  wlion  using  a  mixture  of  coke  oven  and 
blastfurnace  gas,  and  560°  C.  when  using  coke  oven  gas  alone. 
A  private  conimunicatioii  gives  results  of  450°  to  500。  C. 
wIh'ii  usi"g  a  mixture  of  producer,  blastfurnace,  and  coke 
m'(>"  ^as,  and  an  average  of  780  V.  wlien  using  mixed  i>ro- 
(Im'er  ； nul  coke  oven  gas.  This  30  ]>er  cent,  of  ihv  ht';'t 
developed  which  is  carried  away  by  the  waste  ^ases  must  not 
1"、  considered  as  altogether  lust,  be<-ause  it  produces  a  con- 
siderable draught  in  llio  chinmey  whicli  is  iie<-ossarv  to  n\  rrv 
mi  1  he  operation. 

Kxperinionts  were  carried  out  Ijv  lh'rr  Wil 山 ('rt'irz  from 
tlie  b(^iniiin<r  of  October,  1911,  to  tliV  end  of  Kcltruarv,  li)l'J, 
、viUi  a  10-tou  furnacr  at  tlie  ])!;iut  cf  the  Gelsenkirrliem'r 
Guss-Stahl  und  Eisenwerken,  and  3'「)0  beats  、\vn'  ma 山、 at't-r 
tl，  boilers  、vn'(、  （.()'，m、r">,l.     K\ac(  W^wws  ； is  io  the  ； mmmit 

strain  r;iis(Ml  coul.i  nut   hv  (山 l;im,、,l  owin^  tin- 
conditions,  but  a  comparistJii  \vil  li  I  lie  pnTrdiui;  vi*ar  slimvt',1 


suction  apparatus,  which  takes  tlie  place  of  the  ordinary 
chiinney,  and  is  provided  with  arrangements  like  tuv'  n'、 
The  proper  pressure  is  determined  by  experiment,  and  the 
strength  of  the.  suction  exerted  on  the  gases  of  coinbustioii 
depends  on  the  size  of  the  fan,  the  revolutions  per  minute, 
and  the  area  of  the  tuyeres.  The  latter  can  be  regulated  by 
means  of  a  rising  and  falling  double  cone  arrangement , 
The  waste  gases,  after  they  have  mixed  with  tlie  air  from  the 
tuyeres,  whicli  produce  the  suction,  are  blown  out  through 
a  short  chimney  which  widens  toward  the  top.  It  must  be 
admitted  that  the  combination  of  a  boiler  and  suction  plant 
witli  an  open-hearth  furnace  may  appear  to  bring  about 
an  undesirable  ami  unsuitable  complication.  It  sliouhl  he 
reineinbered,  liowev^r,  that  the  gas  producer  and  the  whole 
furnace  operation  rest  on  the  certainty  of  operation 
boilers,  motors,  and  fans,  and  tliai  with  good  const  ruction 
and  suitable  arrangement  t  here  should  be  no  truuhh*.  The 
j)lant  must  further  bo  kept'  in  very  good  condition,  and  ahovr 
everything*  else  looseness  in  the  const nirt ion  in usl  l>e  a、.t'i'l，''l . 

Meanwhile  t he  ad\'ant aires  are  considerable  ； woi^lil v. 
First  tomes  the  absolute  indepeiuleiue  in  regard  to  the 
influence  of  weather  on  ( he  drauglil  ；  further,  the  possibility 
of  bringing  about  good  workiiiir  with  an  old  furnace  in  the 
flues  and  checkers  of  which  deposits  ha ve  formed.  Next  is 
the  very  satisfactory  lvunlation  of  the  drau^lit,  by  means 
of  which  the  furnace  is  under  i、(>m|»let,'  mnt  rul  ;  the  rum- 
]>lete  elimination  of  ，.himm、v  valves  、vl"rh  alwavs  i;ivr 
Iroublo  ；  ami  liuallv,  but  not  the  least  valuable,  tli，'  i>*>ssibilitv 
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of  using  a  certain  amount  of  the  waste  heat  without  damaging 
the  furnace  operation. 

The  new  open-hearth  plant  at  Ruhrort  has  five  furnaces 
― three  of  50  tons  capacity,  one  of  30  tons,  and  one  that  was 
originally  30  tons  but  has  been  increased  to  40  tons.  A 
general  cross-section  of  the  plant  is  shown  in  Fig.  1  and  a 
more  detailed  drawing  of  the  waste  heat  arrangement  in 
Fig.  2.  The  waste  gases  are  led  from  the  reversing  valve  to 
the  boilers  through  a  conduit  49ft.  2in.  lon^.  Two  boilers 
are  provided  for  each  furnace,  those  for  the  two  smaller 
furnaces  having  2,153  sq.  ft.  of  heat- 
ing surface  and  538  sq.  ft.  overheat- 
ing surface.  Those  for  the  50-ton 
furnaces  have  2,691  sq.  ft.  and 
700  sq.  ft.  respectively.  Two  boilers 
are  used,  so  that  if  one  boiler  is  shut 
down  for  any  reason  the  gases  can 
still  be  used  under  the  other,  and 
some  heat  utilised .  Theoonduit,tli©re- 
fore,  forks  in  front  of  the  boilers, 
and  the'  separate  channels  can  be 
dosed  by  valves,  if  necessary,  for 
relining.  Fig.  2  also  shows  a  conduit 
leading  from  the  waste  gas  conduit 
around  the  boilers  directly  to  the 
basei  of  the  suction  apparatus.  As  a 
rule  this  is  not  used  ；  but  in  case 
both  the  boilers  are  down  the  hot 
waste  gases  can  be  conducted 
through  it.  For  this  reason  the 
steel  chimney-like  pipe,  which  is 
56ft.  or  69ft.  liigh,  is  lined  through 
with  firebrick,  although  this  would 
otherwise  be  unnecessary.  The  case 
of  the  breakdown  of  the  motors  or 
fans  is  also  provided  for,  the  neces- 
sary suction  being  tlien  produced  by 
a  steam  blaist.  In  this  way  all  pos- 
sible troubles  are  taken  care  of.  The 
steam  produced  is  used  in  the  gas 
producers,  the  excess  being  taken  to 
the  basic  Bessemer  mill  and  the  roll- 
ing mills,  and  the  steam  is  therefore 
only  furnished  at  1201bs.  pressure, 
although  the  boilers  can  give  1801bs. 

The  boilers  chosen  were  the  Garbe 
patent  because  they  fitted  best  into 
the  available  space.  The  volume  of 
the  waste  gases  and  therefore  the 
power  required  in  the  suction 
plant,  apart  from  tho  temperature 
and   the  coal  burned,  depends  on 

the  excess  of  air  present.  The  entrance  of  air  through  loose 
brickwork,  &c"  is  therefore  to  be  avoided  as  much  as  possible, 
and  under  certain  conditions  it  may  b©  advisable  to  replace 
the  ordinary  loose-fitting  butterfly  valves  for  the  air  with 
tightly-closing  reversing  arrangements  such  as  are  used  for 
the  gas.  The  entrance  of  air  through  the  brickwork  around 
the  boilers  cannot  apparently  be  prevented  even  with  the 
greatest  care,  it  being  brought  about  by  the  porosity  of  the 
brickwork.    The  results  obtained  are  summarised  in  Table  I. 


40  per  cent,  of  the  heat  in  the  waste  gases  is  used,  but  that 
about  60  per  cent,  is  still  unfortunately  lost  with  the  present 
plant.  In  other  words,  the  30  per  cent,  loss  of  the  heat 
developed  in  the  furnace  operation  is  reduced  to  about  18 
per  cent. 

The  next  question  is  that  of  economy,  and  of  course  it 
must  be  remembered  that  the  business  of  the  open-hearth 
is  not  the  raising  of  as  much  steam  as  possible,  but  is  much 
more  the  production  of  the  largest  possible  tonnage  of  steel 
with  the  lowest  possible  coal  consumption  and  temperature 


Fig.  2. 


Main  and  By-pass  Conduits.  &c. 


Table  I. 


Details  of  Waste  Heat  Arrangements. 

of  the  waste  gases.  Cost  calculations  are  given  for  furnaces 
1,  2,  and  4  with  waste  gas  temperatures  at  451°,  501*5。，  ， 
623°,  and  640*3°  C.  The  cost  of  the  plant,  minus  the  cost  of 
the  chimney  which  would  otherwise  be  necessary,  is  given  as 
£1,095  for  the  30-ton  furnace  and  £1,300  for  the  50-ton  fur- 
nace. The  cost  of  power  is  taken  as  '3d.  per  kilo A'act-1  our 
and  the  value  of  the  steam  at  2s.  per  ton.  With  waste 
gas  at  451°  C.  there  is  a  loss  per  ton  of  steel  produced  ；  v.'l'en 
it  is  5015°  C.  the  gain  is  only  2d.  per  ton.      The  ga!ii 

Average  Results. 


Time. 

Fur- 
naces. 

Size, 
tons. 

Dura- 
tion of 
Test, 
hr. 

Entering 
Gases, 
De«.  C. 

Chimney, 
De«.  C. 

Steel 
Produced, 
Tons. 

Coal 
Per  Ton 
Steel, 
lb. 

Lb.  per 
Sq.  Ft.  Heat- 
ing Surface. 

Normal  Steel. 

Lb.  per 
Metric  Ton 
Coal. 

lib.  per 
Metric 
Ton  Steel. 

Keuiarks. 
Heats  on  Checkers. 

Jan.,  1912 

1 

30 

24 

451-4 

133-9 

494 

0-4513 

1,555 

348 

After  176  heats 

Feb.,  1912 

30 

24 

HO  1-5 

136-7 

483 

0-7255 

2,498 

549 

After  284  heats 

Aug.,  】912  .. 

2 

30 

24 

(； 12-7 

304-7 

150  -  i 

4fi() 

1  -  01  Sit 

3,289 

498 

After  503  heats 

Sept.,  1912 

1 

40 

24 

623  1 

318-8 

176-4 

472 

1 -3573 

7!>0 

After  715  heats 

Sept,,  〗912 

3 

50 

24 

657-4 

341-5 

2171 

472 

1 . 2800 

3.564 

765 

After  397  heats 

Aug.,  1912 

4 

50 

24 

707-6 

352-4 

199-51 

516 

1-4386 

4.10" 

974 

After  160  heats 

Tables  are  given  showing  the  steam  test  made  during 
separate  heats  from  furnaces  1，  3，  and  4.  These  results  are 
brought  together  in  Table'  II.,  from  which  it  is  seen  that  about 


increases  wit h  rising  temperature.  With  612°  C.  it  is  1  9d. 
per  ton  ；  with  623°  C.  it  is  3'3d.  per  ton  ；  and  with  640*3°  C. 
it  is  4*2d.  per  ton.    The  basis  taken  is  250  working  days  per 
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year.  These  results  put  in  another  way  show  that  the  yearly 
excess  over  the  capital  i"v(、s""l  in  the  plant  is  ll'.「）  per  r('"t.， 
26  per  cent.,  '「)4'3  per  cent.,  and  (JG.9  per  cent.,  r('s|>"'  t ively， 
increasing  with  the  waste  gas  temperatures  and  the  size  of 
t  he  furnaces. 

By  the  use  of  economise rs  it  is  calculated  that  the  wast« 
gases  can  be  cooled  down  40°  or  50°  C.  more,  the  amount 
of  lieat  utilised  being  raised  to  50  or  55  per  cent,  and  the 

Table  II. 


Furnace. 

Heat. 

Temp,  of  Gases- 

Entering  Leaving 
Boilers.  | 】ioilers. 

H«  M  t, 
Taken  up 
by  Boilers. 

Lobs  in 
Waste 
Gases 
Leaving 
Boilers. 

Loss  by 
Kadiatton , 
Conduction, 

°c. 

°C. 

% 

% 

% 

4 

451 

719 

349 

44-2 

55-6 

0-2 

4 

459 

686 

346 

44-9 

540 

11 

1 

674 

623 

310 

43-8 

53-4 

2-8 

3 

708 

604 

348 

39-2 

60-6 

0-2 

heat  escaping  by  the  chimney  reduced  to  45  or  50  per  cent. 
The  use  of  such  economisers  will  scarcely  increase  the  operat- 
ing costs,  because,  although  a  little  more  resistance  will  be 
introduced,  the  cooling  will  reduce  the  volume  of  the  gases 
to  be  moved,  and  the  two  will  probably  equalise  each  other. 
It  must  be  remembered  that  this  isl  only  a  first  step  in  the 
utilisation  of  the  waste  heat,  and  that  further  tests  and  work 
must  be  done  to  improve  the  results  and  reduce  the  loss. 


THE  PREVENTION  OF  INDUSTRIAL  ACCIDENTS. 

In  a  paper  recently  pre-sented  before  the  National  Metal 
Trades  Association,  New  York,  Mr.  W.  H.  Doolittle,  safety- 
inspector  to  the  association,  said  the  application  of  scientific 
principles  to  accident  prevention  had  m^et  with  success.  A 
comparison  of  available  statistics  indicated  that  time,  energy, 
and  thought  expended  in  this  way  had  been  the  means  of 
greatly  reducing  both  the'  cost  and  number  of  accidents.  A 
reduction  of  29  per  cent,  on  a  division  of  an  immense  railway 
system,  of  over  60  per  cent,  in  the  mills  of  some'  of  the  great 
steel  companies,  and  of  mow  than  73  per  cent,  in  proportion 
to  tli©  number  of  operatives  in  a  large'  industrial  plant  were 
results  that  must  appeal  to  both  humanitarians  and  financiers. 
In  all  of  these  instances  th©  results  werei  accomplished  by 
systematic  efforts. 

The  author  enumerated  some  of  the  essentials  of  scientific 
accident  prevention  work,  as  follows :  (a)  The  setting  aside 
of  time  for  the  investigation  of  the  subject  of  accident  pre- 
vention, (b)  Careful  and  continual  inspection  of  workshops. 
(c)  Investigation  of  the  cause  of  each  accident  and  the  record- 
ing and  tabulating  of  the  same,  (d)  The  study  of  the  causes 
of  accidents  which  occurred  in  like  industries  and  under  similar 
conditions  elsewhere,  (e)  The  installation  and  maintenance, 
wlierever  possible,  of  mechanical  safeguards  and  safety 
appliances.  (f)  The  education  of  the  workman  as  to  the 
dangers  of  his  occupation  and  the  besfc  means  of  avoiding 
accidents  in  connection  with  his  work.  {g)  Securing  the 
co-operation  of  the  workman  in  the  efforts  of  the  employer  to 
promote  safety  and  prevent  accidents. 

Accident  prevention,  he  observed,  could  not  be  successfully 
accomplished  "without  inspection.  Inspections  should  be 
thorough  in  order  that  nothing  dangerous  might  be  overlooked. 
They  should  in  all  cases  be  mad©  by  competent  and  practical 
persons  who  had  a  technical  and  practical  knowledge  of 
dangerous  places.  Inspection  should  also  be  made  by  every 
person  in  the  plant,  particularly  in  the  locality  in  which  lie 
was  employed.  Inspections  should  be  frequent ~~ conditions 
changed  constantly.  When  an  accident  happened,  the  first 
thing  to  be  done  after  caring  for  the  injured  person  was  to 
investigate  th©  cause,  in  order  to  prevent  its  repetition.  The 
author  took  issue  with  those  persons  who  declared  that 
" accidents  just  happened."  Such  a  statement  was  not  much 
more  than  an  effort  to  evade  responsibility.  It  was  an 
unfounded  and  pernicious  statement,  tending  to  put  a 
premium  on  carelessness  and  to  promote  accidents.  Every 
accident  was  capable  of  analysis  and  in  nearly  every  case  the 
cause  might  be  located.  This  should  be  done  and  a  record 
kept  for  future  guidance.  Such  statistics,  carefully  kept, 
were  of  great  value. 


Every  man  who  had  tlie  safety  oi  his  cmploves  ； it  Ihnii  t 
and  every  workman  wlio  desired  industrial  safety  for  himself 
and  for  his  fellowmen  would,  he  remarked f  give  attention  to 
liappciiin^s  outside  ot'  liis  own  plant  .  MarhiiM-s  ； ntd  iikM  IkxJs 
were  proved  to  he  dangerous  by  observing  their  oj>ei  at  mux  ； ui<1 
tlie  results  iti  diir<.M*eiit  localit  ios.  The  larger  the  field  covered 
the  inoro  valuable  would  be  the  data  gathered .  Circular  saw**, 
for  instance,  cut,  kick,  and  kill  in  the  same  way  in  every  part 
of  the  world.  A  serious  accident  might  not  have  happen'-d  in 
a  particular  shop  in  all  of  its  history,  but  this  circumstance 
did  not  constitute  an  excuse  for  neglect.  No  plant,  jio 
industry,  no  locality  was  immune  from  accidents.  The  most 
successful  safety  engineers  profited  by  tlie  ex|>erience  of  others. 
There  were  many  dangerous  features  of  workshops  th;tt  might 
be  made  comparatively  safe  by  means  of  guards.  It  was 
important  that  set  screws,  gears,  dead  ends,  and  all  other 
man-killing  part«  of  machinery  be  covered,  enclosed,  or 
eliminated.  All  of  this  might  be  done  without  in  the  least 
cutting  down  the  output  of  a  factory 一 indeed  it  tended  to  add 
to  the  output  by  giving  the  workman  a  sense  of  security.  It 
was  not  enough,  however,  that  safety  devices  he  installfl. 
They  must  be  maintained.  Someone  must  see  to  it  that  safe- 
guards were  kept  both  in  order  and  in  place.  If  for  the 
exceptional  job  a  guard  must  be  removed,  it  should  be 
immediately  replaced. 

No  workman  should  ever  enter  a  dangerous  occupation 
without  being  made  to  give  strict  attention  to  the  dangers 
connected  with  it.  H©  should  be  made  to  do  this  not  only  lor 
his  own  protection,  but  also  for  the  sake  of  his  fellow  workmen 
who  might  be  injured  as  a  result  of  his  lack  of  precaution. 
Every  employer  was  morally  responsible  for  the  safety  of  liis 
employes  just  so  far  as  he,  by  the  exercise  of  his  authority, 
might  prevent  their  being  injured.  Nor  was  it  entirely  an 
ethical  question.  It  was  not  profitable  to  the  employer  for 
his  workmen  to  be  injured.  Aside  from  the  humanitarian 
aspect  of  the  question,  in  a  general  way  physical  injuries  to 
the  workman  meant  financial  loss  to  the  employer.  Therefore, 
for  all  of  these  reasons,  ethical,  humane,  and  economic,  the 
employer  should  instruct  and  warn  the  workman  of  danger. 
No  task  should  ever  be  imposed  which  in  its  performance 
would  endanger  the  life  or  limb  of  tlie  workman.  Workmen 
might  be  warned  by  word  of  mouth,  by  the  judicious  use  of 
signs  distributed  about  the  plant,  and  by  literature.  Warn- 
ings must  be  persisted  in,  otherwise  they  were  of  no  avail. 
Many  workmen  were  naturally  careless,  many  others  were 
purposely  negligent,  others  viewed  with  suspicion  efforts  that 
la  ad  the  appearance  of  altruism.  Every  possible  effort  slmul'l 
be  made  to  secure  the  co-operation  of  the  workmen  in  the 
safety  movement,  for  progress  in  accident  prevention  beyond  a 
certain  point  was  utterly  impossible,  if  the  opposition  or 
indifference  of  the  workmen  to  this  important  work  was  not 
overcome. 

In  conclusion,  the  author  affirmed  that  luck  as  a  factor  in 
accidents  was  always  more  or  less  under  tlie  control  of  man  ； 
that  both  good  and  bad  luck  were  produced  by  the  opera 。'山 
of  natural  forces  ；  that  these  forces  moved  according  to  well- 
defined  rules,  or  laws  ；  and  that  men  were  lucky  or  unlucky 
just  in  proportion  to  their  understanding  of  these  laws  and 
their  disposition  and  ability  to  live  and  act  in  harmony 
with  them. 

Fatal  Steam  Pipe  Explosion. 一 The  inquest  on  Richard  John 
Court,  third  engineer,  and  George  Neville,  stoker,  killed  in 
an  explosion  on  the  steamer  "  Millwall,"'  of  Cardiff,  was  held 
at  Fleetwood  on  the  16th  ult.  William  Newton  Beeny,  the 
chief  engineer,  who  managed  to  escape  by  getting  into  the 
funnel,  said  that  the  explosion  was  due  to  the  main  steam 
pipe  of  the  starboard  boiler  blowing  out  of  the  stuffing-box. 
He  had  previously  received  instructions  to  open  out  the  machi- 
nery with  a  view  to  a  survey  in  anticipation  of  the  sale  of  the 
vessel.  This  was  done,  and  the  following  Wednesday  he  got 
instructions  to  close  up.  He  allocated  the  work  among  his 
staff,  and  one  of  Court's  duties  was  to  replace  certain 
clamps  on  the  main  steam  pipe.  Inadvertently  Court 
omitted  to  do  so,  and  immediately  full  steam  was  on  it  blew 
the  pipe  out  of  the  boiler.  He  (Mr.  Beeny)  took  personal 
responsibility,  but  the  pressure  of  work  of  getting  ready  for 
sea  made  it  impossible  for  him  to  see  personally  to  all  details. 
The  jurv  returned  a  verdict  of  accidental  death. 
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PIPING  AND  SEGREGATION  OF  STEEL  INGOT" 

UK.    V.    II.  DUDLEY. 

The  piping  and  segregation  of  ingots  of  steel  is  a  ('OMipre- 
hensive  subject,  ajid  must  be  studied  in  referein-c  to  the  di He- 
rent  grades  of  soft,  mediuin,  and  hard  slej'l,  rat  lier  1  liau  t  o 
discuss  it  in  a  general  manner,  as  thougli  ； ipplicable  to  all 
grades.  Rail  st-oel,  howevor,  will  receive  tlie  nvosi  considera- 
tion in  this  paper. 

Bessemer  steel  of  from  O'lO  to  0*15  j>er  coiit.  of  carbon, 
for  splice  bars,  spikes,  and  tie  plates,  rises  in  set  ting,  and  is 
cast  in  bottle-inouthed  moulds,  which  must  I)p  capped  to  ]> re- 
vent  an  overflow  from  the  top.  This  ^rade  oi'  steel  rises  in  1 1  if1 
moulds  and  makes  a  longer  ingot,  tlian  the  voliuiu1  of  molten 
steel  when  first  teemed.  Tlie  ingots,  which  are  allowed  to 
cool  and  then  cut  open  show,  part icularlv  in  the  upper  part, 
large  cocluded  blow  lioles,  and  when  they  are  not  oxidised  or 
contain  foreign  matter,  weld  more  or  less  completely  wlien 
the  steel  is  rolled  or  forged  above  1,100°  C,  and  it  is  in  t  his 
way  that  the  blow  holes  are  closed  in  the  low-carbon  steels. 

Boiler-plate  and  firebox  st'eel  of  ben  contain  more  or  less 
minute  laminations,  which  are  tlie  remains  of  small  blow 
lioles  forming  after  the  setting  metal  has  reached  a  pasty 
condition.  The  blow  holes  in  the  low-carbon  st&sls  lia ve  not 
been  prevented  by  using  d eoxidisers,  though  the  ingots  ； uv 
slightly  improved  so  far  as  the  soundness  of  the  steel  is  con- 
cerned. This  grade  of  steel  also  rises  in  the  moulds  in  set- 
ting. 

Rail  Steel. 

Ingots  of  rail  steel  containing  from  0*50  to  0*75  per  cent, 
of  carbon  are  of  an  entirely  different  character  wlien  t  hey  are. 
sufficiently  deoxidised  t'o  form  comparatively  pure  steel,  as  a 
well-defined  shrinkage  cavity  forms,  incident  to  the  cooling 
and  setting  on  the  bottom  from  the  stcols  and  sides  of  tlie 
moulds,  and  then  caps  over  on  top,  enclosing  a  larger  volume 
of  hot  metal  than  would  be  the  case  when  cold. 

This  important  fact  should  be  remembered  in  discussing 
rail  steel,  for  the  greater  the  degree  of  its  deoxidation,  tlie 
larger  will  be  the  difference  between  the  enclcsed  volume  of 
hot  fluid  metal  in  the  mould  and  the  cooler  resulting  set 
metal,  and  the  still  proportionately  lesser  volume,  should  the 
ingot  be  allowed  to  become  cold  before  equalising  the  heat 
and  rolling.  We  must  deal  witli  tliree  conditions  or  stages  of 
the  steel:  (1)  The  greater  volume  of  hot  molten  metal  ；  (2) 
the  lesser  volume  of  hot  metal  ；  (3)  the  leasi  volume  of  cold 
metal  in  the  dimensions  of  the  rail  sections. 

T】re  exterior  blow  holes  in  the  outside  walls  of  the  ingots 
can  be  prevented  from  forming  by  sufficient  deoxiclis&rs,  as 
silicon,  ferro-titanium,  or  their  combination,  and  aluminiuvn. 
The  latter  has  been  extensively  used,  but  all  of  its  oxidation 
products  do  not  always  escape  from  the*  metal,  and  it  should 
not  be  used  when  the  steel  is  to  be  subjected  to  the  present 
lieavy  wheel  loads.  The  silicon  content  for  rail  steel  now 
ranges  from  O'lO  t'o  0'20  per  cent. ,  to  make  it  sound  and 
prevent  small  blow  holes  from  forming  in  the  setting  metal. 
When  sufficient  deoxidisers  are  used  to  purify  efficiently  tlie 
steel,  then,  as  must  be'  expected,  a  small  cavity  starts  to  form 
in  tlie  top  under  the  cap  of  the  ingot  in  the  setting  steel,  and 
its  development  should  be  retarded  by  stripping  the  ingot 
and  promptly  charging  into  the  reheating  furnace. 

Rail  ingots  are  no  longer  allowed  to  become  cold  before 
being  charged  into  the  reheating  furnaces  for  blooming.  Tlie 
size  and  length  of  the  ingots  must  be  taken  into  consideration, 
for  in  those  ingots  of  which  the  length  is  from  four  t'o  five 
times  the  width  of  the  base,  tlie  steel  will  set  on  the  interior 
walls  long  before  their  vertical  shrinkage  of  hot  to  oold  met al 
has  occurred,  and  this  increased  lengtii  will  add  propor- 
tionately to  the  volume  of  the'  interior  piping  or  shrinkage 
cavity. 

It  was  customary  a  few  years  ago  to  tee 1 1 1  in^cils  which 
were  only  18in.  by  20in.  or  19in.  square,  and  roll  four  lengths 
of  100  lbs.  33  ft.  rails.  The  height  com  pared  with  tlie  base 
was  so  great,  that  before'  any  shrinkage  occurred  in  tlie  ver- 
tical hot  ingot  walls,  the  interior  shrinkage  cavities  developed 
so  large,  tliey  could  not  be  prevented  -entirely  from  forming, 
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even  )jy  pronipt  ('liargiMg  of  the  ingots  after  stripping  into 
the  reliealin^  furnaces  to  equalise  the  heat  for  rolling. 

Tlie  heat  of  the  metal  is  abstraoterl  by  tlie  stools  and  sides 
of  the  moulds,  and  the  ingot  walls  set  ；  then  the  top  caps  over 
quickly  before  shrinkage  in  the  length  of  the  ingot  occurs, 
and  as  the  hot.  volume  becomes  reduced  by  tlie  setting  exte- 
rior walls,  the  interior  shrinkage  develops  a  large  cavity 
under  its  top  cajj  when  the  ingot  is  allowed  to  become  cohl. 
The  sides  of  the  contours  of  t he  slirinka^e  cavities  in  well 
(IfHjxidised  steel  are  ])araljoli<-  in  iorns,  and  of  j)roporiioiiatelv 
greater  volume  ami  depth  in  Uig  long  t \-|>e  ingots  than  in 
thoss  whicli  are  sliort  and  stuljhv,  hut  m'  larger  volume  and 
base. 

The  ？/M'i.  l(K)Ibs.  rails  rolled  from  four-rail-lengtli  ingots 
(:F  the  long  type  developed  in  the  track  a  great  many  split, 
heads  and  some  true  pipes,  the  jmxlu'  l  from  t wo  or  tlireo 
mills  hein*;  tjuite  ])ronounced  in  this  respect.  Rails  whifh 
were  roller!  during  A u^ust  and  Se])lpnibe]-,  one  ]>un-haser 
removed  in  less  than  six  years*  service,  more  than  10  per  cent. 
of  the  quantity  for  split  heads.  The  trackmen  would  rej>ort 
these  rails  as  piped,  for  the  segregate<l  metal  in  the  head 
would  crack  under  t  he  fillet  and  admit  the  air,  which  would 
soon  discolour  tlie  interior  surface,  and  these  are  considered 


Fig.  1.  Fig.  2. 

Cavitiks  in  Ingot  and  in  Crop  from  Bloom  of  Companion  Ingot. 

as  piped  rails.  There  was  in  some  instances  a  true  pipe  or 
shrinkage  cavity  when  rolled,  which  extended  into  the  centre 
of  the  web,  and  well  up  into  the  head.  The  trackmen,  how- 
ever, were  not  able  to  distinguish  between  the  true  piped 
rails  and  split  heads,  and  it  was  some  time  before  tlie  latter 
were  attributed  to  segregation  and  slag  enclosures,  whicli, 
when  recognised,  were  nearly  preventeti  in  subsequent  manu- 
facture of  rails. 

When  the  mills  began  to  make  33ft.  rails  and  teemed  them 
in  the  same  ingot  moulds  wliich  had  been  used  for  30ft.  rails, 
and  then  rolled  them  in  four  33ft.  lengths  for  lOOlbs.  rails, 
a  great  many  ingots  were  not  stripped,  weighed,  and  charged 
into  tlie  reheating  furnaces  with  sufficient  promptness  to  pre- 
vent a  number  of  piped  rails,  as  the  requisite  mill  practice  to 
check  them  was  not  then  comprehended  under  the  changed 
manufacturing  conditions.  Tlie  segregation  was  also  large, 
and  in  1908，  for  the  New  York  Central  Lines,  I  confined  the 
rolling  of  Bessemer  and  open-heart li  rails  in  the  Unite^l 
States  mills  to  three  33ft.  rail-length  ingots  for  those  of  about 
19in.  square  upon  the  base.  It  was  also  stated  in  the  specifi- 
cations for  the  New  York  Central  Lines  that,  short,  stubbv 
ingots  of  from  2  5  to  three  times  the  length  of  the  width  of 
the  base  were  required  for  rails.  Ingots  of  about  8，20011、s. 
weight,  t-eemed  in  moulds  L)0in.  by  2  lin.,  have  been  exten- 


May  '2,  ion]  THE    MI-CI IANICAL    KNGIXIvI-R.  i、l 


sively  made  for  six  len^t  lis  of  Xlii .  lOOlhs.  mils,  and,  in  ^ot:<l 
mill  practit'i1,  wit  h  praot  ically  com plet c  eliminal  inn  of 
in  i  Is.  Tin1  hloonis,  lm、v"、'（'r，  a  re  cul ,  ami  only  rnl  Iim  I  in  llm':' 
rail  lengths  at  ； i  liiiit'.  hint's,  'J.^iu.  by  -Win.,  of  ahoiil 
I  1J,()(J()1Ijs.  weight ,  have  Ix'eii  used  for  ci^lii  ■  h;isic  t 屮，' 11 
IhhiIIi  lOOlbs.  rails  wlu're  I  lie  ordinary  rail  mill  <M|ui[»nii-nl 
liad  not  I)0:mi  iiist;ill(*(l.  Tlit'  ino-(;ts  、v('n'  ljh;("ii('d  ； i  ml  i  lien 
shi|>|)ed  to  ； i  rail  mill  to  he  rcln'-itcd  and  rolhnl,  and  ljut  a 
IV  vv  pi])t>(l  rails  were  t'ou  m  I  during  ma  mi  tact  u  w.  Th(>  rails  iii 
the  track  fulfil  tli"  r("|"ir('m"iits  of  safety  and  severe  service. 
Tlit1  law  mass  of  nicl  *tl  iii  I  he  slicrt  ingots  m;l  <|iii(*kl  v 

c(  ml ,  and  i'roni  t  lit'  I  ciMiiin^  ()l  t'rmii  Cm)  t  o  Si)  Ion  melts, 
tlu»  ingots  would  he  cliur^ed  into  I  he  relieiilin^  t'liniaccs  in 
1  In*.  30  miii.，  and  l》t"、）n'  all  the  ii"t'ri(,r  rncl a!  had  set, 
w  i  1 1 1  hut  a  trace  a  shrinkH^e  cavil)'  slai't  fd.  The  disl  *inc(* 
in M  ))\'  1  lie  ini;'ul s  on  their  cars  t't'oin  t lie  o]>fMi-lie:u'lJi  depart- 
HKMit  to  t  lie  st  rippers  ami  I  hen  ")  the  n'lu'itii'g  furnaces,  aids 
t»  c()iis()li(l:ile  tilt'  Imt  uh'I  :il  in  I  lit1  ri'iitn,  <jI'  the  moving 
ingots. 

Cutting  Cold  Ingots  to  sec  the  Volume  of  the  Shrinkage  Cavity. 

Ingots  have  been  teeined  and  st  rippnt  in  1 1 1 e  ordinary  nianiuM-, 
then  t:ik(Mi  ")  the  reluvitin^  furnace,  and,  when  ready  for 
rolling,  taken  out,  allmved  t〔）  ccol,  and  wlien  cut ,  as  would 
I) 1  expect e^l,  have  shown  a  shrinkage  cavit v.  Tl">  blooms 
tr()m  the  rmnpaiii (川 in^ol s,  when  pronipllv  cha rged  into  tli、i 
lelieatin^  furnaces  and  rolled,  as  in  proper  mill  practice, 
would  show  onl  v  a  smal  I  t  race  of  the  cavit  v  coinpHred  with 
1  hat  iii  1  he  cold-cut  ingot.  I  do  not  k now  whej'e  similar  corn- 
parisons  will  be  found  outside  of  my  own  work  of  cutting  ingots 
which  have  b&en  allowed  to  cool ,  and  also  cuttiiig  blooms  of 
couipanioii  ingots  as  rolled  under  tlie  best  practice  of  to-day. 
The  necessary  mill  practice  1  o  securt1  pipel&ss  rails  niust  he 
understood,  ami  t  lie  time  limit  from  teeming,  slrippi  ni;, 
weighing,  and  charging  into  the  reheating  hmi;i('es，  involves 
deCmite  relations  to  1  lie  mass  of  metal,  its  clieinical  coin]>csi 
tioi'，  Hie  length  of  the  ingots  and  size. 

I  ('all  attention  to  the  fact  in  the  specifications  for  the 
New  York  Central  Lines  to  tlie  mill  practice,  tliat  as  soon  as 
the  ingots  aie  stripped  they  should  be  charged  into  the  reheat" 
ing  turnaoes,  .  to  prevent  the  setting  steel  to  cool  from  its 
molten  temperature  to  thai  of  cold  metal,  and  thus  avoid  t  lie 
t'onn;il  ion  of  tlie  full  shrinkage  cavities  in  the  ingots.  It  has 
h:'t'u  shown  l)y  the  rutting  of  a  large  number  of  blooms  that 
it  is  possible  to  ]ire vent  a  slirinkage  cavity  from  forming  of 
not  more  than  Irom  ^  to  ^  of  the  size  in  the  top  of  the 
hot  ingot  by  this  method  of  good  mill  practice,  of  what  would 
be  formed  by  permitting  the  ingot  to  become  completely  cold 
before  it  was  pub  into  the  heating  furnace  for  rolling. 

Bloom  crops  which  have  been  split  from  companion  ingots 
show  only  a  slight'  indication  of  the  shrinkage  cavity,  whicli  is 
removed  by  the  discard.  The  mill  practice  of  promptly 
cha rging  ingot's,  after  stripping  and  weighing,  into  the  re- 
lieat in^  furnaces,  1  have  followed  for  many  years,  and  but  a 
lew  piped  rails  required  rejection  during  the  manufacture, 
testing,  and  iiy>pe<'tion.  The  latter  commenced  in  the  con- 
verting cle])artment,  and  ran  through  the  mill  to  the  finishing 
and  shipping  department .  There  are  only  25  piped  rails 
known  to  have  been  found  subsequently  in  service  in  t  he 
track  in  G.llbs.,  701bs.，  751bs.  801bs.  951bs"  and  lOOlbs.  sections 
out  of  about  1,100,000  30ft.  rails,  of  which  the  lengtli  of  the 
ingot  was  not  over,  hut  uiuler,  three  times  the  width  of  t  lie 
base.  The  ingota  were  all  stripped  by  hand  in  the  teeming 
pit  ； uid  charged  into  horizontal  reheating  furnaces,  a  mill 
practice  long  since  abandoned.  Many  of  those  0*06  per  cent. 
o(  ]>liosphorus  and  from  0"60  to  0*65  per  cent,  of  carbon  rails 
； hv  si  ill  in  t'rei^lit  and  hraacli  line  service.  Some  split  heads 
have  developed  \n  these  rails,  due  to  segregation  and  t Ik1 
heavy  service  to  which  tliey  have  been  subjected. 

I  was  at  the  mills  co-operatino  in  the  nianu fact ui-e  and 
inspection  of  tlie  rails,  and  comTiieiiced  in  1893  to  indicalf 
t Ihm'i-  position  in  t he  ingots,  ami  stamped  on  tlie  web  of  tho 
top,  middle,  and  lower  rails  the  letters  A，  B,  C，  respectively. 
This  was  for  the  purpose  of  studying  their  subsequent  wear 
and  behaviour  in  the  track,  which  has  been  so  instructive 
that,  the  pr(i('ti('e  of  designating  the  rails  by  letter  for  iden- 
tification in  tlie  track  has  become  general  for  tlio  Unilt'tl 
States. 


TUo  A"  rails  c(jnt;iiu  a  larger  |"'r''('iil  of  oxides,  wliirh 
I'osa  in  the  steel  l^cloi  **  <  ''m|>lM  f'l v  setting  in  l lift  ingots,  ami 
wore  fastsr  1  lian  I  lie  •  I?  "  or  V  "  rails  mirier  the  s;"i"， 
I  i  a (lie.  Tl"'  l>r  i';ik;i»/(*s,  lmw''、'i'r,  li;t  vr*  Iwi  slight  in  oi  \  her 
1 1"'  "  A/'  "  H,  or  •  (•  '，  rails  after  ( In'ir  many  years  of  service. 
The  ingots  wen'  li  i  'm-rl  with  slinrp  (  oniers  in  the  moulds,  of 
about  'J'ain.  radius,  and  in  (lie  " A "  rails,  |>;i!liriilarlvt  oxifles 
ami  sla<(  were  entrained  in  tlie  rorm'rs  I 八' tlie  <olunuiar  Htrur- 
tu re  (A  tlie  sell  ing  s(  'mA.  Tlif*  i^aii^n*  sidf  coi  iht  t  Ik*  A 
rails  would  show  in(l"';it  ""is  o(  hro  iki n«(  rUnvn  and  s|mwl"ig 
to  a  ^re.it  sr  exlenl  under  tho  lieav v  I  railir  1  lian  t  lie  H  "  or 
" C  "  mils.  It  was  possiljle,  afler  the  rails  were  in  tlie  track 
ei^hl  or  10  yours,  to  idcntil'v  I'y  <'asual  iiis|"'H  io"  tlie  "A" 
rails  from  tJie  J5  "  or  "  C  M  rails,  by  the  i"''"'  ir'''|ii'"i， 
spMwIiii^  on  the  ^au^e-side  corner  ol*  t  lif 

The  'A"  rails  in  I  lie  80I!js.  se<'tions  wliich  were  in  the 
fiei^lit  t  rack  of  the  New  York  Central  and  llmlso"  Kiv^r 
R.R.  in  places  of  lieavy  tiMffic  \(>\  tlie  tiK*t;il  taster  than 
the  '  B  "  or  C'  "  rails,  and,  in  a  few  placos,  were  removed 
； nul  laid  by  theniselves  to  ensure  equal  heights  of  tlie  、v'"ii 
surfaces.  The  same  characteristic  of  wear  was  not M-fd  on  the 
】（）（》ll)s.  rails,  and  also  u])on  the  951  bs.  rails  of  1  lie  Boston  and 
A lbany  R.R.,  though  the  "A"  rails  were  never  sepa rate<l  on 
ac<*oiuit  of  the  i ncrcasod  wea r. 

Tlie  comparatively  few  piped  rails  indicated  that  at i *-n 
tion  to  tlie  in i  1 1  practice  of  cliargin^  the  ingots  pro 川 |'Uv  into 
the  reheating  furnaces,  as  already  desn-ibod,  did  rontribut**  to 
the  soundness  of  tlie  rails.  Therefore,  similar  good  mill  prac- 
tice would  be  beneficial  for  tlie  larger  and  heavier  ingots  of 
recent  manufacture,  and  the  exceptional  freedom  froni 
breakages  of  rails  made  from  them,  in  service  during  1  lif*  j»a-t 
winter,  has  again  confirmed  t he  value  of  such  mill  practice 
and  essential  study  for  basic  opeii-lieart h  stw'l. 

We  must  first  provide  tli&  hot  molten  metal  with  a  cliemi- 
cal  composition  wliich  will  produce  sound  ingots  and  definite 
physical  properties  in  the  finished  prcduct.  Our  first  effort 
is  to  secure  a  well-deoxidised  steel,  and  by  proper  null  prac- 
tice make  sound  ingots.  This  method  lias  given  excellent 
results  in  tlie  past,  and  by  tlie  necessary  study  and  attention 
of  the  consumers  and  manufacturers,  it  is  possible  to  obtain 
greater  perfection.  It  is  important  to  understand  and  observe 
t lie  principles  whicli  contribute  to  better  practice,  and  in  t liis 
the  consunier  must  materially  aid  the  manufacturer  by  advis- 
ing him  of  1  he  ly])e  of  failures  which  occur  in  rails  under 
service.  It  is  requisite  for  more  than  one  person  to  know 
tlie  principles  of  good  mill  practice*,  tliat  all  of  the  genera  1 
conditions  of  manufacture  may  be  followed  to  produce  the 
desired  results. 

There  are  several  methods  by  whicli  a  refractory  brick  is 
placed  upon  the  top  of  the  ingot  mould,  and  when  filled  with 
molten  steel  is  kept  hot  by  gas  jets  or  charcoal  to  cause  the 
hot  fluid  metal  to  fill  up  the  shrinkage  cavity  formed  by  the 
setting  steel  in  the  ingot.  Such  methods  have  not  been  used 
for  rail  steel  to  any  extent  in  America,  though  many  thou- 
sand tons  have  been  made  from  ingots  in  which  coke  dust 
was  thrown  on  the  top  of  the  molten  steel  in  the  mould,  and 
it  fed  the  shrinking  volume  of  setting  steel.  Granulated  slap 
has  also  been  used.  When  refractory  bricks  are  used,  more 
deoxidisers  are  added  to  tlie  steel  for  the  purpose  of  ensuring 
the  elimination  of  all  blow  holes  and  increase  the  teiulen<'y 
of  the  steel  to  shrink  and  permit  the  molten  metal  to  feed 
the  lessening  volume.  It  was  a  common  practice  a  few  years 
ago  in  teeming"  ingots  to  add  2oz.  or  3oz.  of  aluminium  per 
ton  in  the  moulds  to  reduce  the  oxides  in  the  steel. 

Benjainin  Talbot,  of  England,  at  the  present  time,  j>ro- 
poses  to  cast  molten  metal  in  large  ingots,  25 in.  square  or 
20in.  by  24in.  on  the  ba9e,  and  poured  to  a  depth  of  60in.  or 
more,  and  after  the  ingots  are  teemed ,  stripped,  and  put  into 
the  reheating  fu maces  for  about  35  mimitos,  and  wlule  the 
centre  is  still  molten,  to  cog  t hem  down  to  18in.  square.  Then 
tlie  bloom  with  the  fluid  (*ontre  is  put  into  the  reheating  fur- 
nace to  set  and  the  lieat  allowed  to  equalise  before  it  is  rolled 
into  the  final  section.  The  shrinkage  cavities  are  said  to  be 
completely  closed,  and  ingots  whicli  have  been  made  in  Eng- 
land show  on  the  exterior  a  chemical  composition  of  about 
wliat  the  ordinary  ladle  tests  show.  Then  there  is  a  layer 
of  higher  rarbon  content,  with  a  softer  centre  than  the*  out- 
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side.  He  uses  a  large  percentage  of  aluminium  or  silicon  or 
ferro-titanium  to  make  his  steel  sound,  and  then,  by,  his 
method  of  precogging,  eliminates  the  cavity  and  produces 
an  ingot  in  which  the  metalloids  are  not  uniformly  distri- 
buted. Several  ingots  have  been  made,  a  few  rolled  into 
rails  and  tesbed  under  the  drop  in  England,  which  were  said 
to  show  good  result's.  This,  in  a  measure,  would  be  almost 
the  reversal  of  segregated  rails,  in  which  we  find  the  different 
layers  of  metal  fail  from  the  upper  portion  of  the  ingots  under 
our  heavy  wheel  loads. 

Sir  Robert  Hadfield  recommends  liis  patented  process  by 
which  he  places  a  refractory  enclosure  on  the  top  of  the  mould 
and  fills  it  with  molien  metal,  filling  up  the  ingot,  and  then 
by  tbe  use  of  a  layer  of  slag,  0'5in.  or  mo>re  in  thicktiiess,  on 
tb©  molten  motal,  he  puts  charcoal  and  fires  it  by  a  blast  of 
air,  which  prevents  setting  of  the  top  metal,  and  feeds  the 
shrinking  volume  of  that  beneath.  He  states  thafc  his  pro- 
cess enables  him  to  produce  ingots  of  which  92  per  cent,  of 
the  weight  is  available'  for  use1. 

It  is  important  to  call  attention  to  the  fact  that  either 
by  the  methods  of  Mr.  Talbot  or  of  Sir  Robert  Hadfield,  they 
consider  it  necessary  to  us©  a  larger  percentage  of  deoxidise rs 
than  is  customary  in  the  bath,  to  produce  what  they  term 
" piping  steel. M  This  indicates  tliat  their  ordinary  op-en- 
hearth  product,  as  made,  is  not  of  itself  sufficient  to  reduce 
the  oxides  in  the  steel  as  low  as  they  consider  essential  to 
eliminate  the  exterior  blow  Iioles  and  make  the  ingots  set 
solid,  except  what  would  be  the'  natural  shrinkage  cavity, 
which  their  special  methods  are  intended  to  prevent  or  close 
by  treiatment. 

The'  views  of  Mr.  Talbot  and  Sir  Robert  Hadfield  are  old, 
as  to  the  desirability  of  completely  eliminating  the  blow  holes 
and  causing  tho  steel  to  set  sound  at  the  risk  of  producing 
a  shrinkage'  cavity,  which  must  be'  checked  from  full  develop- 
ment, and  liav©  beeai  held  and  practised  by  me  for  the  past 
30  years  in  the  production  of  ingots  for  steel  rails.  The 
deoxidisers,  aside  from  the  manganese,  should  be  sufficient 
to  cause  the  s1>eel  to  set  sound,  as  is  shown  in  the  metal  of  the 
cut  ingot  (Fig.  1)  without  blow  holes  nearly  to  the  extreme 
top  of  the  cold  ingot. 

Tho  principles  of  making  good  ingots  for  all  liigh-carbon 
steels  are  understood  by  metallurgists  and  manufacturers  as 
well  in  America  as  abroad.  It  is  now  recognised  that  the 
bath  must  be  efficiently  purified  to  secure  sound  ingots  of  the 
requisite  physical  properties  and  ductility  in  the  fabricated 
articles  or  rolled  rails.  The  important  fact,  howeiver,  is  not 
understood  by  all  railway  engineers,  that  the  effort  to  make 
piping  steel  is  for  the  purpose  of  securing  sound  ingots.  The 
suggestions  of  Mr.  Talbot  and  Sir  Robert  Hadfield,  to  use  a 
large'  percentage  -of  aluminium  in  the  ingots  to  reduce  more 
completely  the  oxide®,  I  do  not  consider  advisable,  from  the 
difficulties  already  experienced  with  aluminium  so  used  in 
rail  steel  for  our  heavy  wheel  loads'.  It  would  be  better  to 
use  silicon  or  a  combination  of  silicon  and  ferro- tttanium  to 
secure  the  desired  results.  We  do  not  use  as  】iigh  percentages 
of  silicon  in  steel  as  is  employed  abroad,  except  for  tyres. 

It  is  now  found  for  our  heavy  wheol  loads  and  severe 
service  in  the  low  temperatures  of  several  of  the  important 
trunk  lines,  that  tlie  high  silicon  tyres  break  more  frequently 
than  those  in  which  the  content  is  lower.  The  suggestion  to 
use  from  0'3  to'  0'4  per  cent,  of  silicon  in  rail  steel,  without 
modification  of  the  other  chemical  constituents,  would  involve 
the  risk  of  many  rails  breaking  from  the  slipping  df  the 
drivers  upon  the  rail  heads.  We  must  proceed  with  proper 
caution  in  introducing  dooxidisers  which  remain,  or  their 
oxidation  products  are  liable  so  to  do,  in  the  bath  of  steel. 
Ferro-titanium ,  while  more  expensive  than  either  aluminium 
or  silicon,  also  acts  as  a  flux,  and  can  b&  used  without  danger 
of  leaving  its  oxidation  products  in  tli©  well-made  bath  of 
steel -  The  impression  prevails  that  to  produce  a  greater 
soundness  in  steel  by  the  use  of  the  ferro-titanium  as  a  de- 
ox  idiser  is  detrimental  rather  tlian  beneficial,  from  the 
increas&d  tendency  to  pipe  the  ingots.  It  is  the  proper  use  of 
subsidiary  deoxidisers  and  their  attending  conditions  which 
must  be  understood  to  secure  sounder  steel  with,  rather  than 
without  them. 

Segregation  of  Basic  Open-hearth  Steel  Ingots. ― The  segregation 
of  Bessemer  ingots  ha®  been  studied  extensively,  but  the  basic 


open-hearth  ingots  for  steel  rails  and  wlieels  have  not  received 
requisite  attention.  I  liave  studied  their  segregation  in 
several  ingots,  but  do  not  find  it  as  great  in  well-purified 
steel  as  might  be  expected  f rorn  Bessemer,  which  contains  two 
or  more  times  the  impurities  of  phospliorus  and  sulphur. 
Well-melted,  purified  basic  open-hearth  steel  sets  quietly  and 
the  segregation  becomes  less  in  degree. 

The  Illinois  Steel  Company,  at  Gary,  when  rolling  rails 
for  tlie  New  York  Central  Lines,  in  1912,  at  my  request,  took 
one  ingot  weighing  8,1001bs.  from  melt  No.  54,428,  and 
charged  ifc  into  the  reheating  furnace  as  in  ordinary  mill 
practice  ；  then,  in  about  2*5  hours,  wlien  in  condition  to  roll, 
drew  and  set  it  outside  the  furnace  to  cool.  The  ingot  was 
20in.  by  24in.  on  the  base,  and  poured  73in.  long.  The 
shrinkage  cavity  shown  in  the  cold-cut  ingot,  Fig.  1，  is  fully 
developed  from  hot  to  cold  steel,  and  is  more  than  20  times 
larger  than  in  the  bloom-crop  of  the  rolled  companion  ingot  as 
charged  in  the  usual  mill  practice.  Charging  10  or  15  minutes 
earlier,  the  ingot  would  have  prevented  even  as  large  a 
shrinkage  cavity  as  found,  in  the  bloom-crop,  though  it  shows 
that  1'4  per  cent,  of  sound  metal  was  cut  off  in  the  usual  dis- 
card and  0"75in.  in  depth  was  planed  from  the  centre  of  the 
bloom  and  the  small  cavity  was  entirely  removed. 

The  crop  from  the  8in.  by  8in.  bloom,  46in.  long,  from 
the  companion  ingot  was  split  to  examine  tlie  shrinkage 
cavities  and  segregation  (see  Fig.  2).  The  ingot  when  cool 
was  split  and  planed,  and  five  vertical  rows  of  holes  were 
drilled  in  one-half  of  the  ingot,  which  were  marked  respec- 
tively A，  B,  C，  D，  and  E.  The  distance  between  the  vertical 
rows  A  and  B  was  2'25in.,  and  for  the  other  rows  3in.  The 
transver&e  rows,  Nos.  1  to  9，  inclusive,  were  3*75in.  apart, 
but  between  Nos.  10  to  15，  inclusive,  tlie  spacing  was  7'5in. 
Drillings  were  taken  from  64  holes  of  the  ingot,  and  chemical 
analyses  made  for  the  carbon,  manganese,  phosphorus,  sul- 
phur, and  silicon. 

The  crop  of  the  companion  bloom  weighed  7591bs.，  repre- 
senting 9.4  per  cent,  of  the  ingot,  and  was  split  and  drillings 
taken  from  three  vertical  rows  of  holes.  This  made  73  holes 
from  which  complete  analyses  were  made.  The  chemical 
composition  by  the  ladle-test  was :  C,  0*71  ；  Mn，  0*83  ；  P, 
0-025  ；  S，  0-038;  Si,  018.  The  vertical  row  of  holes  near 
the  exterior  of  the  ingot  showed  that  the  carbon  ranged 
from  0'67  to  0  69.  The  carbon  for  the  15  holes  of  the  next 
vertical  row  showed  a  slightly  lesser  content,  while  the  next- 
row  showed  a  higher  content  than  the  ladle-analysis  from  the 
third  to  the  tenth  transverse  row. 

The  segregation  of  the  carbon  was  not  as  large  as  would 
be  expected  from  the  size  of  the  ingot,  the  top  indicating 
that  the  steel  set  quiet  under  the  silicon  content  of  0*18  in 
the  ladle,  and  that  possibly  one  or  two  points  were  subse- 
quently absorbed  by  the  further  deoxidisation  of  the  steel 
in  the  mould  before  setting. 

The  average  carbon  from  the  drillings  of  the  companion 
bloom  (Fig.  2)  was  0*67,  while  before  cooling  from  the  ladle 
test  it  seemed  to  be  0  71,  a  small  practical  variation,  though 
it  should  receive  consideration  in  an  investigation  of  the 
cause's  of  the  segregation. 

Metallic  titanium  to  the  amount  of  01  per  cent,  in  the 
steel  would  have  reduced  the  segregation  of  the  carbon  to 
some  extent,  though  with  a  tendency  to  increase  the  pipe, 
and  to  obviate  the  latter  it  would  have  been  necessary  to 
handle  the  ingot  more  promptly  from  the  teeming,  stripping, 
and  charging  into  the  reheating  furnace.  It  was  found  that 
the  manganese  was  nearly  uniformly  distributed  and  the 
phosphorus  segregation  was  unusually  small.  There  was 
same  sulphur  segregation,  and  nearly  all  the  tests  showed 
slightly  higher  percentages  than  the  ladle  analysis.  The  sili- 
con in  the  ingot  and  bloom  was  nearly  uniform,  and  in  not 
a  single  instance  did  it  exceed  the  amount  shown  by  the  ladle 
analysis. 

Conclusions  for  the  Manufacture  of  the  Present  Basic 
Open-hearth  Rails. 

1.  The  chemical  composition  should  provide  for  sound 
steel  of  ample  physical  properties  of  tenacity  and  toughness 
rather  than  hardness  combined  with  brittleness. 

2.  The  impurities,  phosphorus  and  sulpluir,  should  be  of 
minor  content,  so  that  the  bath  of  metal  can  be  purified  to 
produce  the  large  percentage  of  toughness  and  ductility  due 
to  the  specified  chemical  composition. 
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:;. Tlio  in^ol  should  luivo  such  relations  of  aroa  of 
coin  pared  with  t  he  Ikm^IiI  and  wei^lil  Hi;"  ，  under 
practice  ； ind  suitable  (U'oxidisers,  it  can  bt*  made  with  (•()"- 
trolled  sp^re^alion,  ami  only  a  tnu-c  of  a  shrinkage  (-a v it y  in 
t  |,e  top  ；  tli(»ii,  when  hloorncd  umlcr  its  t'tjualistMl  inil  ial  licat, 
it,  is  rendered  pipeless  by  the  usual  S  ti>  1 0  pfi-  rt'iit .  discaid . 

/I.  Aluminium  can  l>e  replaced  and  silicon  p-utly,  as  deoxi- 
disers,  with  advantago  hv  the  use  of  ferro-t  itaiiiuin  to  i>uril  \'， 
s(,l"lifv，  and  clicck  segregation  in  rail,  tyre,  and  nxU-  steels, 
and  also  some  of  t  lie  lower  "rades  (if  rai-hon  steels  where  ^roat 
pin  it  v  is  <lesirod. 

f)f  Tlie  duel  ilit  v  and  clun^at  ion  tests  to  (late  fui'iiisli  the 
})(»s(.  and  only  proiri])!  means  of  (let  criiiiuiii^  t  lie  decree  of 
purificat  ion  ol'  t  ho  s" 屮 1  ptM1  mcll  as  it  is  made,  l>y  indicating 
t  )u>  pliysical  propiM'iies  se<*ure(l  before  anol  lier  rncll  is  t;ipp<'d 
rroiii  tin'  same  Curnacr,  ami  aro  advantage  to  "k' 

inanufactui  of  as  well  as  l  o  I  lio  ronsumor.  These  t  ests  ;u'f>  so 
advanced  t  li;»t  t  licy  must  he  applied  with  knowlpd^c  and 
understanding  for  pi'()p:'r  results,  and  nol  m:i<l('  nici-lian  i<-a  1 1  v, 
for  sp.'cil'KHl  nvonls. 

(i.  Kverv  process  or  slep  of  1  he  cut  ire  manufact  in  o  of  the 
slpcl,  rolling  and  (inisliin^  t  1h*  rails,  iimst  contribulf1  its 
part  io  sorui-c  the  liigliest  quality  of  the  product  nn'idciit  t;> 
1  he  cliemical  roinposil  ion. 

7.  S])ecificat ions  sliould  be  drawn  to  indicate  some  of  tl"1 
major  necessitios  the  <("isu"i<m、  and  the  tests  ami  inspec- 
tion conducted  in  a  spii'ii  ")  aid  and  invite  the  co-operation 
of  the  ！ naiiufactiirers  t o  nieot  1  lie  ])rooressiv(i  requirements 


through  the  pipe  IJ  to  tlie  aiixili.uy  (••  Tl"'i"'f' 

cooling  medium  whi<  li  lias  thus  i,;i、s*'、  ll"' 川: 

tlie  ])ipe  I)  to  the  cylinder  E  of  the  main  en^iiu*  ;nui  t Ik*u 
t  lirou^li  pipes  F  and  Cm  into  t  lu*  jark^t  .surrounding  tlio 
cylinder 】i  the  main  engine  from  which  it  flows  t h roiiL'li 
the  pipe  J  into  the  radiator  K  iii<junte<l  on  t  Ik*  I"i  wall  ol' 
the  locomotive.  The  cooling  rnediiuii  is  cooUmI  in  tl"'  r.uliator 
K  and  ret  urns  through  the  pipe  L  back  to  t  Im*  storw'  "ink  M 
from  wliich  tlie  purnp  A  a^ain  cin-ulatcs  it  in  t  In*  m:"m''r 
(les(rribed .  I  n  order  to  set  t  Ik*  flilh'rciit  con  iu-«-t  ions,  val  vim 
N  are  provided  at  t  Ik*  var  ious  junct  ions  or  el  hows,  aixl  I  urt  lior, 
between  the  di.schar^e  pipe  f o r  t he  cooling  medium  at  '山《' 
<*n^i  ne  or  cylinder  and  1  lie  supply  pipe  tor  anot  hor  fiigim*  is 
ai  ranged  a  r()m"»rl  i iig  pipe  t  luou^h  vvliicli  t  lie  wasl**  w;it**r 
from  such  (Mi^i can  he  sii|>|>l ied  t(j  t  lie  ot  lu-r. 


Ci 


CRUDE-OIL  ENGINES. 

Engines '■  was  dealt  with  l>v  M  i . 
iii  a  paper  recent ly  read  before  tlie  Jnnioi 
Engineers.      The   output    from   oij    pmlm rif 
was  the  practical  one  clue  to  the  limit;" "川 


COOLING  INTERNAL  COMBUSTION  ENGINES. 

A  method  of  cooling  internal-combustion  engines  in  cases 
wliere  two  or  mo  re  engines  or  gmups  of  engines  a  re  provided 
on  a  \'Hii('lt、：m'  ship  lias  btHMi  (Iwigiif'd  and  ]>al^nt  ed  }jy  Messrs. 
Sulzer  Bros,  of  Wintertliur.  I u  t lie  accompanying  illus- 
tration t lie  method  is  shown  applied  to  a  locomotive  in 
wliich  a  driving  engine' Z  is  provided  and  an  auxiliary  engine 
C .    The  cylinders  E  and  H  of  the  main  engine  drive  the 


Arrangement  for  Cooling  Internal-combustion  Engines  ox  Locomotives 

wheels  direct  and  the  auxiliary  engine'  C  is  primarily  employed 
for  producing  compressed  air  for  the  brakes,  for  injecting 
the  fuel,  for  circulating  water  and  supplying  electric  ])<>\vt*r 
and  light.  The'  main  supply  of  cooling  iiiedium  is  stored  in 
I  lie  tank  M  and  pumps  A  serve  to  circulate  ( his  liquid  through 
the  cooling  system.  Connected  to  the  tank  M  is  the  supply 
pipe  which  leads  to  the  individual  cylinders  H  and  E  of  the 
main  engine  and  to  t lie  cylinders  of  the  auxiliary  engine  C. 
Tlie  pipes  for  the  cooling  medium  are  so  constructed  that  it 
either  flows  into  tlie  jacket  of  one  cylinder  only  or  into  tlie- 
jackets  of  one  engine  o'r，  on  the  other  hand,  all  the  cooling' 
liquid  is  distributed  among  the  various  cooling  jackets  of  the 
several  engines.  By  suitably  connecting  or  setting  the  valves 
provided  in  the  pipes  the  cooling  mediiun  may  be  supplied 
thereto  direct  from  the  tank  M.  The  discharge  pipes  a're 
arranged  in  a  manner  corresponding  to  the  supply  pipes  and 
in  their  case  also  any  desired  connection  can  be  obtained  by 
means  of  the  valves  which  are  provided  for  the  purpose. 

A  special  arrangement  is  provided  which  enables  the  dis- 
charge pipes  for  the  cooling  medium  of  one  or  more  engines 
to  be  connected  to  the  supply  pipes  of  other  engines  or 
of  their  cylinders,  cylinder  covers,  pistons,  &(*.，  and 
further  enables  the  cooling  ined ium  to  enter  tlie  main  dis- 
cha rge  pipe  only  after  having  passed  through  all  these  cooling 
javk ets.  The  valves  for  effecting  the  different  connect  ions 
aiv  ilia^rammaticallv  illu?t  rated  in  the  accompanving  drawing. 
All  tlie  cooling  incdiuni     rst  flows  frotn  the  pump  A  direct 


Tiik  subject  of 
W.  A.  Tookey 
I  ust  il  nt  ion  of 
rvl i ndois,  he  sa 

imposed  by  tlie  tendency  of  the  mixtu re  to  prei^nite.  As  luii"' 
as  the  temperature  of  tlie  inixture  could  l>e  controlled  wit  It 
consecutive  impulse  cycles,  so  that  at  the  point  of  maximum 
compression  more  lieat  could  be  added  in  su fficiont  amount  to 
start  combustion ― either  by  absorption  **t'  heal  from  the 
ignition  tube,  externally  or  internally  heated  by  dom  water- 
coo  led  vaporiser  walls,  or  electric  spark ― so  the  engine  could 
be  relied  upon  to  work  satisfactorily,  although  with  less  heat 
efficiency  tlian  gas  engines  of  equal  output.  But  if  such  con- 
trol of  teniperaturo  during  corr][>ression  could  not  U'  f'liMiwI, 
owing  to  various  causes  whicli  were  now  well  understood, 
spontaneous  combustion  would  take  place  and  would  result  in 
preignibion  and,  sooner  or  later,  in  the  stopping  of  the  engine. 

Temperature  control  of  t lie  nature  referred  to  、、； 卜  m',-i 
easily  obtained  by  means  of  water  injection.  Tlie  t hernial 
storage  capacity  of  metal  and  of  water  made  it  impossible  to 
gam  quick  control  by  varying  tlie  amount  of  heat  abstracted 
from  the  cylinder  walls  through  increased  circulation  of  water. 

Injection    of    water    into  the 
charge  went    at    once  to  the 
seat   of  the  trouble  and  re- 
duced the  skin  temperature  of 
the    internal   walls.      In  this 
w;iy   not  only    could  preigni- 
tion  be  stopped,  hut  the  rapidity 
of  combustion  due  to  rich  mix- 
ture could   be   checked.  The 
gases   could  be  made  to  yield 
their  heat   less   violently,  so 
that    not    only    could  more 
power  be  obtained  per  impulse, 
through    the    use    of  richer 
mixtures,    but    the  impulses 
themselves  were  of  a  nature  which  enabled  more  of  the  energy 
of  the  gas  to  be  applied  to  the  crank  shaft.    Even  so,  howevei , 
the  performance  of   such   engines  was  rarely   better  than 
0'751b.  j>er  brake  horse-power  hour  at  full  load. 

Tlie  bulk  of  residual  or  heavy  oils  available  up  to  a  year 
or  so  ago  at  low  prices,  but  now  unreasonably  expensivt*. 
brought  about  a  demand  for  engines  capable  of  using  t liein, 
and  therefore  from  the  kerosene  engine  had  been  evolv e<l  t lio 
crude-oil  or  semi- Diesel  engine,  in  which  the  main  cliffen'ii' ，' 
was  the  injection  of  the  fuel  at  or  about  tlie  moment  of  inaxi 
mum  compression  pressure,  instead  of  during  the  suet  ion 
stroke.  This  had  greatly  mininiised  the  risk  of  preignitions, 
and  had  allowed  the  use  of  higher  compression  temperatures, 
with  the  result  that  heavier  oils  could  be  burnt  efTe<tivelv. 
The  compression  pressure  varied  in  the  engines  of  different 
makers  from  loOlbs.  to  2801bs.  per  square  inch,  but  the  diffe- 
rence in  these  pressures  apparently  failed  to  affect  tl»e 
efficiency  obtained,  for  the  performance  of  both  had  been 
proved  to  be  at  the  rate  of  0'451b.  per  brake  horse-power  hour 
at  full  load. 

There  was  still  risk  of  preignition  at  heavier  loads  when 
ltigh  mean  pressures  were  demaiuled,  and  consequently  richer 
mixtures  were  introduced.  This  was  readily  controllable  by 
water  injection.  The  capacity  for  heat  storage  of  the  hot 
bulb,  wliich  was  a  feature  of  the  semi-Diesel  tvpe  of  engine, 
was  a  very  important  factor  towards  success,  as  was  also  the 
direction,  pressure,  and  atoinisation  of  i\\e  injei  tod  fuel . 


484 


THp;    MECHANICAL  ENGINEER 


[May  2,  1913 


A  LARGE  ELECTRIC  POWER  PLANT.* 

The  North-webt  Station  of  the  Commonwealth 
Edison  Company. 

w.  l.  abbott. 

In  the  days  of  direct  current  generating  and  distributing 
from  central  stations,  when  the  fixed  charges  on  the  under- 
ground network  were  relatively  greater  than  now,  and  tlie 
cost  of  underground  copper  was  proportional  bo  the  square  of 
the  distance  to  which  current  was  transmitted,  a  location  as 
near  as  possible  to  the  centre  of  gravity  of  the  load  was  the 
prime  consideration  in  selecting  a  power-house  site. 
Naturally,  in  such  cases  land  values  were  so  high  that  it  was 
found  expedient  to  crowd  the  equipment  into  the  smallest 
space  possible,  resulting  in  a  congested)  station  with  high 
operating  labour  cost,  running  non-condensing  and  supplied 


Fia. 


Cross  Section  of  Boiler-house  ；  Nobth-west  Power  Station  of  The  Commonwealth 

Ed: 


ison  Company,  Chicago. 


with  coal  by  wagon.  With  the  development  of  alternating- 
current  generation  and  transmission  at  high  voltages,  the  use 
of  rotary  converters  and  frequency  changers,  and  with  enor- 
mous increases  in  the  size  of  generating"  units  and  in  tho 
amount  of  power  supplied,  other  operating  costs  decreased 
relatively  to  such  an  extent  that  the  cost  of  fuel  far  exceeded 
them  all  combined.  Therefore,  the  dominant  factors  now 
in  determining  the  selection  of  a  power  site  are  the  ones  in- 
volving the  economical  handling  and  utilisation  of  coal.  Let 
us  consider  these  factors  and  their  effect  on  the  problem. 

As  the  cost  of  fuel  greatly  exceeds  all  other  operating 
costs  combined,  and  as  the  consumption  of  fuel  when  running 
condensing  and  non-condensing,  respectively,  is  in  the  ratio 
of  2  to  3，  it  appears  that  unless  the  coal  consumption  is  to 
be  increas&d  50  per  cent,  the  power-house  must  be  accessible 
to  an  abundant  supply  of  condensing  wa  ier.  Desirable 
power-house  sites  are  hard  to  find,  so  when  a  satisfactory 
location  is  found  it  is  advisable!  to  provide  for  a  good-sized 
installation,  and  one  which  will  take  care  of  all  increases  in 

*  Abstract  of  paper  presented  before  the  electrical  section,  Western  Society  of 

Engineers,  December  23rd.  1912. 


the  load  for  a  considerable  period  of  time ~ say  five  years. 
At  the  time  the  North-west  Station  was  to  have  been  started 
(winter  of  1911-12)  the*  maximum  load  on  the  company's 
system  was  about  200,000  kw.，  and  the  indications  were  that 
for  a  number  of  years  in  the  future  the  increase  would 
average  at  the  rate  of  15  per  cent,  per  year,  which  rate  of 
increase  applied  to  the  load  of  200,000  kw.  indicated  that  the 
net  increase  of  load  during  the  following  five-year  period 
would  amount  to  about  220,000  kw.  Accordingly  acreage 
sufficient  to  accommodate  two  power-houses  of  120,000  kw. 
each  was  sought.  It  was  not  the  intention  to  install  this 
amount  of  power  all  at  one  time,  nor  even  during  the  five 
years  mentioned,  as  our  existing  power-houses  could  still  be 
added  to  and  other  new  power-houses  might  be  commenced, 
but  it  was  considered  that  a  site  which  might  be  built  up  at 
will  and  eventually  accommodate  240,000  kw.  would  not  be 
at  all  too  large. 

What  acreage  then  is  required  to  accom- 
modate a  240,000  kw.  power  house  ？  Ex- 
perience has  shown  that  such  a  power-houso 
supplying  a  diversified  metropolitan  】oa(l 
will  at  some  seasons  of  the  year  run  at  a 
load  factor  of  50  per  cent,  of  the  installed 
capacity.  For  a  240,000  kw.  installation 
this  will  require  a  daily  coal  supply  of  some- 
thing over  4,000  tons,  or  about  100  carloads. 
To  make  a  moderate  allowance  for  the  un- 
certainties of  freight  traffic  over  a  distance 
of  200  miles,  provision  should  be  made  for 
storing  on  the  property  at  least  three  days' 
supply  of  loaded  and  one  day's  output  of 
empty  cars,  amounting  altogether  to  400 
cars,  which  will  require  four  miles  of  storage 
tracks.  The  power-house,  storage  tracks, 
storage  pile,  and  switch  tracks  will  require 
about  50  acres  of  ground,  but  after  allowing 
for  convenient  spacing,  it  will  be  found  that 
the  total  space  required  for  such  a  plant  and 
all  that  goes  with  it  is  not  less  than  75  acres, 
the  greater  part  of  which  is  for  receiving, 
storing,  and  handling  coal.  The  site  ac- 
quired for  the  new  station  is  located  near 
the  Chicago  river,  between  Roscoe  and 
Addison  Streets. 

An  aggregate  of  240,000  kw.,  or 
350,000  h.p.,  in  one  building  creates  possi- 
bilities for  an  interruption  to  the  entire 
supply.  It  was  therefore  deemed  prudent 
to  divide  this  capacity  between  two  separate 
power-houses  of  equal  size,  to  which  plan 
the  power-house  site  is  well  adapted.  The 
two  power-houses  are  symmetrically  arranged 
on  either  side  of  a  central  east  and  west 
axis.  Each  has  its  system  of  railroad 
tracks,  and  each  has  a  large  coal  storage  field  spanned  by  a 
gantry  crane  265ft.  long.  Water  for  condensing  is  drawn 
from  the  Chicago  river  through  a  double-deck  tiinn el,  the 
upper  conduit-  being  used  for  the  outflow,  which  is  discharged 
into  the  river  at  a  point  several  hundred  feet  down  stream 
from  the  intake. 

The  North-west  Station  consists  essentially  of  a  turbine 
room  70ft.  wide  and  290ft.  long,  on  one  side  of  which  is  the 
boiler-house,  in  which  the  boilers  are  arranged  in  rows  of 
ten,  one  row  opposite  each  turbine.  Each  of  the  two  North- 
west Stations  is  designed  for  six  turbines  aud  60  boilers.  On 
the  side  of  the  turbine  room  opposite  the  boiler  room  are  the 
transformer  house  and  the  switch  house,  in  separate  though 
counected  buildings.  About  two-thirds  of  the  first  station 
building  group  has  been  completed,  although  only  one-third 
of  the  equipment  has  been  installed. 

Cars  containing  coal,  when  delivered  at  the  station,  are 
run  on  to  tracks  over  the  receiving  hoppers  under  the  boiler 
room  (see  Fig.  1).  There  the  coal  is  dtunped  into  the  first 
receiving  hoppers  and  from  there  it  passes  through  the  coal 
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crusher  ;uul  into  the  conveyor,  which  elevates  it  to  the  se/*oinl 
receiving  hopper  above  the  firing  floor  in  the  boiler  r(;oin , 
from  which  second  hopper  it  is  drawn  by  gravity]  as  required, 
to  th©  stokers  in  front  of  the  boilers.  I  f  the  coal  rars  v<* 
drop  bottoms,  the  unloading  is  quickly  done  by  opening  the 
drops.  If  a  car  does  not  have  a  drop  bottom,  it  is  unloaded 
by  a  2-yard  clam-shell  bucket  operated  from  an  overhead 
crane. 

In  its  passage  tlirough  the  boiler-liouse  the  coal  is  handle*! 
on  five  different  levels  and  in  nine,  operations,  as 
follows :  Delivered  on  the  unloading  track,  dumped  into  first, 
receiving  hopper,  run  tlirough  crusher,  discharged  into  <  m 卜 
veyor,  elevabed  to  second  receiving  hop(>er,  drawn  off  to 
stokers,  durnj>ed  from  bark  eiul  of  chain  grate  to  ash  liopper, 
discharged  into  empty  coal  cars,  hauled  out  of  train  shed. 
The  boiler-house  is  so  designed  and  equipped  that  at  no 
point  in  the  handling  of  the  great  volume  of  coal  that  daily 
passes  through  it  is  it  necessary  to  use  manual  labour. 

The  boilers  are  arranged  in  rows  of  10  each,  facing  each 
other  on  opposite  sides  of  a  common  firing-room,  so  that  one 
set  of  firemen  and  water  tenders  can  look  after  20  boilers. 
Each  10  boilers  are  served  by  a  tile-lined  steel  stack  1 7ft . 
inside  diameter,  and  extending  275ft.  above  the  boiler-room 
floor.  In  designing  the  boiler  furnaces,  it  was  recognised 
that  ttey  must  burn  the  smokiest  kind  of  soft  coal  screenings 
practically  without  smoke.  The  fundamental  principle  in 
smokeless  furnace  design  is-  to  provide  a  chamber  of  high 
temj)erature  and  of  sufficient  length  or  volume  to  ensure 
complete  combustion  of  the  luminous  flanie  before  it  comes 
in  contact  with  the  boiler  tubes.  This  can  be  done  perfectly 
in  a  furnace  having  a  tile  roof,  but  un?ortunaiely  two  oth-er 
things,  both  undesirable,  are  also  accomplished.  The  changed 
gas  passage  restricts  the  draught  and  reduces  the  boiler 
capacity  ；  at  the  same  time  the  furnace  temperature  is  so 
high  that  the  expense  of  maintaining  furnace  walls  and 
arches  is  greatly  increased. 

In  the  design  used  at  the  North-west  Station  the  boilers 
were  set  with  the  high  end  of  the  sloping  tubes  to  the  front 
and  10ft.  above  the  grate,  the  expectation  being  that  this 
great  height  would  serve  as  a  vertical  combustion  chamber, 
with  ample  capacity  to  give  the  flame  time  to  burn  out  before 
it  reached  the  t  ubes  ；  the  draught  would  not  be  restricted 
and  the  brickwork  would  be  conserved  by  the  temperature 
being  kept  down  through  the  absorption  of  radiant  heat  by 
the  expos&d  tubes.  The  second  battery  of  boilers  were  set 
like  the  first,  with  the  exception  that  they  were  given  a 
horizontal  gas  pass  (see  Fig.  2),  the  purpose  boing  to  give  the 
two  designs  thorough  comparative  tests  and  adopt  for  the 
station  that  design  which,  all  things  considered,  proved  to  be 
the  best. 

Each  boiler  should  be  able  to  easily  generate  30,0001bs. 
of  steam  an  hour,  or  70  per  cent,  more  than  normal  rating, 
and  this  rate  of  steaming  will  require  a  rate  of  coal  burning 
of  4，5001bs.  an  hour  under  each  boiler,  or  751bs.  a  minute. 
This  means  that  in  each  second  of  time  300' cub.  ft.  of  air 
passes  through  the  grate  and  in  the  heat  of  the  furnace 
becomes  1,500  cub.  ft.  It  therefore  whisks  itself  into  and 
out  of  the  furnace  at  a  rate  which  necessitates  combustion 
to  be  almost  instantaneous  if  complete.  With  60  boilers,  all 
running  at  the  maximum  rate,  the  amount  of  air  entering 
the  grates  each  minute  is  over  1,000,000'  cub.  ft.  If  this  were 
all  drawn  through  the  boiler-room  on  a  winter  day,  the 
fireme?  would  be  obliged  to  go  out  of  doors  to  get  warm  ；  but 
to  avoid  such  unpleasant  draughts  of  cold  air  as  would 
otherwise  be  created,  provision  is  made  to  admit  air  directly 
under  the  grates  from  the  train-shed  below. 

r  ？ hese  boilers  have  each  5,800  sq.  ft.  of  water  heating  and 
350ft.  of  steam  superheating  surface,  and  are  equipped  with 
travelling  chain  grates  of  115  sq.  ft,  area.  Steam  is  raised 
to  a  pressure  of  2501bs.  and  is  superheated  125°.  Steam  is 
taken  from  the  boilers  through  6in.  pipes  connected  with  a 
16in.  header  supported  on  roller  bearings  in  tlie  header 
room.  Conneetino  the  steam  headers  is  a"  8iu.  crossover,  1> 、- 
means  of  which  strain  from  o""  unit  niav  he  supplrtMcnt  cil 
》'ith  steam  drawn  from  an  adjoining  unit*  Each  hatlerv  of 
Idlers  1S  provided  with  two  boiler  feed  puni],s.  Tliese'mv 
^ln7.  3ttage  Worthington  centrifugal  pumps  driven  bv 
Lurtl9  steam  turbines  at  2,300  revs,  per  minute,  and  have  "a 


capacity  of  700  galls,  per  ininut©  againnt  a  pressure  of  -」、 'II'). 
The  feed  water  is  pumpe<l  from  the  cotiflenser  at  a  "  'if 
Uzre  of  about  75。  into  a  closed  feed-water  heater  of  4,000 
ft.  heating  surface,  in  which  it  in  heaU-d  hy  cxliai 卜 t  >i*-;ur. 
from  the  auxiliaries.  A  float  valve  at  the  top  of  th'*  li'  ; 山 "- 
regulates  the  admission  of  make-up  water  into  vtnA^w^-x 
The  turbine-room  when  completed  will  measure  29Qft. 
long,  70ft.  wide,  and  55ft.  high.  This  allows  for  a  turbine 
spacing  of  44ft.  from  centre  to  centre.  As  the  turbines 
measure  only  15ft.  5in.  maximum  outside  diameter,  there  is 
ample  floor  space  for  tlie  auxiliaries.  Spanning  。"'  tm  bm,- 
room  is  a  Morgan  travelling  crane  of  110  tons  capacity.  Tlie 
turbines  (Fig.  3)  are  of  the  well-known  vertical  CurtYs  type, 
rated  at  20,000  kw.  capacity,  and  run  at  750  revs,  per  niinut<- 
They  are  6-stage,  each  wheel  having  two  rows  of  bii'  k'  ts 
built  in  sections  and  rivete<l  to  the  disc  which  forms  tin* 
central  j>art  of  the  bucket  wheel.  The  first  three  wheels  have 
28  double  bucket  sections  of  24  buckets  wh，  ； m,l  tin-  I; 卜 t 
thrw  have  28  double  bucket  sections  of  20  buckets  ，'a,  h 
making  a  total  of  7,392  buckets.  These  buckets  varv  t» 
！ ength  from  Ijin.  in  the  top  row  of  the  first  wheel  to  18in. 
i"  the  botk>m  row  of  the  sixth  wheel.  The  outside  ,liam,'，'  r 
of  the  sixth  wheel  is  13ft.  2in.,  and  therefore  has  a  pf"ipl"'nil 
velocity  of  over  500ft.  per  second,  or  about  6  miles  per 
minufce.  The  guaranteed  steam  consumption,  with  steam  at 
2501bs.  pressure  and  100。  superheat,  is  141hs.  per  kilowatt- 
hour  at  loads  of  10,000  kw.  and  20,000  kw.  and  13  45]bs  at  i 
load  of  15,000  kw. 


Fig.  2.— Altebnative  Aruan (； ement  of  Boilers  with  Vertical  and 
Houizontal  Pass  fob  the  Gasba. 

The  weight  of  the  steam  end  is  200  tons  and  of  the  gene- 
rator 230  tons,  making  a  total  weight  of  430  tons,  of  which 
100  tons  is  in  tlie  revolving  elements.  This  great  weight  is 
supported  on  the  step  bearing,  the  two  halves  of  which  are 
kept  from  direct  contact  by  oil  which  is  forced  into  the  bearing 
at  a  pressure  of  8001 bs.  per  square  inch  to  which  the  pump 
pressure  of  l,2001bs.  is  baffled  down.  Floating  on  this  oil 
system  is  an  accumulator  weighted  to  30  tons.  Should  the 
accumulator  sink  to  a  predetermined  level,  owing  to  failure 
of  the  steam  pump,  it  would  automatically  put  into  operation 
an  auxiliary  electrically-driven  pump. 

The  base  condenser  on  which  the  turbine  rests  is  designed 
to  condense  280,0001bs.  of  steam  per  liour,  using  for  each 
pound  of  steam  condensed  751bs.  of  cooling  water,  whosd 
temperature  will  be  raised  14。  Fah.  in  passing  through  the 
condenser.  The  condenser  contains  7,600  lin.  tubes  17ft.  long, 
comprising  32,000  sq.  ft.  of  cooling  surface,  as  compared  witli 
58,000  sq.  ft;  of  water  heating  surface  in  the  boilers.  A 
2°in-  by  30in.  Corliss  engine,  running  at  120  revs,  per  minute, 
drives  the  circulating  water  and  dry  vacuum  pumps.  The 
circulating  water  pump  is  a  36in.  volute  of  a  capacity  of 
40,000  galls,  of  water  per  minute  against  a  head  of  20ft. 
The  condenser  with  its  inlet  and  discharge  pipes  form  a  closed 
sip'iou,  so  that  after  the  system  is  once  filled  with  water  tlu» 
lift  in  one  leg  is  balanced  by  the  fall  in  the  other,  and  then 
the  circulating  pump  has  only  to  overcome  the  friction  and 
inertia  to  circulate  the  water. 

The  cylinder  of  the  dry  vacuuin  pump,  wliicli  is  mou'iteJ 
in  tandem  with  tlie  steam  cvliiuler  of  tli,'  Corliss  en^iuo, 
measures  28in.  by  30i".  ami  at  the  speed  mentioned  has  a  'lis: 
placement  of  2,550  cub.  ft.  per  minute.  Sucli  a  volume  of  air 
(lra、vu  from  a  condenser  having  an  absolute  pressure  of  lin 
yould  slirink  to  80  cub.  ft.  at  atmospheric  pressure,  or  about 
7】bs.  of  air.  Water  of  condensation  is  removed  from  the 
condenser  by  a  5in.  horizontal  2-stage  Worthington  centrifugal 
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turbine-driven  pump  with  a  capacity  of  660  galls,  of  water 
per  minute. 

The  generator  mounted  above  the  turbine  is  of  tlie  revolv- 
ing field  type  and  generates  25 -cycle,  3-phase  ('urn'tit  at  a 
pressure  of  4,500  voU-s  wliicli  is  stepi)(>(l  \\\)  hy  t nuWorm''r.、 
to  9,000  volts.  The  revolving  field  has  lour  poles  ； weighs 
512  tons.  The  armature  is  star  wound  and  lias  a  continuous 
rated  capacity  of  2,570  amperes  per  phase.  The  ])cri]>heral 
\'^lucity  of  tlit1  turbiiie-di'i  veil  rcvnlxin^  field  is  five  t  inics  ； is 
great  as  in  the  case  of  the  reci])rorating  engine,  and  1  In* 
amount  of  work  done  per  unit  of  mass  for  t  lie  whole  field  is 
proporlionally  increased.  Moreover,  the  hari-cl-shape'I 
； irmal  arc  in  which  1  lie  tiirbo-geiierator  field  revolves  does  not 
1'iTinit  of  tlui  natural  ventilation  wliicli  occurs  in  the  case  of 

cii^ine-drivfMi  iield  cf  ];i r^f  di^incier  rovulving  in  almost- 
free  air.  For  these  two  reasons  forced  ventilation  is  necessary 
with  a  t urho-^eneral or,  and  is  ci'eatrd  })\  a  Can  m(um"'(l  mi 
the  main  sliat't  above  the  gen  er  ill  or  and  set  to  blow  a  strong 


Fi".  3.— Sectional  Elevation  of  Curtis  Steam  Turbine. 


blast  of  air  through  the  field  and  armature.  The  efficiency  of 
the  generator  is  very  high  (96  per  cent.),  and  yet  because  of 
the  great  amount  of  energy  transt'orinetl  in  the  generator,  t lie 
lieat  evolved  is  equal  to  that  resulting  from  the  perfect  coin- 
l:ust  ion  vnvh  I  lour  of  27011) 人 of  coal  of  the  quality  1 1  i  ;i  i  is  used 
in  t lie  boiler  room.  The  capacity  of  a  generator  is  limited  by 
the  teni])erature  n f  its  insulation,  ； in<I  in;iv  be  increased  ； is 
means  for  keeping  clown  tlie  temperature  of  the  insulation  arc 
improved.  To  render  tlie  relatively  sinnll  turbo-generator 
s;itc  wit li  tlir  ^reat  loads  which  are  put  upon  it,  the  air  for  llu1 
forced  ventilation  is  drawn  not  from  the  turbine  room,  l>ul 
t'ruiM  outside  of  the  building. 

For  excitation  ]>urj)o^e.s  7T>  k\v.  ； d  1  volts  is  re(|uirecl. 
In  i\\v  compleleil  stat ion  there  will  be  four  exciters.  Two 
of  these  will  be  of  300  kw.  capacity  each,  driven  by  a  2-sla^ro 
liorizontal  Ckirtis  steam  turbitie  rumiiug  at  1 ,500  revs.  |>(、r 
minute  and  generating  current  at  14J5  volts.  The  other  t  wo. 
ol'  200  kw.  capacity  each,  will  be  d riven  by  ；)  ) >1kiso,  25-cyclo, 
4J*J0-voll  motors  running  ；"'  750  rovs.  jhm*  mimitr.  I  n  addit ion 
there  will  he  two  storage  batteries  of  70  cells  each,  witli  a 


capacity  of  1,000  ampere-houi's.  The  operating  gallerv  is 
located  in  a  bay  projecting  into  tlie  turbine  room,  and  from 
here  the  operator  lias  a  clear  view  of  the  entire  tui  bine  room 
floor.  The  generator  control  switches  are  mounted  on  a  ljcn'  li 
board,  and  the  line  control  switches  and  all  instruments  are 
mounted  on  vertical  slabs  above  the  b^nch  board. 

Slow  speed  engine-driven  generators,  by  their  mass  and 
construction,  have  inherently  such  poor  automatic  regulation 
that  any  sudden  reduction  in  the  resistance  of  the  circuit 
supplied  is  accorii]>anied  by  an  increased  output  of  current  at 
a  considerably  reduced  pressure.  This  is  due  to  the  choking 
or  reactance  effect  of  tli"  armat  ure.  This  feature  of  such 
generators  resulted  in  >ci  ious  fluctuations  of  pressure  with 
fluctuation  o I'  load,  and  was  naturally  considered  an  object  ion 
able  quality.  Central  station  managers  were,  therefore,  (•("'- 
tinually  asking  niauufaclurers  for  machines  having  l'('t t  r 
inherent  regulation.  Willi  tl"'  ad  vent  of  the  liigl 卜 sp'''"l 
turbine  it  was  found  possible  to  build  a  generator  wlm"' 
reactance  was  only  one-tourth  or  one-fifth  of  that  of  the  slower 
speed  generators.  This  was  thought  to  be  a  higlilv  desiraljlf 
improvement,  and  the  utmost  advantage  was  taken  of  the  new 
design  to  keep  the  reactance  as  low  as  possible.  But  when 
sucli  generators  of  large  sizes  were  built  and  connected  to  a 
common  set  of  bus- bars,  it  was  found  that  nearly  wliolc 
energy  stored  in  the  high-speed  revolving  manses  would  be 
instantly  hurled  into  any  near-by  short-circuil  "  liieli  orcui  'e'l, 
the  energy  output  of  the  inarliines  for  the  moinent  l>ein^ 
j)erhaps  20  time;?  normal. 

Such  violent  surges  were  so  destructive  to  generators, 
switches,  bus-bars,  lines,  and  connected  apparatus  that  it 
was  found  necessary  to  restore  fco  the  circuit  nearly  as  much 
reactance  as  had  been  gladly  eliminated.  In  the  case  of  tlie 
Fisk  Street  machines,  this  was  accomplished  by  installing  in 
each  of  the  three  armature  leads  to  the  bus-bar  a  6  per  cent . 
reactance,  that  is,  a  coil  of  wire  supported  on  a  concrete  and 
wood  frame,  whose  choking  effect,  together  with  the  2  per 
c&nt.  reactance  in  the  generator,  at  full  load  of  the  generator 
is  equal  to  8  per  cent,  of  the  voltage  generated.  This  effe'  t, 
which  is  unobjectionable  at  norma]  loads,  increases  with  t ho 
s(juare  of  the  current  flowing  and,  therefore,  in  times  of 
trouble  affords  protection  which  is  ample  and  at  the  same  time 
automatic.  In  fact,  cm&  of  the  12,000  kw.  Fisk  Street  gene- 
rators was  repeatedly  short-circuited  through  a  set  of  t  hesi- 
reactances  without  harm  to  generator  or  coil. 

At  flie  North-west  Station  the  additional  reactance 
needed  was  introduced  into  the  circuit  in  the  auto-trans- 
formers,  which  step  up  the  pressure  from  the  machine 
voltage  of  4,500  to  the  system  voltage  of  9,000.  These  trans- 
formers are  installed  in  a  separate  building,  between  the  tur- 
bine room  and  the  swiU'h  house.  Each  transformer  is  in- 
stalled in  a  separate  fireproof  compartment,  and  is  of 
3,333  k.v.a.  capacity.  They  are  water  and  oil  cooled  and 
contain  1,700  galls,  of  oil.  Water  is  circulated  througli 
])ipes  immersed  in  the  oil  at  a  rate  of  16.\  galls,  per  minute. 
Each  tank  has  an  emergency  drain,  by  means  of'  which  it 
can  be  emptied  of  oil  in  a  very  short  lime.  The  efficiency  of 
these  transformers  is  very  high,  being  99  4  per  cent,  at  half 
load  and  99  3  per  cent,  at  full  load.  They  are  13ft.  hi^li, 
9ft.  long,  and  5ft.  wide,  and  weigh,  with  the  oil,  25  tons. 

To  the  east  of  the  transformer  house  is  the  switch  bouse, 
a  three-storey  building  containing  all  tlie  oil  switches,  high 
tension  bus  bars,  and  instrunu'iit  transfonners.  On  the  first 
floor  the  bus  bars,  rabies,  bells,  aucl  generator  leads  are  in- 
stalled. The  line  and  generator  buses  run  east  and  west .  ； mfi 
the  main  miuI  auxiliary  buses  ncrlli  and  smitli.  The  second 
floor  contains  the  oil  switches,  the  pots  of  whu'li  are  built 
in  a  single  row  inst  ？ *ul  of  a  double  ryw.  This  arranuement 
provides  greater  safety,  in  that  each  oil  pot  is  separated  from 
the  adjoining  one  bv  n  ((，"（Ti、t  、、  partition.  NinetrtMi 
switches  are  ])rovi(led  for  e:uli  unit ,  nine  ol"  wliicli  a  re  line 
switches,  eiiiht  are  bus  and  tie  switclie^,  ami  two  generator 
switches. 

Thv  ^eneratini;  si  it  inn  just  flox  ribed  is  t  lie  uwst  niorlern 
of  any  in  existence,  and  was  designer!  h\  cn^ineors  wlio  have 
been  engaged  all  t heir  lives  in  (losi^niiiL:  powcr-liouses  ； m'l 
])ower-liouse  0(HU|>inent.  No  <、xp(、ns，'  was  spared  to  iunke 
ihis  instnll.'ition  the  last  won  I  in  tlie  art  of  converting  the 
energy  of  roal  into  electrical  energy.      The  elation  was  dc- 
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signed  for  six  units,  I  wo  of  wliieli  were  to  1>"  山" 1  in  t  In* 

li,>t  iiislalhilion  ;itid  1  lie  r('m;imm,"  four  ")  follow  soon  tlicr (- 
；" "'r，  so  tliat  ihr  st  ition  wheu  completed  would  contain  a 
sviniiK'lrical,  up-to  'Ifiif  (、'|i!i|'"i''ut  of  the  largest  size  and 
liiohost  cfliciciicy  :  l>u(  ； iKis  for  111"  \n^t  laid  plans  of  m'-i! 
hetwetMi  the  (l;""s  that  t  he  plans  were  finished  ； ni<l  tin* 
stalion  whs  put  in  service,  as  great  strides  were  ma(">  in  tli'' 
Mil  as  had  Ikmmi  m;iflc  during  ;mv  period  of  ('(|U;il  lrii^tli  in 
its  history.  The  Nortii  wt'st-  Shilinn  is 山） hiu  ； ill  lliat  whs 
rx,»(M-to(l  Of  it,  but  wilhin  a  lit  He  more  than  a  year  I'rom 
t  |u>  time  it  \v;js  put  into  scrvici'  its  i':|iii"m('iit  will  be  <-.-]ips('(l 
by  an  install:"  io"  at  Fisk  Street  of  larger  ami  more  efficient 
lM,ilers,  and  larger  ； i  inl  more  oflicient  Uu'hincs.  Thv  iiwli- 
cations  now  ,'m'  lh;it  ！  lit'  (M(iii|)HHMit  \vlii<'li  will  1>"  iiisl"U'"l 
at  llu>  North-\v(>sl  Station  in  t  lie  t'uliirc  will  h"  ()f  ； m  ('iit'ii'ely 
(lifl'ortMil  l\'])v  from  ( h;it  now  in,  ； i  nd  、、■('  may  oven  hope  it 
will  1)e  as  great  an  improvement  over  1  lie  m'、、't'r  Fisk  Street 
turl)ines  as  those  arc  ex[)(M*kvl  to  be  over  the  macliint'S  dis- 
cussed in  this  pap'.M*. 


A  GASOLENE  ROCK  DRILL 

入 Ni':、v  ； "is (山 mi(、  rdck  dril  1,  wli ifl)  dors  not  rerjuire  n  i)。、、'（'r 
pl;inl  ； nul  pi]>e  liiu"  insl  alhil  ions,  h;is  Ixmmi  (h'sig'wl  ； m(l 
|、;",、ii"ul  l)y  L.  L.  Scott,  of  the  Scott  Drill  Company,  1,01:5, 
( Mu'sinut  Street,  St,  Louis,  Mo.  The  new  drill  is  of  llit; 
hanmiar  type,  in  which  t  lie  drill  steel  Iims  iki  reciprocating 
motion  but  receives  a  rapid  succession  of  blows  upon  tlie  end. 
these  blows  being  transtnit ted  from  the  piston  of  the  opera!  inu 
cvliiider.  The  drill  is  in  effect  a  single-acting  2-stroke  cycle 
gas  engine,  and  a  crank  si  i  a  ft  ruul  flywheel  are  used  lo  eH'cct 
the  return  stroke  of  t  he  })istoii.  In  order  to  permit  the  piston 
to  deliver  a  fully  di'ective  and  uiicushioned  blow,  it  is  essential 
thai  it  should  be  entirely  free  from  connection  to  the  crank 
shat'l  or  other  fixed  pn rl  at  Hip  mmiieut  when  the  l)l()w  is 
struck.  The  way  in  whirh  this  is  effected  is  one  of  the  special 
t、、atur(、s  of  the  machine  and  can  best  be  explained  by  reference 
io  tlie  acconi])anving  sectional  view,  for  which,  along  witii  th" 
following  description,  we  are  indebted  to  Engineering  News/' 
The  cylinder  h;is  a  lon^  hollow  piston  A,  the  space  in  the 
n«ar  of  \vln<-h  at  B  is  the  explosion  chamber,  while  the  space  C 
at  I  lie  forward  end  of  the  cylinder  is  the  compression  chamber 
in  which  the  charge  of  air  and  gas  is  compressed  to  force  it 
iulo  the  cvlinder  llirougli  a  channel  D  outside'  the  cvlinder 
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wall.  The  front*  cylinder  head  forms  a  guide  for  the  drill 
st('H,  mihI  in  il  is  inouiited  the  chuck  E  for  rotating  the  drill. 
In  tli(、  r^ar  head  is  the  clieck  valve  F  t  lirou^li  wliicli  t  he 
cx])losi\-o  mixture  is  achnitletl  to  the  cli amber.  The Jiainnier 
piston  is  a  lmig  hollow  plu"r.  closed  at  both  ends,  having  in  its 
forward  face  a  hammer  head  designed  to  st rike  a  sliding 
hlock  CJ  in  the  front  cylinder  head,  t  lirough  wliicli  l)h"'k  th，' 
l)lnw  is  transinittetl  to  the  eiul  of  llie  drill  steel.  The  rotating 
«*liuck  has  slots  to  m^eive  lugs  on  the  drill  rod ,  and  has  a  worm 
wheel  II  around  it's  outer  face,  gearing  wit  h  a  worm  -I  on  ； i 
cross  sha-fl  driven  hv  a  rlwiiii  Iv  passing  around  sprocktMs  mi 
I  lie  Mia  in  and  cioss  shafts.  Thf、  limn  nier  piston  "  float  s  i  it 
11"、  cylinder,  having  no  lixod  r()m"'('t  i()iis  lo  limit  its  stroko 
<、r  movement.  Within  this  pisl-on  is  litted  ； i  second  piston  I. 
°'  lixtnl  stroke.  Oh  the  side  of  t  his  inner  jiiston  is  a  cross  "in 
IW  whicli  projects  t  lirough  a  slot  in  1  \\r  hammer  |)iston  and  in 
tl't、  cylinder  will.  Tliis  pin  carries  one  end  ol'  ;i  con  neel  i  ret  I 
N  whoso  otlKM*  (Mid  is  fit  led  io  lli,、  rvt\uk  pin  (>M1"、  nwiin  sluit'i 
(J，  which  shaft  lies  above  au(l  ； htuss  i\w  rvlindci'.    U]>nn  I  his 


shaft  is  Uie  flywheeJ  1).  A  |mrt  in  t  ho  si 山' ol'  i  li"  main  |> 卜"" ' 
pennits  air  to  onlcr  I ln»  spare  (.)  hi-t  ween  tlie  rear  <*iuls  of  the 
inner  and  out  »t  pistons  to  prm'i<l(!  ； i  cusli" 川.  Tlie  rxliau.«-t 
oj)(M]iiif(  is  in  the  top  of  thv  rvlindfM*,  near  i"  i'*ar  t-nd. 

During  I  lie  backward  stroke  of  t  lie  main  or  on!  cr  piston, 
the  explosive  cliaige  is  arhnilted  to  t  lio  s|""'，'  (_'  in  t'roi"  o!'  it , 
and  with  the  next  forward  stroke  this  <  li;ir"'''  is  rom|,n'wi 
and  forced  1  lirough  tlie  passage  I )  ami  admission  valve  K  I *> 
the  explosion  (rliainber,  or  space  H  a(  the  rear  of  the  |>i-t *»n 
With  (he  Keconcl  backwa nl  simkc,  this  is  ''ompr''    •  •  i 

wit  liin  tlie  rear  cliainl>t*r  ami  ； •  scrond  r*li;ir^c  is  aflmitt^Mj  in 
tlie  forward  cliarnber.  .  At  t  he  end  t>f  this  si  n>k<*  tli'*  '",m 
pressed  charge  at  H  is  fi red ,  cl riving  t lie  piston  A  forw a v*\  >o 
that  its  hammer  lieacl  strikes  the  l)l("'k  G，  wlii'-li  I  raiismil s  t  lw 
blow  to  the  drill  rod -  This  cont act  wit  h  t  lu»  block  orcurs  just 
before  the  crank  of  the  main  sha ft  r(';irli'、  it  、'l":，'l  wtr",  ； im'J 
the  moineiiluin  of  t  he  II v wheel  causes  the  crank  to  font  inn*- 
its  motion  so  that  the  inner  piston  slides  forwanl  "  Uliiii  I  \\*' 
main  piston,  allowing  the  crank  to  pass  the  centre  without 
shock  to  its  bearings.  As  this  inner  piston  moves  forward  it 
uncovers  the  cushioning  port  above  rnent ioiu'W,  and  ； idinils 
air  at  its  rear,  which  is  compressed  wit  hin  t  lie  spa''"  (},  ； i、  ； i 
cushion  on  the  ret  urn  stroke  of  tliis  inner  piston  until  the 
pressure  is  such  that  the  main  or  hammer  piston  is  moved  I'a'  k 
witli  the  other.  With  tliis  a rrangenient  the  main  or  liaiinncr 
piston  is  entirely  free  from  the  main  shaft  at  thf  moment  when 
it  makes  its  blow  on  the  striking  blcx'k.  Bot  li  tli''  piston  and 
the  block  are  of  vanadium  steel -  The  cylinder  slides  in  its 
mounting  and  has  the  usual  screw-feed  arrangement. 

As  will  be  seen  from  the  above  description,  the  drill  engine 
is  of  the  single-acting  2-stroke  cycle  type,  of  simple  const rur- 
tion.  The  inlet  and  outlet  ports  are  not  opposite  each  other, 
so  there  is  no  opportunity  for  back-firing.  The  <peed  ran  be 
as  high  as  3,000  revs,  per  minute,  but  can  be  regulated  by  the 
operator  as  desired.  lii'e  machine  ruus  with  very  litth* 
vibration  when  chilling.  Cylinder  lubrication  is  provided  for 
by  adding  a  small  amount  of  oil  to  the  gasolene  (1  pint  to 
5  galls.).  It  will  rarely  be  necessary  to  provide  for  carrying 
away  the  exhaust,  and  in  fact  gasolene  locomotives  with  rmu-li 
larger  engines  work  in  mines  and  tunnels  without  causing 
trouble.  In  close  ground  tlie  exhaust  may  be  piped  into  a 
water  sump  or  to  the  mouth  of  the  shaft  or  ttuinel,  and  if  the 
exhaust  pipe  should  be  several  hundred  feet  in  length,  a  small 
auction  blower  may  be  put  at  the  end  in  order  to  relieve  back 

pressure.  A  tank  located  near 
the  drill  holds  about  2  galls,  of 
gasolene  and  15  galls,  of  water 
for  the  cylinder  jacket  and  for 
washing  out  the  drill  hole. 
Small  lioss  lines  run  from  the 
lank  to  the  machine.  The  only 
oilier  apparatus  require:!  is  the 
small  battery  supplying  cur- 
rent for  the  electric  ignition 
apparatus. 

The  drill  is  made  in  four 
sizes.  The  smallest,  which  can 
be  held  in  the  hand  and  is 
adapted  for  such  work  as 
holing,  weighs  1Slbs.  Tlie  oiliers  are  carried  on  mountings  ； 
one  of  these  weighs  851bs.，  and  drills  holes  4ft.  io  r>ft .  (l,'，  " 
The  next  size  weighs  1401bs.  and  drills  holes  Sft .  to  I Ot'l .  deep. 
The  largest  size  weighs  2 6") lbs.  and  drills  holes  l  lit't .  to  I'fitt . 
deep.  Ther3  weights  are  exclusive  of  the  tripod  or  column 
mounting.  Tlie  cvlinder  tliampt?r  is  'Jin.,  'J.1,  in.,  anil  3  A  in.  in 
the  three  mounted  sizes,  resj>ectivel v.  Tlie  average  j^cisoleiie 
consumption  of  the  lari;:M  Ttwichine  is  2  palls,  for  a  l()-lu>iir 
run .  I  u  hard  limestone  it  will  drill  80ft.  of  liole  j>er  clay  ； 
for  starting,  a  2] in.  bit  is  xi.^ed,  and  the  hole  is  finisheil  villi  ； i 
1  .l,iit.  cl  rill.  Two  types  of  drill  rods  are  useil .  One  ,»t  Ui"、，' 
is  a  hollow  cvlind riral  rod,  and  at  each  stroke  i\  port  ion  of 
the  exhaust  is  used  to  force  water  to  tlie  end  of  tlie  hole,  tlms 
removing  chips  and  dirt  and  keeping  a  clean  nxk  surface  tf》 
receive  the  blows  of  the  drill.  The  other  rod  is  solid,  hut  li; 卜 
a  spiral  thread  on  tlie  surface  which  acts  ； is  a  <onvever  to 
remove  the  cliips  from  t lie  hole.  Il  is  cl;iim(Ml  t luit  ihr 
t;asuloi»o  flrill  witli  -  lias  ；，  rapacity  or|iiHl  ")  I  hal  of  uii 

air  drill  icquiiing  some  LM>  h.j>.  ;it  tlio  power  house. 
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THE  PRESERVATION  OF  METALS  USED  IN  MARINE 
CONSTRUCTION* 

BY  LIEUTENANT  COMMANDER  FKANK  LYON,  U.S.N. 

In  taking  tlie  above  title  for  this  paper  the  writer  intends  bo 
apply  it  to  vessels  only  under  the  two  subdivisions  ：  The  metal 
of  the  hull  ；  the  metals  of  the  engines,  boilers,  and  machinery 
accessories.  The-  causes  of  the  wasting  away  of  such  metals  are 
three :  (1)  Corrosion  ；  (2)  abrasion  ；  (3)  erosion. 

Ccrrosion  is  the  most  serious  of  the  three,  is  ever  present , 
and  is  the  most  difficult  to  combat.  Metals  are  weakened  by 
all  of  the  three  causes  and  also  by  the  continued  variation  of 
stresses  in  th-em.  These  variations  tend  to-  open  up  and 
emphasize  the  inherent  defects  in  the  metals  due  to  segregation 
of  the  impurities  in  them  and  to  th-eir  different  physical 
characteristics  which  are  induced  oir  produced  by  the  different 
temperatures  at  which  ihey  are  worked  during  stages  up  to 
and  including  the  finished  article.  Corrosion,  the  chemical 
decomposition  of  mebal,  is  due  to  the  differences  in  electric 
potential  between  the  metal  and  the  liquid  or  moisture  that 
wets  its  surface.  It  is  produced  only  when  the  me»tal  is  wet 
or  moistened  by  some  liquid  of  lower  potential  than  metal 
itself.  Metals  that  are  absolutely  dry  do  not  corrode',  and  wet 
metals  corrode  only  on  their  wetted  surfaces. 

In  this  paper  it  is  assumed  that  there  is  some  definite, 
absolute  aero  of  electrical  potential  similar  to'  the  absolute 
zero  of  heat,  and  that  a  LI  bodies  and  liquids  have  some  definite 
potential  at  each  temperature.  When  a  metal  at  a  certain 
potential  is  immersed  in  a  liquid  of  lower  potential  the  metal 
dissolves  with  the  liquid  and  raises  it's  potential  ；  if  the  metal 
remains  in  solution  in  the  liquid  until  the'  potential  of  the 
liquid  solution  is  the  same  as  that  of  metal,  the  solution  is 
then  saturated  and  no  further  dissolving  takes  place  until  the 
conditions  of  temperature  o'r  liquid  solution  are  changed .  If 
the  potential  of  th©  liquid  is  the  liigher,  the'  liquid  exerts  an 
electrical  pressiure  on  the  metal  but  does  not  cause  it  to  dis- 
solve. If  the  metal  can  dissolve  in  the  liquid  but  is  thrown 
out  of  solution  as  rust  by  some  chemical  agent  inheront  in 
neither  the  metal  noir  liquid,  the  dissolved  parts  do  not  raise 
the  potential  of  the  solution  and  the  dissolving  goes  on  to  the 
extinction  of  the  metal  -  The  same  results  will  be  attained  if 
the  liquid  is  changed  as  fast  as  the  metal  dissolves  into  it,  such 
as  a  plate  on  the  side  of  a  ship  in  a  largo  body  of  water. 

The  diffusion  of  the  dissolved  parts  of  any  substance  in  a 
liquid  is  believed  to  be  due'  to  the  fact  that  the  potential  of 
the  liquid  is  raised  at  the  dissolving  point  and  that  the 
tendency  of  all  parts  of  any  liquid  body  at  different  potentials 
is  to  equalise  or  come  to  a  common  potential.  This  in  itself 
tends  to  keep  the  potential  of  the  liquid  at  the  dissolving 
point  down  until  the  potential  of  the  whole  body  of  the  liquid 
is  brought  to  the  same  as  that  of  th'e  dissolving  substance. 
That  is,  the  liquid  becomes  a  homogeneous  solution  through- 
out its  whole  mass  by  diffusion  of  the  dissolved  parts  into  the 
solvent.  If  a  metal  lias  all  o'f  the  points  in  its  wetted  surface 
at  the  same  potential,  and  that  potential  is  liigher  than  that 
of  the  liquid  by  which  wetted,  it  will  corrode  or  dissolve  at  all 
of  its  points  and  general  corrosion  is  said  to  exist.  If  the 
potentials  of  some  of  ihe  points  ar-e  higher  and  others  lower 
than  that  of  the  liquid  in  which  it  is  immersed,  it  will  corrode 
only  at  the  points  where  its  potential  is  higher  than  that  of 
the  liquid,  and  local  corrosion  is  said  to  exist  with  pitting  of 
the  metal  as  a  result.  The  potentials  of  pure  metals  and 
liquids  vary  with  their  temperatures  and  with  the  way  in 
which  they  are  stressed,  and  those  of  impure  metals  and  solu- 
tions vary  in  the  same  way,  and  also  with  the  way  in  which 
the  ingredients  vary  with  the  temperatures.  That  is,  an  alloy 
would  not  have  the  same  potential  that  any  one  of  its 
ingredients  wooild  have  at  the  same  temperature,  but  one  oom- 
mon  to  that  of  all  of  tlie  ingredients.  Also,  the  potential  of  a 
solution  at  any  temperature  would  not  be  the  same  as  that  of 
either  the  liquid  or  dissolved  substance  at  that  temperature, 
hut  at  some  one  potential  conuiion  to  them  both .  In  other 
words,  the  theory  of  potentials  is  assumed  to  be  similar  to  the 
theory  of  heat.  If  two  bodies,  solid,  liquid,  ot  gaseous,  at 
different  temperatures  are  brouglil  near  each  other  they 
assume  a  common  t'eini"('r;il  ur('  in  [n-oportiioti  t'()  the  aim  units 
of  heat  each  contains,  and  it  is  easily  conceivable  that  the 
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same  objects  at  different  electrical  potentials  would  come  to 
some  common  j>otential  in  proportion  to  some  inherent 
qualities  of  the  two  bodies  in  question. 

If  two  metals  are  connected  by  a  metal  conductor  and  they 
are  im rnersed  in  a  liquid,  and  if  one  of  them  is  at  a  potential 
higher  than  the  liquid  and  Ujb  other  at  a  lower  one  than  the 
liquid,  the  higher  one  dissolves  into  the  liquid  and  raises  iia 
potential,  the  liquid  discharges  its  potential  to  the  one  lower 
than  itself,  and  a  current  flows  and  the  original  condition  is 
maifitainecl.  If  the  metal  connection  is  broken,  then  the 
metal  of  higher  potential  raises  that  of  the  liquid,  which  in 
t urn  raises  that  of  the  metal  of  the  lower  potential,  and 
eventually  the  potential  of  tlie  whole  becomes  equal  to  that  of 
the  higher  metal,  no  current  flows,  the  original  condition  is 
destroyed,  and  tlie  metal -water-in etal  series  is  polarised.  A 
metal  with  different  potentials  at  points  in  its  surface 
immersed  in  water  or  a  water  solution  acts  in  the  same  way. 
If  all  of  the  points  are  higher  than  that  of  the  solution  they 
all  corrode  until  the  potential  of  the  liquid  is  raised  to  that 
of  the  lowest  point  on  the  metal.  As  the.  points  of  hi^lier 
potential  dissolve  inbo  the  liquid  and  tend  to  raise  its  potential, 
the  liquid  then  discharges  its  potential  to  the  points  in  the 
surface  lower  than  itself,  a  current  flows  from  the  higli  point 
to  the  liquid,  from  the  liquid  to  the  metal  at  the  points  lower 
than  it&elf  ；  the  circuit  is  then  complete  and  local  corrosion 
as  pitting  is  the  result. 

This  discussion  on  corrosion  is  made  necessary  by  the 
subject  matter  that  is  to  follow.  The  statements  made  above 
will  be  referred  to  in  many  places  and  would  not  be  understood 
unless  explained  beforehand . 

Abrasion  is  due  to  the  wearing  away  of  one  substance  by 
rubbing  against  another.  In  vessels'  hulls  it  is  mostly  notice- 
able on  the  bows  where  rubbed  and  abraded  by  the  anchors 
and  chains.  In  their  engines  and  machinery  it  is  noticeable 
in  the  bearings,  guides,  and  similar  construction,  especially 
when  not  properly  cared  for.  Its  effect  on  the  hull  material  is 
not  serious  and  cannot  be  prevented  in  wake  of  the  anchors 
and  chains.    There  is  no  danger  of  damage  from  that  source. 

Erosion  is  due  to  the  wash  or  scouring  action  of  liquids  or 
gases  over  metal  at  high  velocities.  With  the  exception  of 
valves,  and  maybe  in  a  few  other  places  about  the  machinery, 
its  effect  will  not  cause  sufficient  loss  to  be  noticeable. 

Metals  used  in  the  construction  of  the  hulls  of  vessels  are : 
Steel  for  plate®,  angles,  beams,  rivebs,  sfcrute,  and  external  and 
internal  braces  and  hull  fittings.  Composition  castings  for  sea 
chests  and  propellers.  The  compositions  generally  used  are 
manganese  and  phosphor  bronzes  ；  monel  metals ^ nickel 
bronzes —— and  an  88  copper,  10  tin,  2  zinc  bronze.  Steels  are 
extremely  variable  in  the  way  in  which  they  corrode  and  in 
their  effect  upon  other  steals  to  which  they  are  connected  by 
metallic  contact.  These  variations  are  due  to  the  differences 
in  chemical  compositions  and  to  the  difference  in  state  of 
stress  of  the  molecules  of  the  metals  in  their  wetted  surfaces. 
These  different  stresses  are  in  turn  due  to  the  different  work- 
ings the  metal  has  received,  tlie  temperatures  at  which  it  has 
been  worked,  and  to  the  heat  treatment  finally  given  the 
finished  product.  Two  pieces  of  steel  from  the  same  plate  may 
vary  perceptibly  in  tlx©  way  in  which  they  corrode  and  in  tlie 
loss  of  weight  per  unit  of  area  in  a  unit  of  time  due  to  the 
above  causes  ；  that  is,  certain  constituents  may  be  segregated 
over  the  surface  of  oue  piece  and  uot  over  the  other,  or  diffe- 
rent stresses  may  exist  in  the  two  surfaces,  due  to  the  different 
ways  in  which  they  have  been  worked  or  treated.  Au  angle 
bar  corrodes  more  quickly  than  a  plate  of  steel  of  practically 
the  same  constituents  ；  a  bent  plate  or  angle  bar  corrodes  in 
and  near  the  b&nd  more  quickly  than  th©  straight  part. 
There  is  always  more  corrosion  around  the  entrance,  run,  and 
bilge  of  a  vessel  where  all  of  the  hull  plates  and  frames  are 
bent,  than  along  the  straight  body.  -  A  rivet  that  has  been 
hammered  and  upset  corrodes  faster  than  the  same  rivet  before 
it  was  hammered.  The  assumption  that  any  piece  of  steel  is 
a  homogeneous  body  either  as  to  chemiral  contents  or  as  to 
])livsioal  stress  is  one  that  can  vorv  easily  be  disapproved  by 
suflicient  chemical  analyses  aiul  l>v  ]>hutoinicro^raj)lno  work. 
The  writer  was  niucli  surprised  to  note  the  differences  in 
chemical  ooni])cxsit  ion  and  ])lu>t(>inu,rographic  results  in  a 
boiler  tube,  samples  taken  (1)  over  the  expanded  surface,  and 
(2)  over  the  uuex{)aiuIfHl  surfaces.  He  was  also  surprised  to 
see  the  different  ways  in  which  boiler  tubes  corroded  over  the 
same  areas,  as  shown  both  by  Cushman  and  Walker's  ferroxyl 
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mount  and  by  actual  immersion.  Steels  are  of  hi^lier  potent  ial 
llian  water  at  ordinary  atmospheric  ieniperatures. 

Copper  and  oopper  compositions  vary  in  the  way  they 
corrode .  These  variations  are  due  to  chemical  composit  ions, 
variable  temperatures,  and  to  the  way  in  which  they  have 
been  worked  producing  stresses  in  the  surfaces  of  I  In*  finislicd 
product.  At  ordinary  atmospheric  temperatures  copper  and 
its  compositions  are  of  lower  potential  than  water,  i.e.,  they 
are  said  to  be  electro- negative  to  water.  As  their  teinjic 
ratures  are  increased  or  as  tliey  are  stressed  to  higher  degrees 
their  potentials  increase  faster  than  does  the  water  in  which 
tliey  are  immersed,  and  if  the  temperatures  or  stresses  are 
raised  sufficiently  they  become  of  higher  potential  t li;m  wat^r 
and  corrode  or  dissolve  similarly  to  steel.  As  a  proof  of  this, 
from  observation  on  shipboard  for  13  years,  copper  and  com- 
position piping  corrode  faster  at  th©  bends  and  near  flanges 
than  at  the  straight  parts,  and  pipes  in  wliicli  temperatures 
are  different  in  places,  such  as  feed  piping  through  feed 
heaters,  condenser  and  circulation  piping,  and  other  piping 
which  is  at  difFerent  temperatures  over  different  parts,  corrode 
faster  than  do  the  fire  mains  and  other  piping  which  are  at  the 
same  temperature  Mironghout.  Two  pieces  of  copper  or  com- 
position cut  from  the  same  plate,  treated  in  the  same  way, 
may  show  no  difference  of  potential  when  immersed  together 
in  water  and  connected  tln^ough  a  potentiometer.  Then  if  one 
piece  is  removed  and  hammered,  worked  or  lieated,  and 
replaced,  it  will  show  thai  it  is  electro-positive  to  the  unworked 
piece,  and  it  will  corrode  if  placed  in  water  of  a  certain  temj)e- 
] nturo  in  which  tlie  other  piece  may  or  may  not  be  affected 
according  to  the  treatment  and  chemical  composition  of  the 
original  sample.  Coin  position  castings  are  generally  of  a 
vcrv  uniformly  stressed  surface,  due  to  the  heat  treatment 
naturally  given  in  cooling.  Those  placed  as  sea  chests  in  sliips 
require  no  protective  coating  and  seldom,  if  ever,  give  any 
lirouble,  and  the  highest  temperatures  to  which  they  are  sub- 
jecteil  are  not  sufficient  to  raise  their  potentials  to  equal  that 
of  the-  sea  water  in  which  they  are  immersed.  If  the  oopper 
compositions  are  segregated  and  these  segregated  spots  are  of 
higher  potential  than  sea  water  they  dissolve  away  and  pit  to 
the  depth  to  which  the  segregations  extend - 

These  compositions  are  negative  or  lower  in  electrical 
potential  than  ordinary  or  sea  waters,  while  steels  are  electro- 
positive or  of  higlier  potential  than  tlie  same  waters  at 
ordinary  temperatures.  If  tlie  bare  steel  is  immersed  in  tlie 
water  it  will  corrode  or  dissolve  at  all  points  in  its  wetted 
surface,  while  the  composition  casting  in  the  same  waters  will 
not  corrode  at  any  of  its  points.  If  these  two  metals  are  con- 
nected by  a  perfect  metallic  contact  and  immersed  in  the  same 
water  the  rate  of  corrosion  over  the  steel  will  be  greatly 
increased.  The  rate  at  which  it  will  be  increased  all  over  its 
surface  will  depend  upon  the  perfection  of  the  metallic  con- 
tact; if  there  is  no  such  contact  the  presence  of  the  composi- 
tion will  not  increase  the  rate  of  corrosion  on  the  steel,  no 
mailer  how  close  together  they  may  be.  If  the  stael  is  covered 
with  a  moisture-proof  paint  and  the  same  contact  as  above 
made,  it  will  not  corrode  when  connected  by  a  perfect  metallic, 
contact  with  the  compositions,  but  if  the  film  of  the  moisture- 
proof  paint  is  broken  so  that  any  part  of  the  steel  surface  is 
exposed  to  the  water  it  will  corrode  rapidly  over  tlie 
exposed  part. 

Where  these  composition  castings  are  secured  to  the  steel 
luill  of  a  vessel  it  is  customary  to  secure  plates  or  rings  of 
rolled  zinc  as  a  protection  to  the  steel,  the  idea  being  that  the 
zinc  being  of  higher  potential  than  the  steel,  will  corrode  and 
preserve  the  steel.  That  this  assumption  is  thought  to  be 
correct  is  evidenced  by  the  great  use  of  zincs  at  a  very  large 
cost  in  these  places.  Yet  the  writer  lias  failed  to  see  that  the 
assumption  is  positively  correct  for  the  following  reasons : 

(1)  Zinc  quicklv  corrodes  and  becomes  covered  with  zinc  oxide, 
and  ziuc  oxide  from  boiler,  condenser,  and  liull  zincs  has  b©en 
found  to  be  electro-negative  to  steel  in  every  case  tried. 

(2)  In  no  case  has  the  writer  ever  had  a  piece  of  steel  con- 
nected to  a  zinc  plate  corrode  less  in  the  same  water  in  30  davs 
than  a  piece  of  steel  from  the  same  plate  placed  alongside  the 
first  plate  but  not  connected  to  zinc.  (3)  The  steel  around 
th?  sea  chests  of  the  bottom  blow  discharges,  if  properlv 
painted,  does  not  show  more  corrosion  than  does  tliat  around 
the  other  discliarges,  and  the  writer  has  never  seen  a  ship 
docked  that  had  any  zinc  in  tlie  bottom  blow  discharges,  tliey 
evidently  having  deteriorated  and  been  blown  out  soon  after 


the  previous  undocking.  (4)  It  has  been  noticed  on  many 
occasions  that  the  only  steel  attacked  by  corroeion  in  tlie 
vicinity  of  the  zinc  plates  was  that  of  the  steel  screws  holding 
the  zincs  in  place.  Therefore  the  writer  fails  to  see  the 
necessity  of  the  zinc  protectors,  especially  as  lie  lias  just  seen 
1  lie  boLlom  of  a  ship  on  whicli,  after  having  been  in  the  water 
over  six  montlis,  there  were  no  signs  of  corrosion  at  any  |>oiiil 
when  the  paint  film  was  iinhrokon  except  (，"  1 1"-  zinc 

The  use  of  zincs  and  other  rnotals  electro-jx>«itive  to  steel 
iu  galvanising,  elert ro-plating,  or  other  similar  covering  pro- 
cesses, as  a  preservative  for  it,  when  continuously  immersed  in 
water,  is  a  dangeroius  one  and  is  not  to  be  commended  for  the 
following  reasons  ：  (】) The  metal  covering  must  be  electro- 
positive to  the  steel  or  metal  to  be  protected,  therefore  it  is 
more  soluble  in  water  and  will  dissolve  more  quickly. 
(2)  When  tlie  steel  is  once  exposed  to  the  action  of  the  water 
it  corrodes  rapidly  over  the  exposed  surface  and  if  not  stopped 
by  some  similar  covering  it  will  pit  through  before  <>i  Iut 
surfaces  are  uncovered.  (3)  For  liull  and  ship  fittings 
generally  a  surface  once  exposed  cannot  be  again  covered . 
(4)  The  stable  oxides  of  all  metals  are  lower  in  the  potential 
series  than  the  pure  metals,  therefore  the>  oxide  of  the  coating 
may  be  lower  in  potential  than  the  metal  to  be  protected  and 
actually  does  harm  instead  of  good  where  the  steel  is  exposed. 

For  the  protection  of  the  hull  construction  it  therefore 
remains  only:  (1)  To  provide  the  most  homogeneous  metals 
possible  both  in  regard  bo  chemical  composition  and  physical 
structure.  (2)  Paint  the  completed  structure  with  a  complete 
film  of  the  best  anti-corrosive  paint  that  can  l)e  obtained, 
after  having  cleaned  the  surfaces  of  all  foreign  matter  and 
rust  and  dried  them  thoroughly.  After  this  film  of  paint  is 
dried  give  the  surfaces  a  second  coat  of  the  same  paint  ；  after 
this  coat  is  dry  paint  with  an  anti-fouling  paint  for  all 
outboard,  under-water  structures,  and  with  the  best  moisture 
excluding  paint  for  all  other  surfaces.  (3)  Dock  frequently 
and  remove  any  rust  that  may  be  found  and  repaint  as  may 
be  necessary.  (4)  On  inboard  structures  remove  all  paint  that 
shows  active  corrosion  under  it  and  wlien  thoroughly  cleaned 
and  dry  repaint  as  before. 

The  subject  of  proper  painting  is  a  very  important  one  and 
one  that  must  be  thoroughly  understood  to  obtain  good  results. 
There  are  three  necessary  points  that  must  be  observed  and 
understood  as  fallows :  How  to  paint,  when  to  paint,  and 
what  kind  of  paint  to  use  fo'r  the  different  conditions  the  paint 
has  to  stand.  How  to  paint  involves  the  question  of  the 
proper  preparation  of  the  surfaces,  the  proper  preparation  of 
the  paint,  and  a  proper  spreading  rate  of  the  kind  of  paint 
used.  When  to  paint  involves  the  question  of  the  dryness  of 
tlie  surfaces  and  the  atmospheric  conditions  in  the  vicinity  of 
the  surfaces.  What  kind  of  paint  to  use  involves  the  question 
of  whether  the  paint  is  to  be  used  (1)  as  a  protection  to  the 
metal ― anti-corrosive  aud  waterproof  paint ― (2)  as  a  cleanser 
of  the  paint  film  of  marine  growth ― anti-fouling  or  poisoned 
paints ^ (3)  as  a  decoration  to  the  structure ~ covering  and 
colouring  paint  . 

In  any  of  tlie  above  cases  the  paint  film  when  drv  should 
have  about  the  same  coefficient  of  expansion  as  the  metal  to  be 
covered,  or  the  painting  will  crack  or  become  loosened  f rom 
the  surfaces,  and  any  good  effect,  even  unto  decoration,  will 
be  lost.  An  anti-corrosive  paint  is  one  that,  when  well  dried, 
is  impervious  to  moisture  and  keeps  tlie  metallic  surface  drv 
so  tli at  no  active  corrosion  can  take  place,  and  one  that,  when 
moisture  does  percolate  through  it  to  the  metal,  dissolves  and 
raises  the  potential  of  the  enclosed  water  to  a  point  as  higli  or 
higher  than  that  of  any  metal  exposed  to  it.  To  perform  this 
last  function  the  pigments  of  the  paint  must  be  higher  in 
electromotive  series  than  tlie  metal  to  be  covered,  and  t<t 
perform  the  first  the  pigments  and  solvent  must  form  a  liomo 
geneous  film  over  the  whole  of  the  covered  metal.  An  anti- 
t'ouli ng  paint  is  one  that,  when  any  marine  growt  li  st  irks  on  its 
surface,  either  poisons  the  growth  and  allows  it  to  drop  off  or 
dissolves  under  the  growtli  due  to  its  secretions  and  allows  it 
to  loosen  and  float  away.  Manv  good  anti-corrosive  paints  are 
not  good  waterproof  ones  ；  therefore  unless  the  anti-corrosive 
paint  is  a  good  waterproof  one,  it  should  be  covered  with  a 
good  waterproof  paint,  for  the  protective  effect  of  a  non- 
corrosive  paint  is  obtained  at  tlie  expense  of  the  paint  unless 
it  is  also  a  good  waterproof  one.  As  soon  as  enough  of  the 
paint  is  dissolved  off  to  enable  a  free  circulation  of  water  to 
the  surface  of  the  metal  the  anti-corrosive  effect  is  lost. 
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Proper  painting  is  a  most  im]>oi't ant  aid  in  the  preserva- 
tion of  niel als  and  no  ell'ort  should  he  spared  to  obtain  it. 
The  first  cost  of  ]>aiutin^  for  t he  protective  effect  must  he 
disix'^arcled  and  the  best  paint  obtainable  for  the  purpose  used 
and  applied  with  the  greatest  care.  There  is  a  gem'i.;d 
tendency  in  some  directions  to  regard  painting  as  only  for 
decorative  purposes  and  to  consider  that  the  cheap  paints 
i  rtMjiuMitly  apptifi]  arc  tli€  best.  Even  for  decorative  pui  po-t-s, 
tliis  is  uol  true,  because  a  projxM'  jiaint  jtrojierly  applied  will 
generally  last  at  least  three  times  as  long  as  an  improper  one 
at  half  the  price.  .Judging  from  1  lie  amoiuit  of  .sui'fare  lo  be 
(•(jvei't'd,  llit'  (-(.xuiil  ion.s  of  Us  service,  the  numbt— 'r  of  nicii  to  do 
t  ho  work,  and  the  other  work  they  have  W  do,  the  best  painl , 
[iiojktIv  aj)j)liecl ,  is  none  too  good  and  should  be  obtained  at 
any  cost. 

As  active  corrosion  cannot  take  place  on  dry  metals  it  may 
often  be  better  not  bo-  remove  a  good  film  of  paint,  tliat  lias 
been  put  on  over  dry  dust,  and  through  which  no  signs  of 
art  ivt'  ron'osion  are  visible,  than  to  spoil  the  paint  for  the 
purpose  of  removing  dry  and  tlicrclore  harmless  rust  unless  it 
is  perfectly  sure  that  a  propeu'ly  dried  paint  film  can  again  be 
obtained  over  perfectly  dry  metal.  The  writer  has  on  several 
occasions  done  moire  harm  than  good  by  removing  good  d ry 
paint  films  previously  put  oil  over  cl ry  rust  because  he  could 
not  get  the  surfaces  dry  and  a  proper  film  of  good  paint  to 
stick  to  them. 

The  metals  us-ed  in  niacliinery,  boilers,  and  their  accessories 
and  piping  are  many,  such  as :  Cast  iron  for  cylinders  and 
engine  liousiugs ；  steel  ior  steam  pipes,  boilers,  shafting, 
tanks,  evaporators,  condejisers,  feed  pipes,  and  general  piping  ； 
composition  for  water  boilers  of  pumps,  water  pipes,  valve 
fittings,  boilen*  fittings,  condenser  tubes,  and  in  other  places  ； 
copper  for  small  piping  and  in  other  places;  monel  metal  for 
valve  fittings,  pump  liners,  pump  rods,  and  such  other  places; 
cast  steel  for  superheated  steam  valves,  slip-joint  castings,  &c. ； 
lead  as  a  lining  for  iron  or  steel  pipes.  Other  metals  are  used, 
but  the  above  aire  the  principal  ones.  The  same  observations 
apply  to  these  metals  that  can  be  painted,  as  previously  stated, 
for  hull  materials. 

Oil  films  are  moisture-proof  when  applied  to  dry  metals, 
therefore  there  is  very  little,  if  any,  corrosion  taking  place 
about  ； ui  engine  when  it  is  in  u&e.  Paint  around  tlie  usual 
main  engines  and  their  framing  is  unnecessary  unless  the' 
engine  is  to  be>  laid  up  for  a  long  period,  and,  if  used,  is  for 
the  purpose  of  decoration  only.  The  external  sides  of  pipes, 
feed  heaters,  condensers,  boilers,  evaporators,  and  tanks  can 
be  protected  by  prope'r  paints.  The  internal  or  water  side  of 
the  above  cannot  be  projected  by  paints  nor  is  it  generally 
believed  by  any  other  means,  though  lacquers,  galvanising, 
h-ad  lining,  and  other  means  have  been  tried  on  pipes,  they 
have  all  proved  unsatisfactory,  in  some  cases  due  to  the 
unequal  oo'efficients  of  expansion  of  the  coating  and  metal,  in 
some  to  the  solubility  of  the  lacquer,  and  in  otliers  to'  the  fact 
t  h;it  the  metallic  coating  cannot  be  properly  applied  to  the 
finished  article.  As  the  life  of  piping,  boiler  plates,  and 
other  parts  is  no>  greater  than  the'  weaker  part,  the  piece  fails 
when  improperly  protected .  Boiler,  coiidenseir  feed-water, 
distiller,  and  evaporator  tubes  cannot  be  protected  on  either 
side  by  paints,  lacquers,  and  coatings.  Therefore  all  such 
parts  should  be  made  of  homogeneous  metals  properly  heat 
treated  after  being  finished  and  then  fitted  properly  so  that 
the  least  possible  internal  strains  are  brought  into  it  due 
to  the  fitting. 

It  lias  been  definitely  proved  tliat  any  water  made  alkaline 
enough  to  show  3  per  cent,  of  normal  alkalinity  with  calcined 
sodium  carbonate  is  non-corrosive  to  steal  at  all  temperatures 
up  to  422°  Fah.  Therefore  if  thei  water  in  the  boilers,  tanks, 
evaporators,  and  feed  piping  is  kept  at  or  above  that  strength 
with  sodium  carbonate  at  all  times  no  corrosion  will  take  place, 
while'  if  the  strength,  is  allowed  to  fall  to  about  18  to  2'5  per 
cent,  bad  pitting  will  take  place.  In  trying  to  reproduce  the 
pitting  continually  taking  place  in  boilers,  tanks,  piping,  and 
on  bilge  plates  witli  a^id  solution,  or  plain  sea  or  <lisi  illed 
water,  the  writer  failed  in  every  instance  on  three  grades  of 
nearly  pure  irons,  three  grades  of  boiler  steel ,  and  on  four 
grades  of  cast  iron.  It  was  easy  to  produce  such  similar 
pitlings  on  all  of  tliem  when  immer&ed  in  weak  alkaline  and 
vory  weak  carbonate  solutions. 

For  the  above  reasons  it  is  believed  by  the  writer  that  nmcli 
more  harm,  is  done  in  enclosed  metal  vessels  by  water  made 
slightly  alkaline,  either  artificially  or  naturally,  than  is  ever 


done  by  tlie  small  percentage  of  a<;ids  that  ever  enters  t  lie 
average  boiler.  Boilers  and  other  water-cont  ainint(  mel  ;tl 
vessels  or  conduits  containing  a<-icl  water  will  go  to  pieces 
quickly,  practically  all  over  at  the  same  time  ；  those  roiitai'i- 
iiig  sea  or  distille^l  water  will  g()  to  pieces  all  over  at  the  ^amc 
time  but  very  slowly  ；  those  containing  alkaline  water  of  a 
strength  not  high  enough  to  stop  all  corrosion  will  go  to  pieces 
in  tlie  weaker  places,  while  other  parts  or  places  will  rein.iin 
perfectly  good.  If  the  percentage  of  alkalinity  is  high  enough 
no  corrosion  whatever  will  take  place.  The  reason  for  tliis  is 
believed  to  be  as  follows :  (1)  Water  lias  a  certain  definito 
potential  at  any  definite  temperature.  (2)  Pure  distilled 
water  lias  a  potential  lower  than  that  of  steels,  irons,  and  some 
alloys.  (3)  Acids  added  to  pure  distilled  water  at  any  tempe- 
rature decrease  its  potential.  (4)  Alkaline  substance  dis- 
solved in  pure  distilled  water  increases  its  potential.  (5)  Tlie 
decrease  of  the  potential  of  water  when  an  acid  is  dissolved  in 
it  is  due  to  the  fact  that  the  negative  ion  of  the  acid  is  lower 
in  potential  than  that  of  the  hydroxy  I  OH  of  water,  the  H  ion 
being  common.  The  increase  in  potential  of  water  when  an 
alkaline  substance  is  added  to  it  is  due  to  the  fact  that  the 
metallic  or  positive  ion  of  the  alkali  is  higher  in  the  potential 
series  than  hydrogen,  while  the  hydroxyl  or  negative  ion  is 
common  to  both .  (6)  When  any  metal  is  wet  by  any  water 
solution,  if  tlie  potential  of  the  solution  is  (n)  higher  titan  that 
of  the  metal  at  every  point  on  its  surface,  tlie  metal  will  not 
corrode ；  (b)  lii^lier  than  some  points  in  the  metal  surface  and 
lower  than  that  in  otliers,  tlie  metal  will  corrode  onlv  over  the 
areas  where  the  potential  of  the  solution  is  the  lower  ；  and  it 
will  corrode  faster  over  those  points  than  it  would  if  inimersed 
in  distilled  water  alone,  due  to  the*  fact  tliat  though  tlie 
(lifTerence  of  potential  between  that  of  the  metal  and  tliat  nl' 
the  alkaline  solution  is  less  than  it  would  have  been  in  distilled 
water,  yet  the  conductivity  of  the  water  has  been  great lv 
increased  by  the  addition  of  the  alkaline  substance  :  (r)  lower 
than  that  of  the  metal  at  any  point  it  will  corrode  all  over  at 
the  same  time,  faster  over  the  higher  potential  points  than 
over  the  lower  ones.  Tlie  rate  of  corrosion  over  all  of  the 
point's  will  depend  both  upon  the  difference  of  potential 
between  the  metal  at  the  point  and  the  solution,  and  also 
upon  tlve  conductivity  of  the  solution.  As  the  alkalinity  of 
the  solution  decreases  the  difference  of  potential  between  the 
metal  and  the  water  increases  and  the  conductivity  of  the 
solution  decreases  until  pure  water  is  reached.  Any  addition 
of  an  acid  then  increases  the  difference  of  potential  between 
the  metal  and  the  solution  and  also  increases  tlie  conductivity 
of  the  solution.  When  considered  with  a  given  metal  the 
potential  of  some  alkaline  solutions  increase  faster  with  a  rise 
in  temperature  than  does  that  of  the  metal ,  therefore  a  solu- 
tion that  may  not  be  dangerous  at  ordinary  atmospheric 
temperature  may  be  strongly  active  to  the  same  metal  at 
higher  temperatures. 

Also  a  solution  that  may  be  strongly  active  to  metals  at 
atmospheric  tem peratures  may  be  non-corrosive  entirely  at 
still  higher  ones.  The  converse  may  be  true  with  9ome  of  the 
alkaline  substances,  that  is,  a  rise  in  t-emperature  may  not 
increase  the  potentia.1  of  tlie  solution  as  fast  as  it  does  the 
metal  and  a  safe  solution  at  atmospheric  temperatures  may  be 
unsafe  at  higher  ones.  In  the  writer's  experiments  witli 
alkaline  solutions  tlie  general  rule  was  tliat  a  one 
one-hundred-thousandtli  and  a  one  t^n-thonsandtli  nonnal 
concentration  of  alkaline  solutions  decreased  tlie  rate  of 
corrosion  of  irons  and  steels  slightly  below  that  in  distilled 
water  and  caused  no  pitting,  while  the  one  one-tliousandtli 
and  one-lmndredth  concentrations  increased  tlie  rate  above 
that  and  caused  very  active  local  (wrosion  or  pitting  until 
tlie  2'6  per  cent,  normal  concentration  was  readied,  wlien  all 
corrosion  stopped. 

Cement  washing  the  plates  of  drinking  water  tanks  has  its 
advantages,  but  the  washing  must  be  done  with  great  (•;"'*、 
will  not  stick  to  paint,  and  is  not  durable.  It  must  be  \vatt'lie<l 
carefully  and  renewed  frequently. 

The  Cumberland  electrical  process  appears  to  be  the  only 
way  of  presei*ving  tlie  interior  surfaces  of  water-ca n^ving  pipes 
and  circulating  systems.  It  is  on  tlie  same  principle  as  tlie 
alkaline  theory.  The  potential  of  the  water  is  raised  to  a 
point  higher  than  anv  point  of  the  system  bv  sending  a  current 
from  an  outside  son rce  to  it  from  an  easily  replaced  anode. 
The  current  must  be  at  a  potential  hi^h  emnigh  to  raise  that 
of  t-he  water  to  the  proper  point  ami  must  he  kept  on  con- 
tinuous! v.    If  the  potential  of  the  wat^r  drops  below  that  of 
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the  mot al  at  any  point  it  will  pit  or  corrode  at.  1  liat  point 
similar  to  Hie  aJ kaline  solutions.  This  system  will  give  excel 
lent  results  when  properly  instalUl<l  and  proptM'ly  at  I  ended. 

Tlio  preservation  of  co|>|H*r,  r(""p"sit i()n，  or  iron  1 1 i [ > i n ^ 
on  hoard  ships  in  t  lie  llusliin^,  (-(jiKlcnsor,  and  rH'ri;,('r; 山） r 
circulating  syslenis  can  he  iiiaintaiiied  by  t.lie  C'uniberlainl 
process  if  run  by  sot  no  ('Icrtriral  source  other  tlwui  I  lie  main 
power  synt-eni  of  the  vessel.  Tliis  |nocess  lias  maiiv  drawbacks 
a  re(|uin*s  const  ant  attention .  Kxcoi>t  by  making  t  lie 
pi j>in<(  and  tuhing  of  the  best  and  most  lionio^cneous  nicl  ;tl 
of)! ainable,  having  it  propoirly  made  ； m(l  i\ie  IiiusIumI  artirlt' 
properly  li^at-  treated  and  iitt-ed,  it  sceins  to  he  t  lie  only 
|)racticahle  plan  availahlp.     It  is  sure  if  i>r<»|K'i  ly  cont lolled . 

Tlie  wrought  iron  ，  steel,  an<l  other  iron  manufjict  ur"rs 
make  man v  claims  lor  tlit'ir  various  inaleiials,  claiming  maxi- 
mum (lui  ahility  aiul  i  csislanco  to  rust .  I  n  :'>()  rnont  lis  of 
rout  inuous  1  est ing  of  t  liese  various  pioducis  it  was  interesting 
to  note  tli;"  in  man v  cases  one  would  h1k>w  huk'Ii  better  than 
anot  her,  but  by  varying  solution,  temperature,  and  treat  incut 
i  hev  could  all  be  inatle  to  ^ive  pract  ically  similar  results. 

I  ii  watpirs  t  lial  ； ire  itiade  iioii-coi  rtxsive  to  iron  or  steel  }>\ 
alkaline  solutions,  their  metallic  cont  act  wit  Ii  copper  and  ot  lie r 
metals  lower  t haii  iron  in  the  potential  series  d<H»s  not  sta rl 


corrosion. 


THE  ROLLING  OF  GEARS  FROM  DROP  FORCINGS. 

A  novel  method  of  maniifaciuriiig  gears  by  a  rolling  process 
lias  been  developed  by  the  Anderson  Rolled  Gear  Company, 
Cleveland,  and  we  are  indebted  for  the  fallowing  description 
to  "  The  Tron  Trade  Review.' ' 

Drop-forged  steel  blanks  are  used,  the  outside  diameters  of 
whit'li  are  approximately  the  pitch  diameter  of  the  gears  to  be 
made.  The  blanks  are  not  machined  before  being  subjected 
to  the  rolling  opeiration,  but  are  rolled  after  heating,  in  the 
condition  in  wliich  they  were  received  from  the  forging  plant. 
The  blank  is  rotated  against  a  die  roll  and  is  fed  in  gradually 
until  the  proper  depth  or  diameter  of  the  gear  is  attained.  As 
this  is  a  generating  method  of  forming  teeth,  one  die  will  roll 
any  diameter  of  gear  of  the  same  pitch  and  face.  The  rolling 
machine  now  in  operation  has  a  capacity  for  manufacturing 
spur,  herring-bone,  and  helical  gears  up  to  14in.  diam.  and 
sprocket  wheels  also  can  be  produced. 

In  operation,  the  hot  blank  is  fed  to  chucks,  which  are 
tli en  closed  by  means  of  a  lever.  A  large  taper  wedge  is  next 
dropped  in  front  of  a  screw  which  has  a  double  worm  reduc- 
tion ； the  hot  gear  blank  then  is  forced  into  alignment  with 
the  die  roll,  and  a  clutch ,  which  actuates  a  power  feed,  is 
thrown  in.  This  causes  the  chucks  to  tighten  and  grip  the 
blank  securely .  Another  power  feed  carries  the  chuck  and 
blank  toward  the  die  roll.  This  movement  is  continued  until 
a  stop  is  reached,  when  the  clutch  is  thrown  out  and  this 
power  feed  is  reversed  until  the  blank  clears  the  die  roll .  The 
chucks  then  are  opened  by  power  and  the  gear  is  removed. 
The  feeds  are  belt-driven  from  a  line  shaft,  but  the  main  drive 
for  the  machine  is  actuated  by  a  direct-connected,  30  h.p.  high 
torque  motor.  After  the  teeth  in  the  die  roll  are  disengaged 
from  the  blank,  they  are  subjected  to  an  air  blast,  which 
removes  any  scale  that  may  become  lodged  in  the  die.  This 
operation  is  followed  by  an  oil  spray,  which  facilitates  the 
separation  of  the  teeth  of  the  gear  from  the  die  roll  and  also 
imparts  a  smooth  and  polished  finish  to  the  gear  teeth.  The 
die  roll  is  of  large  diameter  and  absorbs  very  little  heat  from 
the  blank.    lbs  temperature  never  exceeds  150°  Fah. 

The  whole  cycle  of  forming  a  gear  by  this  process  is  com- 
pleted in  from  30  to  60  seconds,  depending  on  the  size  of  gear 
to  be  rolled.  Drop-forged  blanks  made  from  any  of  the  alloy 
steels,  including  silico-manganese,  can  be  rolled  into  gears 
on  this  machine.  The  rolling  operation  leaves  a  very  slight 
fin  on  the  ends  of  the  teeth  which  can  be  removed  readily  and 
some  of  the  metal  displaced  by  the  formation  of  the  teeth  is 
extruded  in  regular  corrugations  around  both  sides  of  the  rim 
of  the  wheel  and  is  subsequently  machined  off.  As  compared 
with  the  time  required  for  cutting  gears,  this  60-second  opera- 
tion effects  great  economies,  in  addition  to  saving  a  large  part 
？ f  the  metal  wasted  by  the  gear-cutting  process.  Each  tooth 
is  subjected  to  a  tremendous  upsetting  or  forging  pressure 
which  increases  the  density  of  the  metal  and  consequently  the 
strength.  As  each  tooth  is  rolled,  tlie  metal  is  kneaded  and 
worked  slowly,  withoiit  shock,  allowing  the  structure  of  the 


metal  to  cliaii^c  uniformly.  Tl"'  ^rain  t  lif  rn'Hal  is  not 
cut,  but  follows  the  irrogula r  contour  of  the  teeth  hikI  U", 
fibres  are  lonwl  into  a  pyramid  or  truss  form. 

Gears  are  pnxlured  (，("wtrir  on  ljr>t  Ii  pitrh  ； tnW  (,ut，i'i" 
diameter  within  0'0(VJin.  to  0  0(J:"".  and  tlie  diameter  will 
vary,  plus  or  minus,  (yiHH)'Mu.  on  an  Kin.  ^ear.  Tlie  l'H  n'wl 
density  of  tlie  metal  <uhh  to  tlie  surface  du rafjilit  v,  and  \>v 
using  blanks  of  a  fairly  liigli  carbon  steel,  the  chillin»  effert 
of  the  die  roll  will  prodiu-e  a  great  surface  liarrlitcss  It  is 
claimed  tliat  the  teiuleucv  to  warp  in  < '； use-hardening  is  a  ^n-at 
deal  less  than  with  a  cut  "'<'ar，  as  1 1"'  s(  rurtur  t-  ',i  t  h,'  ,i  '  '  t. 
at  the  j)oriplierv  is  changed  wliilo  Imt  t  Iktc  no  ihn  - 
strains  (o  be  relieved. 


SEASON-CRACKING  OF  SHEET  BRASS  GOODS. 

The  season-c-racking  of  goods  made  o(  slioet  brass  Ii;ls  aUi*avs 
been  tlie  most  annoying,  and  at  the  .s;ntie  lli''  most 

mysterious  and  perplexing  of  any  ol"  the  ills  to  wlii<-li  l,r , 、 
is  subject.  Tlie  most  exasperating  difl*h*u!ty  is  that  which 
cannot,  be  explained  or  one  for  which  there  appears  to  1,''  n<> 
cause.  Se;i>K)ii-cracking  in  brass  always  occu rs  in  the  mMal 
that  lias  been  ni€clianically  worked,  sudi  as  tl"'  sheet ,  win*, 
rod,  or  tubing,  or  goods  made  from  them.  Cast  rit^tal  does 
not  appear  to  be  subject  to  it. 

Brass  season-cracks  in  this  way  :  An  article  made  of  l,r;i-、 
is  put  ia  use  and  for  a  time  sliows  no  indication  oi  cracking'. 
This  time  will  vary,  and  may  be  a  few  weeks,  "mm  lis,  or 
years,  depending  upon  conditions.  It  is  usually  a  compar ；» 
tively  long  time,  a  year  or  more,  before  "•('  cra<-kiii^  takes 
place  for  the  reason  that  if  it  were  to  show  in  a  shorter  tim<'， 
it  would  be  very  likely  to  be  noticed  in  the  factory  or  in  tlio 
dealer's  store  or  warehouse.  This  lapse  of  time  before  the 
cracking  begins  to  appear  renders  the  problem  all  the  moro 
perplexing.  Finally,  small  cracks  appear  and  they  gracluallv 
grow  larger  until,  perhaps,  the  article  is  completely  filled  wit  ii 
tliem  and  the  brass  springs  apart.  Season-cracking  mav  he 
explained  in  the  case  of  an  automobile  lamp,  wliicli  is  """It' 
of  drawn  brass  sheet,  and  frequently  will  show  this 
phenomenon.  The  lamp,  after  it  has  been  in  use  for  some 
time,  will  begin  to  crack  and  gradually  spring  apart.  Various 
forms  of  other  sheet  brass  articles  are  often  found  cracke*!  in 
the  same  manner. 

Manufacturers  of  sheet  brass  goods  which  show  the  season- 
cracking  difficulty  are  apt  to  throw  the  blame  upon  the  maker 
of  the  sheet  brass;  but  as  far  as  known,  both  from  investiga- 
tions and  experience,  he  is  wholly  guiltless  and  the  cause  of 
the  phenomenon  cannot  be  laid  at  his  door.  Tl"'  r;ms,'  of  the 
cracking,  in  nearly  every  instance,  is  the  manufart  urer  of 
sheet  metal  goods.  It  has  already  been  proved,  without  a 
doubt,  that  the  cause  of  the  season-cracking  of  sheet  brass 
goods  is  the  manner  in  which  they  were  made.  This  assertion 
may  appear  ridiculous,  but  it  is,  nevertheless,  quite  true. 
Brass  goods  are  now  made,  in  the  majority  of  instances,  by 
press  work  and  the  sheet  metal  is  drawn  up  to  the  required 
shape  by  this  useful  machine.  It  is  in  the  actual  drawing 
operation  that  the  cause  of  season-cracks  exists,  and  to  sift  tlie 
matter  down  still  finer,  in  tlie  actual  shape  o£  the  die 
and  punch. 

Why  the  press  work  is  the  cause  of  the  season-cracking 
may  be  demonstrated  as  follows  ：  If  the  sheet  brass  is  merely 
formed  into  sha]>e,  in  the  same  manner  that  a  paper  art u-\^ 
would  be  made,  the  metal  is  drawn  unevenly  aiul  strains  tlieu 
exist  in  the  article.  It  is  these  strains,  alwavs  present,  that 
finally  produce  the  9eason -cracking.  It',  however,  the  ]>uncli 
and  die  are  made  so  that  the  metal  is  stretched  evenlv  all  over, 
the  strains  in  the  formed  article  will  be  even  and  tlie  brass 
will  not  season-crack.  In  other  words,  it  is  tlie  presence  of 
uneven  strains  in  the  sheet  brass  article  that  pmtlu''es  the 
season-cracking,  and  so  many  instances  have  been  found  in 
which  this  lias  proved  to  be  true,  that  it  seems  tu  leave  no 
doxibt  about  its  being  the  cause  of  the  majorit v  ot  i  : 卜'  --\ 
season-cracking. — "  The  Brass  World.'' 


Tube  Postal  Railway  for  London.— Tli.  r.»<t  ( )：• 
templatins:  tlie  laying  of  a  tube  railway  through  London  t\>r 
post-office  purposes.  The  lino  will  be  six  miles  long,  from 
Paddin*rton  to  Whito<  hapel，  and  iho  \  rains  will  l>e  run  auto- 
niaticallv  without  d rivers  througli  a  Oft .  I Tlie  .  :i].it  il 
cost  is  estimated  at  a  million  jx)innl< 
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UUNGSTROMS'  STEAM  TURBINE. 

In  steam  turbines,  especially  radial-flow  turbines  witli  rotors 
running  in  opposite  directions,  the  steam  is  led  into  hollow 
chambers  which  are  arranged  laterally  of  the  rotors  and  sur- 
round the  shafts.  Hitherto  it  has  been  usual  to  admit  Uie 
steam  throngli  tubes  which  o])(Mi  laterally  into  1  ho  cliani I)(ms, 
but  tho  st't'am,  wlien  so  admitted,  causes  unequal  licat  i of 
the  chambers  when  the  turbine  is  heated,  tor  instance  at 
starting,  especially  when  superheated  steam  is  employed, 
because  those  parts  of  the  chambers  which  are  situated  nearest 
the  point  of  admission  receive  the  highest  temperature.  The 
disadvantage  thus  arises  thai  t  he  chambers  set  obliquely 
whereby  the  spaces  in  the  labyrinth  and  sha t'l  pack i ntrs  sup- 
ported by  the  chambers  are  enlarged  by  the  wear  of  the 
packing  rings  and  become  larger  than  is  necessary  for  proper 
working. 

To  avoid  this  disadvantage,  Messrs.  Ljungstroms,  of  Lilje- 
holmen,  Stockholm,  have  designed  and  patented  the  construc- 
tion   shown,  in    which  the  steam    is  so  distributed    in   t  he 


A 


Ljuxcstroms'  Steam  Turbixk. 


cliauibers  by  special  distributing  members  that  a  uniform 
lieating  is  obtained.  A  indicates  the  turbine  casing,  B  the 
steam  inlet  tubes,  and  C  the  chambers  to  whicli  the  steam  is 
admitted  and  which  are  placed  laterally  of  the  turbine  rotors 
(not  shown)  which  sure  concentrically  arranged  between  the 
chambers.  These  chambers  support  the  labyrinth  and  shaft, 
packings  N，  which  are  formed  as  separate  parts,  secured  to 
the  chambers.  The  chambers  C  are  divided  into  two  compart- 
ments J  and  K  by  means  of  partitions  E  provided  with  open- 
ings D.  The  tubes  B  open  into  the  coinpartment  J,  while  the 
oompartmient  K  is  provided  with  a  central  opening  F  through 
which  the  steam  can  flow  into  the  rotors.  The  partition  E 
causes  the  steam  to  be  distributed  symmetrically  or  uniformly 
iu  tlie  t'oniparl ments  J  and  K  wher&by  a  UJiitonn  lieating  and 
thus  also  uniform  expansion  of  the  chambeirs  C  is  obtained. 
The  steam  is  distributed  substantially  as  indicated  by  the 
arrows.  Within  the  compartment  J  there  is  further  provided 
a  compartment  L  communicating  with  th-e  intermediate  rows 
of  blades  by  means  of  tubes  G.  By  means  of  the  openings  H 
wliich  are  closed  by  the  valves  M  tho  compartment  L  can  be 
brought  into  communication  with  compartment  J，  wliereby 
the  high-pressure  steam  can  be  introduced  into  the  inter- 
mediate rows  of  blades  when  the  turbine  is  overloaded. 


FUEL  ECONOMICS  OF  THE  OIL  ENGINE* 

HY  JOHN  A.  KEC'OI!. 

Thk  j)ower-<lriven  vehicle  can  no  longer  depend  on  its  present 
fuel.  The  demand  for  gasolene  has  overtaken  production. 
During  the  last  decade  the  oil  market  has  been  readjusting 
itself  to  radically  new  conditions.  This  has  been  brought 
about  by  many  new  applications  of  oil  products  for  develop- 
ing heat  and  power.  Crude  oil  was  formerly  looked  upon 
simply  as  the  raw  material  for  the  production  of  illuminating 
and  lubricating  oils.  The  invention  and  perfection  of  the 
gasolene  motor  and  its  application  to  the  automobile  and 
power  boat  dates  back  to  the  】iigh-speed  gasolene  engine  of 
Gottlieb  Daimler.  The  introduction  of  the  Daimler  motor 
opened  up  an  entirely  new  market  for  the  lighter  oils, 
gasolene  and  naphtha,  which  market  developed  within  the 
short  period  of  10  years  into  larger  proportions  than  the 
most  optimistic  oil  men  ever  dreamed  of.  Under  these  con- 
ditions the  inexorable  law  of  supply  and  demand  brought 
about  a  price  level  for  the  volatile  distillates  far  in  excess  of 
former  values. 

For  nearly  half  a  century  price  advances  were  extremely 
moderate  ；  the  fluctuating  market  quotations  of  gasolene 
were  ordinarily  within  narrow  limits.  But  last  year  an  un- 
paralleled increase  took  place.  United  States  Government 
reports  show  that  the  advancing  price  of  gasolene  is  due  solely 
to  inevasible  laws  of  supply  and  demand.  No  corporation 
or  combination  of  corporations  is  responsible  for  the  fact 
that  demand  has  overtaken  production,  and  that  further 
increases  in  prices  ara  now  impending.  American  gasolenes 
and  naphthas  were  formerly  obtained  solely  from  high-grade 
paraffin  crude  oils  of  Pennsylvania  and  Ohio.  These  are  tlw 
most  valuable  oils  in  the  world.  Highest-grade  Pennsylvania 
crude  now  actually  brings  the  same  price  as  refined  kerosene 
in  hulk.  But  unfortunately  Pennsylvania  production  has 
fallen  from  33,000,000  bbl.  in  1891  to  about  9,000,000  bbl. 
at  the  presant  time.  Ohio  production  has  decreased  from 
24,000,000  bbl.  in  1896  to  less  than  9,000,000  bbl.  during 
the  year  last  past.  The  zenith  of  production  of  Indiana  was 
in  1894 ― over  11,000,000  bbl.  The  present  yield  shows  a 
shrinkage  of  nearly  90  per  cent,  from  maximum.  The  United 
States  Geological  Survey  states  that  the  general  decline  in 
production  "  would  doubtless  have  been  much  greater  but 
for  the  effort  to  apply  laws  of  supply  and  demand  by  increases 
of  prices.  Prices  advanced  so  greatly  during  the  year  as  to 
stimulate  drilling,  even  in  the  old  New  York  and  Pennsyl- 
vania pools,  and  so  checked  the  decline.  Formerly  this  plan 
has  not  been  so  successful.  In  the  mid-continent  field  also  it 
checked  the  decline,  so  that  the  product  will  come  witliiii 
4,000,000  bbl.  of  the  maximum  output." 

In  Canada  production  has  fallen  off  one-third  from  the 
highest  of  five  years  ago.  The  only  new  field  in  sight  is  at 
Tampico,  in  Mexico,  which  has  grown  from  nothing  three 
years  ago  to  6,000,000  bbl.  in  1912.  About  the  only  home 
fields  not  showing  decreased  output  are  in  California  and 
Oklahoma.  Three-fifths  of  the  total  yield  now  comes  from 
these  two  States.  And  even  the  increased  output  of  Okla- 
homa was  insufficient  to  prevent  a  continuous  reduction  of 
stock  on  hand  in  1912.  Ninety  per  cent,  of  the  entire  out- 
put of  more  than  220,000,000  bbl.  was  crude  oils,  which  yield 
a  very  low  percentage  of  gasolene. 

In  order  to  obtain  a  single  gallon  of  gasolene  from 
refinable  California  petroleum,  it  is  necessary  to  pro(lu(、、  as 
by-products  9  galls,  of  kerosene  and  30  galls,  of  residual  oils. 
Notwithstanding  the  steadily  increasing  output  of  Western 
oil,  the  price  of  gasolene  on  the  Coast  continues  to  advance. 
Large  shipments  of  Texas  oil  formerly  came  to  the  Atlantic 
seaboard  in  tank  steamers,  but  these  l>ave  decreased  as  the 
Texas  oil  yield  is  now  less  than  one-third  the  1905  output. 
In  view  of  the  Texas  shrinkage  it  is  obvious  that  the  open- 
ing of  the  Panama  Canal  will  furnish  a  large  Eastern  market 
for  California  oil,  but  it  is  equally  obvious  that  under 
existing  conditions  that  will  not  materially  affect  the  gasolene 
situation. 

There  are  five  different  methods  of  increasing  the  normal 
visible  supplv  of  gasolene.  One  is  importation.  The  Stan- 
dard Oil  Company  has  imported  some  Russian  naphtha,  but 
Russia  has  no  more  to  spare,  as  her  own  oil  output  is  diminish- 
*  Abstract  of  paper  road  before  tho  Aniorionn  Society  of  Automobile  Engineers. 
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to  su-'h  mm  cxlrni  ；, s  io  increase  th"  ]>ri(v  !<><)  per  '■<'，". 
m，tlir  ImsL  two  years,  and  to  warrant  the  Kussian  Gm'«'ri:- 
nu,nt,  iu  the  proniolioii  of  alcohol  production.  Tli(>  Shell  <  >il 
C'ompany,  of  Kiiglaml,  lias  also  shipped  some  yasolene  from 
H(>rHeo  to  Canadn,  but  the  total  (|uanlity  available  abroad 
is  insufficient  for  home  deniands.  America  is  still  exporting 
gasolene  io  foreign  markets  at  the  rate  of  15,000,000  galls,  to 
1M)，()()0，000  galls,  per  month. 

Another  and  more  promising  means  of  obtaining  gasolem- 
is  l>y  increasing  the  total  yield  of  American  cnide  oils.  A 
yearly  production  of  300,000,000  bbl.  in  the  United  States 
is  probably  being  approached  faster  than  even  oil  men  gene- 
rally l,elieve.  But  i  he  largest  increase  in  the  production  of 
f-asolcne  in  one  year  has  never  been  more  than  5  per  cent., 
while  the  production  of  power-driven  vehicles  will  in  ； ill 
probability  represent  an  increase  this  year  of  around  100  per 
cent.  Furthermore,  as  already  shown,  the  supply  of  gasolene 
vicldin^-  crude  oils  is  ra])idiy  decreasing  ；  the  increased 
(•rude  output  will  consist  of  Oklahoma  and  California  asphalt'' 
oils,  having  insufficient  gasolene  for  existing  requirements. 

The  third  means  of  siip]>l(MiHMiting  the  gasolene  supply  is 
Hie  ])roduction  of  gasolene  from  kerosene.  Chemists  have 
known  for  some  time  that  it  is  entirely  feasible  to  extract 
gasolene  from  the  chemically  complex  kerosene,  as  well  as 
from  coal,  coal  tar,  and  even  wood.  It  is  simply  a  question 
of  cost,  and  of  the  profitable  disposal  of  resultant  by-i)i'()(lu。ts. 
Gasolene  is  now  being  made  from  kerosene,  and  a  further 
increase  in  price  will  stimulate  an  increased  output. 

A  fourth  source  of  gasolene  supply  is  its  manufacture 
from  natural  gas  by  compression,  and  its  subsequent  con- 
densation to  a  liquid  form.  It  is  claimed  that  tlais  process 
produced  13,000  galls,  in  1910，  which  was  increased  to  50,000 
galls,  in  1911  and  about  twice  as  much  in  1912.  Some  of 
tlie  richer  gases  produce  as  much  as  8  galls,  per  1,000  cub.  ft., 
but  the  average  is  from  3  galls,  to  5|  galls.  By  triple  and 
quadruple  compression  up  to  pressures  as  high  as  4001bs.,  very 
light  liquids  as  high  as  85°  Baume  are  produced,  these 
bein^  slightly  more  stable  than  the  product  of  fractional 
distillation. 

The  fifth  and  last  m&ans  of  increasing  the  available  gaso- 
lene supply  is  by  lowering  the  Baume  gravity.  It  is  probable 
that  the  specific  gravity  of  commercial  gasolene  will  be 
dropped  another  notch  by  next  summer.  Much  of  the 
liquefied-gas  gasolene  is  used  for  blending  with  heavier  dis- 
tillates, and  naturally  other  than  gravity  tests  are  required 
to  determine  the  characteristics  of  such  blended  gasolenes. 

With  the  exception  of  importation,  the  various  methods 
of  augmenting  the  available  quantity  of  gasolene  are  now 
in  active  operation  ；  and  every  increase  in  price  is  a  stimulus 
to  additional  output. 

This  brief  review  of  market  conditions  shows  that  the 
problem  of  an  adequate  supply  greatly  overshadows  the  col- 
lateral problem  of  the  increasing  cost  of  gasolene.  For- 
tunat'ely  we  have  two  alternative  liquid  fuels  immediately 
obtainable.  Alcohol  and  kerosene  oil  offer  an  ample  supply 
of  satisfactory  fuel  to  the  power-driven  vehicle.  We  need 
not  discuss  alcohol  at  this  time,  further  than  to  point  out 
that  special  engines  with  appropriate  compression  are 
required,  as  gasolene  engines  are  not  adapted  to  alcohol. 
Predictions  heretofore  made  in  regard  to  denatured  alcohol 
as  a  fuel  have  not  yet  materialised. 

But  the  one  best  fuel  is  oil.  Oil  combines  more  advan- 
tages than  any  other.  It  is  the  fuel  of  the  future  as  well  as 
of  to-day.  In' comparison  with  gasolene  or  alcohol  it  is  much 
cheaper  ；  safe;  better  adapted  to  shipment  ；  more  uniform 
in  quality  ；  more  highly  concentrated  ； 】nore  powerful  ；  and 
above  all,  more  abundant  in  all  localities.  Even  in  the  far- 
distant  future,  when  the  crude  oil  output  will  have  fallen 
below  the  world's  demand  for  liquid  fuel,  a  practically 
unlimited  source  of  oil  will  be  the  great  oil-bearing  sliales 
which  cannot  be  worked  profitably  at  the  present  low  price 
of  kerosene. 

After  many  years  of  observation  and  experience,  I  am 
convinced  thai  as  a  nicdiuin  for  generating  power  for  t rans- 
poi'tation  on  hind  or  water,  mineral  oil  or  kerosene  is  the 
luost  valuable  g6neral-pvirj>ose  fuel  known  to  commerce. 
This  statement  is  made  in  full  recognition  of  the  fact  that 
t ！、 e  oil  engine  has  always  had  less  commercial  poj)ularity  than 
cither  the  gas  or  gasolene  engine.     In  former  days  the  oil 


iMigino  was  lieavily  liandif-apjKMl  l»y  tli"  lii^h  price  of  hotli 
cnule  anrl  rdined  oil.  lUil  tim"  Iihs  屮 l''t<'l)'  r'— '、  ','  >«'"  ，  I"' 
market  relations  of  gasolene  and  oil.  Oil  j)nxlu<*tion  is  in 
excess  of  coiisuinpl ioi».  Kerosein*  is  now  the  hv  |>rodu'  t  ； m'l 
(j noted  at  60  per  cent,  less  than  gasolene. 

Of  several  hundred  experimental  or  commercifil  oil  en^iu-  - 
made  since  the  days  of  Brayton  in  1876,  nearly  all  were 
successful  within  certain  limitations.  The  detracting  feature 
in  these  engines  is  the  lack  of  flexibility,  which  also  cliarac- 
terises  the  common  kerosene  lamp.  It  may  be  von<-^<\f<\  tliat 
gasolene  is  by  no  means  a  flexible  fuel  in  comparison  wit  li 
gas,  but  it  is  much  superior  to  kerosene  as  heretofore  use'l 
for  illumination  in  lamps,  or  for  power  in  combust  ion  cn^iiK^. 
There  is  no  difficulty  in  operating  a  kerosene  laii 屮 pro^rlv 
adjusted  to  constant  conditions.  And  there  is  not  t  In- 
slightest  difliculty  in  using  oil  fuel  in  any  ordinary  gasolene 
automobile  when  fuel  mixture,  compression,  tempera*  ui--, 
atmospheric  humidity,  power  output,  engine  speed,  spark 
intensity  and  position,  and  fuel  density  are  correct  ami  "1'、'' 
lutely  constant.  Under  ordinary  working  conditions  any 
ordinary  engine  with  i)raotically  any  good  gaaoleue  car- 
buretter can  use  kerosene  if  kept  at  medium  speeds. 

A  Maxwell  car  was  thus  taken  from  New  York  to  Host  on. 
operating  entirely  on  kerosene  except  for  starting.  But  the 
lack  of  adequate  flexibility  becomes  increasingly  apparent  as 
the  speed  and  power  are  reduced.  If  slowed  down  the  car 
will  not  "  pick  up."  One  of  the  chief  differences  in  the 
operation  of  stationary  and  automobile  motors  is  that  the 
former  are  generally  governed  on  the  hit-and-miss  principl**, 
whereas  the  latter  are  controlled  by  means  of  the  throttle. 
Hit-and-miss  governing  is  a  great  aid  in  the  successful  use 
of  kerosene,  because  every  charge  taken  in  by  the  engine  is 
a  full  charge  and  hence  always  equally  proportioned  aud  also 
compressed  to  the  same  pressure.  Therefore  with  a  hitrand- 
iniss  governor  it  is  only  necessary  to  get  carburettion  riglit 
for  one  particular  set  of  conditions.  With  throttle  control 
the  problem  is  much  more  complex.  Nevertheless,  the 
admitted  crudity  of  hit-and-miss  regulation  precludes  the 
necessity  of  serious  discussion  of  it  in  connection  with  the 
modern  oil  engine. 

Most  of  the  oil  engines  which  have  reached  the  commercial 
stage  may  be  classified  under  four  general  types.  These 
typical  engines  include  ：  (1)  The  Brayton  ：  Constant  flame 
type.  (2)  The  Hornsby-Akroyd  ：  Vaporising  type.  (3)  The 
Diesel :  High  compression  type.  (4)  The  Secor :  TJnitar}' 
control  type. 

The  first  of  these,  the  Brayton,  was  exhibited  at  the 
Centennial  Exhibition  in  Philadelphia  in  1876.  A  salient 
feature  of  the  engine  was  ignition  by  means  of  a  constant  flame 
within  the  combustion  chamber.  B  ray  ton' s  objective  was 
simply  to  produce  an  engine  which  could  burn  oil.  Its  per- 
formance was  creditable  for  that  early  day.  It  was  the 
predecessor  of  the  Otto  gas  engine  of  1878  and  all  gasolene 
engines. 

The  second  of  the  typical  oil  engines,  the  Hornsby-Akroyd, 
had  for  its  objective  easy  starting  and  simplicity  of  operation. 
It  was  very  successful  in  both  respects.  Many  previous  oil 
engines,  such  as  the  Priest-man,  were  sometimes  exceedingly 
difficult  to  start  aud  operate. 

The  third  of  the  typical  engines  is  the  Diesel,  iu  which  the 
objective  is  thermal  efficiency.  The  engine  is  an  iinqualilied 
success  iu  achieving  the  desired  end.  Its  indicated  eflSciencv 
is  48  per  cent.,  which  exceeds  that  of  auy  other  commercial 
heat  engine  of  any  type.  This  efficiency  is  partly  offset, 
however,  by  an  abnormally  low  mechanical  efficiency  of  70  to 
72  per  cent.,  which  reduces  the  brake  efficiency  to  a  maxiinuni 
of  35  per  cent,  when  the  engine  is  operating  under  the  best 
conditions.  It  is  about  17  years  since  the  Diesel  was  first 
introduced. 

The  fourth  typical  oil  engine,  the  Secor,  embodies  a  fuel 
method  which  differs  radically  from  that  of  other  oil  engines, 
in  both  principle  and  in  operation. 

It  is  recognised  that  oil  differs  from  gasolene  in  that  it  is  ： 
(1)  Non  volatile.  (2)  Contains  more  B.T.U.  pel'  gallou  aaid  is 
heavier.  (For  example,  65°  gasolene  weighs  Gibs,  per  gallon  ； 
kerosene,  about  6-^lbs.  ；  37°  distillate,  71bs.  ；  and  31°  crude, 
7] lbs.)  (3)  Oil  is  practically  incombustible  at  ordinary  teiupt^ 
ratures.  (4)  Its  range  of  combustible- mixture  proportions  is 
much  narrower  than  that  of  gasolene.    (5)  The  physical  cou- 
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clilions  for  complete'  combustion  are  more  exacting  than  in  the 
case  of  the  volatile  liquid  fuels  or  gases. 

It  resembles  gasolene  in  th^t  it  is  composed  of  complex 
chemical  constituents  with  widely  varying  temperatures  of 
vaporisation.  The  fuel  mixtures  in  a  throttling-governed 
engine  should  vary  in  proportions  in  consonance  with  the 
variations  in  compression.  "  Constant  mixtures  "  are  cletri- 
inctil  ； il  in  a  gasolene-  engine  and  utterly  impracticable  in  an 
oil  engine. 

In  view  of  the  chemical  complexity  of  oil  fuel,  and  its  lack 
of  any  fixed  point  of  vaporisation,  and  of  the  narrow  range  of 
\v(.) r king  fuel  mixture  pi'opo'rt'icms,  the  only  possible  solution 
o(  the  oil-engine  problem  is  to  concentrate  the  control  of  all 
functional  operation  under  one  multiple-unit  governor,  which 
shall  regulate  simultaneously  all  independent  agencies  to  suit 
the  existing  conditions.  The  multiple-unit  governor  regu- 
lates :  (a)  Fuel  mixing  proportions,  supplying  weaker 
mixtures  for  liigher  compressions  and  relatively  stronger 
mixtures  for  low  <'()mprt's,"()iis  and  j)ower  output.  (h)  Quan- 
tity of  fuel  mixture.  The  quantity  of  fuel  mixture  is  also 
controlled  by  the  governor,  which  thereby  determines  com- 
pression, mean  effective  pressure,  power  output,  and  revolu- 
tions per  minute,  as  in  gas  engines.  (/•)  Internal  teinjteratures 
during  coni])ression,  ignition ,  and  combustion  are  controlled  by 
adding  variable  quantities  of  finely-atomised  water  to  the  fuel 
mixture,  the  quantity  of  water  being  varied  in  proportion  to 
the  variation  of  temperature  within  the  combustion  chamber. 
(d)  Ignition  timing.  In  engines  with  variable  speed  the 
governor  may  advance  or  retard  the  poini  of  ignition  in 
consonance  witli  variations  in  speed  of  engine.  This  is 
important  in  all  cases  where  there  is  extreme  variation  in 
engine  speed.  (,  )  Speed  control.  (/')  The  use*  of  gasolene  for 
starting,  the  fuel  supply  being  operatively  connected  so  that 
as  the  engine  speed  accelerates  in  starting  the  gasolene  supply 
is  steadily  lessened. 

In  view  of  what  is  claimed  for  the  Secor-Higgins  carbu- 
r，'tt,'i'  and  w  hat  it  has  already  ;iccotni|)lisli<»d,  is  it  adapted  for 
the  power  car  and  motor  truck  ？  I  must  say,  frankly,  that  I 
do  not  know.  We  liave  had  no  time  to  take  up  experimental 
or  research  work  along  automobile  lines.  But  we  think  it  may 
bo  safely  predicted  that  the  time  is  at  hand  when  gasolene 
will  no  longer  be  the  sole  fuel,  or  even  the  leading  fuel  for  the 
automobile.  We  tliink  it  also'  safe  to  predict  that  the  coming 
oil  automobile  -engine  will  demonstrate  the  fact  that  one 
definite  proportion  of  fuel  to  air  does  not  give  the  best  results 
under  all  c  i  r  cum  stances ,  but  that  the  ideal  mixture  must  vary 
wit  li  every  change  in  working  conditions.  Also,  that  the 
heated  carburetter  is  a  delusion  and  utterly  impracticable. 
And  fiiuill v,  in  view  of  the  complexity  of  oil  fuel  and  the 
changes  in  working  conditions,  that  tlie  principle  of  controlling 
all  working  factors  in  unison  is  an  absolute  necessity  in  a 
flexible  automobile  motor. 


Electricity  in  Mines. ― A  description  of  the  electric  plant 
at  work  at  th&  Cannock  Chase  Colliery  was  given  at  a  recent 
meeting  of  the  Birmingham  branch  of  the  Institution  of 
Mining  Engineers  by  Mr.  S.  F.  Sopwith.  Seeing  that  the 
effect  of  additional  legislation  was  to  increase  the  cost  of  pro- 
duction, it  had  become  essential,  Mr.  Sopwith  said,  that 
modern  methods  should  be  introduced  into  the  older  collieries, 
if  the  all  too  narrow  margin  which  normally  existed  between 
costs  and  selling  prices  was  not  to  be  reduced  to  vanishing 
point.  Tlie  aim  of  the  colliery  manager  of  today  was  not  so 
much  to  reduce  costs  as  to'  maintain  them  at  their  present 
level,  despite  the  ever-increasing  burdens  which  the  exigencies 
of  the  times  put  upon  Mm.  It  was  on  this  account  that  the 
company  decided  to  adopt  electricity,  with  a,  view  to  reducing 
colliery  consumption  and  providing  a  means  of  transmitting 
power  underground  for  haulage  and  other  purposes.  The 
total  cost  of  the  entire  installation  was  £21,259.  By  the 
adoption  of  the  scheme,  said  Mr.  So-pwith,  the  colliery  can- 
sumption  had  been  reduced  by  at  least  1  j  per  cent.,  or  6,875 
tons.  About  25  horses  had  been  dispense^!  with  underground, 
and  a  great  reduction  in  labour  had  resulted  from  the  substi- 
tution of  mechanical  for  horse  haulage.  The  current  was 
available  underground  for  further  extensions  in  the  way  of 
auxiliary  haulage,  coal  cutting,  &c.，  and  for  lighting  up 
important  stations,  which,  if  nut  actually  economical,  was 
more  convenient  and  safer.  He  computed  that  the  total 
saving  represented  about  18i  per  cent,  interest  on  the  capital 
outlay.  , 


INDUSTRIAL  AND  TRADE  NOTES. 

The  White  Star  Liner  "  BriUnnic." ― A<  cording  to  a  Belfast  currepjM.n 

(lt'iit.  tlie  iolh)\\  in^  arc  the  dimoji-sions  of  tho  "  Bi'ita ，出 i(、"  m"v 
I'eing  l»uilt  I'.v  Harland  Wolff  tor  the  AVhit^  Star  Lino  ：  Lon^tli. 
H87i't.  9in.  ；  breadth.  84ft.  6in.  ；  gross  tonnage,  about  51,000.  It  is 
cxpecU^d  that  she  will  he  launched  next  November  or  Decern Ix'i-. 
Allowing  seven  months  for  fitting  out3  slip  sliould  thus  go  li''r 
maiden  \oyage  about  August.  1914. 

New  Locomotive  Workshops  at  Victoria. 一 Tho  Victorian  Railways 
Commissioners  have,  we  learn,  decided  to  erect  locomotive  work 
shops  at  Ballarat  ;ui<l  Bendigo,  and  the  necessary  detailed  plans 
a nd  estimates  are  now  being  expedited,  in  order  that  tenders  tor 
the  preparation  of  the  site  may  be  invited  without  delay.  The 
equipment  to  be  provided  at  the  new  workshops  will  be  of  the 
latest  type,  and  will  include  all  classes  of  machine  tools,  and  other 
engineering  appliances.  The  approximate  cost  of  the  equipment 
at  each  depot  will  be  about  £28.-000. 

Proposed  Rebate  in  the  Iron  Tube  Trade. ― A  nuvting  ol  tin-  All 
lOii^land  Tulte  Trade.  Associated,  was  liold  on  Mon<l;i\  last  to 
r('(  (、iv('  a  connnitttH'  of  association  luiyrrs  u  ith  a  rebates 
proposal.  At  jncsont  tlie  TuIk*  Association  allow  a  jxraduatcfl 
.system  of  discounts  oi  o  to  1\  por  cont.  Tlie  associated  buvei> 
proposed  a  new  systt'in  of  rehiites,  having  a  niiniinuni  of  2\  to  ."5  per 
cent.,  and  a  maximuin  of  10  to  12 i  per  t-ent.  Tli"  ihmv  wlicni" 
would  "o  identical  witli  that  recently  pirvailiiig  in  the  li^rlit  (  ； i、t 
ings  trado.  Tl"、  Tube  As.sot*iation  proini.^d  iavonraljk*  coiisich'ra 
tion  of  the  proposition. 

Large  Power  Project. ― A  project  is  on  foot  for  developing  3U0,''(J0 
oloctrical  horse  power  at  Big  Eddy,  a  point  tluw  miles  al»o\  e  Tho 
Dalles,  on  the  Cohiml>iii  River.  At  this  point  tli''  ri\  <ir  run.s 
through  a  na rrow  gorge  a\ hicli  could  bo  closed  l»y  a  dam  'M Mil t.  long 
and  180ft.  above  its  foundation.s.  and  the  coiistruction  of  a  canal 
300ft.  wide,  20ft.  deep,  and  1 1  niiles  in  ]on<it]i.  T)w  head  oi  \\  atcr 
is  73ft.  at  low  water  and  42ft.  at  high  watt^r.  and  the  moan  How 
of  tl"'  river  throughout  the  year  is  2.*i">.(K )U  (■， 山. it.  p<、r  >wm(l.  Tlie 
livdro  t'lectric  units  would  l>c  each  of  32.000  h.p..  and  the  total  cf»t 
of  the  schome  would  be  about  £4,G0CUK>n. 

White  Star  Line  and  Manchester. —— The  White  Star  Line  have  arranged 

to  establish  a  regular  .service  of  cargo  steamers  ln-tw  cen  Man 
cliester  and  New  York,  botlt  outwards  and  lioinow  ai  ds.  Tlio  ^rv 
vice  will  be  inaiignnited  by  the  stea mer  "  Mt'inphian."  sailing 
from  Manchester  June  21st,  to  be  followed  l>y  the  "  Co\  ic." 
scheduled  to  sail  J uly  J2th,  with  three  s  eekly  &iiiling.s  thoroai  tor. 
The  Wliite  Star  Line  have  not  previously  had  any  ^service  from 
Mancliesler.  ； tnd  tht'ru  has  heen  no  dire<t  regular  .sor\  ice  b\  aii\ 
line  from  Manchester  to  Ne、v  York,  althougli  direct  sailings  i i om 
New  York  to  Mancliester  have  boen  iuaintaijiod. 

Transatlantic  Wireless  Stations. ― The  Marconi  、Virele"  Company  are 

vi  cctiug  two  of  the  la rgest  and  most  pou  lm"1u1  ^  ireless  stat  ion>  in 
the  world.  One  of  thw  lia.s  hwu  coinmeiH'ed  in  Wak'、  ami  tli'、 
((.iistruction  ot:  the  other  is  about  to  be  be^un  at  B^lniar.  New 
Jersey.  Each  w  ill  consist  of  13  masts,  400ft.  high.  Tho  two 
stations  will  l>e  worked  in  connection  with  each  other,  and  each 
will  send  and  receive  messages  across  the  Atla ntic  at  the  sann> 
timo.  Tlicy  are  intended  as  links  in  the  chain  by  ^vhic-h  tho  com 
pany  will  girdle  the  world.  Other  equally  hirg(  and  powerful 
stations  are  to  he  toiistructed  on  the  Pacific  coa&t.  at  Honolulu, 
a  nd  in  Ja  pan. 

Launch  of  a  Diesel  Motor  Ship. ― A  twin-screw  motor  vessel ,  built 

to  the  order  of  Messrs.  Lane  ^iiu'andrtM\ ,  London,  was  laimclu'd 
on  the  24th  ult.  by  the  Ca ledon  Shipbuilding  and  Engineering 
Company,  Dundee.  Tho  vt'wl.  w  Inch  "  as  named  "  St 山; i;>ti;m'''  is 
of  tlie  following  dimensions :  Length  over  all.  321ft.  3in.  ;  l>rra<lth 
mmil(k'(l，  4oft.  ；  <leptli  moulded.  '2iMt.  3 in.,  and  shv  is  of  aKout 
tons  gross.  The  voissel  lias  been  designed  for  tho  rarria^o  ot 
oil  in  bulk,  and  is  divided  into  some  28  oil-tight  <-oinpartnients  hx 
longitudinal  and  trans\ orse  1'ulk  lieads.  Tho  propelling  nmchiiKMy 
m  ill  consist  ot  two  、sets  of  Diesel  oil  engines.  、、- hich  aro  hoiny  con 
structed  l»y  the  Aktieboia^et  Diesel  Motoren,  Stot'khulni. 

Coal  Output  per  Individual. ― According  to  the  >tat"tii>  of  coal 
pr(Kluctiuii  just  is.surd.  thv  ； i\  ora^o  procliu  tion  of  foal  per  pcixm 
omployeil  iti  NortlunnliiM-laiul  niiiu^  in  191 1  was  2ol'  t<""、.  and  ior 
the  past  voa r  it  loll  to  220  tons.  For  Durham  tlio  prior  ； n  cra^o 
of  2(33  tons  tell  to  237  tons  la.st  voar.  TIiom*  reductions  aro 
accounto<l  for  l»y  tlu*  coal  >trikiv  Tho  highest  average  output  por 
person  last  year  was  for  Nottin^liam ― about  2S2  tons ― whilst  for 
the  South  >\'aK»s  coaliiold  it  was  22*2  tons,  though  the  hit  tor  does 
not  ahow  a  ho;n y  tall.  ；"  in  ihv  previous  yoar  loral  ;>trikosj  ； iff' 、'  ，，'<  1 
1  ln>  mii、,'i、'  yioM.  Vov  thr  u  l»o1o  of  ( lu»  kinji«]om  (lir  ； n  cra^ 
output  por  person  oinploytMl  at  tho  r(、Hk、r"、、  was  211  tons,  one 
oi  tho  lowest  average  yields  oi  recent  years. 
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Wages  in  Shipyards.    A  ('""trivi"  ''  、、  ： i、  1"小1  ； it  Ivlini.uruli  on  tlir 
22n<l  ult.  l>ot\vo<Mi  tlio  masters  and  mkmi  in  the  sl"i)l>uil 山 11" 
nn  tho  suhjoci  ()1  ;i  (l('m;ui(l  \nv  an  m('n、:is(>  <>1  ">  jxt  (i'"t.  on 
pn'cos,  aii(l  a  shilling  i"'r  work  on  "n"、  rai<is    Tl"'  p:irti,'、  、、（  r''  ； it 
va riance  as  to  、vli"tli"r  mm  ； idvanco  is  jusiifM^l  l»v  tin-  prrs.-nt  M:it" 
of  the  indiustry,  ； uid  the  (  ("liVrt'i"  "  l  :ii"'d  to  ； u  ri\  «•  at  ； i  saiisi';ic 
tory  coiiclusioi).     It  is  "ii(l*'rstoo(l  that  tlio  Standing  ('miimiU'',' 
\Ur  shipy.inl  tnulcs  w  ill  place  the  sultjoct  i'ully  L-lmv  tlir  hkmiiIkts 
()|   tilt-  1 1    unions  w  liu-li  ； uv  parties  to  the  National  A^roomrnt. 
and  ask  lor  ； i  vote  on  the  (iiicstion       takii^  steps  to  "'"'("•<■''  the 
iidvancc.     I  n  tluit  cmm-  :i  will  on  w  ivconi 

HHMidation ― if  anv ― tl">  coininitlco  m;iy  gi、<>  to  the  inoii.  Tl">  pro 
coss  of  voting  will  r<'(|iiir<'  from  two  to  three  、、<、（>ks.  ； iihI  it  is 
likclv    that    at'ler    the    i'(、sult    is    known    negotiations    u  itli  tli«- 

Clliplovrrs   \\  ill    lit'  !(M)IK'!H'<1. 

Trade  Union  Progress.— Tlie  report,  of  the  Chief  li<^ist  ra.i-  on  tr;ulc 
unions  issued  on  Satnr<l;i v  last  docs  not  <lv;il  w  ith  matters  l;i trr 
t Iki ii  1 5)1 1 .  Tli('  rcpoi-t  st;ittvs  that  tli'"v  r*'m:"m''l  upon  the  r(、gis 
trr  ;it  tlic  ('m(1  oi'  1!H  I  liSO  tr;ulr  unions,  ot  w  liich  ')70  u<、r,>  r,、gis 
l''r('(l  in  Kn<il;ui(l  :u"l  Wnlrs,  ；{(>  in  Scotlimd,  ； ind  ~ \  in  In'land. 
Tin-  maj ority  tlic  uiiions  showing  y  incnsiscs  in  m(、mU'r- 
slii|)  、、("'（'  coiint'ctcd  with  tin1  transport  trades  ； uul  ym'r:il  l:,Uiur. 
Tlir  iniiiing,  coin  (\vanc(\  and  <'iigiii(、eriiig  groups  ii，（'lu<l''  inort4 
tli;in  (； I)  per  <-(Mit.  ot'  tlit'  inciiilHM'shi])  of  tr;""'  un itnis.  At  tin*  fiid 
ol'  the  iiuiiiIkm-  nl'  unions  u  as  6S03  、、- itli    :i    mt'n 山 （'rslii p  ol' 

*J.:i"S.«).')7.    Tlit'  total  t  uiuls  oi  ivgist(、n'(l  trade  unions  ;it  I)«cnii 
Ikm-  .'Hst.   |!H  1 .  to^ctluT  w  ith  tlic  m('iv:i;M' 小 iriiig  the  \v.\v   1  !H  1 . 
amountod  to  €(>.:i2(i,712.  an  increnso  oi'  t4~)4.S7-),  or  7  7*>  p*>，'  （  t、nt. 
Tw  o  ；!; roups— mm  my  and  quarrying,  and  ""giiicpriiig— moi  e 
than  liall  tho  total  funds  ol  rr^istcrcd  trndt1  unions. 

A  Large  Crane. ― The  Deutsche  Mascliuienfabrik  A.li.,  Duislmrg, 
havo  j ust  put  into  service  at  tho  Hamlnir^;  sl"i>、.；i，d  oi  Messrs 
Jilolim  cV:  \  ()s、s  what  is  (l,'s(  ri  ； is  the  lai  ^csi  ('r;m('  in  tl"、  "  m'l(l. 
It  is  iM'in^;  。mpl(i.v('<l  in  tlie  lUtmg  out  of  tl"、  ofi.OOO  ton  sist"r  sliip 
oi'  1  ho  lt  1  mpcrator."  and  it  has  a  niaxiinuin  lifting  capacity  of 

Ions.  fl  hf  torw  ard  a rm  (»t  the  jil)  lias  a  tot;i  1  l("igth  oi.  m  i'r 
WIkmi  the  jil)  is  completely  raised,  the  point  is  "t  a  l"'igl't 
oi'  ;i;i(H t.  above  、、at"r  l'、vi'l.  The  ('r;ii"、  is  electrically  driven.  ； uid 
has  two  iiidi、iH、n(lt、iit  lifting  appliances.  A  crali  c;i n  lift  tlie 
maximuni  Io;nl  of  'J o( )  tons  at  ； ill  outroncli  of  11'31't.,  anrl  1 10  tons  at 
175it.,  and  tliore  is  a  revolving  travelling  crane  of  20  tons'  lifting 
capiuitA .  This  ;nixili;uy  era  no  can  lift  a  load  oi'  10  tons  at  a  (lis 
tii  nee  ill  "J  K  >i"t .  Ironi  tlie  turning  (','i'tr''  ol  the  ('r;m(、  Witli  tliis 
Uu、  working  is  about  47()ft.  diam.,  so  that  ])r;u-tic;i llv  1. 

s([.  It.  c;ui  Iki  .sfM^cd.  Only  two  men  are  rt'qiiirefl  tor  w oi  kiny;  tho 
crane. 

British  Trade  with  China. ― A  meeting  of  nuinufacturers  intere^tcl 
in  the  riigi ii(、。riiig  trados  w  as  held  nt  Slioiiicld  on  tlio  24tli  ult.  to 

r  fxplainod  the  objt、cts  oi  tin*  British  Kngi，i«H、rs'  Assrx-iat  ion. 
Air.  Douglas  \rickrrs.  、、  presided.  (、\i)l;iiiied  that  i  lie  ； issocijitioii. 
w  lii<'li  was  tornit'd  last  year  and  has  1  r」 nu'iiiljcrs,  rrpri'sciitiiig  nit 
:,^regat(»  capital  of  over  44  millions,  existed  for  tho  purpose  of 
oxploitin^;  tlu*  Cliiin\so  market  in  the  intorosts  ot'  British  en^incors. 
(jlormans  ;i nd  AnitM-icans,  lu，  pointed  out,  w  ere  oltcriny;  l:H'iliti。、 
lor  the  study  of  tlieir  lan^ua^t^  to  the  Chinese,  aiul  、vt、iv  ;\lso 
introducin*;  thoir  niacliiiu'iv  into  (1liin;i.  1 1  was  <lesirahlo  tluit 
our  own  Cil()\'(inini(,iit  -shmild  ； issist  Hritish  firms.  :ii，（l  tln\v  coulcl  do 
it  liv  t'ui'tluM'ing  tlu*  echication  of  tlu'  Chinese  in  Ku^lish  inctluxls. 
Tl"'v  、visl"'(l  iurtluT  to  induce  tho  Gov'、rmm»iit  to  protect  English 
inttTt'st*.  I iy  insortiii^:  clauses  in  loa us  、、  liich  should  spccilx .  ； is 
"； is  (loiie  notaMv  l»y  J^ranco,  that  the  c;i[)ita!  should  lie  ,、j""it  on 
LOn^lisli  prod ucts. 

Launch  of  an  Ishcrwood  Oil  Tanker. ― The  (Jreenock  and  Grangemouth 
Dockyiud  C,<)!n[>any.  (jl'vi'iiock.  l:umdu'd  a  few  dnvs  ； i<xa  the 
fsoconcl  oil  stoaincr,  14  I'licas."  Imiit  l»v  llicin  mi  tin1  1  slicr、、  o。（l 
m .stt'in.  Tl"'  \t'sscl  is  intended  ior  tl"、  carriage  ot  petroleum  in 
bulk  undor  spocial  sur\(\v.  Slit'  is  the  seoond  oil  sto;um、r  built  on 
lliis  s\  stem  to  U'  ！ :i uik-IuhI  on  tlit、  Clvdc.  'II ir  " '-、 s<、l  has  Uvii  I'mlt 
to  tli,'  orfU'i*  ot  tlif  T;uik  Stora^o  and  C'arri;i^o  C'oinpan v,  IjoikIom. 
Slio  will  cai  ry  a  deadweight  ol  7.200  tons  on  a  li^ht  <li-;ui^ht.  aiwl 
hrv  (liiiHMisions  ； m' :  Lm^tli,  (lit.  ；  Uv:i(ltli.  oltt.  9in.  ；  drpth. 
'2V It.  Sin.  Slio  h;»s  U、，'n  fhvsi^ncd  to  v;\vv\  all  classi's  of  oil  from 
tl"、  lightest  to  the  heaviest  grades.  SI"'  h:\s  i(>  oil  ti^lit  coin|>;ut 
inents  ； uul  10  Munmcr  tunics  tor  (  ； u  r、  i ujj;  light  grades  ot  oil.  ； is 
to  cumiit  thr  lull  rloadwtMght  lioiajj;  ('anit'd  :，t  all  t iinrs.  Tli(>r《、  is 
i\  coinpK'tc  installiition  ot  pimiping  mar'l'im'rv.  、、lii('li  <-a n  <Ii> 
(  tlio  lull  ('； u'go  in  "2i)  hours.    Triple  i'N[>;uision  (Mij^inr.s  ； i i  t* 

k'ii'g  .supplied  l»y  .Monsps.  Rankin  A:  Hlackinorr.  (:r(M"i(，<'k. 

German  Copper  Refining  I ndustry.— According  to  tlu*  Hoard  of 
Tratl"  .Journal,  the  (iiiantity  oi*  copper  ore  niiiHMl  iit  (mmiiuuiv  in 
liM  1  ； unounU'd  to  SOS.OOO  tons,  as  ro"ip:u、'(l  witli  ！ K»  tons  in 
l!»l。；  tl"、  ：iv"w、  of  pun、  (M>[»i)rr  in  1!,|<、  、、； is  per  <eut  I'nir 

ti'  iillv  [Ur  w  hole  ol'  tlio  ovv  is  pi"(lurr(l  l>v  ,、'i"  coninnnv  Tlir 


givat"r  |>ortion  oi'  the  ore  in  (ii'i  nian  v  i、  tir、t  ronv  crtod  into 
" in;i tie,"  u  hicli  is  tlicn  r''<lur*'<l  to  "  Mistor  co|>pi'r."  anrl  linally 
rHii"'(l  in  a  ri'v*  rl"'rat')rv  limi:"','  Hy  this  ih  occss  .'J'J.^Jl  toiiH  of 
roliiKnl  <'<>ppcr  、、,'r«'  procl iic<'<1  iroin  tons  ot  <o|ipci-  oro  and 

2,204  tons  of  "  matt**  "  in  11)10.  as  (  o 川 par"l  w  itli  2!'，7、7  t',n、  nl 
rcfm'Ml  copper  1  rum  77.').71"  tons  oi  or<»  and  2.07*>  ""卜 ot  '• 
in  1  (MY.)  I  n  ； uldition  to  tho  abovo,  ">A'>\  tons  ot  <'l',,  tn,lvtir  <  oj>|>i-r 
and  4.1  40  tons  of  ccnicnt  f'«)pp('r  ( rcsirlu**  r,'ro、  ''iv'l  I  mm  r'，:i.st"l 
pyrit(».s)  were  ohtaim-d  in  (； orinany  in  1910，  as  coi"p:ir*'<l  with 
4.1 7S  ions  ol  rlrcti'olyiic  cripprr  anrl  3.123  tons  of  "'m'-'it  r, 中 p.  r 
in  1 "()!). 

Private  Shipbuilding  in  Germany  in  1912.—  During  t  !)«■  |,.i、t  \  i-a  r 
""'iv  \v(»re,  according  to  tlu*  "  MorstMi  Z^itiin^."  laid  <lou  n  lur 
(icrnian  ； u-coiint  in  (">im:m  |>ri\  at<-  y:ir'l、  II  u  aisliips  u  it}i  a  total 
gross  r(、gistor  tonnn^c  (r-apacity)  of  105.42(»  tons.  1.010  ""»r''li:iht 
vessels  of  1 ,224,07?)  register  tons  gross,  and  riser  v<  s、<'l、  tot.it 
ling  1  1.0^0  rt^istci*  tmis.  Of  the  forc^'oin^  、  *  、si'l、  t  )i<>  f'»ll',、、  iii;' 
were  coniplcto<l  :  21  war  vossels  a^^rc^atin^  *>1 ,1(Ki  r,' 乂卜 tons 
(capacity)  gross,  (io!)  iiiorcli;mt  vessel's  ol  :i、:i,""(，  rc^isi<  i  t"ii、  grosw, 
a  nd  71  rivor  vessels  with  a  gmss  register  tom，w  of  H..KK)  tons. 
For  foreign  nccount  thon»  、ven'  Ijcin^  liuilt  ioiii'  war  \  ps^-Is  w  ith  a 
total  gross  capacity  of  11.112  rouist<M'  tons,  1 70  ""'••(. k'mt  w -、、 '  I- 
with  a  total  of  Gl  ,4S9  register  tons,  and  63  river  、' -、、  <1、  ."».0 1 'J 
gross  register  tonna*:o.  Oi'  the  t'orc^oin^  th'w  、v"r<' 《 "mpl''"''l  tu<» 
war  vessels  having  J)G2  ro^istcr  tons.  1 24  wrHiant  、  （wls  lia\  in^ 
.'il  .2.'^  r(、gist(、r  tons,  and  ； "50  river  vossols  of  •").  1 4>*  n^istor  tons. 
During  tho  same  p(、riml  IIhtc  lx-i Iniilt  t'*n'       >  niaii  :"r'，mit 

ia  foreign  yards  nu'icluint  vessels  of  85.076  resistor  tons  "','•、、 
and  13  river  voss(»ls  (steamers)  of  1,001  ro^istor  tons  "'，'"s、  Ol' 
tl"、sf、  there  coni[)lotcd  1  o( J  niorcliaiit  v('s、f'l.、  ot  71."、！,  ，i'"'i、t'.r 

tons.  a«  well  as  11  rivor  steamers  of  1,801  resistor  tons  j^ross. 


METAL  QUOTATIONS. 

TUESDAY,  AIMUL  2!»th. 

Aluminiuia  ingot   95/ -  per  cut. 

"         wire,  according  to  sizes,  &c  from  112/ -  ，, 

，，        sheets        ，，  ，'   ,  120/-  ，， 

Antimony  £31/—/—  to  £33/—/ 一  per  ton. 

Brass,  rolled   8^d.  per  lb. 

，,    tubes  (brazed)    l'J^d. ，， 

，，       ，,      (solid  drawn)   ！' ci.  ，, 

，，  wire   8^d.  ，, 

Copper,  Standard   £*>7/ Jo/-  per  ton. 

Iron,  Cleveland   07/-  ,， 

，, Scotch   7.'{/-  „ 

Lead,  English    £1S/.V-  ,， 

" Foreign  (soft)    £17/17/(1  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ,，  ,，       medium   3/6  to  6/—  ,, 

，，  ,,  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle. 

Silver   27 -[^jd.  per  oz. 

Spelter    £2.~>/7/<i  per  ton. 

Tin,  block   £227/-/-  " 

Tin  plates   14/3  ，， 

Zinc  sheets  (Silesian)   £28/10/-  ，， 

,,  (Stettin  ；  Vieille  Montagne)   £28/12/6 


The  Institution  of  Electrical  Engineers:  Admission  as  Student.— 

The  Institution  does  not  hold  a  qualifvinf;  examination  for 
admission  as  student.  On  and  after  June  1st,  1913，  all 
candidates  for  election  to  the  class  of  students  will  be  required 
to  have  one  of  the  following  qualifications  ：  (1)  The  matricu- 
lation examination  of  any  university  in  the  British  Empire  ； 
or  the  responsions  examination  of  the  University  of  Oxford  ； 
or  the  previous  examination  of  the  University  of  Cambridge. 
(2)  The  studentship  examination  of  the  Institution  of  Civil 
Engineers.  (3)  The  school-leaving  examination  for  the 
Scottish  Education  Department.  (4)  The  naval  cadet 
passing -out  examination.  (5)  Tlie  entrance  exarninat  ions  for 
Woolwich  and  Sandhurst.  (6)  Tlie  school  examination  (for 
school-leaving  certificate)  or  the  senior  school  examination  of 
the  University  of  London.  (7)  The  Oxford  or  Cambridge 
local  exaininatiun.  (A  senior  certificate  provided  it  covers 
English  and  elementary  inatheniatirs.)  (S)  Tlie  Oxford  an-J 
Cambridge  higher  certificate  (provided  it  covers  English  and 
element  a  rv  mathematics).  (9)  The  abiturienten  examination 
of  anv  German  or  Austrian  secondary  school,  or  the  corre- 
sponding examination  of  similar  schools  iu  other  countries. 
(10)  The  certificate  of  any  other  educational  authority  wliicli 
mav  be  recognised  by  the  Council  of  the  Institution  as 
equivalent  for  the  purpose  of  admission  to  the  class  of 
stuclonts 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  vr  ^hnll 
bf  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Addrr.sa 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Mancli  rstrr. 

MECHANICAL.  1912. 

Airships  and  ； u'rop】；UR、s.    Wilson.  483. 

PiHncntiii^  ('\crssi\-c  friction  between  rot  ;i  i  \  \  ;i  I\      ;i  nd  llicir  .seals. 

Soc.  Anon,  des  Etablissements  MaliccL  &  Blin.  17. 
A])paratus  for  the  automatic  and  continuous  aii;il、、is  ； md  j ndica 

tion  of  gases.    Boulton.  5601. 
Kxtraction  of  copper  from  sulphide  ores.     H\  Uinettc.  5806. 
Process  for  the  ])roductioii  of  st,':im  for  ^ns  ^cnci-aioi-s.     Frii nilis. 

and  Bender  <fe  Friiinl)«s  ( ―"、 s.  .*>852. 
I  ustrumeiits  for  measuring  the  velocity  ol'  flow  ()r  tin-  pmsmv  ol 

air,  steam,  and  gas.    Lyall  S:  Davis.  8015. 
Heat  intercliangers.    Hold  en ,  Ti(l 山'" imii，  <Sz  Russell.  8023. 
Steam  traps.    Lawson.  8090. 
Oil  filters.    Maranville.  8185. 

K  evolution-direct  ion  indicators  ； ui(l  i'。（。r(if 'rs  S -」： 《1., 

M  rthod  of  forming  briquettes  of  fine  granulai'  materials  for  met  ； 1 1 

lurgical  purposes.    Boehm.  8246. 
Treatment  of  sulphurous  ores.    Fusina.  8426. 
Carburetters  for  internal-oombustion  engines.    Tampior.  81:i". 
Pyrometers.    Rogers.  8486. 

Ventilating  fans.    Trautmann  tt  Copping.  8514. 
Variable-speed  friction  gearing.    Ottino.  8597. 
Automatic  coupling  for  railu  ay  vehicles.    M urphy.  8648. 
Balancing  multi-cylinder  engines.    Imray.  8(i!". 
11a ilw i\\  signalling.    Tarrant.  8811. 

Apparatus    for    starting    multiple-cylinder    internal  t-omltu.stion 

motors.    AVeckerlein  &  Stocker.  8986. 
Fluid-pressure  motors  of  the  rotary  type.    Eisner.  9282. 
Pumps.    British  Thomson  Houston  Company.  10881. 
Internal- combustion  engines.    Zoelly.  10991. 
Adjustable  bearing.    Smith.  11333. 
Carburetters.    Dondney.  11577. 
Turbines.    Hutson  &  ford.  11601. 

Friction-driven  variable-speed  gear.  Hughes  &  Manderson-Lobb. 
12331. 

Rotary  engines.    Roberts.  12394. 

Change-speed  gears.    Schweinf urter  Pracisions  Kngel  Lagerwerke 

Fichtel  &  Sachs.  12702. 
Sight-feed  lubricators  for  steam  engines.    Bebbington.  12822. 
Carburetters  for  iiiternal-conibustion  engines.      Baron  Stalbrklge. 

12851. 

Centrifugal  governors.  Belliss  &  Morcom,  Ltd.^  &  Walshe.  12926. 
Thrust  bearings.    Egbert.  13279. 

Process  for  casting  steel  in  several  layers.    Imray.  14234. 
Air-cooled  internal- combustion  engines.    Cohen.  14479. 
Wrenches.    Willis.  14925. 

Device  for  indicating  at  a  distance  the  level  of  the  liquid  contained 

in  a  tank.    La  Force.  15160. 
Combination  aeroplane  and  dirigible  machine.    Chri stitch.  15533. 
Manufacture  of  alloys.    Nay  lor  &  Hutton.  15690. 
Machines  for  cutting  metal  bars.      Clifton  &  Baird，  Ltd.,  and 

Clifton.  15822. 
Transmission  mechanism  for  motor-vehicles.    Lake.  16066. 
Change-speed  gearing.    Fazan.  16069. 

Automatic  valves  of  disc  form.    Alley  &  McGregor.  16203. 
Bearings.    Wallace.  16294. 

Preparatory  refining  furnaces  adapted  to  be  supplied  direct  from 
tlie  IjlastfuriKH-o  m  the  manufacture  of  steel.  Bernhardt.  17543. 

Wrenches.    Maher，  Pfaff;  Campbell,  &  Terry.  17575. 

Continuously-operating  annealing  furnaces  for  metals.  Kugel. 
18082. ' 

Guards  for  machine  tools.    Williams  &  Field.    18105. ' 
Open-hearth   furnaces   adapted   for   use  with   blastfurnace  gas. 
.      Poetter  Ges.  18148. 

.MainifactTiie  of  boiler  stays.    Huntington  &  Preston.  18574. 
Construction  of  vaiip.loss  turbines.    O'Reilley.  18832. 
Coupling  or   clutching   apparatus.      Van   Daalen  &  Schreiber. 
18991. 

Steam  boilers.    Kestner.  21547. 

Centrifugal  liquid  pumps.    WoadrofFe  &  Hodgson.  21965. 

Nut  locks.    Patterson,  Oliger,  Simms,  &  Pree.  22822. 

Air  compressors.    Francois.  23840. 

Aeroplanes.    Co  an  da.  26911. 

Stop  valves.    Kocnig.  27G03. 

Cable  ways.    Hleichert  &  Co.  29586. 

1913. 

Apparatus  for  purifying,  cooling,  and  washing  gases.  Theisen. 
13S2. 

Section al  boilers.    Oscar  R.  Mehlhorn.  1640. 

\'al\ c  w:u.  for  two-stroke-cycle  interna  1-conibnstion  t'ugii"、、  Fi'icd. 
K  rupp  Akt.-Ges.  Germaniawerft.  2132. 


Variable  spoed  ^ca rs.    Adolph  Saurer.  '2280. 
Furnace  back  hridgos.    Gould.  2654. 
Railway  rail  joints.    Moore.  3497. 

Hearing  l>r;is.se&.    Ransomes3  Siins;  <fe  JeflFeries.  Ltd.,  aud  Rimiall 
4270. 

Cylinder    heads    for    internal-combustion    engines.  Hcssehnan 
4555. 

Tapping  nuH-hanism  for  multiple  spindle  metal  working  niacliiiM*s 
Smith.  ； 3932. 

ELECTRICAL  19U. 

Electric  transmission  of  power.    Van  Daalen  &  Schreiber.  24122. 

1912. 

'I'<-](^raph  systems.    Harrison,  Moore,  <fe  Savin.  0600. 

Electrical  engine  or  machinery  direction  and  counting  tell  t;il«v 

Clarke.  ;uid  Chadburn's  (Ship)  Telegraph  Company.  /3W」. 
rI  licrino-electric  heating  and  cooling  body.    Altenkij  ch  &  GehlhofF 

8050. 

Arrangement  for  starting  and  regulating  direct-current  electric 

motors.    Cuniont.  8108. 
J^loctric  arc  lamps.    Ogilvy-Webb^  "\Yhito?  &  Reinecke.  8232. 
.Manufacture  of  drawn  tungsten  wires.    Fischer.  9981. 
P ix'  payment  electricity  meters.    Turner.  13647. 
Conductor  rails  for  electric  railways.    Merz  &  Redman.  ]:i、（U 
Machines  for  manufacturing  electric  incandescent  lamps.  British 

Thomson-Houston  Company.  14962. 
Electric  meters.    Allgemeine  Elektricitats  Ges.  163-58. 
Electrodes  for  arc  lamps.     British  Thomson-Houston  Company. 

16707. 

Electric  cut  out  switches.    Kovacs.  17635. 

Wireless  system  to  selectively  call  up  stations.  Jamiesoii.  1  Jjn ]  4. 
Electrical  switches.    Horton.  21102 

Regulators  for  electric  train  lighting  systems.    Kennedy.  21157. 
Dynamos  and  motors.    Price.  21932. 
Sparking  plugs.    Deligny.  22530. 

Device  for  automatically  stopping  electric  hoists.    British  Thoin 

son-Houston  Company.  26681. 
Armature  for  direct-current  watt-hour  electricity  meters.  Moul. 

27246 

1913. 

Current  rectifying  apparatus.    ConriwI.  622. 
Sparking  plugs.    Siemens  &  Halske  Akt.- Ges.  1064. 
Telephone  systems.    Rickets.  2397. 

Fatal  Crane  Accident. ―  By  the  collapse  of  a  crane  on  a  build- 
ing site  in  High  Holborn  on  the  24th  ult.  one  man  was 
killed  and  another  injured.  Iron  girders  weighing  two  tons 
were  being  lowered  into  position  when,  it  is  stated,  one  of 
the  chains  which  held  the  crane  in  position  113ft.  above  the 
ground  snapped. 

Mining  Institute  of  Scotland.— The  36th  annual  geueral  meet- 
ing of  this  institute  was  recently  held  at  Glasgow. 
The  following  office-bearers  were  appointed  for  the  ensuing 
session  :  President,  Mr.  James  Hamiltou  ；  vice-presidents, 
Messrs.  D.  M.  Mow  at,  Douglas  Jackson,  W.  Walker,  Wallace 
Thorneycroft,  James  Barrowman,  and  J  as.  Bain.  Prof. 
Daniel  Burns  submitted  the  report  of  a  committee  who  had 
been  appointed  to  carry  out  a  series  of  experiments  with  a 
view  to  testing  the  accuracy  of  a  loop  device  described  by  Mr. 
Henry  Briggs,  of  the  Heriot-Watt  College,  Edinburgh,  as 
useful  in  detecting  small  percentages  of  fire-damp  and  black 
damp  in  the  mine.  Prof.  Burns  explained  that  tests  with  the 
loop  had  been  carried  out  both  in  the  Royal  Technical  College, 
Glasgow,  and  Botlnvell  Castle  No.  5  pit.  The  inference  from 
the  experiments  which  had  been  made  suggested  this,  that  as  a 
practical  appliance  the  Briggs  loop  appeared  to  the  committee 
to  be  inferior  to  the  lowered  flame  for  gas  testing  purposes  in 
the  mine,  and  further,  in  order  to  obtain  results  with  it  a 
much  more  careful  process  of  manipulation  was  required  than 
was  necessary  with  the  ordinary  lamp.  It  was  decided  to 
adjourn  the  report  for  further  cousideration.  Mr.  Henry 
Rowan  read  a  paper  on  "  Undergrouud  Fires."  Although  a 
great  deal  had  been  written  and  said  on  the  subject,  investi- 
gators were,  he  remarked,  still  very  much  iu  the  dark  regard- 
ing the  cause  for  the  spontaneous  heating  and  firing  of  under- 
ground workings.  Various  proposals  had  been  put  forward 
as  to  the  best  means  of  dealing  witli  active  undergrouud  fires, 
but  he  agreed  with  those  who  held  the  view  that  each  gob  fire 
must  be  taken  on  its  own  merits.  He  (Mr.  Rowan)  \va£  of 
opiuiou  that  if  some  method  of  hydraulic  stowing  were  adopted 
a  great  quantity  of  coal  could  be  recovered  from  those,  areas 
which  had  been  abandoned  in  con  sequence  of  fire. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 
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The  Smoke  Abatement  Bill. 

A  rather  drastic  measure  for  dealing  with  the  smoke  nuisance 
of  manufacturing  towns  was  introduced  by  Mr.  Gordon 
Harvey  to  the  House  of  Commons  last  week.  The  Bill,  which 
is  promoted  by  the  Smoke  Abatement  League  of  Great 
Britain,  of  which  Mr.  Harvey  is  president,  deals  only  with  the 
smoke  of  boilers  and  manufacturing  processes,  aud  makes  no 
provision  for  the  control  of  domestic  fires,  but  its  clauses  are 
stringent  and  far-reaching,  since  they  apply  not  merely  to 
works,  but  also  to  any  vessel  in  territorial  waters  and  to  smoke, 
whether  black  or  any  other  colour,  as  well  as  to  the  emission 
of  ash  or  gritty  particles.  The  maximum  penalty  for  a  first 
conviction  is  £5,  but,  as  this  may  be  doubled  for  each  subse- 
quent conviction,  the  fine  may  obviously  assume  very  serious 
dimensions.  Exemptions  are  only  to  be  granted  in  the  case  of 
metallurgical  and  pottery  furnaces,  and  even  then  only  as  a 
result  of  individual  application  to  the  Local  Government 
Board,  who,  if  the  Bill  passes,  are  to  be  empowered  to  establish 
Joint  Boards  of  neighbouring  authorities  on  the  lines  of  those 
which  now  act  to  prevent  river  pollution.  For  carrying  out 
the  provisions  of  the  proposed  measure,  they  are  also  to  have 
the  appointment  of  inspectors,  pretty  much  on  the  lines  of 
Kthose  now  appointed  under  the  Alkali  Acts.  Existing  authori- 
ties are  only  to  be  endowed  with  powers  when  the  Local 
Government  Board  is  satisfied  their  'luties  inuler  tho  Bill  are 
satisfactorily  carried  out. 

With  the  amiable  and  ostensible  objects  of  the  Smoke 
Abatement  League,  as  expressed  in  the  Bill,  few  people  will 
disagree,  but  boiler  owners  and  lAanufacturers  will  neverthe- 
less need  to  scan  its  provisions  carefully,  for  drastic  powers  of 
prosecution,  when  vested  in  Government  officials,  can  be  use<l 
in  a  very  harassing  maimer,  and  the  attitude  of  some  of  the 
enthusiasts  associated  with  the  League  towards  the  smoke 
question  does  not  inspire  confidence  in  their  ability  to  treat 
some  aspects  of  it  fairly,  or  impel  a  belief  that  they  always 
understand  the  dillicultics  of  securiug  coiistaut,  and  at  the  same 
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time  economical,  smokeless  combustion.  The  chemical  reactions 
of  a  boiler  furnace  are  well  understood,  and,  as  those  who  are 
familiar  with  tlieni  know,  the  margin  of  economic  and  efficient 
working,  free  from  smoke,  is  in  many  cases  rather  narrow,  no 
matter  how  well  the  furnace  may  be  equipped.  Deuiaiifls  for 
steam  are  not  always  uniform.  In  some  industries  it 
fluctuates  greatly,  ami,  without  unreasonable  capital  expendi- 
ture (m  boiler  plant,  it  is  almost  impossible  to  avoid  periods 
of  stress,  while  the  best  mechanical  contrivances  are  liable  to 
derangement,  and  require  periodical  adjustment.  Where 
stoppages  are  frequent,  it  is  not  difficult  to  effect  these,  but 
wben  the  exigencies  of  manufacture  require  continuous  work- 
ing, the  ca&»  is  different,  and  only  those  with  an  intimate 
knowledge  of  the  local  conditions  can  appreciate  the  difficul- 
ties boiler  attendants  have  to  contend  with.  We  do  not  hold 
a  brief  for  the  emission  of  smoke  or  grits  wherever  they  can 
be  prevented,  as  we  readily  admit  in  many  cases  they  can  be 
by  the  exercise  of  reasonable  care.  But,  on  the  other  hand, 
a  wide  experience  of  the  conditions  under  which  many  indus- 
tries have  to  be  conducted,  and  of  the  harass  which  may  be 
inflicted  on  those  engaged  in  the'm  by  officious  smoke  inspec- 
tors, convinces  us  that  "  prosecution  JJ  may  easily  become 
" persecution/ J  and  that  any  proposal  to  extend  the  arbitrary 
powers  of  officials  of  this  kind  should  not  be  allowed  without 
careful  scrutiny  and  adequate  safeguards  against  abuse. 

Cast-iron  Boiler  Fittings. 

We  have  frequently  called  attention  to  the  danger  of  using 
cast-iron  for  st&am  pipes  and  valve  che&ts  of  boilers  working 
at  high  pressure.  Failures  in  connection  with  them  form  the 
subject  of  a  considerable  percentage  of  the  enquiries  held 
under  the  Boiler  Explosions  Act.  The  material  is  objection- 
able, not  only  on  account  of  its  low  tensile  strength,  but  also 
because  it  is  difficult  to  secure  uniformity  of  thickness  under 
the  ordinary  conditions  of  manufacture1,  and  further  still 
because  of  its  lack  of  ductility.  A  casting  may  appear  quite 
sound  and  safely  withstand  a  hydraulic  test,  and  yet  be 
subject  to  internal  stresses  that  make  it  a  constant  menace  to 
safety  when  exposed  to  the  racking  temperature  move- 
merits  in  a  steam  pipe  connection.  For  this  reason ;  the  use 
of  cast  iron  is  deprecated  by  all  boiler  engineers  except 
in  special  cases,  and  for  very  low  pressures.  A  formal  investi- 
gation concluded  by  the  Board  of  Trade  at  Liverpool  on  the 
29tb  ult.  into  the  circumstances  attending  the  deaths  of  six 
men  who  were  scalded  to  death  on  board  the  steamship  "  City 
of  Lincoln  "  on  her  first  voyage,  through  the  sudden  bursting 
of  a  cast-iron  steam  stop  valve  chest,  serves  to  emphasize  the 
wisdom  of  this  attitude,  especially  on  board  ship,  where,  owing 
to  the  confined  space,  any  sudden  rush  of  steam  is  liable  to 
produce  fatal  consequences  to  the  engine-room  staff,  and  ma y 
in  bad  weather  jeopardise  the  safety  of  the  ship.  Cast-iron 
valve  chests  have  no  doubt  certain  commercial  advantages 
owing  to  the  facility  and  expedition  with  which  they  can  be 
obtained,  but  their  drawbacks  are  so  serious  that  only  excep- 
tional circumstances  and  the  exercise  of  the  utmost  care  iu 
manufacture  and  testing  can  justify  their  adoption. 

Birmingham  Foundrymcn*s  Association,— Tho  annual  meeting: 
of  the  Birmingham  Foundrymen's  Association  was  held  on 
Saturday  last,  when  the  following  elections  were  made  ： 
President  Mr.  C.  Heggie,  senior  vice-president  Mr.  H.  Pem- 
berton,  junior  vice-president  Mr.  D.  Dalrymple,  and  lion, 
secretary  Mr.  Grinley.  A  vote  of  thanks  was  pa&sed.  to  Mr. 
G.  Hailstone,  for  some  time  secretary,  who  is  retiring  owing 
to  the  work  in  roime-ction  wil  ii  tlie  ( 'arivegie  Research  vSohdlar- 
ship  be  holds.  Mr.  J.  Shaw  read  ； i  paper,  su])plenK'iiti]ig  a 
former  disquisition,  on  u  Moulding  Sands." 


THE  INFLUENCE  OF  SILICON  ON  THE  CORROSION  OF 
CAST  IRON.* 

HY  J.  NEWTON  FRIEND  AND  C.  W.  MARSHALL. 

Owing  to  its  relatively  low  melting  point,  the  ease  with  which 
objects  may  be  cast  from  it,  and  their  extreme  hardness  when 
completed,  cast  iron  is  now  being  used  for  commercial  pur- 
poses in  ever-increasing  quantities.  It  is  eminently  desirable, 
therefore,  in  view  of  the  serious  nature  of  the  corroding 
influences  to  which  articles  are  exposed,  to  determine  what  the 
influence  of  varying  constituents  may  be  on  the  corrodibility 
of  cast  iron,  and  to  learn  what  particular  compositions  offer 
the  optimum  resistance  to  corrosion.  Hitherto  but  little  work 
has  been  done  in  this  connection,  which  affords  a  wide  field 
for  research,  inasmuch  as  the  chemical  composition  of  cast  iron 
and  the  physical  conditions  at  the  time  of  experiment  admit 
of  enormous  variation.  The  problems  are  in  consequence  pro- 
portionately complicated,  and  a  vast  amount  of  work  remains 
to  be  done  before  generalisations  of  any  real  value  can  be 
made.  In  the  present  paper  the  authors  give  the  results  of 
a  study  of  the  influence  of  silicon  upon  the  corrodibility  of  cast 
iron. 

For  many  years  chemists  have  recognised  that  the  presence 
of  alloyed  silicon  tends  to  retard  the  corrosion  of  iron.  Thus, 
Mallet  more  than  70  years  ago  was  aware  that  cast  iron  rich 
in  silicon  is  less  readily  attacked  by  acids,  and  Jouve  has 
recently  proved  that  alloys  of  silicon  and  iron  containing  20 
per  cent,  of  the  former  element  are  remarkably  resistant  to 
acid  attack.  But  alloys  such  as  these  are  not  cast  iron,  and 
their  utility  is  greatly  restricted  by  the  difficulty  of  working 
them  on  account  of  the  peculiar  properties  imparted  to  them 
by  the  silicon.  The  authors  have  therefore  confined  their 
attention  to  the  influence  on  corrodibility  exerted  by  a  silicon 
content  varying  from  1'24  to  2*28  per  cent.  They  would 
gladly  have  extended  this  series  had  it  been  possible,  but  the 
advantage  of  studying  this  particular  range  is  twofold  ：  (1)  It 
covers  many  of  the  various  silicon  contents  usually  met  with 
in  commercial  cast  irons,  and  the  results  are  not  therefore  of 
purely  scientific  interest.  (2)  The  silicon  is  never  so  great  as 
to  interfere  with  the  nature  of  the  carbon  content. 

The  latter  is  a  most  important  point,  and  one  to  which  we 
hope  it  may  b©  possible  to  give  further  attention  at  a  later 
date.  As  is  well  known,  the  presence  of  silicon  tends  to  throw 
out  the  carbon  as  graphite,  thereby  rendering  the  metal  porous 
and  more  liable  to  corrosion.  Consequently,  unless  particular 
care  be  taken  to  keep  the  carbon  in  the  same  condition,  both 
physically  and  chemically,  the  influence  of  the  silicon  per  ne 
upon  the  corrodibility  of  the  metal  must  be  affected  by  the 
proportion  of  graphitic  carbon,  and  the  results  rendered  mis- 
leading. The  various  cast  irons  used  in  this  research  were 
especially  prepared  for  the  authors  by  Messrs.  Green  &  Co., 
of  Wakefield,  and  they  have  pleasure  in  acknowledging  their 
indebtedness  to  the  manager,  Mr.  W.  B.  Greener,  for  his  kind- 
ness. The  irons  were  cut  into  blocks  measuring  4*8  x  Tl  x  1*5 
cubic  centimetres,  and  after  rubbing  with  emery  paper  were 
tested  in  this  form.  The  authors  wish  also  to  thank  Mr.  A.  E. 
Page,  chemist  to  Messrs.  Green  &  Co.,  for  kindly  analysing 
the  metals  for  tliem.  The  results  of  these  analy&es  are  given 
in  Table  I. 

Table  I. 


Percentage  Cumpusition. 


Cast 

丄 i'i'i 

C'nnibiucl 

Man- 

Phos- 

No. 

Silicon. 

(iraphitc. 

Carbon. 

ganese. 

•Siilplmr. 

plioru;. 

1 

1-21 

2-70 

0-05 

2 

0-<>S 

0-75 

0-lio 

o-so 

0  082 

4 

1  •  55 

2.70 

0"i7 

1-72 

o.(u 

0-75 

0-085 

1.0" 

6 

2-04 

2  •  (10 

u.r>i 

0-S(i 

0-115 

7 

2-28 

0-55 

0-00 

O-OTti 

It  will  be  observed  that,  with  the  exception  of  the  silicon, 
the  other  elcment-s  are  present  in  the  cast  iron  in  remarkably 
uniform  proportions.    The  corrosion  of  the  samples  contain- 
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ing  the  lowest  quantity  of  silicon  (No.  I )  is  in  all  the  arr。m 
paiiying  series  taken  ； is  1"0，  t  lio  corrudihilit  ios  of  t  he  ot  Ihm- 
samples  being  expn'wl  accordingly. 

Tap-water  Tests. ― Tlie  samples  of  ir(m  wero  laid  on  shoots 
of  parafTm  wax  in  glass  beakers  containing  500  cubic  ccnl  i 
metres  of  tap  water,  as  described  in  another  paper,  contributed 
at  this  meeting  by  on©  of  the  present  authors  in  conjun<-t  i«mi 
with  Messrs.  West,  &  Bentley  (see  page'  519).  Alter  1  7  weeks 
the  irons  were  removed,  carefully  scraped  free  from  rust , 
rinsed  in  alcohol,  and  dried  in  a  steam  oven.  They  were  tlien 
weighed,  the  loss  in  weight  being  takf n  as  a  measure  of 
corrosion.   The  results  are  given  in  Tal>Ie  II. 


Table  II. —— Corrosion  of  Cast  Iron  in  Tap  Wah  r  (17  IIV'7" 
Exposure), 


Cast  Iron 
No. 

tSi!ii*(m  per 
Cent. 

Original 
Weight, 
(J  ram  rues. 

Loss  in 
Weight, 
(！  nunmos. 

Corrosion 
Factor. 

1 

1-24 

57-0491 

0-404O 

100 

2 

L2f) 

57-31 7(i 

(».：(27»> 

81 

3 

1.45 

57" 細 i 

0. 棚 S 

101 

4 

1.55 

.r)4..ri7(>S 

0.4028 

】00 

5 

卜 72 

->o.or>oo 

\)\) 

6 

2-04 

50-4522 

0.384(i 

95 

7 

2-28 

0-3554 

88 

Salt-water  Tests. ― These  experiments  (Table  III.)  were 
carried  out  in  a  precisely  similar  manner  to  the  preceding  ones, 
save  that  the  liquid  corrosive  medium  was  3  per  cent,  salt 
solution. 


Table  III. — Corrosion  of  C<tsf  Inwx  in-  3  per  cent.  Sodium 
Chloride  Solution  (13  Weeks'  Exposure). 


( 'nst  Iron 
No. 

Silirnn  [XT 
Cent. 

Original 
Weight, 
(！ rammcs. 

Loss  in 
Weight, 
( Jrammo^. 

Corrosion 
Factor. 

1.24 

57-0030 

0.3134 

100 

2 

1-29 

57.^350 

0.28S2 

92 

:i 

1-45 

卜 

0-2974 

05 

1-55 

54.*>200 

C3U2 

99 

r> 

1.72 

0*3182 

H)l 

0 

l>.()4 

58..r)73(i 

0-3172 

KM 

58.5102 

0.2758 

8S 

Alternate  Wet  and  Dry  Tests. ― These  experiments  were  car- 
ried out  in  a  precisely  similar  manner  to  those  detailed  in 
connection  with  nickel  and  chromium  steels.*  The  results  are 
given  in  Table  IV. 


Table  IV. —— (■orrosio n  of  Cast  Iron  exposed  to  Alternate  T「^/ 
and  Dry  (15  Wee/xs'  Exposure). 


Cast  Tron 
No. 

Silicon  per 
Cent. 

Original 
\\'cight, 
( liammes. 

Loss  in 
Weight, 
( Iramnie.?. 

Corrosion. 
Factor. 

1 

1-24 

56-0920 

1-0442 

100 

2 

1-2!) 

56-6978 

1.2111; 

11" 

3 

1-45 

58  -  2(580 

1.0780 

103 

4 

1-55 

55-4604 

100 

5 

1-72 

57-2854 

1-0370 

！ )9 

6 

2.(14 

r>S.r)4l>4 

1-0738 

103 

2.28 

.—, 7.. ">!'!"; 

1.0996 

105 

Sulphuric  Acid  Tests  (0-05  per  cent.) ― These  results  (see  Table 
V.)  were  obtained  in  an  exactly  similar  manner  to  those  with 
tap  water,  the  corroding  liquid  in  this  case  being  0"05  per  cent, 
sulphuric  acid,  that  is,  0'5  gramme  of  acid  in  1,000  grammes 
of  solution  with  water.  The  acid  was  renewed  every  14 
days. 

Table  V. ~ Corrosio?i  of  Cast  Iron  in  0  05  per  cent.  Sulphuric 
Acid  (13  Weeks9  Exposure). 


Cast  Iron 

Original 

Loss  in 

Silicon  per 

Weight, 

Weight, 

Corrosion 

No. 

Cent, 

Grammes. 

(Iramme^. 

Factor. 

1 

1.24 

56-6814 

0-5062 

100 

2 

1-29 

56-340S 

0-6258 

105 

3 

1-45 

57.8794 

0-5938 

100 

1.55 

55-9410 

0-582(5 

98 

5 

L72 

0.til92 

104 

0 

2.04 

58-475(i 

0.6182 

104 

2-28 

56-8700 

0-6000 

101 
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Sulphuric  Acid  Tests  (0  5  per  cent.)—  T! 

similar  to  the  pre<e<liiig,  save  that  stronger  acid  was  employ**'" 
wliich  was  renewal  every  14  da  vs.  Tho  results  are  \i\\on  in 
TaU"  VI. 


I，abi,k  V  T. —— ( 'Orntsum  "/  /〃'〃  , "  ()*>      r  '?/'/.  Su/  p/i  uric 

. 1  rid  (13  II  V^/.-.s'  E  rposurr). 


() ri^inal 

Ja>hh  in 

Cn<\  1  ion 

Silicon  ]nr 

Weight, 

No. 

Cent. 

( Iniinnn  - . 

CrHiiimeH. 

1'，"'  t',r. 

MM 

5-4512 

1.2!) 

<；：{(；() 

5*4480 

L4"> 

uu 

4 

1-55 

V,.  40114 

5-4218 

！，  ！, 

5 

1.72 

5-5454 

1<I2 

f> 

2-04 

10" 

2-2S 

100 

Discussion  of  the  Results.— For  the  sake  of  fa' ilit  it  in:'  t  h** 
discussion  of  these  results,  Ta"ble  VII.  has  been  drawn  up,  in 
which  the  corrosion  factors  of  the  cast  irons  as  obtained  in 
the  present  research  are  grouped  together. 

Table  VII. 


Corrosion 

Corrosion 

Cast 

Silicon 

Factor  in 

Iron 

per 

Mean 

0-5 

No. 

Cent. 

per  Cent. 

Tap 

Wet  anil 

Salt 

( Vm/. 

Acid. 

Water. 

Dry. 

Water. 

Acid. 

1 

1.24 

100 

KM) 

100 

100 

100 

I'M, 

2 

1-29 

HI 

110 

92 

105 

98 

J00 

:i 

1.45 

101 

103 

95 

100 

100 

99 

1.55 

100 

100 

99 

98 

lou 

99 

5 

1.72 

！ »!( 

90 

101 

104 

101 

102 

6 

2.04 

95 

103 

101 

104 

KM 

10" 

2.28 

88 

105 

88 

101 

96 

l(H> 

A  study  of  the  above  table  reveals  the  following  interest- 
ing facts :  (1)  The  corrosion  factors  for  the  irons  in  acid  and 
neutral  media  are  almost  identical.  This  is  very  remarkable 
in  view  of  the  divergence  usually  observed  between  the  two 
in  the  case  of  steels.  (2)  All  the  irons  corrode  at  a  uniform 
rate,  although  No.  7  shows  a  slight  tendency  to  corrode  less 
rapidly  in  neutral  solution.  Possibly  this  indicates  that  if 
the  percentage  of  silicon  were  raised  still  higher,  without  affect- 
ing the  proportions  of  graphitic  and  combined  carbon,  a 
gradual  increase  in  resistance  to  corrosion  would  be  observed. 
We  may  safely  conclude,  however,  that  a  variation  in  the  per- 
centage of  silicon  between  the  limits  of  1*2  and  2*3  per  cent, 
has  no  appreciable  influence  per  se  upon  the  corrodibility  of 
the  cast  iron.  If  the  relative  proportions  of  graphitic  and 
combined  carbon  are  simultaneously  varied  with  the  silicon,  a 
considerable  difference  in  the  corrodibility  may  be  expected, 
and  this  is  a  point  upon  which  the  authors  hope  to  throw 
further  light  at  a  future  date. 


The  British  Association. ― Tlie  inaumim]  m'  t'tiiig  0f  the  83rd 
annual  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science  will  be  lield  in  the  Central  HallT  Birming- 
ham, on  September  10th,  wlien  Sir  Oliver  Lodge  will  assume 
the  presidency  in  succession  to  Prof.  Scliafer,  and  will  deliver 
his  presidential  address.  The  evening  discourses  will  be 
given,  on  September  12th  by  Sir  Henry  Cunyiighame  on 
•'  Explosions  in  Mines  and  Means  of  Preventing  Them,"  and 
on  September  16th  by  Mr.  A.  Smith  Woodward  on  "Missing 
Links  Among  Extinct  Animals."  The  concluding  meeting  is 
fixed  for  September  17th.  The  presidents  of  sections  are : 
M;" hematioal  and  physical  science,  Mr.  H.  F.  Baker  ； 
chemistry,  Prof.  W.  P.  Wynne  ；  geology,  Prof.  E.  J.  Gar- 
wood; zoology,  Mr.  H.  F.  Gaclow  ；  geography,  Prof.  H.  N. 
Dickson;  economic  science  and  statistics,  the  Rev.  P.  H. 
Wick  steed ;  anthropology,  Sir  Richard  Temple  ；  physiology, 
Mr.  F.  Gowland  Hopkins  ；  botany,  Miss  Ethel  Sargant  ； 
educational  science,  Principal  E.  H.  Griffiths  ；  agriculture. 
Prof.  T.  B.  Wood .  Mr.  J.  A.  F.  Aspinall,  who  was  appointed 
president  of  the  engineering"  section,  has  been  compelled  to 
resign  for  reasons  of  health, 
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PRODUCTION  OF  SOUND  STEEL  BY  LATERAL  COMPRESSION 
OF  THE  INGOT  WHILST  ITS  CENTRE  IS  LIQUID,* 

BY  BENJAMIN  TALBOT. 

In  presenting  this  paper  the  author  has  accepted  the  invita- 
tion of  the  president  of  the  institute,  given  at  the  last  meet- 
ing, to  make  public  the  results  of  his  work,  and  although  the 
research  is  nofc  completed,  interesting  and  valuable  data  have , 
he  believes,  been  obtained.  This  work  is  really  a  continuation 
and  a  development  of  the  research  carried  out  in  the  United 
States,  which  the  author  presented  to  the  institute  under  the 
title  u  Segregation  in  Steel  Ingots,"  in  1905.  It  was  taken 
up  again  largely  owing  to  the  investigation  work  which  has 
been ,  and  is  still,  going  on  in  the  United  States,  "with  a  view 
to  ascertaining  if  a  sounder  and  better  rail  could  not  be 
obtained  at  a  reasonable  cost. 

The  problem  of  producing  a  sound  ingot  is  contempo- 
raneous with  the  commencement  of  steel  manufacture,  and  is 
a  subject  of  vital  importance.  For  the  special  steel  trades  the 
Whifcworth  and  Harmefc  processes  are  ©in ployed,  and  in  the 
steel-casting-  trade  use  is  made  of  the  sink  head  to  fill  up  the 
cavity.  What  is  desired  now  is  some  effective,  economical 
method,  which  will  approach  the  results  obtained  by  the>  more 
expensive  processes,  so  that  the  heavy  cheap  trades  may  be 
enabled  to  supply  a  perfectly  sound  material  (especially  rails) 
free  from  hidden  defects. 

Some  authorities  in  America  have  expressed  the  opinion 
that  the  methods  tried,  and  proposed  up  to  the  present,  are 
not  sufficiently  practical  or  economical,  and  until  this  is 
accomplished,  think  it  may  be  cheaper  and  safer  to  discard 
as  much  as  33  per  cent,  from  the  top  of  the  ingot  when  used 
for  rails,  so  that  with  the  small  crop  from  the  bottom  end, 
the  yield  of  sound  blooms  would  only  be  about  64  per  cent,  of 
the  weight  of  the'  ingot.  When  one  considers  thab  this  pro- 
posal, if  carried  out,  means  a  most  serious  increase  in  the  cost 
of  producing  steel,  and  that  whilst  perhaps  at  present  it  has 
only  been  suggested  for  rails,  there  would  be  no  justifiable 
reason  why  it  should  not  be  extended  to  axles,  sections,  and 
plates  used  in  other  engineering  requirements,  tlie  economic 
aspects  of  the  problem  will  be'  seen  to'  be  of  great  importance. 
The  idea  of  reducing  some  25  per  cent,  more  bloorms  to  scrap 
value  than  is  done  to-day,  which  means  the  increase  of  ingot 
capacity  by  this  amounb  if  this  loss  is  to  be  made  up,  or  if 
this  is  not  done,  reducing  the  finished  output  to  this  extent, 
is  a  most  serious  addition  to  the  cost  in  every  department. 

There  is  no  doubt  that  the  question  of  permitting  ingots 
to  cool  to  some  indeterminate  temperature,  without  consider- 
ing what  this  really  means  to  the  ingot,  has  not  received  the 
consideration  it  deserves  in  steel  manufacture,  as  this  practice 
must  mean  a  variation  in  segregation  and  cavities.  It  is 
clear  that  we  cannot  expect  the  same  result  from  a  large  num- 
ber of  ingots,  poured  at  or  about  the'  same  time,  from  a  number 
of  furnaces,  when  these  ingots  are  allowed  to  stand  either  in 
their  moulds  or  stripped  until  their  turn  comes  to  be  charged 
into  the  soaking  pit,  as  this  means  a  large  variation  in  the 
time  between  pouring,  stripping,  and  charging  into  the  heat- 
ing furnace  of  the  various  ingots.  Whilst  this  practice  may 
not  be  so  objectionable  in  the  soft  steel  trades  for  such  pro- 
ducts as  ordinary  sheet  bars  and  billets  for  fencing  wire,  nails, 
&c"  as  no  vital  tests  are  required  from  thes&,  yet  a  very 
different  state  of  affairs  exists  when  rails,  axles,  and  other 
sections  for  engineering  requirements  are  demanded. 

The  use  of  deoxidisers  such  as  aluminium,  silicon,  and  ferro- 
titanium  diminishes  segregation  and  removes  blowholes  from 
the  outer  areas,  but  they  all  create  a  characteristic  deep  coni- 
cal central  pipe,  which  may  affect  at  least  one-third  of  the 
ingot.  We  arc  therefore  in  the  dilemma  of  having  to  sacrifice 
too  large  a  percentage  of  the  ingot  if  we  use  these  deoxidisers 
to  such  an  extent  as  to  cause  piping  steel,  for,  as  before  stated, 
it  will  put  a  large  additional  cost  on  to  tho  finished  material. 
There  is  no  doubt,  however,  if  we  were  to  cut  off  and  discard 
the  piped  area  in  this  class  of  steel,  segregation  would  be 
practically  eliminated  in  the  blooms  retained  for  use,  say,  64 
per  cent.,  or  less,  of  the  ingot. 

T  *  Abstract  of  paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel 
institute,  May  1st，  ]913, 


A  normal  ingot  is  bound  to  shrink  when  changing  from 
the  liquid  to  the  solid  condition.  As  the  liquid  steel  runs 
against  the  cold  iron  surface  of  the  mould  a  thin  solid  shell 
is  immediately  formed  which  fixes  the  size  of  the  envelope. 
This  solid  shell  gradually  grows  thicker  and  cannot  contract 
to  the  same  extent  in  the  same  time  as  the  liquid  centre  does 
in  solidifying.  If  it  were  practically  possible  immediately  to 
follow  up  this  shrinkage,  and  by  continuous  pressure  to  reduce 
the  area  of  the  mould  gradually,  and  so  reduce  the  area  of  the 
ingot  whilst  it  is  solidifying,  no  cavity  would  be  formed. 

Tn  the  method  of  the  compression  of  ingots  with  liquid 
centres,  which  the  author  is  now  investigating,  the  casting  and 
cooling  of  the  ingots  are  regarded  as  skilled  metallurgical 
operations.  It  is  necessary  to  create  and  to  observe  a  time- 
table between  the  time  at  which  the  ingot  is  poured,  stripped, 
and  charged  into  the  soaking  pit,  and  its  area  reduced  by  the 
preliminary  operation.     By  reducing  the  cross-sectional  area 


Fig.  1.— Ingot  A,  No  Aluminium.      Fig.  2.— Ingot  B,  2oz.  Aluminium  per 
Ingot  Cut  through  Centre.  Ton.    Ingot  Cut  through  Centre. 


at  this  time  by  means  of  lateral  pressure,  compensation  is  given 
for  the  contraction  which  is  taking  place  within  the  mass,  due 
t-o  the  solidifying  and  cooling  that  is  going  on  in  the  centre  of 
the  ingot.  When  this  has  been  accomplished,  the  reduced  ingot 
is  preferably  returned  to  the  pit  or  otherwise  kept  sufficiently 
hot  for  finishing. 

After  this  preliminary  work  the  element  of  time  is  no 
longer  necessary  as  regards  effecting  the  solidity  and  chemical 
formation  in  the  mass,  as  the  compression  of  the  ingot  fixes 
this,  and  even  when  kept  heated  for  an  indefinite  period,  no 
change  is  observed  in  the  composition  of  the  finished  product, 
except  such  diffusion  as  may  be  expected  from  the  elongation 
of  the  ingot  in  rolling  into  sections  of  various  shapes.  The 
ingot  is  preferably  treated  with  a  deoxidiser,  such  as  alumi- 
nium, in  order  to  create  a  piping  steel,  with  no  blowholes  in 
the  outer  area.  This  gives  a  solid  outer  envelope,  which  is 
very  important  when  compressing  the  ingot,  as  blowholes  tend 
to  weaken  the  shell,  neither  are  they  always  eliminated  when 
rolled  down.  The  use  of  a  deoxidiser  also  solidifies  the  metal 
earlier,  so  that  the  ingot  can  be  stripped  in  less  time  than  if 
none  be  used. 

The  action  of  aluminium  in  solidifying  the  metal  is  very 
clearly  seen  on  examining  the  series  of  four  ingote  shown  in 
Figs.   1-4.     These    ingots,  25in.  by  25in.  iu  cross-sectiou, 
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weighed  about  tons  each,  and  contained  about  0'65  per 
(.ont.  carbon.  They  were  charged  into  the  pits  in  32  minutes 
after  teeming,  so  as  to  have  liquid  centres  for  a  longer  tiino 
than  if  they  had  been  allowed  to  cool  off  in  the  atmosphere. 
They  were  heated  up  to  the  usual  teni^rature,  and  then 
instead  of  being  rolled  were  allowed  to  cool  off.  To  ingot  A 
no  aluminium  lias  been  added,  whereas  to  ingot  B  2ozs.  of 
alinninium  per  ton  have  been  added.  These  two  ingots  haw 
heen  cut  open  down  the  centre,  and,  as  will  be  seen  from  the 
photographs,  A  has  a  large  number  of  blowholes  (lissemin; 山' (1 
over  the  upper  third,  whilst  in  B  blowholes  are  practically 
alKsent,  hut  ilie  typical  aluminium  cavity  is  plainly  seen.  Here 
we  have  two  ingots  with  liquid  centres  charged  at  about  the 
minimum  time  possible  for  this  size  of  ingot,  and  although  th© 
pip©  which  has  formed  during  the  time  that  they  were  in  the 
furnace  is  probably  somewhat  less  than  would  have  been  the 
case  if  the  ingots  liad  been  charged  some  half-hour  later,  yet 
there  is  still  a  well-defined  shrinkage  cavity  formed  during 
the  solidification  of  the  ingot.  This  cavity  it  would  have  had 
at  the  time  of  rolling  down  had  the  ingot  been  rolled  instead 
of  being  allowed  to  cool  out.  Tn  ingot  B  the-  cavity  contained 
no  gas,  owing  to  a  perforation  having  formed  in  the  bridge 
over  the  roof  of  the  cavity.  The  other  two  ingots  on  C  and  D， 
from  separate  heats,  are  really  only  shells  from  which  the 
liquid  interior  has  been  purposely  bled  immediately  after  they 
were  stripped,  that  is,  some  25  minutes  after  pouring.  It 
will  be  observed  that  in  ingot  D，  to  which  aluminium  was 
added,  there  is  a  perfectly  solid  envelope,  or  bottle,  with  walls 
5hh\.  thick,  which  held  a  liquid  centre,  and  in  the  normal 
course  would  grow  thicker  whilst  being  heated  up  in  the  pit. 
In  th&  case  of  the  companion  ingot  C，  in  which  no  deoxidiser 
was  used,  there  is  a  wall  only  Ahin.  thick,  honeycombed  with 
blowholes  in  the  top  portion,  and  with  a  very  thin  cap  on  tli-e 
top. 

This  test  goes  to  confirm  the  statement  which  the  author 
made  in  his  previous  paper  on  "  Segregation,"  that  aluminium 
does  solidify  the  metal  quicker  than  when  none  is  used,  and 
therefore  helps  to  diniinish  segregation.  As  might  be 
expected,  the  surface  of  the  inner  wall  is  lower  in  carbon,  &c.， 
than  the  solid  mass,  as  the  purer  metal  attaches  itself  to  the 
wall  first.  In  the  bottom  portion  of  the  shell,  ingot  D，  some 
segregated  metal  from  the  top,  which  had  been  trapped  when 
the  liquid  centre  was  being  drained,  was  found. 

In  Figs.  5，  6,  and  7  are  shown  the  sulphur  prints  of  three 
25in.  by  25in.  ingots,  which  have  been  squeezed  and  compressed 
to  18in.  by  18in.,  whilst  their  centres  were  liquid.  In  A  no 
deoxidiser  was  used,  and  whilst  the  cavity  does  not  exist,  the 
blowholes  which  form  in  tlie  envelope,  which  is  solid  when 
compression  occurs,  are  not  eliminated.  In  B  silicon  has  been 
used,  and  in  C  aluminium,  and  the  result  is  the  same  in  both 
cases,  there  being  no  cavity  and  no  blowholes,  and  therefore  a 
solid  mass. 

These  compressed  ingots  have  been  cut  through  their 
centres  longitudinally,  and  the  sulphur  print  reveals  a  very 
interesting  phenomenon.  It  will  be  observed  that  in  all  three 
cases  segregation  is  not  found  in  the  usual  place,  namely,  in 
the  central  area  of  the  upper  portion,  but  that  wherever  pres- 
sure has  been  applied  before  solidification  of  the  central  por- 
tion has  taken  place,  segregation  has  been  formed  upon  and 
in  the  inner  wall  of  the  solid  envelope,  in  the  shape  of  a 
deposit  higher  in  carbon  and  sulphur,  of  somewhat  regular 
composition.  It  is  this  formation  which  has  caused  surprise 
amongst  some  of  our  well-known  metallurgists.  Dr.  Stead  has 
explained  it  by  a  very  beautiful  theory,  which  the  author 
believes  Dr.  Howe  accepts.  Anyway,  whatever  theory  may  be 
the  correct  one,  we  have  to  accept  it  as  a  fact  that  if  ingots 
are  reduced  in  area  whilst  some  portion  of  their  centres  are 
liquid  this  formation  occurs,  and  the  conical  pipe  or  cavity 
does  not  exist  as  it  otherwise  would. 

The  most  important  point  to  settle  in  reference  to  this 
method  of  solving  the  problem  is  to  determine  what  this  treat- 
ment', with  its  characteristic  formation,  really  means  to  the 
physical  properties  of  the  steel  in  the  finished  product,  as 
compared  to  what  we  obtain  with  present-day  practice  from 
the  upper  portion  of  the  ingot.  We  have  also  to  consider  the 
extent  of  this  segregation  and  ascertain  if  it  is  sufficient  in 
amount  to  be  detrimental.  Segregation  iu  ordinary  steel  prac- 
tically confines  itself  to  the  non-metallic  elements -~ sulphur, 


carbon,  and  phosphorus.  Fortunately,  the  percentages  of 
increase  in  the  metallic  elements,  such  as  manganese,  and  in 
silicon,  do  not  fluctuate  to  any  appreciable  extent  in  a  normal 
good  heat  of  steel.  With  rails  made  largely  by  the  basic  open- 
hearth  process,  the  segregation  of  phosphorus  can  be  neglected, 
as  this  element  will  only  average  about  0  03  per  cent.,  and  an 
increase  up  to  0*04  j>er  cent,  iu  the  restricte<i  segregated  area 
is  of  no  moment. 

If  we  look  at  ilio  plioto^r;i[>]KM  of  tho  sulpliur  [>riiit«  of  those 
compressed  ingots  with  liquid  centres  we  shall  see  the  black 
line  containing  the  segregated  area.  The  author  desires  to 
point  out  that  these  prints  are  used  as  graphic  illustrations, 
and  were  purposely  made  readily  to  locate  the  areas  of 
increased  sulphur  percentage,  but  they  are  somewhat  deceiv- 
ing and  un necessarily  alarming  to  t  Iu*  cv*1  until  r/>in[>ared  with 
the  analyses.  Increases  in  the  carbon  and  phosphorus  will 
also  be  found  in  the  enriched  sulphur  area,  as  these  bod iee 
migrate  together  in  different  percentages. 

It  will  be  observed  that  the  diffused  segregated  area  is  very 
small  when  compared  with  the  area  of  the  outer  solid  enve- 


Pig.  3.— Ingot  C,  Bled  Ingot  to  which 
no  Deoxidiser  was  Added.  Ingot  Cut 
through  Centre. 


Fio.  4.— Ingot  D.  Bled  Ingot  to  which 
2oz.  Aluminium  was  Added  per  Ton. 
Ingot  Cut  thkough  Centrk. 


lope  and  the  purer  central  portion.  It  is  found  that  the  thick 
outer  envelope  of  ingots  to  which  a  deoxidiser  has  been  added 
consists  of  steel  of  the  normal  analysis  of  the  heat,  and  that 
the  carbon  in  the  darker  ring  averages  some  15  to  20  per  cent, 
higher,  and  the  sulphur  some  35  to  40  per  ceut.  higher  than  in 
the  normal  metal.  In  any  case,  the  place  in  which  the  excess 
is  found  is  not  so  harmful  as  it  is  under  the  usual  condition. 
In  ordinary  practice,  where  deoxidisers  are  not  added,  segrega- 
tion is  erratic,  the  segregate  being  found  in  and  around  the 
walls  of  the  cavity,  so  that  we  have  the  double  disadvantage 
of  trying  to  weld  up  spaces  surrounded  by  very  unsuitable 
metal  in  the  centre  of  the  ingot. 

In  the  cooling  and  solidifying  of  ingots  we  have  to  contend 
with  the  forces  of  nature.  We  have  liquid  iron,  containing  a 
few  other  elements,  at  a  very  high  temperature,  consequently, 
in  a  great  state  of  expansion,  and  in  the  beat  condition  there- 
fore for  absorbing  gases.  For  some  trades  operators  dead  melt 
their  steel,  but  they  invariably  use  some  powerful  deoxidiser, 
such  as  silicon,  and  produce  a  solid  piping  steel.  In  tb©  ordi- 
nary trades,  such  as  we  are  now  primarily  considering,  the 
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author  has  heard  authorities  object  to  the  use  of  aluminium 
for  reasons  apart  from  the  formation  of  the  well-known  <-en- 
tral  pipe,  such  as  the  fact  that  the  oxidation  product  produced 
by  aluminium  may  be  left  in  the  steel.  As  the  author  has 
been  adding  aluminium  to  the  top  portion  of  ingots  for  20 
years,  he  can  say  that  he  has  never  come  across  the  oxidation 
product  from  2ozs.  of  aluminium  per  ton  enclosed  in  the  steel, 
and  he  doubts  if  it  could  be  found,  even  if  there,  when  added 
in  such  small  quantity.  He  does  not  agree  with  this  objec- 
tion, because,  so  far  as  producing  a  good  surface  on  sections 
with  flanges  is  concerned,  there  is  no  comparison  between  the 
stf'el  i'l'om  the  top  portion  of  the  ingot  to  which  aiuuiiiiiuin  has 
been  added  and  steel  to  which  no  special  dooxidiser  has  been 
added.  It  is  unfortunate  that  the  pipe  formation  is  so  large, 
as  the  mechanical  tests  are  better  and  the  segregation  is 
decreased. 

I  f  Figs.  1-4  be  inspected,  the  reason  for  this  is  plainly  »een, 


reheated.  The  following  tliree  analyses  of  gas  from  three 
ingots  were  made,  the  first  two  being  from  ingots  to  which  no 
aluininium  had  been  added,  and  the  last  from  an  ingot 
which  2ozs.  of  aluminium  per  ton  had  been  added  : — 


to 


Fig.  5.  Fig.  6.  Fig.  7. 

Fig.  5-  Ingot  A.  No  deoxuliser  used.  Compressed  with  li(iuul  centre. 
25"x25*.    Ingot  compressed  to  18"  x  18".    Cut  through  its  centre  longitudinally. 

Fi^.  G.  Ingot  B.  Silicon  a'ided.  Compressed  with  liquid  centre.  25*  x 25* 
ingot  compressed  to  18" x  18".    Cut  thi"ongh  its  centre  longitudinally. 

F.g  7.  Ingot  C.  Aluminium  added.  Cumpi*essed  with  liquid  centre.  S25" x 25" 
ingot  compressed  to  18"xl8*.    Cut  through  its  centre  longitnfliually. 

as  the  envelope  of  the  ingot  to  which  aluminium  has  been 
added  is  perfectly  solid,  and  consequently  will  give  a  perfectly 
sound  exterior  to  the  finished  article.  With  the  companion 
ingot,  however,  without  a  deoxidiser  a  sound  exterior  will  not 
be  obtained  with  some  sections  from  the  top  portion  of  the 
ingot  where  the  blowholes  exist.  Tlie  pipe  forms  owing  to  the 
shrinkage  of  the  metal  whilst  solidifying  and  cooling,  and  gases 
collect  in  the  cavity.  As  far  as  the  author  knows,  the  pipe  or 
cavity  formed  from  this  cause  is  confined  largely  to  the  top 
portion  of  the  ingot,  although  the  pipe  may  at  times  taper 
away  into  the  lower  half. 

It  may  be  of  interest  to  note  here  the  variation  which 
occurs  in  the  composition  of  the  gas  which  fills  these  cavities 
when  the  ingot  is  dumped  after  stripping  without  reheating, 
when  it  is  treated  with  or  without  aluminium,  and  when  it  is 


1. 

2. 

：；. 

Per  cent. 

Per  cent. 

Per  cent. 

Carl)onio  oxide   

">.()() 

0.0 

0-0 

4.40 

J!,.:" 

91,33 

！ ir>.  (id 

K0. (；" 

Total 

100. (Ml 

100 -0" 

100- (K) 

In  the  first  of  these  analyses  the  ingot  was  not  reheated  in 
the  pit  and  had  no  aluminium  added,  whilst  in  No.  2  (from 
an  ingot  with  no  aluminium)  and  No.  3  (with  aluminium) 
the  ingots  were  reheated  in  the  pit;  and  the  author  suggests, 
without  formulating  any  theory,  that  this  fact  may  account  for 
the  absence  of  any  carbonic  oxide  in  the  gas  from  these  two 
ingots,  while  there  is  5  per  cent,  of  carbonic  oxide  in  the  first, 
which  was  unheated.  It  is  also  worth  noting  in  regard  to 
these  analyses  of  gases  that  in  the  case  of  the  ingots  to  which 
no  aluminium  had  been  added,  the  percentage  of  nitrogen  is 
comparatively  low,  whilst  in  the  gas  which  formed  in  the 
cavity  in  the  ingot  to  which  aluminium  had  been  added  it 
reaches  nearly  20  per  cent.,  or  about  five  times  higher  than  in 
the  other  two.  May  not  the  aluminium  addition  have  had 
some  action  in  setting  free  this  nitrogen  from  its  combination 
with  iron  ？ 

To  improve  the  quality  of  the  finished  article,  such  as  a 
rail,  it  would  appear  that  in  solid  piping  steel  we  have  the 
condition  which  will  yield  the  result  if  we  can  only  remove 
the  pipe  or  prevent  it  from  forming.  It  is  therefore  to  this 
problem  that  metallurgists  and  others  skilled  in  the  art  should 
direct  their  attention.  If  we  do  not  have  solid  piping  steel, 
we  have  no  solid  outer  envelope,  but  steel  with  blowholes  in 
some  portion  of  this  area,  and  blowholes  and  cavities  in  the 
centre  of  the  upper  portion  of  the  ingot,  with  segregate  col- 
lected around  these  central  cavities  to  an  increased  amount. 
The  rail  produced  from  such  steel  will  not  be  so  good  as  the 
rail  produced  from  the  solid  steel,  since  the  outside  wearing 
surface  will  be  softer  and  will  contain  some  rolled-out  blow- 
holes, and  will  moreover  have  a  hard  and  impure  core  due  to 
the  segregate,  which  may  not  be  thoroughly  welded  together, 
consequently  tlie  best  results  in  actual  wear  cannot  be 
expect&d. 

Whilst  failures  in  the  heads  of  rails  are  more  numerous  in 
the  United  States  than  from  other  causes,  yet  trouble  is  also 
experienced  in  that  country  with  base  failures.  These,  accord- 
ing to  Mr.  Cushing,  are  due  to  longitudinal  seams  in  the  base, 
and  it  appears  probable  that  some  of  these  seams  result  from 
the  blowholes  in  the  outer  strata.  This  difficulty  from  blow- 
holes will  be  overcome  if  we  use  steel,  with  a  solid  outer  enve- 
lope, as  shown  in  ingot  B，  Fig.  2. 

In  order  to  settle  the  question  of  the  effect  upon  the  finished 
rail  of  the  lateral  compression  of  the  ingot  whilst  its  centre  is 
still  liquid,  very  careful  and  extended  tests  have  been  made  on 
many  rails.  As  the  drop  test  is  the  most  reliable  and  effective 
practical  test,  this  has  been  chiefly  used.  A  drop  test  on  67 
rails  rolled  from  10  4 j-ton  ingots  compressed  with  liquid 
centres  taken  from  10  different  rail  heats  of  various  analyses, 
sections,  and  specifications,  was  obtained  from  the  top  to  the 
bottom  of  each  ingot,  in  order  to  see  if  any  practical  differences 
could  be  observed  in  the  deflections  obtained,  and  also  to  ascer- 
tain if  the  rails  would  stand  th6  standard  drop  test  without- 
breaking  when  taken  from  all  positions  in  the  ingot.  No 
breakages  occurred,  and  the  deflcrtions  were  found  to  be  very 
satisfactory.  If  there  had  been  any  inherent  physical  weak- 
ness due  to  the  compression  of  the  ingot,  whilst  the  centre  was 
liquid,  there  would  have  been  a  number  of  breakages,  as  it  is 
a  severe  test  to  subject  every  rail  made  to  the  drop  test. 

From  the  results  obtained  from  the  rails  rolled  from  these 
10  ingots,  it  was  found  that  the  yield  of  good  merchantable 
rails  of  first  quality  was  slightly  over  88  per  cent,  on  the  ingot . 
and  as  these  contain  no  pipe  or  segregation  in  the  centre,  but- 
only  a  segregation  to  a  known  harmless  amount  in  a  well- 
defined  position,  such  rails  are  more  satisfactory,  both  as 
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regards  yield  and  quality,  than  those  made  by  ordinary  every- 
day practice.  Again,  so  far  as  the  author's  experience  goes, 
no  such  product  as  a  defective  or  s('r("id  (jualit v  rail  will  1"' 
produced  due  to  any  surface  defects,  such  as  torn  flanges  ami 
seams,  as  these  do  not  exist  in  rails  made  from  steel  treah^l 
in  this  manner,  so  that  there  is  thus  a  (listi"('t  saving  in  niami- 
facture.  The  average  weight  of  bloom  scrap  from  the  co^lmii^ 
mill  over  the  10  ingots  was  4'68  per  cent,  on  the  ingot,  and 
this  is  satisfactory.  The  rail  crop  averager!  4*06  per  cent,  on 
the  bloom,  »nd  as  this  rail  crop  scrap  in  the  particular  rail  mill 
used  will  be  practically  the  same  from  all  kiiuls  of  snuinl 
blooms,  the  88  per  cent,  of  good  m<'r(h;i rails  and  tli" 
4*68  per  cent,  of  bloom  crops  are  the  t wo  important  points  to 
consider. 

Photographs  obtainerl  of  tlic  f'"'h(>  1  s-ctions  from  the 
bottom  of  a  number  of  rails  rolled  from  two  press?;!  ingots 
with  liquid  centres  showed  the  solid  outer  envelope  surround- 
ing the  sides  and  the  top  and  bottom  of  the  rail.  This  forma- 
tion is  always  found  in  rails  when  made  from  ingots  wliidi 
have  been  compressed  before  their  centres  have  solidified,  and 
the  analyses  vary  over  the  cross-section  of  the  rail  in  a  regular 
manner. 

The  author  has  already  drawn  attention  elsewhere  to  tlio 
advantage  that  would  accrue  if  the  mechanical  tests  on  rails 


Another  rail  somewhat  lowor  in  <■  irhrn  from  a  laterally  *oin- 
press&d  ingct  gave,  when  the  Iioirl  was  roll  or  1  rlown  to  lin. 
square,  49  tons  tensile  per  square  inch,  and  22  per  cent,  elon- 
gation on  2i".，  whilst  a  rail  from  a n  untreated  ingot  from  the 
same  cast  gave  49.3  tons  tensile,  with  19  per  '  *'ii，.  ^Um^iiiirm 
on  2in.,  thus  showing  a  very  a;/r'  +m'  iit    ix'twf'cn  tli" 

two. 

The  preparatory  con»pre.ssioM  prccem  has  also  been  applied 
to  ingots  from  soft  steel  heats  for  structural  purposes,  su<  \i  as 
bulb  angles,  chfiiincls,  joists,  roim'ls,  At.  The  s;im'*  '  l"r"' 
teristic  structure  is  observed  in  the  larger  sections  in  these 
shapes,  namely,  the  outer  envelope,  a  darker  line,  and  a  punT 
central  portion,  when  the  sections  arc  eUrhed.  The  merhanical 
tests  on  these  sections  are  found  to  be  quite  normal. 

On  some  of  the  experimental  ingots  <  om pressed  with  liquid 
centres,  the  temperature  was  taken  by  means  of  the  Forv 
radiation  pyrometer,  both  at  the  time  at  which  the  ingot  wh,s 
stripped,  and  also  immediately  it  entered  the  cogging  moulds, 
and  the  skin  of  oxirle  dropped  off.  The  two  following  examples 
will  show  the  temperatures  obtained  ： ― 
Temperature  at  stripping  ami 
before   charging   into  the 

soaking  pit    1,070°  C.  1,045°  C 

Temperature  at  cogging  rolls    1,155°  C.  1,180°  C. 
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Plan 

Fig.  8. ― Aruangement  op  Squkezer  Mill. 
General  arranstnient  showing  lOin.  Cot'^in^  Mill  and  necessary  appliances  coupled  with  squeezing  plant  for  lateral  compression  of  ingots  with  Hnnid 
centres.   When  work  is  btin^  done  in  the  ordinary  manner,  soak  in  t,'  pits  arc  used  direct.     When  s(|im/,i"j;  is  being  done,  soaking  pits  are  used  as 
preliminary  heaters  prior  to  squeezing,  and  the  product  of  the  stiueczer  mill  is  juissed  through  the  continuous  funuice  before  blooming  down. 


could  be  made  on  the  whole  of  the  head,  instead  of,  as  at 
present,  from  a  test-piece  machined  from  a  definite  part  of 
the  head.  Unfortunately,  our  present  machines  are  not  suffi- 
ciently powerful  to  admit  of  this  being  done.  J^s  the  next 
best  alternative,  the  author  has  had  some  rail  heads  rolled 
down  to  lin.  square,  and  has  tested  the  resulting  bars  in  the 
ordinary  testing  machine,  with  the  results  given  below.  In 
order  to  determine  whether  the  results  obtained  are  rom par- 
able with  those  obtained  from  the  ordinary  test-pieces,  a  test- 
piece  was  also  cut  from  the  head  from  another  rail  from  the 
same  cast,  the  results  from  which  are  also  given. 


Bronkin^ 
Strain  per 
sq.  inch. 

K!nni:ati(Mi 
on  2  inrlu's. 

Tons. 

Per  cent. 

Ordinary  test-piece  from  imti'('at('«l  rail  he.ul 

58-1 

12.0 

Onliiiarv  test -piece  from  lalcrally  coniprcsscd 

56*1 

11.5 

P""l  hiwl  from  untrt'ated  ingot  ntllrd  tl<"、ii  t'> 

54-5 

14.0 

Kail  head  from  laterally  toni|)rosscd  in— 

rolk'd  down  to  lin.  square  

54-5 

15.0 

1"  the  above  case  the  carbon  in  tlie  heat  was  0*63  per  cent. 


The  question  has  been  asked,  assuming  the  method  to  be 
used,  how  can  compression  be  applied  oonunen^ally  to  ingots 
partially  liquid  in  existing  steelworks.  We  must  always 
remember  that  we  are  dealing  with  physical  forces,  and  there- 
fore, if  we  desire  to  obtain  a  certain  definite  result,  we  must 
obey  natural  laws,  and  in  this  case  punctuality  in  time  is  the 
important  factor.  Where  fixed  open-hearth  furnaces  are  used, 
it  would  certainly  need  some  reorganisation  and  control  in  the 
casting  and  stripping  department.  In  fact,  the  happy-go- 
lucky  days  in  this  department  will  be  over,  and  a  strict  time- 
table would  have  to  be  observed  under  skilled  supervision,  in 
order  to  supply  the  preparatory  compressing  plant  in  a  satis- 
factory manner.  The  practice  of  a  considerable  number  of 
furnaces  tapping  as  they  like,  at  the  same  time,  as  is  common 
to-dav  in  shops  containing  a  large  number  of  fixed  furn;i' 
would  be  stopped.  A  better  sequence  in  the  tapping  of  the 
furnaces  would  be  required,  and  in  this,  and  in  other  resperts, 
the  200-ton  tilting  furnace  is  a  more  suitable  apparatus  to  use 
than  its  smaller  fixed  competitor.  There  would  not  be  this 
trouble  where  Bessemer  steel  is  used,  as  the  heats  follow  each 
other  in  steady  progression. 

To  get  good  results  ingots  of,  say,  20in.  by  24iu.  or  25in. 
by  25in.，  ranging  from  Z\  to  4]  tons,  are  suitable,  although, 
if  the  method  comes  into  use,  larger  ingots  will  be  employed  in 
some  cases.  In  fact,  in  this  method  of  treating  in^rots,  tlie 
increase  in  weight  will  be  au  advantage,  as  a  greater  range  in 
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the  critical  time  period  occurs,  that  is,  the  minimum  and  maxi- 
mum time  between  which  one  can  obtain  the  formation,  and 
produce  a  sound  mass.  As  heavy  machinery  would  be  installed, 
there  would  be  a  distinct  saving  in  handling  larger  ingots. 
The  small  ingot,  with  the  old-fashioned  expensive  sunk  pit, 
will  not  be  used,  and  casting  on  cars  could  be  adopted  with 
advantage  with  the  use  of  the-  overhead  stripper  system. 

If  we  consider  a  moderate  output,  such  as  could  be  obtained 
from  a  mill  in  this  country,  we  can  assume  that  a  cogging  mill 
will  cog  down  25in.  by  25in.  ingots  to  8in.  by  8in.  blooms,  and 
that  it  works  107  actual  working  hours  during  the  week,  and 
further  that  it  deals  with  1,200  tons  of  ingots  per  24  hours,  or 
60  tons  per  working  hour,  which  would  give  6,420  tons  of 
ingots  in  the  working  week.  The  casting  and  preparatory 
compression  processes  would  have  to  keep  ahead  of  this.  If  it 
were  possible  to  tap  the  furnaces  regularly  it  would  only  mean 
one  60-ton  heat  per  hour,  but  the  preparatory  plant  could  be 
arranged  to  take  two  heats,  which  may  b©  tapped  and  poured 
at  the  same  moment,  therefore  its  capacity  must  be  equal  to 
120  tons  in  any  one  hour,  even  if  it  did  no  work  for  the  next 
hour.  In  120  tons  there  would  be  28  ingots  of  25in.  by  25in. 
size.  It  takes  about  20  minutes  to  pour  a  60-ton  heat  when 
using  l^in.  nozzle,  and  larger  nozzles  should  not  be  used.  To 
be  safe,  a  25in.  by  25in.  ingot,  when  aluminium  is  used,  should 
not  be  stripped  under  25  minutes  from  the  tim-e  it  is  poured, 
as  otherwise  it  may  bleed  if  lifted  off  the  bottom  plate. 

The  heat  is  run  under  the  travelling  stripper  under  the 
time  of  25  to  30  minute's,  and  the  stripper  will  strip  the.  ingots 
in  the  order  in  which  they  were  cast  in  a  steady  progression. 
The  stripper  will  easily  strip  the  ingots  in  Less  time  than  it 
took  to  cast.  Occasionally,  two  heats  may  have  to  be  dealt 
with  at  the  same  time,  and  in  this  case,  the  spare  stripper  will 
help  at  the  work,  so  that  uniform  time  may  be  kept.  Ample 
soaking-pit  capacity  will  be  provided  to  find  room  for  the 
ingots  as  soon  as  they  are  stripped. 

If  a  reversing  set  of  rolls  be  used  in  the  preparatory  plant 
to  compress  the  25in.  by  25in.  ingot  down  to  about  19in.  by 
19in.，  there  will  be  sufficient  time  to  do  this  work,  seeing  that 
th&  cogging  mill  has  to  roll  down  the  19in.  by  19in.  to  8 in.  by 
Sin.  For  larger  outputs,  a  continuous  set  of  rolls  could  be 
installed  for  the  preparatory  process. 

Although  the  exact  minimum  time  in  which  an  ingot  can 
be  drawn  out  of  the  soaking  pit,  after  its  envelope  has  been 
heated  up  and  thickened,  will  vary  with  the  size,  yet  it  must  be 
left  there  for  a  sufficient  length  of  time  to  permit  the  shell, 
especially  on  the  top  and  bottom,  to  thicken  and  to  become 
sufficiently  strong  to  resist  the  pressure  of  the  rolls  without 
rupture.  The  range  in  time  between  the  minimum  at  which, 
the  ingot  can  be  drawn,  and  the  maximum  before  the  centre 
becomes  solid,  also  varies  with  the  size  of  the  ingot. 

The  time  used  on  10  ingots  of  25in.  by  25in.  size  averaged 
29  minutes  between  the  time  of  pouring  and  stripping  the 
mould  from  the  ingot,  and  58  minutes  from  the  time  of  strip- 
ping the  ingot  and  drawing  it  from  the  pit  for  the  preparatory 
compression.  Fig.  8  shows  the  ground  plan  and  elevation  of  a 
suggested  lay-out  for  carrying  out  the  process. 

From  the  foregoing  it  will  bo  seen  that  in  dealing  with 
ingots  of  3h  to  4  tons  weight  (which  is  a  size  which  is  probably 
more  used  than  any  other  for  rails)  lateral  compression  of  the 
ingot  is  effected  at  the  time  when  the  last  portion  of  tlio  centre 
is  liquid.  If  solidification  of  the  ingot  is  to  be  brought  about 
by  any  method  of  feeding  from  a  sink  head,  then  the  sink  head 
must  be  kept  liquid  until  shrinkage  is  complete.  We  see  from 
the  photos  of  the  bled  ingot  (Figs.  3  and  4)  that  at  25 
minutes  after  teeming  the  entire  centre  of  this  4 -ton  ingot  "'as 
still  liquid,  and  the  shrinkage  had  still  to  occur  in  this  portion 
of  the  ingot,  so  that  to  fill  up  the  shrinkage  cavity  by  anv 
method  of  feeding,  the  ingot  must  remain  in  the  mould  until 
it  is  solid  throughout,  the  top  being  kept  liquid  during  the 
whole  time. 

This  investigation  shows  that  it  is  quite  feasible  to  obtain  a 
perfectly  sound  product  in  finished  sections,  and  that  even 
when  deoxidisers  are  used,  piping  can  be  obviated  in  such  pro- 
duct with  only  a  very  small  discard  in  the  way  of  bloom  crops, 
：  e  pc^nomical  preparatory  treatment  described, 
which  treatment  results  in  a  considerably  lessened  percentage 

scrap  as  such  or  as  defective  material  over  to-day's  prac- 


tice, and  an  appreciable  increase  in  the  yield  of  merchantable 
product,  with  consequent  economy  in  production.  It  also 
appears  that  the  typical  formation  developed  by  laterally  com- 
pressing an  ingot  whilst  its  centre  is  liquid  gives  more  regular 
and  better  physical  results  on  all  kinds  of  mechanical  tests 
taken  from  the  upper  portion  of  the  ingot  over  those  obtained 
in  to-day's  practice  from  the  same  position  in  the  ingot. 

The  foregoing  results  and  conclusions  are  based  upon  the 
investigation  of  more  than  100  large  ingots,  and  the  author  has 
no  hesitation  in  saying  that  anyone  following  the  method  he 
has  outlined  with  ordinary  care  will  be  able  to  obtain  similar 
results  on  ingots  of  approximately  the  same  size.  The  investi- 
gation has  extended  over  several  years,  and  has  necessitated  a 
vast  amount  of  detailed  work. 


RESEARCH  STUDENTSHIPS  IN  HEATING  AND  VENTILATING 
ENGINEERING. 

Two  Heating  Studentships,  tenable  in  the  Faculty  of 
Engineering  of  University  College,  London,  each  of  the  value 
of  £50  a  year,  together  with  11  guineas,  being  the  amount  of 
college  fees ― Regulation  2 ― may  be  awarded  by  the  Institu- 
tion of  Heating  and  Ventilating  Engineers.  Candidates  must 
produce  evidence  that  they  have  already  pursued  a  course  of 
engineering  training  and  are  familiar  with  tlie  work  of  an 
engineering  laboratory.  Their  applications  should  be  accom- 
panied by  not  more  than  three  recommendations  from  the 
professors  or  other  responsible  persons  under  whom  they  have 
worked.  Evidence  in  the  form  of  laboratory  note-books, 
drawings,  and  the  results  of  any  research  already  carried  out 
will  be  accepted  in  support  of  applications.  Importance  will 
be  attached  bo  a  good  knowledge  of  French  and  German. 
Candidates  who  cannot  produce  adequate  evidence  of  the 
results  of  previous  training  may  be  examined  in  the  following 
subjects :  Mathematics,  pure  and  applied  ；  one  or  more 
branches  of  engineering  science  ；  French  and  Germau  ； 
physics  ；  chemistry.  The  standard  in  each  subject  will  be 
that  required  for  the  Bachelor  of  Science  in  Engineering  in 
the  University  of  London.  There  is  no  limitation  of  age  for 
candidates,  and  no  restriction  as  to  the  previous  place  or 
places  of  education.  The  qualifications  of  candidates  will  be 
reported  on,  and  the  examination — if  any — will  be  conducted 
by  a  Board  of  Examiners  appointed  by  tlie  University  College 
f  aculty  of  Engineering,  assisted  by  two  assessors  appointed  by 
the  Council  of  the  Institution  of  Heating  and  Ventilating 
Engineers.  The  award  will  be  made  on  the  report  of  the 
Board  of  Examiners  by  the  Council  of  the  Institution  of 
Heating  and  Ventilating  Engineers.  Tlie  conditions  of 
tenure  are  as  follows :  (1)  The  research  students  will  be 
required  to  devote  their  wliole  time  to  their  work  and  to 
pursue  such  courses  of  study  in  connection  therewith  and  to 
undertake  such  researches  as  the  Faculty  of  Engineering  of 
University  College  may  approve.  Tlie  research  students  may 
be  required  to  continue  their  work  during  the  vacations  or 
parts  of  them.  (2)  Th-e  research  students  will  be  required  to 
pay  to  the  College  a  r-egistration  fee  of  one  guinea  a  year,  aud 
a  composition  fee  of  ten  guineas  a  year,  the  pavmeut  of  which 
will  entitle  the  students  to  full  privileges  at  University 
College,    including    membership    of    the    Uniou  Society. 

(3)  Tlie  studentships  will  be  awarded  in  the  first  instance  for 
one  year  and  are  renewabl-e  for  a  second  year,  subject  to  the 
work  of  the  research  students  being  satisfactory  ；  they  may, 
under  exceptional  circumstances,  be  renewed  fur  a  third  year. 

(4)  The  research  students  must  present  to  the  Faculty  of 
Engineering  and  to  the  Institution  of  Heating  and  Ventilat- 
ing Engineers  the  results  of  their  investigations  in  a  form 
suitable  for  publication,  and  no  account  ot  the  work  mav  be 
published  without  the  consent  of  these  bodies.  The  research 
students  will  begun  their  work  on  September  30th,  1913, 
unless  other  arrangements  are  sauctioned.  Candidates  hold- 
ing appointments  or  engaged  in  business  will  be  given 
adequate  time  to  meet  their  existing  engagements,  always 
provided  that  their  work  at  the  College  must  be  beguu  not 
later  than  Jauuary  1st,  1914.  Applications  should  be  sent  to 
Mr.  "Walter  W.  Seton,  M.A.,  secretary.  University  College, 
London  (Gower  Street,  W.C.),  on  ol*  before  Salurtlav.  June 
14th.  1913, 


May  9,  1913] 


THE    MECHANICAL  ENGINEER. 


GEARING  FOR  THE  TRANSMISSION  OF  ROTARY  MOTION. 

With  t  lie  object  o\'  climiiiat  in^  ccrlain  t'oi'ins  (； I'  irregular 
angular  vclocit.y  or  turque  in  11"、  driven  cltMiient  of  ^carin^ 
for  the  transmission  of  rotary  motimi,  Mrssi*s.  l{()lls  K()yr,'， 
Ltd o'f  Derby,  have  designt^l  and  paltMiicd  tlie  arraii^rrncnl 
illust  rated  in  i\\e  acconijJanying  se<-t  ional  views,  in  wiiicli  ； i 
spring  or  elastic  buffer  drive  and  a  spring-cont  rolled  fricl  ioii;i] 
(hmiper  are'  inierj)os&d  helwciMi  the  d riving  and  driven 
cl<Miien(s  of  the  gearing,  the  conslnu"! ion  and  a'rnuf  i(、i"  of 
the  devices  having  the  following  characteristics :  (1 )  Tlial 
t  lie  spring  or  elastic  bufTer  drive  can  alone  1  ruiismit  the  whole 
of  iho  drive  -  (2)  that  the  spriiig-couirolled  f riciional  damper 
cannot'  efficiently  transmit  the  drive  ；  and  (3)  tliat  t Ik*  I  wo 
(le\'ices  function  iii(lej)en(.lc!it  1  v,  1 1 i at  is  to  say,  each  perlorms 
the  function  it  is  designed  to  perform  independently  of  t Iki. 
other. 

In  the  transmission  of  rotary  mot  ion  from  prime  "io\<irs， 
rolaiy  vibrations  are  frequently  sei  up  in  the  I  ransniission 
shafts  when  such  shafts  have'  a  natu ral  elasticity  in  a  rotarv 
(lir<、（'tiou.  These  \'ibralions  arise  from  the  variations  in 
angular  velocity  or  torque  which  occur  during  each  revolution 
and  are  found  more  particularly  when  tlie  d riven  part 
includes  a  member  of  appreciable  flywheel  effect.  For  the 
purpose  of  ■eliiiunating  or  diminishing  tltese  variations  in 
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angular  vclocilv  or  torque,  a  spring  or  elastic  Imfi't'r  drivt1  li;is 
sdiin'l  imes  been  employed,  but  in  many  cases  the  effect  of  tliis 
is  that  the  relative  rotary  movement  which  consequently 
occurs  l:et ween  the  driving  and  driven  members  of  the  trau" 
mission  system  develops  into  objection  able  periodic  or 
"'iK'lu'oiious  rotary  vibrations.  By  the  construction  illus- 
(rated  the  transference  o'f  irregularities  in  angular  velocity 
or  torque  between  the  nieinbcrs  is,  it  is  claimed,  oonipletely  or 
pnrtially  prevented,  and  any  slight  remaining  irregularities 
oi  angular  velocity  or  torqive  are  prevented  from  developing 
into  periodic  or  synchronous  rotarv  vibrations. 

Referring  to  1  he  illustraliuus,  llic  si i aft  A  lias  four 
outwardly  projecting  radial  lugs  G  equally  s[»accd.  Tli(、  "？； ,i' 
Avheel  B  froni  or  to  whicli  is  transmitted  tlie  rotarv  muviMnent 
of  the  shaft  A  has  its  buss  II  made  of  annular  box-like  i'orm 
and  has  its  ends  closed  by  pi  files.  This  boss  carries  within  it 
four  lugs  J  which  project  inwardlv  and  alternate  with  iho 
lugs  G.  Interposed  between  these  lugs  are  spring  buffers  C 
which  are  stifF  enough  t'()  transmit  the  wliole  of  the  drive. 
Mountotl  on  the  shaft  A  bv  means  o'f  ca?tellations  K  formed 
on  its  external  circumference  are  a  series  of  friction  dist*s  1)， 
aiul  mounted  in  a  similar  manner  on  caslellations  L  fm.m(、'l 
on  the  internal  circumference  of  the  bass  II  of  the  wheel  B  arc 


a  series  of  friction  discs  E  which  alternate  with  the  difeca  D. 
Tlie**o  friction  discs  are  kept  in  contact  with  one  aiiotlicr  bv 
means  of  a  spring  F  wliidi  operatos  Ix-twc^n  a  s|xM-iallv 
sl"'ii>ed  end  friction  dieo  M  and  end  cover  plate.  Tli<?  >t  rcn^t  ii 
of  the  spring  F  is  surli  that  it  cannot  transniit  the  drive  m 
tli at  the  device  can  only  funct  ion  as  a  viljral  i*>n  The 
other  end  friction  disc  N  is  suitably  s(  n»n^t  lienrvl  aiul  r-ont;u;Us 
one  side  of  the  lugs  J  and  the  other  cover  plate  coi"a'  "  the 
other  side  of  the  lugs  J.  The  lugs  G  are  made  slightly 
narrower  than  tli©  lugs  J  so  that  they  are  free  to  move  in  a 
rotary  direction  independent  of  the  gear  wheel  H  and  its 
box- like  boss. 

The  mechanism  is  operative  in  e'\\  hor  direction,  that  is  to 
say,  the  rotary  motion  can  be  iraii.sinitted  from  the  shaft  A 
to  the  gear  wheel  B  or  vice  versa,  the  drive  being  taken 
through  the  lugs  G  and  J  and  tli  rough  tlie  spring  or  elast  ir 
buffers  C,  the  spring  or  elastic  buffers  allowing  the  dri、<"， 
member  to  move  relatively  to  tlie  driving  nienil>er  in  n  roi.irv 
dim'tion  about  its  axis  within  certain  limits,  but  these 
relative  rotary  movements  of  tlie  driven  member  are  pn'、  *'i"''  I 
from  developing  into  objertioiiabk  rol  a rv  vil>i  at  ions  bv  m«'aiis 
of  the  damping  action  of  tlie  friction  tliscs  D  and  E. 

TIDAL  WATERS  AS  A  SOURCE  OF  POWER. 

At  a  meeting  of  the  Society  of  Engineers  (Incorporated )，  \ic\tl 
on  Monday,  May  5th,  a  paper  on  •'  Tidal  \V; 山' i、  ； ,.、  ：i  S',m'  '' 
of  Power  "  was  read  by  Mr.  C.  A.  Battiscoinbe,  the  obje<'t  of 
tlie  paper  being  to  draw  attention  geMierallv  to  tlie  rum""'r'  i;il 
possibilities  of  hydro-electric  installations  in  t  lie  Bril 卜 li  卜 卜- 
more  particularly  with  regard  to  tlie  us©  of  the  tides.  After 
some  nitroducto ry  remarks  in  rrfVi  eiice  to  t  id;il  int(M  \  ;il>  ； ni'J 
the  range  of  neap  tides,  the  author  pointed  out  that  in  this 
connection  the  head  of  water  available  for  a('Uutiiig  turl 门 '•'•、 
could  not  exceed  oiie-tliird  of  tlie  ran^e  oi'  rniniiiiuiii  tides. 
The  form  of  installation  required  for  a  continuous  output  of 
power  was  then  discussed,  tlie  chief  objections  to  twin  ni.^tal- 
1  alio  us,  so  placed  that  the  tidal  interval  at  the  one  would 
not  synchronise  with  the  tidal  interval  at  tlie  other,  1,,'mi: 
pointed  out.  An  outline  was  given  of  tlie  arran^niMMits  j»ru- 
posed  for  the  constant  niainteiiaiice  of  a  working  liead,  by 
means  of  a  chamber  for  the  turbines,  connected  by  valv«'、  ;  •> 
the  tidal  way  and  to  three  reservoirs  in  whicli  the  tidal  water 
might  be  impounded,  and  to  this  was  added  a  description  of 
the'  proposal  of  sequence  of  flow  between  the  tidal  way  and 
the  reservoirs. 

The  author  claimed  that  the  utilisation  d(  1  \iv  l ides  for 
power  purposes  presented  few  engineering  difficulties  as  far 
as  principles  were  concerned,  but  that  the  real  difficulty  lay 
in  the  question  of  cost,  and  therefore  in  the  choice  oi*  tlie  -、 it:— ' 
and  iji  the  design  of  the  structural  details.  Tlie  expenditure 
on  commercial  works  that  an  engineer  was  justified  in  recom- 
mending was  suggested,  and  some  cxjtlanatoiy  remarks  were 
offered  in  respect  to  various  items  given  in  the  rough  estimate 
and  to  the  principles  governing  the  economical  caj)acity  of  a 
proposed  installation  for  any  rangL"  oi*  lido.  The  rou^h 
estimate  followed  next  and  the  cost  cf  tlie  Board  of  Tr;i«Jt' 
unit,  obtained  from  the  proposed  installation,  was  then  con- 
sidered from  the  point  oi*  view  of  supply  and  clcinancl,  Ix.t  'i 
from  a  coniniercial  and  a  municipal  standpoint,  uu  t lie  basis 
of  anuual  expenditure  over  a  period  of  50  yea rs.  TIip  paper 
concluded  by  insisting  on  the  ijnport ance  of  regarding  tlie 
supply  of  fuel  as  a  matter  that  coiirerniHl  tlie  wliole  nation  ； 
that  the  demand  for  combustible  fuel  was  continually 
increasing,  and  tliat  coal  being  practically  the  only  fuel  tViun.I 
in  England,  it  would  be  mere  folly  to  ne^Uvt  ； uiv  ullior  avail- 
able source  of  energy  whereby  the  present  rate  of  ronsuiiiptiou 
of  coal  might  be  sensibly  reduced.  It  was  submittt'fl  t hat  not 
only  could  the  tides  be  utilised  as  a  coti>tant  source  of  power, 
but  that,  ta ken  in  conjunct  ion  witli  t  he  ]»uwer  that  could  be 
derived  from  fresh-water  rivers,  their  utilisation  would  be  a 
great  gain  to  the  commercial  and  industrial  interests  of  the 
United  Kingdom . 

Mining  Electrical  Engineers. ― A  meeting  of  the  West  of 
Scotland  Branch  of  the  Association  of  Mining  Electrical 
Engineers  was  lield  on  the  18th  inst.  at  Glasgow.  It  was 
announced  that  the  Coum'il  had  unanimously  recommended 
t  ho  ro-elo<-tion  of  Mr.  Matt  hew  Hrowu  ； is  |)n\<idtMit ,  Mr.  A. 
B.  Muirhead  as  vice-president,  ami  Mr.  D.  Martin  as  secre- 
tary for  the  ensuing  year. 
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THE  SMOKE  PROBLEM  FROM  AN  ECONOMIC  STANDPOINT* 

BY  CHARLES  W.  FULTON. 

In  presenting  to  you  the  following  remarks  on  the  smoke 
])roblem,  I  want  t  o  niaUe  it  clear  that  I  come  before'  you  not  as 
an  expsrt  on  this  subject,  but  only  as  one  who  has  had  to 
consider  the  smoke  problein  as  a  user  and  fnun  a  purely 
conunercial  si  aiuljKiint .  Alaiiy  tilings  can  be  done,  \n\i  arn 
not,  simply  because  in  practice  it  costs  money  to  do  them. 
All  our  rivers  could  be  mad?  perfectly  pure,  but,  if  the  law 
were  rigidly  enforced  iti  all  cases,  inany  concei'iis  would  havn 
to  close  up.  In  short,  if  in  })ract ice  it  j>aid  t o  ronsiune  smoke, 
none  would  be  made. 

Now,  to  arrive  at  a  sound  conclusion  as  to  whether  the 
installation  of  a  smoke-consuming  system  will  pay  or  not,  it 
is  necessary  to  take  a  more  comprehensive  view  than  that 
usually  taken  by  those  in  control  of  a  works,  because  in  many 
establishments  the  steam-raising  gra<lually  settles  down  to  a 
more  or  less  fixed  procedure,  and,  as  a  consequence,  when  a 
new  system  is  placed  before  the  manager  with  what  often 
appears  to  be  excellent  guarantees  of  economy,  the  manager 
(a  little  apathetic  as  regards  this  department )  forgets  certain 
factors  which  must,  of  necessity,  be  taken  into  account  before 
he  can  be  assured  that  the  installation  will  lead  to  a  better 
balance-sheet,  which  is  the  only  vital  question  for  bim  to 
consider.  It  is  simple  enough  to  run  an  installation  of 
boilers  wit  h  out  smoke  by  supplying  a  sufficient  exce'ss  of  air 
to  kill  same,  but  this  cost's  money. 

The  two  important  factors  which  must  be  considered  are : 
(1)  Coal  efficiency,  i.f\,  pounds  of  water  evaporaied  per  pound 
of  coal  burned.  (2)  Boiler  efficiency,  i.e. ;  the  total  evapora- 
tion per  boiler. 

By  putting  down  plenty  of  boilers  and  steaming  them 
slowly,  it  is  a  comparatively  easy  matter  to  get  no  smoke  and 
a  high  coal  efficiency,  but  this  does  not  pay,  because  of  the 
increase  of  the  following  factors  ：  Capital,  interest,  upkeep, 
depreciation  and  labour  cost  on  boilers,  housing,  space,  and 
attachments.  Therefore  it  becomes  apparent  that  a  guaran- 
tee of  reduction  on  the  coal  bill  by  itself  is  no  assurance  of  a 
commercial  advantage  or  a  better  dividend.  In  individual 
concerns  t licsr  fin-tors  are  nut  sufficiently  realised,  hut  in  the 
case  of  the  larger  combines  with  central  offices,  where  it 
becomes  possible  to  compare  one  mill  against  another,  and 
that  from  a  dividend  point  of  view,  it  is  now  recognised  that, 
while  the  highest  coal  efficiency  can  be  got  at,  say,  round 
about  201b&.  to  251bs.  of  coal  burned  per  square  foot  of  grate 
area,  tli'、  most  ecriiuiiiiical  rate  of  burning  from  a.  profit  point 
of  view  is  much  higher,  say  about  301bs.  to  401bs.  per  square 
foot,  depending  upon  circumstances. 

In  looking  at  the  question  of  the  smoke  ]>rohlem,  it  natu- 
rally divided  itself  into  two  main  headings:  ( 1 )  How  are 
presently-installed  steam-raising  installations  to  be  made 
smokeless  with  an  increase  of  profit  'I  (2)  What  is  the  best 
system  of  smokeless  m-raising  to  a  lupt  for  new  establish- 
ments ？ 

The  questions  to  consider  under  these  two  headings  are 
quite  different,  because  in  the- first  case  tlie  capital  is  already 
sunk  in  plant,  whereas  in  the  second  case  the  capital  is  there 
to  be  spent  in  whatever  direction  seems  best  from  a  com- 
mercial standpoint.  Referring  to  the  first  heading,  there 
are  several  mechanical  stokers  on  the  market  wliich  can  be 
m:iil"  to  work  smokeless  and  give  a  good  ooal  efficiency  ；  the 
advantages  and  disadvantages  of  these  are  known,  so  that  I 
need  not  here  enter  into  a  discussion  of  them.  Speaking 
generally,  however,  the  experience  of  these  systems  seems  to 
be  that  they  have  the  connnon  commercial  disadvantage  of  a 
too  limited  output  of  steam  per  boiler,  or,  in  other  words, 
they  only  give  higli  coal  efonomv  and  sinokelessness  within 
too  limited  a  range  of  output,  and,  from  a  business  point  of 
view,  a  high  boiler  efficiency  is  as  important  as  a  high  coal 
efficiency. 

When  f resli  coal  is  1  lirown  on  to  ;t  (ire  it  becomes  an 
absorbent  of  heat,  wliich  goes  to  volatilise  the  bituminous 
portion  of  the  coal  ；  l  liis  is  a  cooling  process  which  means  t  hat 
the  carbonaceous  part  has  to  wait  its  burn  to  receive  heat- 
sufficient  for  its  own  combustion.    It  is  apparent  therefore 

*  Abstract  of  paper  pruscutcd  before  the  Textile  Institute  at  Manchester, 
May  2nd,  1933, 


that  to  liave  a  Kmokeless  chimney  the  products  of  distillution 
should  be  produced  continuously,  and  the:;e  products  be 
constantly  consumed  by  bringing  them  into  as  high  a  tem- 
perature zone  as  possible,  because  when  this  is  done  inisr- 
niittently  it  means  a  sudden  cooling  effect  simultaneously 
with  a  large  increase  of  volume,  both  factors  leading  to  smoke. 

As  the  smoke  problem  resolves  itself  into  an  economic  • 
problem,  a  study  of    the    economic    requirements  becomes 
necessary.    The  main  sources  of  loss  in  steam-raising  are : — 

(o)  The  lost  heat  carried  away  in  the  gasas  passing  up  the 
cliimney. 

(b)  The  loss  due  to  incomplete  coinbustion  of  the  carbon 
in  the  coal - 

{*•)  Loss  due  to  imperfect  firing,  such  as  holes  forming  iu 
the  fire  which  allow  a  large  excess  of  air  to  pass  unutilised, 
and  which  amounts  to  cooling  the  fire  with  a  stream  of  air 
wlik'h  gets  heated  up  only  to  carry  the  heat  units  away  into 
the  atmosphere. 

(d)  Loss  clue  to  open  doors  while  cleaning  the  fires,  allow- 
ing an  excess  of  unutilised  air  to  pass  into  the  furnace. 

These  sources  of  loss,  speaking  generally,  become  greater 
as  the  duty  of  the  boilers  is  forced  up  beyond,  say,  201bs.  to 
251  bs.  of  coal  burned  per  hour  per  square  foot  of  grate  area, 
but  the  boiler  efficiency  (  i.e. ,  output)  must  of  necessity  be 
considered  along  with  the  coal  efficiency  in  the  study  of  this 
problem  from  an  economic  standpoint. 

Referring  to  (ff) :  lib.  of  carbon  contains,  say,  14,500 
B.Th.U.  of  heat.  Suppose  we  burn  completely  lib.  of  pure 
carbon  in  the  theoretically  correct  quantity  of  air,  and  suj> - 
j)osing  the  residual  gases  to  be  at  a  temperature  of  300°  Fah. 
(above  atmospheric  temperature),  we  fiiul  t hat  we  have 
920  B.Th.U.  of  heat  passing  up  the  chimney.  If  we  are 
using  twice  the  theoretical  quantity  of  air,  we  lose  another 
855  B.Th.U.,  but  in  practice  600°  Fah.  is  not  uncommon,  in 
which  case  our  losses  would  be  doubled,  and  in  practice  it  is 
common  to  find  more  than  double  the  theoretical  quantity  of 
air  being  used.  From  this  it  will  be  seen  that  any  excess  of 
air  above  tlie  theoretical  quantity  means  more  lost  heat,  aiul , 
further,  as  much  heat  as  possible  should  he  absorbed  into  the 
water  in  the  boiler  so  as  to  reduce  the  temperature  of  the 
gases  passing  up  the  chimney,  as  the  loss  under  this  heating 
is  affected  by  both  volume  and  temperature. 

Now  we  have  seen  that  it  is  essential  for  commercial 
reasons  to  get  a  high  boiler  efficiency  ；  to  do  this  we  must 
burn  in  ordinary  practice  about  301bs.  to  401bs.  of  coal  per 
square  foot  of  grate  area,  which  necessitates  a  large  excess  of 
air  to  get  the  rate  of  combustion  high  enough.  This  excess 
of  air,  as  above  stated,  means  a  loss  of  efficiency  not  only 
because  of  the  extra  volume  carried  up  the  chimney,  but  due 
further  to  the  fact  that  the  larger  the  volume  the  faster  it 
must  travel,  and  so  the  less  time  is  given  to  it  in  contact 
with  the  heating  surface  of  the  boiler,  and  so  the  exit  tem- 
perature is  higher,  hence  we  have  (1)  higher  temperature,  and 
('」>  greater  volume. 

Tlie  natural  suggestion  t  liat  arises  therefore  as  a  means 
of  meeting  item  (a)  is  to  increase  the  quantity  of  coal  under 
combustion ，  thus  reducing  the  rate  of  combustion,  or,  in 
other  words,  give  each  pound  of  coal  longer  to  burn .  To 
make  this  paint  quite  clear,  suppose  we  have  two  fires  of  tlie 
same  grate  area,  one  with  twice  the  (quantity  of  coal  burning; 
as  compared  with  the  other,  then,  in  order  to  get  the  sa，m、 
quantity  of  coal  burned  per  square  foot  of  grate  area  in  both, 
the  time  given  to  burn  lib.  of  coal  in  tin*  one  fire  is  twice  the 
time  given  in  the  other  ；  the  rate  of  combustion  being  lower 
per  pound,  we  can  get  the  required  quantity  burned  ]>er 
square  foot  to  give  the  necessary  boiler  efficiency  wit h  "m('h 
less  excess  of  air. 

Referring  to  (b)  (i.e.9  loss  due  to  incomplete  combustion) : 
If  lib.  of  carbon  is  burnt  to  CO,  4,450  B.Th.U.  are  evolved, 
wliereas  when  coinj)letelv  burnt  to  C02，  14,540  B.Th.U.  are 
evolved.  This  shows  the  t  roiiHMulous  import  ance  of  getting 
complete  combustion.  A  verv  lii^h  furnace  t(vinj>(Mat urc.  and 
one  that  remains  so  uninterni])t<HUv,  will  be  the  best  ron- 
ditions  under  tliis  heating. 

Referring  to  (c)  (i.e.,  loss  due  to  holes  forming  iu  the  tire) : 
In  practice,  when  st-eaining  li;ud、  it  }\ns  been  found  almost 
impossible  to  keep  boles  from  formini:  in  the  fire  unless  by 
highly-skilled  hand-firing,  and  cvimi  under  these  conditions,  if 
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tho  iireinaii  covers  a  hare  place  when  Bring,  this  ])lacc  、、  li«  ii 
li"  next  fi res  is  liable  to  be  the  heaviest  jMirtion.  To  solve 
t  his  problem  satisfactorily,  it  mpiin's  a  condition  such  that , 
as  soon  as  a  hole  UmkIs  to  ionn  t  hrou^li  nmn*  rapid  '  ('mhiist  ion 
ai  any  plact1,  more  supply  should  automat  ically  ]>;iss  to  t  h.il 

I  m  an  cxperinient  m;t(lt'  (、x|)r('ssly  for  1 1 1 c  Brit  ish  Assin-ia 
1  ion  assembled  at  M  aiichestsM*  as  lon^  ago  as  1842,  by  M  v. 
I  louldsworth,  a  cliar^o  of  :5  (,wts.  of  ('"al  was  thrown  on  a 
furnace,  and  the  temperature  in  the  flue  rost1  in  H  iiiins.  from 
7：)0  to  \；2'20\  wlien  it  be^;u»  to  fall  to  I  ,010  ,  the  fuel  imt 
having  Ix'cn  (list  m'l"'(l  during  75  ruins.  IVn' (小' in"'  t  In*  teni 
p-r  at  m  e  in  the  flue  to  have  become  so  low,  Mr.  Houldswurt  )i 
Ii;t(l  Uii'  lire  levelled  (').，  the  vacanl  spaces  covered),  when 
t  lit'  t  cnipcrat  ure  suddenly  rose  from  1,040°  to  1 , 1  50  . 

Referring  to  (</)  ：  T<j  meet  1  his  source  of  loss,  all  iii"'r 
rriitteiit  cleaning  should,  if  possible,  he  eliminated,  therefore 
l  enioviii^    tlie    ne<'essit  v     fur    opening    <J(j(>rs    during    t  lie 


丄 sliall  lie  re  dt'scrihc  ； i  somewhat  novel  system  which  scimiis 
to  me  to  be  a  move  in  the  ri^ht  direction.  Tn  ordinary 
practice  t  he  firel)ars  of  ； i  Lancashire  or  Cornish  boiler  a  re 
iit ted  across  the  diameter  of  the  circle  of  the  flue  dividing 
it  into  two  halves,  the  bottom  half  of  which  is  unutilised. 
In  this  new  sy stein  tlie  buttoin  half  of  the  flue  is  utilis&d  by 
ailnptin^  a  V-sliape<l  format  ion  of  grate,  as  shown  in  Figs.  1 
and  2,  t lit1  bars  ending  in  an  ()pei 卜 topi)''(l  fluinnel  into  which 
is  fitted  an  ash-extrai'tiny  screw  shown  at'  A，  which  is  so 


so  soon  as  a  holf»  st  a  its  io  ")r'ii,  t  )i;tt  ;mt  f*inati*;ill  y  Im^oiiios 
ihfi  place  wlierc  t  Ik*  most  c<m\  will  \n-  'I'-l iv'wl .  I''  on  Ki«_'  •」 
i  ('presents  ll"*  iiiiM-liaiiisni  I'mc 山 i\m'— '  t  lit*  〜  r''、、、  a  1 1 1 •  1 1  has 
a  hir^e  variat  ioti  of  adjust  incnt  to  suit  山 flVrwt  rates  of 
steam in^'  and  difTfront  classes  ol'  cr»al.  Tl"'  asli  *-xt  ia«  lini/ 
screw  is  kept  cool  t  hrou^h  allowing  a  small  supj'ly  of  w;i，（'r 
to  pass  along  to  i  h*»  b;irk  of  the  t  rou^h  at  t  lie  |>o^it  iom 

marked  II,  Fig.  2，  so  that  the  ash  is  delivM'wl  in  a  Wamp 
<*ondit  ion  ai  t  lie  front  of  1  lie  boiler.  From  ； l  fan  air 卜 snj/ 
t  hrou^h  tlie  ducts  whicli  passes  in  uiuloriifMl  h  t  lif*  ha  is 
to  the  spa(,e  J，  and  this  ran  I'"  n'yiil; 山 "I  ； u-rorrlin^  to  r<-rjiiir**- 
rneuts.  Auxiliary  air  may  bf  |';i、、'  'l  t  hroii^h  L  uj>  t  lirouu'li 
the  back  wall  as  shown.  The  results  obtained  from  thin 
system,  so  far,  are  very  encouraging,  be<auso  a  high  coal 
efficiency,  along  with  a  liigli  boiler  ciYu  'win-yy  is  ohtaint-d  wit  h 
complete  sniokelessness. 

Referring  to  sources  of  loss  under  heading  (a),  (/'),  ('•)， 
and  ((I):  — 

(") (').，  lost  heat  carried  away  iti  the  gases  passing  up  the 
cliirnney ).  This  loss  is  reduced,  ho<-ause  of  tlie  large  aim'imt 
of  coal  under  combustion  leading  to  "iu(  li  more  lieat  *'Maim'<l 
through  radiation,  resulting  in  the  possibility  of  getting  tin- 
boiler  efficiency  liigh,  through  burning  a  suflicicni  <jiiant  it  v 
of  coal  per  square  foot  of  grate  area  at  a  slow  rate  of  burning 
per  pound  of  coal  without  so  much  excess  air  to  get  this 
cjuantity  burned  per  square  foot,  the  reduction  in  t he  volume 
giving  more  time  in  contact  with  the  heating  surface. 
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designed  that  it  takes  the  ash  uniformly  throughout  the 
length  of  the  furnace  and  delivers  same  at  the  front  of  the 
hoiler,  as  shown  in  Fig.  1  at  B.  This  screw  has  also  got 
clink er  breakers  attached  to  it,  shown  at  C，  which  effectively 
break  any  clinker  that  may  be  formed,  enabling  it  to  be 
(Hscharged  by  the  carrying  portions  of  t  he  wrew,  which  are 
built  in  sections  on  to  a  hexagonal  c&ntral  shaft,  thus  making 
this  system  very  suitable  for  clinkering  coal,  due  to  the  hottest 
zone  always  being'  in  the  centre  of  the  furnace  above  t lni 
(•linker  breaker,  and  keeping  the  clinker  from  covering  tlie 
bars  and  so  choking  the  supply  of  air  to  the  furnace.  The 
nat  ure  of  the  fire  in  this  system  is  itioit  akin  to  a  gas  productM* 
inside  the  flue  with  a  deep,  highly- m(  ;> ii(les('eiit  mass  of  i'iu*l 
giving  the  air  a  long-  time  in  contact  with  the  fuel  instead 
"f  a  low  temperature  with  a  short  time,  as  in  an  ordinary 
fire.  The  coal  is  fed  into  the  furnace  by  two  interrupted 
s(tp\vs，  shown  at  D，  Figs.  1  and  2,  from  tin-  hopper  E，  whifh 
s('iv、vs  aro  coinj)letely  protected  from  ovtMhoating,  due  to  the 
fact'  that  they  are  always  surrounded  with  black  coal  ；  these 
screws  form  an  important  feature  of  this  system,  because 
when  the  coal  comes  to  an  interruption  in  tlie  thread,  it 
naturally  takes  tlie  easiest  course  of  resistance,  and  so  is 
sfpieezed  towards  the  centre,  and  when  tlie  coal  arrives  at  tlu> 
point  desired  towards  the  centre  of  tlie  furnace,  the  resistance 
becomes  more,  when  that  poipt  is  reached,  than  it  takes  to 
pass  the  coal  along  the  interruption,  when  it  is  caught  up 
hy  tlio  next  portion  of  the  thread,  and  the  same  ('o"(liti(ms 
iu:untaiii  at  tho  next  interruj)tion,  and  so  on.  By  this  means 
:m  ideal  system  of  feed  is  obtained,  referred  to  Under  head- 
ing (r)  ；  that  is  to  say,  no  holes  can  form  in  the  fire,  because 


the  loss  due  to  incomplete  combustion  of  the 
carbon  in  the  fuel).  Due  to  the  centre  of  tlie  furnace  being 
always  at  a  very  high  temperature, and  due  to  the  air  haviiiLT 
to  pass  through  a  deep  body  of  incandescent  fuel,  the  "  m. 
peratures  are  continuously  much  higher  tlian  in  an  ordiiiarv 
fire,  which  gives  a  much  better  chance  of  complete  (  o，i; 
bustion,  and  as  the  coal  distils  from  the  sides  of  the  funia'  e 
around  and  above  the  feeding-in  screws  D  contiiiuouslv,  tliis 
distillation  or  smoke  is  continuallv  overcome  by  the  hii_rh 
temperature  flame  bed,  up  the  centre,  henre  this  system  is 
smokeless. 

(f)  The  loss  due  to  holes  in  the  fire  is  eliminated  as 
explained. 

(ff)  The  loss  due  to  open  doors  wliile  cleaning  is  also 
eliminated  because  tliere  is  no  cleaning. 

A  further  advantage  of  some  iniportaiue  is  that,  in  a 
large  range  of  boilers,  it  would  be  the  natural  tiling  to  have 
an  automatic  coal -feeding  and  ash-removing  system  attached, 
in  which  case  there  would  be  onlv  a  supervisor  for  a  kuiil'*1 
of  boilers  to  look  to  adjustments.  Many  text  ilo  mills  have 
economise rs  installed  ；  where  this  is  so,  there  is  a  higher 
economy  than  iti  installations  which  have  no  economise rs, 
but,  of  course,  if  a  better  system  of  hurninur  the  coal  rouM 
be  obtained,  so  that  more  of  the  heat'  was  got  into  the  boiler, 
econoniisers  would  be  unnecessary,  and  the  nuiititenaiu'e  and 
capital  ex]>eiulit ure  on  them  eliminated;  tlii:  is  tertainly 
the  right  direction  in  whii-h  to  work,  because  econoniisers  at 
their  best  are  only  there  as  a  result  of  ineftn  eut  furnace 
systems.      Below  I  give  the  comparative  tests  tarried  out 
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recently   on   two   Babcock   boilers   in  a  large  works  near 

Glasgow  : — 


Hand 

New 

Hand 

New 

Systtni. 

Fired. 

System. 

15/1/13 

24/3/13 

28/1/1：? 



4/4/13 

―  

Heat  in*:  surface  of  hoi  lor  in 

square  feet   

1,200 

L2fi0 

J  ,200 

(J rate  area  in  stpmrc  feet 

2S.0 

28-0 

'28-9 

( i n »ss  \vt*;«jlit  of  fuel  used. 

"，： 

4,514 

8,818 

Gross  wcit'lit  of  fuel  nsfti 

Z 

705.  :n 

564 

1,100 

873-5 

Gross  weight  per  square 

^8-23 

foot  grate  area   

27-5 

19-65 

30-2 

Total  water  used,  in  lbs. 

•JS.Tso 

：',!»,  i!»r> 

41,1：51 

Total  water  nscd,  in  His. 

per  hour   

3507 

4!i:iil.(.tl 

1 4 1  • :{ 

Total  water  used  })crsijiian' 

foot  heatin"  surface  . . 

2-56 

2-85 

3-91 

4-08 

Water  to  coal  apparent 

4*06 

1  •  4(1 

.) •  orS 

Water  to  coal  (ash  and 

moisture  deducted). . . . 

5-44 

8-07 

5-98 

l^vaporation     from  and 
at  1_M'」  （leg.  (])vv  lit.  of 
combustible)  

0-58 

9.82 

7-23 

8-G8 

I^ictor  of  c\ '； iporation 

1  .'一)1" 

1  ._'!4 

Triii pcratu re  of  fci-d-wahT 

4(t  dog.  F. 

40  cleg.  F. 

44  (](•-.  1''. 

Waste  erases  N*avin^  l)oilor, 

：.：!  1  'leg.  F. 

average  temperature  . . 

4"4  deg.  F. 

\)2：\  (leg.  F. 

Average  steam  pressure. 

lbs.  per  square  inoh  . . 

91 

03 

92-6 

99 

Xote. —— Fuel  weighed  and  water  measured  from  tank. 
Duration  of  test =8  hours. 
Class  of  coal = Best  washed  singles. 

In  thess  works  there  are  no  economise rs,  and  they  require 
a  high  boiler  efficiency,  and  you  will  see  that  the  comparative 
results,  under  their  old  conditions  of  hand-firing  against  the 
new  conditions,  show  an  actual  money  saving  of  about  25  per 
cent.,  and  this  economy  is  established  sinuiltaneously  with 
the  elimination  of  smoke  which,  with  hand-firing,  was  very 
black. 

There  is  another  important  commercial  factor  which  1 
should  like  to  call  attention  to,  namely,  the  B.Th.U.  of  heat 
in  a  cheap  coal  can  be  bought  for  much  less  money  than  in 
a  dear  coal.  From  recent  figures  quoted  in  Glasgow,  I  find 
that  coal  costing  4s.  3d.  per  ton  contains  10,100  B.Th.U., 
whereas  coal  costing  17s.  per  ton  contains  14,830  B.Th.U. 
Taking  it  roughly,  and  supposing  thes3  figures  were  1.0,000 
and  15,000  respectively,  it  works  out,  in  this  instance,  that 
if  we  could  utilise  the  heat  units  in  the  cheap  fuel  as  effi- 
ciently as  in  the  dear  fuel,  we  should  get  per  £A  with  the 
cheap  fuel  what  we  would  have  to  pay  £2.  13s.  4(1.  for  with 
the  dear  fuel,  but  in  many  cases  (due  more  to  mechanical 
difficulties  than  any  other  reason)  it  is  impossible  to  get  the 
required  amount  of  steam  from  the  cheaper  fuel,  and  it 
seems  clear  that  a  better  system  of  burning  the  coal  will  have 
a  bearing*  on  this  aspect,  because  where  a  cheap  fuel  is  being 
used  with  a  large  par  cent,  of  ash,  this  means  a  continual 
loss  iii  cleaning  the'  fires,  with  a  tendency  to  produce  smoke 
when  firing  up  after  cleaning,  wliich  loss  is  eliminated  with 
such  a  system  as  I  have  described .  Further,  if  a  system  l)e 
adapted  wliich  increases  the  amount  of  coal  under  combustion 
to,  say,  twice  the  amount  with  ordinary  systems,  there 
would  bs  as  】nu('li  fuel  under  combustion,  with  a  coal  con- 
taining 50  per  cent,  of  ash,  on  this  hypothesis,  as  ther3  would 
bs  in  the  ordinary  systems  with  an  absolutely  pure  coal  con- 
taining no  ash,  and  hence  it  is  clear  that  the  output  could 
be  much  more  readily  maintained  with  a  system  of  this 
kind  than  with  the  orthodox  system  of  fire.  I  was  recently 
studying  some  figures  of  a  large  textile  concern  in  Scotland, 
and  in  once  case  54  per  o&nt.  of  efficiency  was  obtained,  while 
in  the  other  75  per  cent,  of  efficiency  was  obtained,  but 
when  brought  back  to  a  money  basis,  the  54  per  cent,  was 
considerably  more  economical  than  the  75  per  cent.,  duo 
solely  to  the  fact  of  the  mucli  lower  cost  per  British  thermal 
unit  of  heat  in  the  low-grade  fuel. 

The  foregoing  seems  to  me  to  be  the  lines  on  which  the 
presently-installed  boiler  systems  may  be  made  smokeless  with 
a  commercial  gain  - 


Referring  to  second  heading,  the  system  of  first  produrin"' 
gas  from  tlie  coal,  tlien  firing  the  boilers  with  tlie  gas,  this 
method,  wliicli  (loes  away  with  tlie  smoke  nuisance,  has 
advantages,  but  it  would  aj>i>ear  that,  generally  speaking, 
up  till  now  1  lie  capital  expeiuliture  has  been  so  high  that 
t his  Kietliod  does  not  ooine  into  the  realm  of  practical  ]>olitics 
for  most  commercial  concerns.  However,  there  are  two  new 
factors  which  will  no  doubt  have  an  influence  in  bringing 
1  liis  system  more  prominently  to  the  front  for  new  concerns. 
Firstly,  inijwrtant  developments  are  taking  place  in  connec- 
tion with  the  distillation  of  coal,  more  particularly  from  the 
point  of  view  of  t  he  recently  enhanced  value  of  the  by- 
products that  can  be  obtained  therefrom,  namely,  sulphate  of 
anunonia  and  the  lighter  oils.  It  is  rapidly  becoming  more 
generally  recognised  that  coal  ( ontains  extremely  valuable 
by-products,  aiul  I  think  there  is  no  doubt  that  there  will 
be  great  advance  made  in  methods  of  distillation  increasing 
the  per  cent,  of  the  more  valuable  by-products,  sucli  as 
benzal,  for  wliich  there  is  a  rapidly  growing  demand  for 
internal-combustion  engines,  &c.  The  indications  are  that 
tlie  re  is  a  big  field  for  development  in  this  direction  which 
will  have  an  influence  on  this  method  of  first  making  gas  and 
then  Uring  the  boilers  with  the  gas.  Secondly,  the  new 
system  of  firing  boilers  with  gas  recently  discovered,  and 
known  as  the  Bonecourt  system,  for  producing  radiant  heat 
by  means  of  flameless  incandesoent  surface  combustion.  This 
recent  discovery  enables  gas  to  be  burnt  with  the  highest 
possible  economy,  and  f mther  leads  to  a  radical  reduction 
in  the  size  of  steam  boiW、  housing,  spac3，  &t'.，  with  a  con- 
sequent saving  in  capital  expenditure. 

I  should  like  to  call  attention  briefly  to  the  question  of 
oil  as  a  substitute  for  coal.  We  have  heard  a  great  deal 
during  the  last  year  on  this  subject,  and  I  think  there  is  no 
doubt  but  that  this  system  will  become  more  prominent  in  the 
future,  but  it  will  be  a  long  time  before  oil  will  become  in 
any  sense  a  substitute  for  coal.  On  the  authority  of  F.  E. 
Saward,  the  eminent  New  York  expert,  in  his  report  for  191*2, 
the  world's  coal  output  for  that  year  was  1,278,577,812  tons 
― figures  which  are  very  significant . 

In  conclusion,  what  I  have  said  may  give  the  impression 
that  I  have  dealt  more  with  questions  of  economy  than  of 
smoke  consumption,  but  it  has  long  been  recognised  that  tlie 
smoke  problem  really  resolves  itself  into  an  economic  prob- 
lem, and  I  hope  the  above  analysis  of  what  seems  to  me  to  be 
the  necessary  conditions  to  be  complied  with  will  at  least 
help  to  stimulate  thought  on  this  subject ,  for  when  it  pays 
to  raiss  stsam  without  smoke,  the  smoke  will  gradually  dis- 
appear, a  consummation  so  vital  to  the  health  of  the  people. 


KRUPFS  VALVE  GEAR  FOR  TWO-STROKE  CYCLE  INTERNAL- 
COMBUSTION  ENGINES. 

A  design  of  valve  gear  for  use  witli  int^mal-coinbustion 
engines,  the  invention  of  Messrs.  Fried.  Krupp,  of  Kiel- 
Gaarden,  G&rmany,  is  shown  in  the  accompanying  outs.  The 
gear  is  specially  applicable  to  2 -stroke  cycle  intemal- 
canibiistion  engines  in  which  several  scavenging  valves 
arranged  in  the  cylinder  cover  are  controlled  from  a  fomnion 
valve  lever  through  a  multiple-armed  intermediate  piece,  tlio 
scavenging  valves  being  so  arranged  as  to  leave  a  space  free 
betwesn  them  for  the  fuel  valve.  In  an  arrangement  of  this 
kind  it  is  not  always  passible  to  allow  the  valve  lever  to  b?ar 
exactly  at  the  centre  of  gravity  of  the  intermediate  piece .  If. 
however,  this  is  not  done,  the  unequal  distribution  of  the 
masses  readily  causes  the  tilting  of  the  intermediate  pi  we 
upon  pressure  being  applied  tjiereto,  and  irregular  operation 
of  the  several  valves  results  in  consequence.  In  the  arrange- 
ment under  notice,  all  the  valves  are  operated  uniformly. 

In  the  cover  A  of  the  cylinder  B  -are  arranged  three 
scavenging  valves  C,  which  open  toward  the  interior  of  tho 
cylinder  and  are  connected  by  means  of  two  branches  (tl  to  the 
main  scavenging  pij>e.  These  scavenging  valves  C  are 
operated  conjointly,  through  a  three-armed  intermediate 
piece  H,  by  a  valve  lever  F  F1  acted  uj>on  by  a  disc  E  on  a 
valve  shaft  D.  The  valve  lever  is  cranked  and  is  carried  by 
bearings  in  two  standards  r1  r~  which  are  cast  on  to  the  rising 
of  one  of  the  scavenging  valves  C,  which  latter  is  arranged 
between  the  standards.  Tlie  part  F  of  the  valve  lever  is 
fork-shaped  and  carries  the  valve  bowl  p.    The  intermediate 
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piece  TI  is  guidod  on  a  straight  line  l>y  a  hollow  '  vli 
extension  II 1  in  a  part  J  of  hollow  cvlindrical 
rigidly  connected  to  the  cylinder  cover.  Tl"'  arm  1'，'  t  lie 
valve  lever  bears  upon  t  In1  intermedia"1  i>i(、('。  1 1  llm'ii" 小 
the  medium  of  a  thrust  bar  C  having  splierically-sliapfil  ends, 
aiui  ； i  bucket-shaped  sleeve  L.  This  latter  is  i.ns'&rted  into  an 
o|)eniiig  in  the  extension  II 1  from  above,  and  is  suppoi  l  ed  by 
means  of  a  flange  /'  upon  an  annular  slmul(l"r  It'-.  An 
abutment  f'、  on  tlie  lever  arm  F1  for  on©  end  of  the  tlirust, 
bar  G  is  interchangeable  and  a  similar  abutment  for  tlie  other 
ond  of  the  bar  G  forms  the  bottoni  u!'  (he  sl(>。ve  L.  A  helical 
spring  K  surrounding  tlie  sleeve  L  serves  to  assist  th©  valve 
springs  r:l  of  the  scavenging  valves.  In  the  space  between  tlie 
three  scavenging   valves   (,   is  oljlitjuelv  inserted    tlie  fuel 

injecting  valve  M，  wliich  is 
o  ] )  ©rated  f  rom  tlie  valve 
shaft  D  by  a  cam  disc  (nut 
shown). 

The  action  of  tlie'  gear 
will  be  understood  from  the 
drawing,  without  further 
explanation.  The  straight 
guiding  of  the  intermediate 
piece  H  ensures,  in  com- 
parison with  the  known 
v  ''live  gears  of  the  sa  m  e 
kind,  the  advantage  that  no 
tilting  of  the  internie:li;it •? 
piece  and  consequently  no 
irregular  operation  of  the 
three  valves  can  take  place, 
such  as  would  most  certainly 
occur  without  this  guiding 
in  the  case'  where  the  inter- 
mediate piece  H  lias  un- 
equal lengths  of  arms. 
Again,  should  it  be  desired, 
as  is  the  ca&&  in  the  kno wn 
valve  gears,  to  allow  the 
valve  lever  F  F1  to  act  on 
the  intermediate  niece  di- 
rectly from  above, there  would 
still  always  be  the  danger 
that  the  tendency  to  tilt 
which  is  inherent  in  the 
intermediate  piece  H，  not- 
withstanding tlie  straight 
guiding,  might  soon  bring  about  a  one-sided  wear 
of  the  straight  guide  or  even  cause  the  part 
Hl  to  become  jammed  in  the  part  J  of  the 
guide.  This  danger  is  effectively  obviated  in  the  gear 
illustrated  by  tlie  point  of  work  transmission  of  the  valve 
lever  F  F1  being  arranged  very  low,  owing  to  the  inter- 
position of  tlve  thrust  bar  G.  Should,  in  the  course  of  time, 
wear  arise  between  the  valve  lever  and  the  intermediate  ])iece 
H  it  can  be  easily  compensated  by  renewing  the  abutment 
f'、  of  the  thrust  bar  G.  The  spring  K  assists  the  valve  springs 
r'1  in  their  action  by  balancing  the  intermediate  piece  II， 
while  this  balancing  simultaneously  prevents  the  simila rlv 
acting  valve  springs  r;i  from  exerting  any  tilting  action  upon 
the  intermediate  piece  when  they  expand,  owing  to  the 
unequally  distributed  masses,  which  tilting  action  might  like- 
wise be  manifested  in  one-sided  wear  of  the  straight  guide  or 
in  jamming  of  its  parts. 


Krupp's  Valve  Gear  for  Internal- 
combustion  Engines. 


FLUXES  FOR  USE  IN  MELTING  SOFT  METALS. 

When  the  so-called  soft  metals,  such  as  tin,  lead,  zinc,  and 
tlieir  various  alloys,  are  melted,  the  surface  of  the  molten 
metal  oxidises  and  produces  what  is  known  as  "  dross."  Dross 
is  the  metallic  oxide  mixed  with  more  or  lass  metal.  It  is  not 
all  oxide  as  many  persons  believe,  but  the  oxide  becomes 
entangled  in  the  metal  it&elf,  producing  a  mass  which  becomes 
thick  and  does  not  flow  readily.  It  is  the  function  of  fluxes, when 
soft  metals  are  melted,  to  act  upon  this  dross  (or  in  reality, 
the  oxide  in  it)  and  clean  and  clear  the  surface  of  the  metal. 
Those  who  are  not  familiar  with  th©  action  of  fluxes  should 
try  an  experiment  and  be  convinced  of  tlieir  value.  Melt, 
some  lead  and  it  will  be  noticed  that  the  surface  is  covered 


with  a  film.  If  the  lead  is  scrap  material,  then  a  greater 
quantity  of  dross  will  form  for  tlie  reason  that  the  scrap  lead 
is  already  oxidised  to  some  extent  and  this  oxide  floats  on  the 
surface  of  the  metal.  Now  throw  on  a  small  piece  of  rosin. 
Tire  rosin  will  immediately  melt  and  clear  the  surface  bo  that 
it  will  have  a  bright  ap]>ea rance  and  as  clean  as  the  surface 
of  pure  water.  Tlie  rosin  dissolves  the  oxide,  foriniiii:  a  ."lag 
wliicli  floats  to  the  side  of  the  ladle  in  which  the  lead  has 
been  melted,  and  may  readily  be  sUinimed  ofT. 

The  use  of  fluxes  in  ineltin"'  soil  metals  is  quite  important, 
particularly  when  scrap  metals  a  re  usod,  as  they  serve  to 
cle«'inse  the  molten  metal  from  oxide  and  produce  clean,  clear 
material  th  at  will  readily  run  into  moulds.  Scrap  metals,  as 
a  usual  rule,  melt  with  th©  formation  of  considerable  dross, 
and  if  no  flux  is  used  on  them,  the  bars  of  metal  cast  will  not 
b©  clean.  By  the  u&e  of  fluxes,  however,  it  is  possible  to 
obtain  nearly  as  clean  metal  as  though  new  materials  had  been 
employed.  The  question  as  to  what  kind  of  flux  to  use  in 
melting  soft  metals  will  depend  upon  the  metal  itself.  The 
following  directions,  reproduced  from  "  The  Brass  World,'' 
may,  according  to  our  contemporary,  be  safely  followed  : —— 

Tin  and  its  Alloys. ~ This  list  comprises  the  solders, 
britannia-metal,  block  tin,  babbitt-metals  with  a  tin  base  and 
any  other  alloys  of  which  tin  is  the  principal  constituent.  For 
tin  and  its  alloys,  rosin  is  the  best  flux,  as  it  requires  but  a 
small  quantity  on  the  surface  after  melting  to  clean  it.  Sal- 
ammoniac,  too,  is  a  good  flux  for  tin  and  seems  to  work  better 
if  the  metal  is  used  quite  hot  ；  and  at  a  temperature  at  whirh 
the  rosin  burns  off.  The  rosin,  however,  is  to  be  preferred, 
as  it  is  free  from  the  fumes  of  sal-ammoniac. 

Lead  and  its  Alloys.  ― This  class  comprises  some  of  the 
solders,  which  contain  lead  in  excess,  babbitt-metals  with  a 
lead  base,  pewters,  and  th©  various  antimonial-lead  alloys, 
together  with  pure  lead  itself,  and  other  various  alloys  con- 
taining lead  as  the  principal  ingredient.  For  lead  and  its 
alloys,  rosin  is  the  best  flux.  It  acts  in  a  manner  similar  to 
that  of  tin  and  at  once  clears  the  surface.  Sal-ammoniac  does 
not  work  well  on  lead  or  its  alloys  unless  quite  hot  and  then 
it  seems  to  have  a  good  effect.  This  action,  however,  is  not 
satisfactory  when  th©  lead  is  at  the  heat  ordinarily  used  for 
pouring  metals,  and  the  temperature  at  which  it  does  act  is  so 
high  that  it  is  rarely  employed  in  practice.  The  rosin,  there- 
fore, is  the  best  flux  for  use  in  melting  lead  and  its  alloys. 

Zinc  and  its  Alloys.  —  There  are  but  few  zinc  alloys  used,  of 
which  zinc  is  the  principal  constituent,  and  one  of  the  chief 
components  of  this  class  is  the  well-known  die  castings.  Th© 
white  brasses  (some  of  the  white  brasses  contain  tin  as  the 
principal  ingredient)  are  also  made  with  zinc  as  the  chief  con- 
stituent. Zinc  itself,  however,  is  extensively  used.  The  best 
and  in  fact  the  only  flux  that  can  be  used  on  zinc  and  its  alloys 
is  sal-ammoniac.  This  has  an  excellent  cleansing  action  and 
produces  clear,  clean  metal  from  that  which  is  quite  dirty. 
Rosin  is  not  suitable  for  use  on  zinc  and  its  alloys,  and 
although  it  has  some  cleansing  action,  it  is  not  satisfactory. 
Sal-ammoniac,  】iowever，  seems  to  give  all  that  is  desired  in  the 
way  of  a  flux  for  zinc  and  its  alloys. 

The  manner  of  using  the  fluxes  is  simple.  After  the  metal 
is  melted,  whatever  it  may  be,  tin,  lead,  or  zinc,  or  their 
alloys,  the  flux  is  thrown  on  the  surface  and  stirred  in.  No 
particular  amount  of  flux  can  be  given  for  use,  as  it  "ill 
depend  upon  the  amount  of  dross  to  be  cleaned  from  the  sur- 
face. The  way  bo  do  is  to  throw  on  a  small  quantity  of  the 
flux,  stir  and  skim  off  the  dross  as  clean  as  possible.  Then 
add  more,  if  required,  until  the  surface  is  clean.  By  adding 
the  flux  little  by  little,  instead  of  a  large  quantity  at  one  time, 
the  progress  can  be  watched,  and  it  is  not  wasted  for  the 
reason  that  only  just  enough  is  used  to  clean  the  metal.  The 
fluxes  are  always  used  on  the  surface  after  the  metal  is  melted, 
and  are  not  put  in  while  the  melting  is  taking  place. 


Institution  of  Naval  Architects. ― The  Council  of  this  Institu- 
tion have  accepted  an  invitation  to  hold  a  summer  meeting 
in  Glasgow,  June  24th  to  27th,  which  has  been  extended  to 
the  Institution  by  the  President  and  Council  of  the  Institu- 
tion of  Engineers  and  Shipbuilders  in  Scotland.  Meetings  for 
the  reading  of  papers  will  be  held  in  the  Scottish  Institution's 
building,  and  arrangements  will  be  made  to  visit  some  of  the 
principal  works  in  Glasgow  and  its  vicinity.  An  influential 
reception  committee  is  being  formed  under  the  chairmanship 
of  the  Rt.  Hon.  Lord  Inverclyde. 
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CLEANING  BLASTFURNACE  AND  OTHER  GASES. 

At  a  meeting  of  the  Cleveland  Institution  of  Kn^inoers  hold 
on  April  7th  an  interesting  paper,  entitled  "  Modern  Practice 
in  Cleaning  Blastfurnace  and  other  Gases/7  was  read  by  Mr. 
H.  Stonewall  Jackson.  Whether  it  was  blastfurnace,  producer, 
or  coke-oven  gas  which  was  used,  purity  was,  he  observed,  an 
important  factor,  especially  for  gas  engines,  but  with  the  ever- 
increasing  means  of  using  moderately  clean  gas,  many  forms 
of  what  might  be  termed  "  pre- cleaners  ， '  had  been  devised. 
Probably  the  most  usual  methods  adopted  for  this  preliminary 
cleaning,  in  addition  to  the  ordinary  downcomers,  took  the 
form  of  vertical  cylindrical  towers  made  of  steel  plates,  worked 
singly  or  in  series  according  to  the  dust  contents  of  the  gas. 
The  Zschocke  type  was  perhaps  the  most  popular,  and  good 
work  was  being  done  by  this  type  of  cleaning  tower  at  the 
works  of  the  Skinningrove  Iron  Company ?  Ltd.,  Skinningrove. 
The  towers  were  two  in  number,  arranged  to  work  in  series, 
each  19ft.  6in.  diam.  by  38ft.  high,  and  each  containing  four 
sets  of  wood  hurdles  placed  about  6ft.  apart,  the  laths  forming 
the  hurdles  being  of  3iin.  by  |in.  section  and  placed  3in.  apart. 
On  the  top  of  each  tower  were  placed  21  sprinklers  with  special 
nozzles  so  arranged  that  the  cleaning  water  was  sprayed  over 
the  full  area  in  the  form  of  a  fine  spray  or  vapour.  The  gas 
entering  the  bottom  of  one  of  the  towers  emerged  at  the  top 
partly  clean,  and  passed  down  a  vertical  pipe  to  the  bottom 
of  the  second  tower,  and  then  out  of  the  tap  as  before.  The 
bottom  of  each  tower  was  cone-shaped  and  water-sealed,  and 
the  collected  dust  falling  to  the  bottom  of  the  water  seal  could 
easily  be  drawn  away.  The  incoming  gas  had  a  temperature  in 
this  particular  case  of  about  200°  Fah.,  and  the  temperature 
of  the  gas  leaving  the  second  tower  was  about  70°  Fah.,  the 
dust  in  the  incoming  and  outgoing  gas  being  approximately 
6  grammes  down  to  about  0'5  gramme  per  cubic  metre  respec- 
tively. The  gas  at  this  stage  was  used  for  the  boilers  and 
stoves,  but  a  portion  of  the  gas  was  further  cleaned  to  0*02 
gramme  by  means  of  Theisen  washers  for  use  in  gas  engines. 

At  the  works  of  the  Societe  Anonym©  John  Cockerill, 
Seraing,  an  installation  of  two  Zschocke  washers,  capable  of 
cleaning  40,000  cubic  metres  of  gas  per  hour,  was  at  work. 
Each  tower  was  17ft.  diam.  by  75ft.  high,  and  the  gas  passed 
through  the  usual  arrangement  of  dust  catchers  before  passing 
into  the  washers.  Th©  author  gave  the  following  particulars 
of  two  tests  taken  when  the  furnaces  were  working  on  different 
iron  ： — 

Temperature  of  gas  at  inlet    100/150°  C.       250/300°  C. 

Power  required  per  1,000  cub.  m   2«9(i  k\v.  4*87  kw. 

Water  required  per  1,000  cub.  ni   o*  19  cm.  10-73  cm. 

Dust  per  cub.  m.  entering    3  to  4  grms.    2  to  2 •  5  grms. 

Dust  per  cub.  m.  leaving    0-40  grm.         0-35  grm. 

With  this  system  of  cleaning  very  little  power  was 
required,  but  even  for  heating  purposes  it  was  now  recognised 
that  a  higher  degree  of  purity  was  an  advantage,  hence  the 
adoption  of  rotary  washers. 

The  Bian  gas  washer  was,  he  stated,  a  very  simple  and 
fairly  efficient  apparatus,  and  consisted  of  a  horizontal  cylin- 
drical chamber  in  which  were  a  number  of  screens  carried  on 
a  revolving  central  shaft.  The  gas  entered  the  apparatus  at 
the  top  at  on©  end  and  left  at  the  top  at  the  opposite  end  ；  the 
dust  was  caught  by  the  revolving  screens,  which  were  washed 
by  the  water  in  the  bottom  portion  of  the  chamber,  and  was 
carried  away  with  the  dirty  water.  The-  shaft  carrying  the 
screens  revolved  slow】y，  and  consequently  the  power  absorbed 
was  small.  Another  form  of  rotary  washer  dealt  with  by 
the  author  was  the  Fowler-Medley  vertical  gas  washer.  It 
comprised  a  circular  cast-iron  casing,  in  the  centre  of  which 
was  revolved  a  vertical  shaft,  to  which  were  fixed  a  number  of 
flat  circular  discs,  separated  from  each  other  by  collars.  Two 
fine  jets  of  water  diametrically  opposite  each  other  were  pro- 
jected between  each  pair  of  discs.  These  jets  struck  on  the 
separating  collars,  and  thence  splashed  on  to  the  opposite 
surface  of  the  discs,  which  as  they  revolved  flung  the  water 
off  from  their  peripheries  across  the  annular  space  between 
them  and  th©  casing  in  the  form  of  a  rapidly  moving  and 
finely  divided  spray.  The  gas  entered  the  washer  below  the 
revolving  discs,  pass&d  through  the  spray-swept  、  space  sur- 
rounding them,  and  left  above  the  discs.  These  machines  were 


economical  in  power  and  in  water  ;  for  rough  cleaning  from 

6  grammes  to  0'3  gramme  per  cubic  metre  dust  content,  about 
90  galls,  of  water  per  minute  with  10  h.p.  were  required,  and 
for  fine  cleaning  down  to  0'02  gramme  per  cubic  metre  dust 
content,  a  second  machine  was  insta'lled  in  series  with  the 
first,  using  50  galls,  of  water  per  minute  and  6  h.p.  for 
250,000  cub.  ft.  of  gas  per  hour. 

The  system  of  gas  cleaning  by  means  of  fans  had  been  suc- 
cessfully applied  at  the  work's  of  Alfred  Hickman,  Ltd., 
Bilston,  where  about  1,000,000  cub.  ft.  of  gas  per  hour  was 
cleaned.  The  plant  comprised  a  set  of  three  fans,  each  4ft. 
diam.,  working  in  series  and  in  parallel  with  a  Theisen  washer. 
The  gas,  after  passing  through  this  plant,  was  dealt  with  }>y 
two  sets  of  fans,  each  66in.  diam.,  working  in  series  with  two 
similar  sets  in  parallel.  The  water  used  was  canal  water,  of 
which  an  unlimited  supply  was  available,  so  that  the  7,000 
galls,  to  10,000  galls,  used  by  each  fan  per  hour  was  not  of 
much  moment.    The  reduction  in  dust  content  was  from  3  to 

7  grammes  do \vn  to  0*02  gramme  per  cubic  metre. 

The  blastfurnace  gas-cleaning  plant  at  the  works  of  the 
Frodingham  Iron  and  St&el  Company,  Ltd.,  Scunthorpe,  con- 
sisted of  Zschocke  scrub)>ers  working  in  series  with  Theisen 
washers.  A  recent  test  of  this  plant  with  one  Zschocke  scrub- 
ber and  on©  No.  4a  Theisen  washer,  working  in  series  and 
supplying  gas  to  three  generator  engines  and  three  blowing 
engines  of  an  aggregate  of  4,750  h.p.,  gave  the  following 
results,  the  atmospheric  temperature  being  at  the  time  20°  C, 
and  the  volume  of  gas  cleaned  being  7,800  cub.  ft.  per 
minute : — 

Gas.  Water. 
Deg.  C.  Deg.  C. 

Temperature  entering  Zschocke  scrubber  82  23 

Tt"wr;Umv  leaving  Zsehocke  scrubber  23  37 

Temperature  entering  Theisen  washer  . .  23  23 

Temperature  leaving  Theisen  Avasher    . .  23 i  24 

Coolinc;  water  to  Zsehocke  \\  asher    240  trails,  per  min. 

Cooling  water  to  Theisen  washer   】30  i^alls.  per  miii. 

Dust  in  gas  entering  Zsehocke  scrubljrrs  8*42  i/nns.  p'.ic.in. 

Dust  in  gas  entering  Theisen  washer    ....  3-83  grms.  per  c  in. 

Dust  in  gas  leaving  Theisen  washer  ....         0-(»23  grin,  per  o.m. 

The  power  absorbed  by  the  Theisen  washer  on  the  above 
test  was  490  amperes  at  220  volts. 

To  meet  the  demands  of  modern  plants  and  to  enable  the 
waste  gases  to  be  utilised  to  the  fullest  extent,  Theisen  had 
evolved  a  new  invention  in  the  form  of  a  combined  disintegrat- 
ing gas  washer  which  used  less  power  and  water.  The  lead- 
ing features  were  that  the  cooling,  cleaning,  and  production  of 
pressure  were  done  in  the  one  apparatus  with  only  one  drive, 
while  a  small  amount  of  power  was  required,  and  only  011 
gall,  to  0'16  gall,  of  water  per  cubic  metre  of  gas  was  neces- 
sary. The  degree  of  purity  was  constant  and  uniform  for 
engines  at  0  01  gramme  per  cubic  metre,  and  for  stoves, 
boilers,  &c.，  at  01  to  0'2  gramme  per  cubic  metre,  and  this 
without  any  pre-cleaning.  The  space  occupied  was  small,  and 
the  apparatus  was  simple  and  required  little  attention  when 
at  work. 

Dealing  with  blastfurnace  gas,  the  temperature  of  which —— 
when  no  preliminary  cleaning  was  adopted ― on  arrival  at  the 
gas-cleaning  plant  was  usually  about  100°  to  130°  C.，  these 
hot  gasss  were  first  brought  into  contact  with  the  main  volume 
of  the  water  sprayed  out  by  the  disintegrator  arrangement, 
thus  giving  a  preliminary  cooling  and  cleaning  of  the  gas  in 
the  bottom  of  the  apparatus.  The  gas  then  passed  through 
the  disintegrator,  which  consisted  of  partly  rotating  and  partly 
stationary  perforated  drums  arranged  concentrically  in  one 
another.  By  means  of  the  centrifugal  action  of  the  rotating 
drum  the  washing  water  was  beaten  into  vapour  or  fine  spray 
and  thoroughly  mixed  with  the  gases,  the  particles  of  dust 
saturated  with  vapour  thereby  passing  into  the  washing  water 
and  being  thrown  out  with  the  latter.  The  fan  built  inside 
the  apparatus  liad  blades  so  formed  that  they  threw  out  the 
still  wet  gas  laterally  on  to  a  washing  plane  built  concentrically 
round  the  fan  blades.  By  this  means  the  water  thrown  out 
of  the  gas  formed  on  the  conical  washing  plane  a  sheet  of  water 
which  circulated  outwardly  and  caught  the  last  solid  particles 
still  contained  in  the  gas  as  it  passed  over.  As  the  whole  of 
the  water  as  well  as  the  gas  were  thus  intensively  mixed  one 
with  the  other  into  the  finest  spray,  the  utmost  value  was  ma.de 
of  the  washing  water.    In  consequence  of  the  intensive  wash- 
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in"  ami  rinsing  of  all  par"  of  the  app;iraf  us,  it  was  ini]>ossil)Io 
for  them  to  become  encrust e(l,  and  t  liercforc  an  uiii"lemipt("l 
service  was  assured.  It  was  unavoidable,  owing  to  the  extromc 
action  of  the  apparatus  on  the  washing  water,  t  ltai  some 
vapour  iniglit  be  carri(Ml  away  with  the  cleansed  gas  ；  therefore 
it  was  usual  to  install  a  vapour  separator  immediately  Ix'liind 
the  washer,  thus  ensuring  gas  being  delivered  in  a  dry  <on- 
dition. 

Two  of  these  Theisen  disintegrating  gas  washers  had,  the 
author  mentioned,  been  at  work  at  Haspe  for  some  months, 
('leaning  blastfurnace  gas  without  tlio  interposition  of  any 
j)reliininary  cleaners  from  (>  grammes  down  to  0.016  gramme 
per  cubic  metre.  At  Gl;uil)ac]i,  one  of  these  machines  was 
cleaning  6,000  cub.  ft.  per  minute  of  blastfurnace  gas  from 
4  grammes  down  to  0.031  gramme  per  (、ubic  metre  with  45 
galls,  of  water  per  minute,  the  power  absorbed  being  40  h.p. 
At  Maxirnilianshutte,  Uiiterwelleuhorn,  one  of  these  niachines 
was  dealing  with  6,400  cubic  metres  of  blastfurnace  gas  per 
hour,  used  for  fuel  purposes,  and  cleansing  same  from  4  to 
6  grammes  of  dust  per  cubic  metre  down  to  0*3  to  0'4  gramme, 
the  power  consumption  being  19  kw.  This  washer  was  also 
designed  to  cleanse  the  tar  from  coal-fired  blastfurnace  gas, 
which  was  the  principal  ingredient  to  b©  dealt  with  in  the  gas 
from  this  type  of  blastfurnace  after  it  had  passed  through  a 
recovery  plant. 

For  extracting  the  tar  from  coal-fired  blastfurnace  gas 
the  Summerlee  apparatus  was,  he  remarked,  very  efficient. 
The  apparatus  consisted  of  a  chamber  made  of  steel  plates 
fitted  with  a  number  of  trays  or  nests  of  specially-designed 
valves  placed  one  over  the  other.  The  gas  entered  the  bottom 
of  the  chamber,  and  in  passing  through  the  valves  the  tar  was 
caught  by  the  special  lip  formed  by  the  valve  and  its  hood  and 
collected  on  the  trays,  from  which  it  was  drawn  away.  So 
free  was  the  gas  emerging  from  the  top  of  the  apparatus  that 
the  gas  engines  supplied  with  this  gas  could  run  for  months 
without  the  necessity  of  stopping  to  clean  valves.  Another 
efficient  appliance  was,  he  said,  the  Cross  ley  centrifugal  tar 
extractor,  designed  for  dealing  not  only  with  blastfurnace  gas, 
but  with  producer  gas  from  bituminous  fuels  for  driving  gas 
engines  and  also  for  fuel  purposes.  It  also  dealt  with  water 
gas  in  gasworks,  coke-oven  gas,  and  a  number  of  special  chemi- 
cal installations,  such  as  sulphur  extraction.  These  extractors 
were  made  both  on  the  single  and  double  stage  principle,  the 
latter  having  two  impellers  fixed  on  one  shaft.  The  gas  was 
led  to  the  centre  of  the  impeller  on  the  inlet  side,  and  was 
thrown  to  the  periphery  of  the  impeller  by  means  of  blades 
riveted  on  each  side  of  tlie  impeller  disc.  From  the  periphery 
the  gas  was  constrained  to  pass  to  tire  centre  on  the  outlet  side. 
In  this  way  the  energy  imparted  to  the  gas  on  the  inlet  side 
was  given  back  to  the  blades  on  the  outlet  side,  the  result 
being  that  the  water-gauge  pressure  or  vacuum  was  exactly 
the  same  on  both  inlet  and  outlet.  Water  was  led  by  means 
of  syphon  pipes  to  the  centre  of  the  extractor  on  each  side,  and 
was  spread  by  means  of  the  impeller  blades  and  driven  from 
the  periphery  of  the  impeller.  The  path  of  the  gas  was  there- 
fore at  right  angles  to  this  film  of  water  driven  off  at  a  high 
velocity  against  the  casing  of  the  extractor.  The  very  inti- 
mate diffusion  of  the  gas  and  water,  and  the  impact  obtained 
from  the  water  moving  at  such  a  high  velocity,  produced  a 
thoroughly  clean  gas  free  from  tar.  To  obtain  the  best  results 
it  was  necessary  that  the  gas  before  entering  the  extractor 
should  be  cooled  to  approximately  atmospheric  temperature. 
There  was  no  pressure  imparted  to  the  gas,  so  that  the  power 
required  to  drive  these  extractors  was  small. 

The  author  next  referred  to  the  Mond  system  of  cleaning 
producer  gas,  as  manufactured  by  the  Power  Gas  Corporation, 
Ltd.,  as  simple  and  efficient.  The  gas  on  leaving  the  producer 
entered  a  mechanical  washer  which  consisted  of  a  rectangular 
t  hamber,  in  which  the  gas  was  thoroughly  washed  with  water 
thrown  up  into  a  fine  spray  by  a  system  of  rapidly  revolving 
(lashers.  In  this  washer  the  gas  was  freed  from  all  dirt  and  a 
large  part  of  its  tar,  whilst  its  temperature  was  also  consider- 
ably reduced.  The  dust  and  tar  were  removed  by  means  of 
water-sealed  cleaning  lutes.  From  the  mechanical  washer  the 
gas  was  led  through  fans  arranged  in  series,  the  gas  entering 
the  fans  at  the  centre  and  delivering  at  the  periphery.  Each 
fan  was  provided  with  water  jets  entering  at  the  centre,  and  tlie 


s[)rayii)^  of  sumo  further  rr" 山 ;uwl  rloansorl  the 扛'; is,  which 
was  il»<Mi  passwl  t  hnni^li  a  rv''l',i"',  wlu*n»  t  tio  "'as,  "、、  i,i 乂  1,,  t  lir* 
scrul)hin^  action  set  up, 山"' m'-rHv  to  I  lie  volo'itv  and  v\im\ifo 
of  direction,  was  further  cleanse*!.  From  tlif  r、'rl'"i"  t  li<* 
\v:is  then  passed  t lirou^Ii  ； i  sawdust  h<  ruljl>er  for  the  final  cli-an 
ing.  On  a  M  oik  I  plant  in  use  at  the  works  of  Ricrhanlsons, 
Westgarth,  &  Co"  Ltd.,  tlie  ('fl"  ""i「y  of  the  cleaning  plant 
was  such  that  no  tar  troubles  were  experiences!  on  the  gas 
engine  ；  indeed,  the  gas  was  so  free  from  impurities  before 
reaching  the  sawdust  scruhljors,  tlie  final  stage,  that  it  was 
FouikI  only  necessary  to  change  the  sawdust  trays  every  four 
months.  With  this  plant,  when  cleaning  40,000  cuh.  ft.  of 
gas  per  hour,  only  2,000  galls,  of  water  per  hour  was  used, 
aurl  as  this  water  was  passer!  througli  settling  tanks  and  used 
over  and  over  again,  the  loss  was  tliat  due  only  to 
and  evaporation.  The  temperature  of  the  clean  gas  was  al>out 
20°  C.，  and  the  power  absorbed  by  the  mechanical  washer  anrl 
fans  was  12  li.p. 

The  most  recent  inventions  for  cleaning  blastfurnace  gas 
were  on  the  dry  system.  The  Flossel  centrifugal  system  was 
fully  explained  by  Mr.  Henry  Crowe  in  his  presidential 
address  before  this  Institution  a  few  months  ago,  but  this 
paper  would  not  be  complete  without  mention  being  nia<l<-  (,i 
the  Halberg-Beth  process,  descriptions  of  which  have  appeared 
in  the  technical  Press.  The  author  referred  to  a  plant 
installed  on  this  system  at  the  works  of  Bell  Bros.,  Port  Clar- 
ence, of  10,000  cubic  metres  capacity  per  hour,  which  reduced 
the  dust  content  from  5  to  6  grammes  down  to  0  012  gramme 
per  cubic  metre,  the  power  absorbed  by  the  fan  being  ahout 
30  h.j). 


POWER  TRANSMISSION  IN  MINES. 

A  joint  general  meeting  of  tlie  West  of  Scotland  brandi  (,i 
the  Association  of  Mining  Electrical  Engineers  and  t  he 
Scottish  branch  of  the  National  Association  of  Colliery 
Managers  was  held  on  Saturday  last  in  the  Royal  Technical 
College,  Glasgow,  when  a  pa[>er  by  Mr.  W.  H.  Telfer,  genei  al 
manager  of  tlie  Wilsons  and  Clyde  Coal  Company,  on  "  Power 
Transmission  in  Mines/'  was  read  and  discussed.  At  t  lio 
outset  the  author  said  that  producing,  transmitting,  and 
applying  power  were  at  the  present  time  very  import  ant 
factors  in  the  economical  development  and  working  of  mines, 
and  as  we  went  on  the  successful  working  of  mineral  fields 
would  more  than  ever  be  dependent  on  transmitted  power. 
Compared  with  30  years  ago  the  conditions  of  mining  had 
very  materially  altered.  Deep  workings,  large  areas,  capital 
involved,  thin  seams,  cost  and  scarcity  of  labour,  together 
with  the  value  of  fuel,  were  the  points  which  had  gradually 
been  bringing  to  the  front  and  impressing  on  the  management 
of  collieries  the  importance  of  generating,  transmitting,  and 
applying  power  by  the  most  approved  methods  for  the  safe, 
reliable,  and  economical  operation  of  all  classes  of  mining 
machinery.  Proceeding,  Mr.  Telfer  went  on  to  say  that  30 
years  ago  electricity  had  barely  entered  the  field  of  mining 
operations,  and  mining  people  were  then  relying  on  their  old 
and  well-tried  friends ~ steam,  compressed  air.  Arc.  These, 
even  with  their  drawbacks,  had  rendered  invaluable  service 
and  had  done  good  work  in  mining.  Nevertheless  there  was 
no  doubt  that  transmission  of  power  by  electricity  easilv  took 
the  premier  place.  Its  adoption  was  gradually  becoming 
more  widespread  and  was  cutting  out  to  a  large  extent  the 
older  methods.  Speaking  generally,  fairlv  large  collieries  or 
groups  of  collieries  requiring  generating  plant  of  400  kw.  and 
upwards  ouglit  to  liave  their  own  plant.  If  it  were  put  down 
ou  the  most  modern  lines,  there  was  no  reason  why  the  current 
should  not  be  produced  cheaper  than  it  could  be  got  from  a 
power  com pany.  With  regard  to  collieries  requiring  between 
200  kw.  and  400  kw.  plant,  various  points  had  to  be  considered 
before  deciding  which  method  was  preferable.  Where  there 
was  a  sufficient  supply  cf  water  for  condensing  without  int  ro- 
ducing  cooling  plant,  and  where  steam  was  raised  on  the  best 
lines  and  tlie  load  factor  was  fairly  good,  he  still  thought 
current  could  be  p rod u ceil  cheaper  than  it  could  be  bought 
from  a  power  company.  Although  up  to  the  present  time 
they  had  had  very  few  cases  of  fires  in  min^  caused  bv 
electricity,  he  (^Ir.  Telfer)  personally  considered  tliat  if  proper 
precautions  were  not  taken  it  was  a  more  likelv  cause  of 
danorer  in  our  Scottish  mines  than  ignition  of  gas  and  dust. 
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THE  STROBOSCOPE  IN  SPEED  MEASUREMENTS  AND  OTHER 
ENGINEERING  TESTS.* 

HY   IMIOF.   DAVIU   HOIiEUTSON,  D.SC. 

General  Principles  ― Uiuhir  ordinury  cii cunistunc (！ s,  on  look- 
ing at  an  object  while  it  is  in  rapid  motion  nothing  can  be  seen 
but  a  blur,  but  if  vision  be  permitted  only  in  periodic  glimpses 
one  is  able  to  distinguish  the  ol) ject  in  a  nuinlyer  of  s('p:ir;"" 
positions,  and  the  appearance  is  that  of  a  number  of  objects 
] tisi  fid  of  only  (jii;1.  if  the  molioii  be  a  pcriu'l  ir  (川（'， and  the 
glimpses  he  so  t imed  that  the  cvcle  is  seen  in  the  same  j)li;is^ 
on  each  occasion,  the  object  wil!  appear  to  be  stationary  owing 
to  the  persistence  of  vision.  If  the  glimpse  frequency  be  a 
little  lower  than  this,  succ2,:sive'  cycles  will  be  s&en  at  sliglitly 
later  phases,  and  the  ai)j>t*  irancc  is  t  hal  ('f  the  cv<'le  per  form 1 
slowly  with  a  frequency  equal  to  the  difference  between  the 
art ual  frequency  and  the  glimpse  frequency.  A  similar  result 
follows  when  the  glimpse  frequency  is  rather  liigh,  but  the 
cycle  is  then  seen  backwards.  Cinematograph  films  are 
c  btained  by  giving  a  camera  such  intermittent  views  of  the 
seen©  being  photographed,  each  picture  being  taken  on  a 
separate  part  of  the  film.  The  resultant  positive  films  are 
shown  on  the  screen  in  a  similar  intermittent  fashion,  giving  a 
continuous  impression  owing  to  tlie  persistence  of  vision.  They 
often  show  curious  stroboscopic  effects  of  the  kind  under  <lis- 
cussion.  Thus,  the  wheels  of  a  r;m'iage  are  seldom  shown 
rotating  at  their  proper  rate  ；  t hey  often  appear  to  be  at  rest 


Fig. 


-Stroboscopic  Demonstration  of  ax  ,\  C.  Arc. 


Fig.  2. ― Arrangements  for  STiiOBOsropir  Beam. 

while  the  carriage  is  in  motion,  and  not  infrequently  they  can 
l)e  seen  revolving  the  wrong  way  round. 

The  intermittency  may  be  obtained  either  by  periodically 
intercepting  the  line  of  vision,  or  by  periodically  extinguish- 
ing, or  even  varying,  the  illumination  falling  on  the  object. 
Intermittent  illumination  is  generally  more  satisfactory  than 
the  other  method.  It  is  less  trying  to  the  eyes,  it  enables  the 
phenomena  to  be  seen  by  a  number  of  persons  at  one  time, 
and  it  often  permits  a  closer  examination.  It  is  not  neces- 
sary that  the  interrupted  illumination  should  be  the  only  one 
falling  on  the  object,  but  it  must  be  an  appreciable  fraction 
of  the  total. 

Study  of  Periodic  Phenomena. ―  By  menns  of  u  rotating  shutter, 
with  a  suitable  number  of  slits  and  a  fixed  slit  or  eyepiece  to 
limit  the  rays  which  can  pass  through,  the  changes  in  any 
alternating  source  of  light,  such  as  an  alternating  current  arc 
or  incandescent  lamp,  or  a  mercury  vapour  rectifier,  can  easily 
be  studied.  They  may  either  be  observed  directly  through 
the  shutter,  using  an  absorbing  glass  or  polarising  eyepiece  ii' 
necessary,  or  an  image  can  be  projected  through  the  shutter 
on  to  a  screen  or  photographic  plate.  Tf  the  motor  be  a 
synchronous  one  driven  from  the  same  supply,  and  tliere  be 
one  slit  for  each  pair  of  poles,  the  cycle  will  always  be  seen  in 
the  same  phase,  which  can  be  varied  by  swinging  the  stator  of 
the  motor,  or  by  changing  the  point  on  the  circumference  at 
wliich  the  light  gets  through.  This  arrangement  would  be 
used  for  photographing,  and  has  also  been  employed  with  a 

*  Pftper  presented  before  the  ^nstitutiou  of  Engineers  and  Shipbuilders  in 
Scotland.  March  18th,  1913.  * 


photometer  for  measuring  the  variations  of  light,  one  method 
having  two  discs,  of  which  one  gives  a  fixed  point  on  the  <  v(  le， 
to  be  used  as  a  standard.  1 1  t  he  driving  motor  be  an  induc- 
tion one  supplied  from  the  same  mains  or  a  continuous-current 
one  running  just  under  synchronous  speed,  the  cycle  will  be 
se2ii  being  performed  slowly  at  the  slip  frequency.  This  is 
the  best  way  for  demonstration  purposes,  and  the  experiment 
is  a  very  effective  one  with  an  alternating-current  arc.  The 
flame  can  be  watched  growing  and  contracting  with  the  cur- 
rent, and  the  change  of  polarity  of  the  carbons  is  easily  fol- 
lowed if  a  magnet  pole  be  placed  behind  the  arc.  Fig.  1  shows 
ths  arrangements  for  showing  this  experiment. 

Very  important  information  as  to  the  running  of  fast 
machinery  can  often  be  obtained  by  examining  it  when  ilhimi- 
nated  by  a  stroboscopic  beam,  whose  frequency  is  slightly  dif- 
ferent from  that  of  the  macliine.  A  suitable  beam  can  be 
obtained  in  the  manner  shown  in  Fig.  2.  Such  things  as  the 
way  in  which  the  rotating  parts  vibrate  from  want  of  balance, 
the  position  of  the  fault,  the  torsional  cscillations  of  running 
shafts,  the  meshing  of  toothed  gears,  the  action  of  cams,  the 
wliipping  of  shafts,  and,  in  fact,  any  kind  of  quick  vibration 
can  be  studied  in  this  way.  It  has  been  applied  to  the  photo- 
graphy of  the  water  streams  produced  by  screw  propellers,  to 
the  study  of  tlie  internal  conditions  in  an  engine  cylinder  at 
particular  parts  of  the  stroke,  to  the  measurement  of  the  rela- 
tive angular  displacement  of  two  discs  cn  a  calibrated  shaft  in 
the  flashlight  "  torsion  jneter,  to  the  elimination  of  cord 
errors  in  indicators,  to  the  measurenient  of  speed,  and  of  speed 
fluctuations,  and  to  many  other  purposes. 

Another  method  of  obtaining  intermittent  illumination 
which  is  sometimes  useful  is  to  employ  a  periodic  electric  spark. 
The  sparks  obtained  at  the  brushes  of  a  dynamo,  for  instance, 
when  sufficiently  bright  show  up  the  segments  and  lugs  as  if 
the  machine  were  at  rest. 

Measurement  of  Speed  by  Auxiliary  Motor. ― The  ordinary  speed 
indicators  and  revolution  counters  cannot  be  applied  beyond  a 
certain  speed,  and  in  other  cases  they  are  inadmissible,  as  in 
making  brake  tests  of  very  small  motors,  because  of  the  error 
caused  by  their  power  absorption.  In  such  a  case  the  counter 
or  indicator  can  be  driven  by  an  auxiliary  motor,  and  the 
stroboscopic  shutter  and  disc,  one  on  each  shaft,  used  to  show 
when  they  are  running  at  equal  speeds,  or  when  their  speeds 
have  a  known  ratio.  The  shutter  would  then  be  used  in  one 
of  the  ways  already  described,  and  the  ratio  of  the  speeds 
would  be  given  by  the  inverse  ratio  of  tlie  number  of  slits  and 
marks. 

Schillo  has  used  a  rather  different  method  when  testing  a 
turbine  running  up  to  20,000  revs,  per  minute.  The  shafts 
are  placed  in  line,  with  their  ends  close  together  :  the  end  of 
one  carries  a  stroboscopic  shutter  with  one  slit,  and  the  other 
a  disc  with  one  radial  mark.  The  arrangement  is  viewed  from 
a  sufficient  distance  to  enable  the  mark  to  be  seen  through  the 
slit  whenever  they  come  together,  at  whatever  part  of  the 
revolution  that  may  be.  When  the  shafts  rotate  at  equal 
speeds  in  opposite  ways  the  slit  and  mark  will  pass  one  another 
every  half  revolution  and  always  on  the  same  two  radii,  conse- 
quently two  marks  are  seen,  fixed  in  space  when  the  auxiliary 
motor  runs  at  the  the  exact  speed.  When  the  one  speed  is 
twice  the  other,  the  encounters  will  occur  every  two-thirds  of 
a  turn,  and  a  three-ray  star  will  be  seen,  and  so  on  for  other 
multiples,  which  can,  therefore,  be  recognised.  When  the  two 
shafts  revolve  in  the  same  wav  the  number  of  rays  visible  on 
the  star  is  one  less  instead  of  one  more  than  the  number  of 
times  one  sj>ee(l  contains  tlie  other. 

Tuning  Fork  for  Standard  Glimpse  Frequency  -If  tlie  glimp、e< 
be  obtained  by  means  of  a  vibrating  shutter  fixed  on  the 
prongs  of  a  large  tuning  fork  the  frequency  is  constant,  and 
gives  a  standard  with  which  the  speed  desire<l  can  be  com- 
pared. The  frequency  of  surh  a  fork  is  permanent,  and  can 
be  relied  u pon  to  a  very  high  degree  of  accuracy  :  its  temj>ora- 
ture  change  is  very  small.  Raylei^li  quotes  、卜 Le'"l  and  Clark, 
who  give  the  frequencv-teinperature  coefficient  of  a  tuning 
fork  as  —110  millioiiths  per  centigrade  degree  ；  hence  an 
accuracy  of  one  in  a  thousand  is  obtained  without  making  any 
allowance  for  ordinary  room  variations  of  temperature.  The 
frequency  diminishes  very  slightly  when  the  amplitude  is  very 

*  "  Theory  At  Sound."   Vol.  I.  page  60.   Loudon  :  MaeMillaii  A  Co.,  1894. 
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for  intermittent  illuiniiiaiion.  It  is  rlriven  hv  two  storage 
cells,  to  whicli  it  is  (，oiiiie('t''d  by  a  flexible  wire,  and  it  is 
started  by  gradually  turning  the  screw  until  the,  contacts 
touch,  aiul  stopped  by  screwing  in  t lif»  o|,|,'，、i 卜 \va v.  T\nt 
amplitUfle  is  arl just  erl  l)v  t  lie  sanu*  screw,  and  ran  r-asilv  I"' 
made  very  small  or  very  large.  The  interrupter  is,  as  h  rule, 
t  he  most  t  rouljIesoiiH*  part  in  t  In-  romnioii  |>;it  t^rns.  Mcn  urv 
contacts  are  generally  used  in  forks  for  vsiciil  work,  aiul 
have  the  advantage  that  they  (lamp  tlie  motion  less  tlian  solul 
contacts.  But  mercury  is  very  incon vciiieiit  for  general  work, 
as  it  restricts  the  use  of  the  fork.  Most  of  tho^  \v)ii<  li  have 
solid  contacts  have  a  springy  wire  attacliefl  to  one  prong  and  a 
contact  block  attachefl  somehow  to  the  frame.  This  arran^*- 
ment  is  reversed  in  the  author's  fork,  in  wliidi  tli''  nat  ural 
frequency  of  the  springy  contact  must  exceed  that  of  the  fork, 
or  it  will  not  run  properly.  Nothing  hut  platinum  will  do 
for  the  actual  contacts.  Difliculties  arise  from  soldered  joints 
on  the  spring  wire,  whicli  sliould  be  of  steel,  and  so  the  antlior 
puts  a  nick  in  tne  end  of  it,  tins  it,  lets  it  into  a  ImU*  in  U"， 
end  of  a  short  piece  of  thick  platin urn  wire,  riveta  it  there, 
and  heats  it  to  sweat  the  two  together.  This  arran^<*m<Mit 
has  been  found  to  stand  being  made  rerl  hot,  d ue  to  arci- 
dentally  making  the  contact  so  ti^ht  as  to  stop  the  fork,  wit  h 
out  damage. 

Kennelly  A  Wliiting  use  a  fork,  the  prongs  of  which  are 
loaded  by  sliding  weights.  These  can  be  adjusted  whilo  t  ho 
fork  is  running,  and  a  scale  is  provided  on  which  the  exact 
frequency  can  be  read.  The  change  of  frequency  which  can 
be  produced  in  this  way  is  not  very  great,  but  it  is  sufficient 
to  bridge  the  gap  from  one  synchronous  speed  to  another,  and 
so  makes  the  speed  range  continuous. 

The  edge  of  the  prong  may  be  used  as  a  shutter,  but  it  is 
better  to  attach  alujninium  wings  to  the  prongs,  which  open 
and  close  the  path  of  the  light  as  they  vibrate.  The  fork 
must,  of  course,  be  standardised  with  these  wings  in  place. 
Two  methods  can  be  distinguished,  "edge"  vision  aiul  ''  slit  ，， 
vision.  In  the  former,  the  path  is  normally  closed,  but  is 
opened  when  the  displacement  is  great  enough  in  one  direc- 
tion. For  the  latter  method,  slits  in  the  two  wings  are  cxactlv 
opposite  to  one  another  when  the  prongs  are  at  rest,  but  are 
closed  when  the  displacement  of  each  prong  is  half  the  wulth 
of  the  slit.  Edge  vision  is  obtained  with  the  slits  when  the 
amplitude  is  too  small  to  close  them,  aiul  may  also  be  got  if 
they  are  not  put  opposite  to  one  another.  Edge  vision  gives 
an  opening  at  each  extreme  of  positive  displacement,  while  slit 
vision  gives  one  each  time  the  prongs  pass  their  equilibrium 
position.  Consequently,  the  glimpse  frequency  with  edge 
vision  is  the  same  as  that  of  the  fork,  but  with  slit  vision  it  is 

twice  as  mucb.  It  is  con- 
venient to  arrange  the 
wings  with  an  opening 
for  each  method,  so  that 
two  frequencies  are  avail- 
able, as  is  shown  in  Fig.  3. 
Care  should  he  taken  that 
the  slits  for  slit  vision  are 
accurately  placed,  other- 
wise the  interval  bebweea 
the  odd  and  even  glimpses 
will  not  be  the  same  as 
that  between  the  even  and 
odd  ones,  aud  the  result 
will  be  a  distortion  of  some 
of  the  patterns. 

With  edge  vision,  cut- 
oS  takes  place  while  the 
prongs  are  moving  slowly 
near  the  extremes  of 
their  swing.  With  slit 
vision  it  is  sharper,  for  it  occurs  ne;ir  the  middle  of  the  swini: 
where  the  velocity  is  greatest.  In  tlie  displ:i""m、nt  curves  of 
Fii^s.  4  and  5  tlie  black  are  is  are  a  measiiro  of  the  light  trans- 
mitted at  ea<*li  opening.  It  will  l)c  seen  that  with  tlie  ampli- 
tude equal  to  the  overlap  or  slit  width,  respectively  (tlu*st» 
heing  equal  to  one  another),  botli  methods  give  tlie  same 
maximum  opening  and  fractional  duration  of  glimpse.  The 
edge  method  passes  more  light  j>er  fork  cvrle,  but  as  this  extr;i 
light  causes  more  blurring  it  is  of  little  value.    With  edge 


I'，i".  5.— Slit  Vision  with  Timn<;  Fouk. 


"'reat，  but  with  moderate  amplitudes  tho  change  is  luiporrep- 
tible.  It  is  quite  possible  to  always  work  with  t  he  same  ampli- 
turle,  an  easily  recognised  one  being  that  which  makes  tli" 
apparent  thickness  of  tho  tip  of  t  lie  \)ron^  twice  its  acl  u;il 
thickness. 

This  method  is  specially  suitnlilc  i'av  roco^nisin^  ('("'Uin 
fixed  speeds  ；  the  sli^litost  deviation  from  1  liosi'  speeds  ran  In- 
detected  by  the  motion  of  the  strohnwopic  paltorn.       It  is 


Fig.  3.— Details  of  Koukutson  Tuning  Fouk  i'or  Speed  Mkasuhkments. 

thus  most  useful  for  constant-speed  work  and  for  tests  by  the 
running-down  method,  for  whirli  it  is  not  only  more  accurate, 
but  also  more  easily  applied  than  the  ordinary  methods.  One 
industrial  use  to  which  the  author  believes  it  could  be  applied 
with  a  very  great  money  saving  is  in  the  adjustment  of  elcotric 
meters  in  the  factory  or  station  test  room.  Instead  of  having 
to  spend  30  seconds  or  more  in  taking  the  speed  with  a  stop- 
watch after  each  alteration  in  the  adjustments,  a  glance  would 
suffice  to  show  whether  the  speed  was  fast  or  slow  and  whether 
it  lay  within  the  permissible  limits.  All  that  would  be  nece.s- 
sarv  would  be  to  have  a  suitable  pattern  on  the  brake  fli^c  oi 
the  meter,  say,  98，  100,  and  102  tcothed  rings,  of  which  one  is 
steady  at  the  correct  speed,  another  at  the  maxinnini,  aiul  t he 
third  at  the  minimum  permissible  speeds.  The  same  pattern 
would  also  do  for  tests  at  .1,  { ,  and  other  loads.  A  standarrl 
pattern  would  be  suitable  for  all  meters  of  similar  speeds,  even 
although  their  correct  speeds  are  not  identical.  Instead  of 
testing  them  at  exactly  full  load,  the  load  would  be  set  to  that 
which  ought  to  give  the  standard  speed.  So  far  as  t \\v 
author  knows,  this  method  has  not  been  put  into  use  in  any 
factory. 

The  stroboscopies  method  of  measuring  speed  has  been 
known  for  a  very  long  time  in  ]>hysics,  beiup  there  genera  llv 
used  for  tlie  doterniination  of  the  frequency.  It  has  Ueen 
strongly  advocated  for  a  "umber  of  years  by  Dr.  C.  V.  Drvs- 
dale.  The  author  has  himself  ein])loved  it  in  every-day  use 
for  over  10  years.  Drysdale  lias  designed  a  fork  for  the  pur- 
pose, and  the  author  has  also  produced  one  which  avui'ls  cer- 
tain disadvantages  connnon  to  those  usually  found  in  a  physi- 
cal laboratory.  Fig.  3  shows  the  author's  fork,  wliit-h  has  a 
frequency  of  83*33  per  second.  It  can  either  be  held  in  the 
hand,  without  the  base,  for  direct  vision,  or  stand  on  a  table 
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vision  the  amount  of  light  passing  increases,  and  the  sharp- 
in -ss  dimiiii^luvs  as  the:  amplitude  is  made  greater.  Willi  slil 
vision  the  reverse  is  true.  If  a  very  sharp  cut-off,  combined 
with  a  large  ilhimination  or  small  amplitude  be  required,  it 
rail  he  obtained  by  making  each  wing  with  a  grid  on  the  prin- 
ciple of  the  multiple-ported  slide  valve,  as  shown  in  Fig.  6. 
All  the  slits  must  open  and  close  together,  and  the  source  of 
light  must  be  big  enough  for  its  image  to  cover  all  the  open- 
ings at  onoe.  The  eye  would  hardly  be  able  to  use  more  than 
one  slit  at  a  time,  and  so  the  device  would  be  of  little  use 
for  direct  vision.  By  using  more  elaborate  optical  arrange- 
ments it  is  possible  to  attain  the  same  end  with  a  single  slit. 

The  best  frequency  of  the  fork  depends  on  the  speed  to  be 
measured.    The  higher  the  frequency,  the  greater  is  the  num- 


Grids  for  LAuai:  On^xixcj  with  Smai.i,  Amplitude. 


ber  of  recognisable  speeds  between  any  two  given  ones,  because 
of  the  greater  number  of  marks  required  on  the  stroboscopic 
pattern.  Thus,  if  one  fork  requires  10  rays  and  another  5 
for  the  same  speed,  there  might  also  be  rings  with  9  and  11，  a 
difrerence  of  10  per  cent,  on  the  former,  whereas  the  next 
numbers  for  tho  latter  are'  4  and  6，  a  difference  of  20  per  cent. 
On  the  other  hand,  as  will  be  seen  from  the  equations  given 
later,  the'  apparent  motion  of  the  rays  with  a  given  difference 
between  the  synchronous  and  actual  speeds  is  proportional  to 
the  fork  frequency  ；  consequently,  the  higher  the  frequency  of 
the  fork,  the  snmlle'i'  the  range  of  speed  over  which  tHe'  pattern 
can  be  timed  and  detected,  and'  the  more  difficult  it  becomes 
to  find  it  when  adjusting  the  speed.  Where  the  marks  have 
to  be  specially  made  for  each  experiment,  a  high  fork  frequency 
has  the  further  disadvantage  that  it  requires  a  larger  number 
to  be  set  out.  Another  point  is  that  forks  of  high  frequency 
are  of  necessity  short  and  can  only  have  small  amplitudes, 
requiring  narrow  slits  and  so  passing  little  light.  This  is, 
however,  to  some  extent  balanced  by  the  greater  frequency  of 
the  glimpses.  Dry sd ale  uses  a  fork  giving  50  cycles  per 
second.  The  one  used  for  many  years  in  tho  author's  labora- 
tory at  the  Merchant  Venturers'  Technical  College,  Bristol,  is 
the  largest  of  a  set  obtained  for  showing  Li&sajou's  figures, 
and  has  a  frequency  of  128  per  second  with  the  attaclnnents 
required  for  that  purpose.  As  now  used  for  speed  woi*k  wit  li 
the  weights  removed  and  the  wings  added,  its  frequency  is 
140*4  per  second,  giving  glimpse  frequencies  of  8,424  and 
16,848  per  minute.  It&  prongs  are  174  i»nn.  long,  14  wide, 
and  5h  thick,  and  it  easily  gives  double  amplitude  of  5i  linn., 
which  is  the  one  generally  employed.  For  the  experiments 
referred  to  below  the  slit  was  about  2"2  mm.  wide. 

The  author's  new  fork  gives  5,000  and  10,000  glimpses  per 
minute.  Probably  6,000  and  12,000  would  l>e  a  very  con- 
venient, standard,  as  it  would  give  a  nmiiber  of  synclironoiis 
speeds  at  exact  hundreds  per  minute.  For  very  high-sj"';'  i 
work,  say  above  2,000  revs,  per  minute,  a  higher  fork  fre- 
quency might  be  desirable  in  order  to  have  more  speeds  avail- 
able, and  for  such  low  speeds  as  occur  in  elci'tric  meters  a  lower 
frequency  is  to  be  preferred. 

Instead  of  (  onlrollin^  the  flow  uf  ligl"  directly  by  the  tun- 
ing fork,  the  latter  may  be  】na(le  to  control  a  small  phonic 
wheel  motor  to  which  a  revolving  shutter  is  attached.  In  t liis 
way  a  large  amount  of  light  can  be  passed  with  a  short 
glimpse,  and  the  glimpse  frequency  can  be  made  any  desir- 
able simple  multiple  or  sub-multiple  of  that  of  the  fork,  by  a 
suitable  choice  of  the  number  of  projections  on  tlie  motor 
wheel  and  of  slits  in  the  shutter.  But  tlie  chief  advantage  of 
this  arrangement  is  that  it  enables  a  continuous  scale  to  be 
obtained  by  driving  the  sliuUer  through  a  cone  friction  gear, 
by  which  its  speed  may  be  varied  sufficiently  to  bring  the 
glimpse    frequency  into  synchronism  with  the  stroboscopic 


pattern  on  the  shaft  whose  speed  is  required.  This  device 
has  been  proposed  by  Drysdale,  but  there  is  some  difliculty 
with  the  motor  drive.  The  arm  carrying  the  pivot  bearings 
for  the  shutter  disc  can  b©  moved  along  by  a  screw  so  as  to 
alter  the  position  of  contact  on  the  cone  until  the  desired  spee<J 
is  obtained.  The  speed  ratio  is  proportional  to  the  distance  of 
the  point  of  contact  from  the  vertex  of  the  cone,  and  is  marked 
once  for  all  on  the  scale,  which  is  thus  a  uniform  one.  The 
points  of  equal  ratio,  or  other  simple  values  can  be  easily 
checked  by  observing  through  the  shutter  a  suitable  pattern 
rotating  with  the  con-e  {e.g.,  the  teeth  of  the  motor).  If  the 
number  of  marks  be  the  same  as  that  of  slits,  the  pattern  will 
be  steady  when  the  speeds  are  alike  or  bear  a  simple  ratio  to 
one  another.  Dr.  Drysdale  states  that  this  arrangement  of 
disc  and  cone  never  gives  any  trouble  from  slipping  if  the 
adjustment  is  right. 

Actions  Near  Primary  Speed.  For  the  measurement  of  speed 
it  is  necessary,  as  a  rule,  to  observe  a  row  of  similar  and  equally 
spaced  spots  or  marks  placed  around  a  rotating  disc  or  pulley. 
Let  the  speed  be  such  that  (luring  the  interval  between  suc- 
cessive glimpses  the  marks  move  one  place  forward  (see  Fig.  7). 
Each  spot  will  then  be  in  the  position  which  was  occupied  at 
the  previous  glimpse  by  the  one  ahead,  but,  owing  to  the  per- 
sistence of  the  impression  on  the  eye  and  to  the  fact  that  all 
the  marks  are  alike,  it  will  seem  as  if  no  motion  had  taken 
place.  The  result  is  that  the  whole  set  can  be  seen,  although 
they  are  actually  in  rapid  motion,  and  they  appear  to  be 
stationary-  This  may  be  termed  the  primary  speed  to  dis- 
tinguish it  from  the  other  synchronous  speeds  to  be  referred  to 
below.     The  motion  of  ths  spots  during  the  time  they  are 
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Spot  frequency  just  under  glimpee  frccju^nt  v 
Yio.  7.— Actions  near  I'mM—utv  Spekd.   iOnk  M.vuk  is  Noti  ukd  to 
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actually  visible  causes  a  certain  amount  of  drawing  out  and 
loss  of  distinctness  of  the  images,  but  this  can  be  reduced  as 
much  as  <lcsired,  at  the  expense  of  brightness,  however,  by 
making  the  duration  of  each  glimpse  a  suflkientlv  small  frac- 
tion of  the  time  between  them. 

Should  the  speed  be  a  little  above  synchronism,  the  spots 


May  9，  1913] 


THE    MECHANICAL  KNOINKHR. 


515 


will  reach  a  little  further  than  the  next  place  by  the  second 
glimpse,  but,  owing  to  the  same  cause  whk-li  I'oi'im'riv 
them  appear  to  be  stationary,  the  (、v"  will  ^et  the  iniprcssioii 
that  each  has  only  moved  a  distanrc  oqtial  lo  the  excess  of 
their  motion  over  their  distance  apart.    The  result  is  I  hal  t  he 
whole  set  can  be  seen  moving  slowly  forward  with  a  velocity 
e(|iial  to  the  excess  of  their  sj>eed  above  synclironism.     1 1'  the 
speed  be  a  trifle  low,  there  will  hv  a  small  fleficitMicv  ('t'  <lis 
placeinent  each  glimpse  pcriofl,  and  t he  spots  are  seen  1()  In* 
moving  slowly  backwards  with  a  speed  equal  to  the  de tVct  I  rnm 
synchronism.    It  is  easily  seen  from  Fig.  7  that  in  eit  her  case 
the  apparent  velocity  is  obtained  by  sul)traciing  tli('  sy 1 1 - 
chronous  speed  from  the  a<*t ual'  one. 
Let  fi;  =  frequency  of  the  glimpses. 

fs  =  apparent  frequency  with  which  spots  pass  a  fixed 
point,  taken  as  negative  when  they  go  back- 
wards. 
N  =  speed  of  shaft. 
Ny  =  synchronous  (lit'h,  =  f,.  +  n. 

n   =nuinber  of  e(jni-distant  yimilar  marks  round  the 
circuiiitVreiu'e. 


Then,  fs«Nn 
And,  N=^+ls 


=  n(N-N0)  =  ^o  fc 
:N0  +  fB/n    •    •    •  • 


(1) 


(2) 


beneath  it,  aud  are  then  led  through  a  roiwluit  C  to  the 
reversing  valve  D.  The  undue  cooling  of  the  waste  gases  in 
the  recuperator  can  l>e  prevcnl'"l  f>v  making  it  con 屮; ir;"i、''lv 
sliort,  wliilst  l»v  anan^in^  il  in  trout  of  tin-  n'vcrsi valves 
the  burning  of  these  valvee  can  be  prevented.  By  means  of 
the  reversing  valve  D  the  waste  gases  are  caused  to  pass 
through  one  or  other  of  the  passages  E  into  one  or  other  of 
the  regenerative  chambers  Y.  The  waste  gases  enter  these 
(•hampers  at  the  top,  pass  through  them,  roach  i\\c  . ml 
reversing  valve  H  through  passages  G  arranged  at  tlu»  l,。i，'，m 
of  eacli  chaniber  and  finally  arrive  at  the  cliimiiev.  The  cold 
gas,  usually  blastfurnace  gas,  enters  through  a  "pi|>v  ,J，  ：ui'l 
then  flows  through  the  passage  G  to  one  or  other  of  the 
regenerative  chambers  F,  according  to  the  position  of  Hie 
reversing  valve  H.  After  passing  through  Uiis  diamU'r  Hi" 
gas  passes  to  the  reversing  valve  D，  and  thence  through  tli*; 
passage  K  to  a  passage  communicating  with  tlie  gas  ports 
L.  The  fresh  air  enters  the  recuperator  through  the  passage 
M  cominunioriting  through  a  conduit  not  shown,  with  itir 
arclied  spaces  P  Q  beneath  the  level  of  the  hearth.  P"、.、m? 
beneath  the  hearth  the  air,  which  has  thus  been  lieat^d, 
reaches  the  air  ports  N  through  apertures  not  shown,  m  tl"' 
wall  R. 


Equation  (1)  shows  that  the  slip  is  the  s;mi(、  for  the  s;im" 
proportional  error  in  the  speed,  whether  high  speeds  and  few 
spots,  or  low  speeds  and  many  spots,  are  being  cloalt  with,  and 
that  it  is  proportional  to  the  glimpse  frequem  y. 

{lo  be  continued  ~) 


OPEN-HEARTH  FURNACE  FOR  USE  WITH  BLASTFURNACE 

GAS. 

The  accompanying  illustrations  show  a  design  of  open-liearth 
furnace  adapted  for  use  with  blastfurnace  ()r  similar  low-^raf It- 
gas,  the  invention  of  Messrs.  Poetter,  G.ni.b.H.,  56，  Gra f  Adolf 
Strasse,  Diisseldorf.  In  a  furnace  of  this  kind,  adapted  i、 
the  heating  of  ingots,  it  is 
desirable  that  there  should  be 
j)ro(lui-ed  a  horizontal  flame 
constant-  in  direction,  and  of  a 
length  ajiproxiniately  corre- 
sponding to  that  of  the  fur- 
nace hearth.  The  regenerative 
a rnin^niients  heretofore  pro- 
})osofl  for  use  in  open-liearth 
furnaces  have,  however,  been 
suoli  that  the  flame  lias  been 
{irtxlured  alteniately  at  one  or 
a t  the  oilier  end  of  the  furnace 
instead  of  being  constant  in 
direction.  In  the  furnace  illus- 
trated the  waste  gases  or  com- 
bnstion  products  are  passed 
successively  or  in  series 
thruugh  a  recuperator  (that  is 
to  say,  a  heat-exchanging  de- 
vice not  provifhul  with  a  re- 
versing valve)  and  through  one 
or  other  of  the  chambers  of  ('i 
regenerator  (that  is  to  s;iy,  a 
hoat-exfhanging  rlcvicc  pro- 
vided with  a  reversing  valve), 
whilst,  the  fuol  "'as  and  the 
conibustion  air  arc  passod  in 
parallel  Uirouuh  these  heat- 
exchanging  flcvicos,  the  r(vii- 
]ioralor  being  preferably  <、ii 卜 
ployed  for  lieating  the  air  aiul 
the  regenerator  for  heating  the 
fuel  gas. 

Referring  to  the  illustrations,  Fig.  1  is  a  plan  n(  tl 
nac?，  Fig.  2  is  a  section  on  the  lino  S  of  Fig.  1，  Ki-  3  is  a 
section  on  the  line  T  of  Fig.  1，  anrl  Fig.  4  is  a  sr,'ti。"  .>n  the 
liye  U  of  Fig.  1.  The  wast«  gases  from  the  working  spacr  A 
of  the  furnace  pass,  as  usual,  into  the  recuperator  B  arranged 


Iron  and  Steel  Institute.  - Tli.  ； uimu;,!  ,  '  L  I 
tute  was  held  at  the  Institution  of  Mechanical  Engim'" 卜， 
Westminster,  on  Monday  and  Tuesday  of  last  week,  M  i 
Arthur  Cooper  presiding.  The  report  of  tlie  Council  set 
forth  that  during  the  year  108  new  members  were  elected,  and 
the  total  membership  of  the  Institute  on  December  31st  last 
was  2,119.  The  accounts  showed  that  the  total  receipts  for 
the  year  amounted  to  £6,483,  and  the  expenditure  to 丄5，793， 
tlie  excess  of  income  over  expenditure  being  £690.  On  the 
motion  of  the  Chairman,  seconded  by  Sir  Robert  Hadfield, 
the  report  and  accounts  wore  adopted.  The  Bessemer  gold 
medal  was  presented  to  Mr.  Adolphe  Greiner,  general  dincioi 
c'f  the  Sccietie  Cockerill,  Seraing,  a  vice-president  of  tho 
Institution,  in  recognition  of  his  services  to  scientific  m'-tal 
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practice  of  g;us  engines.  A  number  of  inte- 
resting j>ai>ers  were  read  and  disrus^eJ. 
several  of  which  are  reproduced  on  other 
pages  of  this  i^-sue.  The  remaining  on，'、  、、'' 
intend  reproducing  in  full  or  in  abstract  in 
suljsequont  issuer.  On  tlu*  Moiulav  evening 
the  annual  dinner  of  the  Institute  \v;ii>  held 
at  tlie  Hotel  Cecil. 

Birmingham  Institute  of  Metals. ― At  a  meet- 
ing of  the  Rinniii^li  a  in  Section  of  the  Institute 
of  Metals,  Dr.  A.  (:.  C.  Gwyer  rt'Jid  a  paper 
on  "  The  Conduction  of  Electricity  in  Metals," 
in  the  course  of  which  he  said  that  the  electrical 
conductivity  of  pure  metals  was  always  very  much  higher 
than  that  of  mixed  metals  or  alloys.  The  conductivity  of  the 
former,  however,  varied,  for  when  teniperature  rose  conduc- 
tivity fell  or  its  resistance  increased.  It  was  probable  that  at 
low  temperature  pure  metals  would  become  perfect  con- 
ductors.   That  was  not  true  of  alloys. 


Fig.  3. 

•il  i、i:  with  Blastfurnace  Gas 
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SURFACE  COMBUSTION.* 

BY  PHOF.  WILLIAM  A.  BONE,  D.SC,  PH.D.,  F.R.S. 

The  Scientific    Aspects    of  Surface    Combustion.  ―  It   is  to  the 

genius  of  Sir  Humphrey  Davy  that  we  owe  (in  1817)  t li^ 
original  discovery  of  the  influence  of  hot  metallic  surfaces  in 
promoting  combustion.  In  his  classical  experiments  upen 
the  i"iii"on  of  gases,  he  had  found ― what  is  now  a  matter  of 
common  knowledge ― that  the  corustit  u^i;ls  of  a  combustible 
mixture  will  combine,  slowly,  below  the  actual  ignition  tem- 
perature. This  led  him  to  enquire  whether,  seeing  1  h;it  t  lie 
temperatures  of  flames  exceed  those  at  which  solids  become 
i ii candescent,  a  metallic  wire  can  be  maintained  at  incan- 
descence by  tlie  slow  combination  of  two  gases,  without  actual 
flame.  He  therefore  tried  the  effect  of  introducing  a  warm 
platinum  wire  into  a  jar  containing  a  mixture  of  coal-gas  and 
air,  rendered  non-explosive  by  an  excess  of  the  oonibustible 
constituents  ；  the  wire  immediately  became  red  hot,  and 
remained  so  until  nearly  the  whole  of  the  oxygen  had  di&- 
appeared.  In  subsequent  experiments,  Davy  proved  that, 
hydrogen  is  far  more'  susceptible  to  such  surface  combustion 
than  either  ethylene  or  carbon-monoxide  ;  also,  that  the  power 
of  inducing  the  phenomenon  is  by  no  means  confined  to  metals 
of  the  platinum  group ― which,  however,  exhibit  it  in  an 
eminent  degree. 

In  1823  the  subject  was  investigated  systematically  by 
Dulong  and  Thenard,  and  independently  also  by  Dbbereiner, 
who  proved  that  all  solids,  when  sufficiently  heated,  possess  the 
power  of  accelerating  the  slow  combustion  of  gas&s  below  th&ii* 
ignition  points,  in  varying  degrees  according  to  their  cheniical 
character  and  fineness  of  division.  It  v/as  found  that  platinum 
sponge  will   bring   about  the  combination  of  hydrogen  and 


Fig.  1.  Fig.  2. 

oxygen  (detonating  gas)  at  the  ordinary  temperature  ；  finely 
divided  silver  and  gold  become  active  at  150°  C.  and  250°  C. 
respectively,  whilst  fragments  of  non-metallic  substances  such 
as  charcoal,  pumioe,  porcelain,  or  glass  exhibit  incipient  acti- 
vity at  about  350。  C. 十  It  was  further  observed  that  the 
activity  of  platinum  diminishes  on  exposure  to  the  atmo- 
sphere, more  quickly  in  moist  than  in  dry  air,  and  is,  more- 
over, completely  destroyed  by  exposure  to  ammonia  :  it  may 
be  restored,  however,  by  ignition  and  subsequent  cooling  out 
of  contact  with  air. 

In  1825,  William  Henry  observed  that  when  a  platinum 
ball  is  immersed  in  a  mixture  of  equal  volumes  of  detonating 
gas  (2  H2  +  02)  and  ethylene,  the  hydrogen  alone  was  burnt  ； 
this  important  observation  was  confirmed  by  Graham  in 
1829.  Various  explanations  of  the  phenomenon  were  put  for- 
ward by  these  early  investigators.  Davy  himself  suggested 
an  electro-chemical  one:  il  Supposing,"  he  wrote,  i(  oxygen 
and  hydrogen  to  be  in  the  relation  of  negative  and  positive, 
it  is  necessary  to  effect  their  combination  tliat  their  electrici- 
ties should  be'  brought  into  equilibrium  or  discharged.  Tins 
is  done  by  the  el&ctrical  spark  or  flame,  which  offers  a  conduct- 
ing medium  for  this  purpose,  or  by  raising  them  to  a  iem- 
perature  in  which  they  become  themselves  conductors.  Now 

*  Abstract  of  lecture  delivered  before  the  North-east  Coast  Institution  of 
Engineers  and  Shipbuilders.  February  21st,  1913- 

•f  The  toniperiituros  given  in  the  iubroductory  portion  of  the  lecture  are  in 
degrees  Centigrade. 


platinum,  palladium,  and  iridium  are  bodies  very  elightlv 
positive  with  respect  to  oxygen.  .  .  .  They  offer  to  the 
ga^s  the  conductiTig  medium  nacessary  for  carrying  off  and 
l)rin^ing  into  equilibrium  their  electricities  without  anv  inter- 
vening energy,  and  accumulate  the  heat  produced  by  this 
equilibrium." 

Dobereiner,  who  discovered  that  freshly-prepared  plati- 
JMini  black  absorbs  oxygen  from  the  air,  and  that  in  this 
" oxygenated  "  condition  it  will  cause  steam  to  be  fcrmed 
wlien  plunged  into  a  jar  of  liydrogen,  contended  that  the 
metal  merely  acts  as  a  carrier  of  oxygen.  On  the  other  liand, 
Fusinieri  (1825)  maintained  tliat  it  is  the  combustible  gas 
(hydrogen)  only  which  is  affected  by  the  surface,  being  con- 
densed and  rendered  extraordinarily  active  by  association 
with  the  surface. 

The  matter  formed  the  subject  of  a  celebrated  controversy 
between  Faraday  and  De  la  Rive  in  1834-35.  De  la  Rive 
strongly  upheld  the  view  that  surface  combustion  essentially 
consists  of  a  series  of  rapidly  alternating  oxidations  and  reduc- 
tions of  the  catalysing  material.  Faraday,  whilst  not  denying 
tltat  finely-divided  platinum  absorbs  oxygen,  argued  with 
great  force  that  true  surface  combustion  involves  an  action 
quite  distinct  from  that  of  an  oxidised  wire  or  foil  upon  a 
combustible  gas.  The  function  of  the  solid  is,  he  contended, 
to  condense  both  the  oxygen  and  the  combustible  gas  at  the 
surface,  thus  producing  a  condition  in  the  surface  layer  corn- 
parable  with  that  of  high  pressure. 

It  is  important  to  observe  here  that,  with  the  exception  of 
Davy's  original  experiment  on  the  glowing  of  a  platinum  wire 
in  a  non-explosive  mixture  of  coal-gas  and  air,  none  of  these 
early  investigators  appear  to  have  experimented  with  incan- 
descent surfaces,  nor ― with  the  exception  of  the  celebrated 
Dobereiner  lamp ~ was  there  any  technical  outcome  of  their 
efforts.  In  1836  interest  in  the  subject  waned,  and  was  not 
revived  for  upwards  of  50  years. 

A  notable  demonstration  of  the  possibility  of  realising  a 
flameless  incandescent  surface  combustion  in  contact  with 
metals  other  than  those  of  the  platinum  group  was  given  bv 
Thomas  Fletcher  in  a  lecture  at  the  Manchester  Technical 
School  as  far  back  as  1887.  He  injected  a  mixture  of  gas  and 
air  on  to  a  large  ball  of  iron  wire ― flame  being  used  at  first  in 
order  to  heat  the  wire  to  the  temperature  necessary  to  induce 
a  continuous  surface  combustion  ；  on  extinguishing  the  flame, 
by  momentarily  stopping  the  gaseous  mixture,  the  combustion 
continued  without  any  flame,  but  with  an  enormous  incre  is1 
of  temperature.  Fletcher  recognised  that  "  This  invisible 
flame  less  combustion  is  only  possible  under  certain  conditions  : 
and  one  essential  point  is  that  the  combustible  mixture  shall 
come  into  absolute  contact  with  a  substance  at  a  high  tempera- 
ture. .  .  .，，  And  further  that  "  in  the  absence  of  a  solid 
substance  at  a  liigh  temperature,  it  is  impossible  to  cans?  com- 
bustion without  flame,"  but,  so  far  as  I  am  aware,  he  did  not 
follow  up  the  matter  beyond  this  point,  either  in  its  theoreti- 
cal aspects  or  practical  applications,  and  his  work  had  but 
little  influence  upon  cxnitsxriporary  opinion  or  practice.  This 
j>?rhaps  was  hardly  to  hB  wondered  at  in  an  age  dominated  bv 
the  genius  of  Frederick  Siemens,  whose  favourite  dictum  it  was 
that  hot  surfaces,  by  promoting  dissociation,  must  necessarily 
hinder  combustion  ；  a  doctrine  which,  I  venture  to  think, 
would  find  no  credence  amongst  chemists  today.  For  if  an 
i ".can descent  surface  accelerates  the  dissociation  of  steam,  it 
must,  according  to  a  principle  first  enunciated  by  Ostwald,  cf 
nsc&ssity  accelerate  the  combination  of  hvdrogen  and  oxygen 
in  like  degree,  provided  the  catalyst  remains  itself  unaltered. 

It  is  now  generally  recognised  by  chemists  as  a  well-estab- 
lished principle  that  all  hot  surfaces  have  an  accelerating 
iiifluence  upon  chemical  changes  in  gaseous  svstenis  :  or,  in 
other  words,  that  if  at  any  temperature  a  gaseous  system  '  A " 
tends  to  pass  over  into  another  system  "  B/'  contact  with  a 
solid  at  the  same  t-emperature  will  accelerate  the  process.  To 
take  a  very  simple  example,  if  a  mixture  of  hvdrogen  and 
oxv^en  in  their  coinbinin^  proportions  (electrolytic  gas)  be 
nuiintained  in  ； in  nirlcsure  with  smooth  glass  walls  at  a  tem- 
perature of  (say)  450°  C.，  there  would  certainly  be  a  tendency 
to  form  steam,  hut  the  rat?  cf  change  would  be  negligibly 
small.  If,  however,  there  be  brought  into  the  system  6ome 
porous  solid  material  at  the  same  temperature,  so  that  a  large 
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surface  is  exposed  to  the  gases,  the  rate  of  change  would  at 
one©  be  rapidly  accelerated  in  tlie  layer  of  ^as  immediately  in 
contact  with  the  hot  surface.  Steam,  t \w  product,  would 
diffuse  outwards  from  the  surface,  and  t  lie  supplies  of  liydro- 
gen  and  oxygen  at  tlie  surl'ace  would  be  renewed  by  (liil'usion 
inwards.  Thus  conibiistioii  would  pr("'t'e(l  li('"'rw'm'ously  at 
the  surface  until  ilie  iranstori!iali(jn  of  the  original  electro 
lytic  gas  into  steam  was  complete.  In  tlie  circumstances  just 
cited,  the  rate  of  combustion,  although  now  quite  measurable, 
would  probably  be  insufncient  to  cause  any  self-heating  of 
the  enclosure.  The  temperature  would  rt'maiii  at  450°  C, 
which  is  well  below  either  the  ignition  t-enii)eniture  of  t \\v 
c-onibustible  mixture  or  t  lie  point  ； it  which  a  solid  w (出 1(1  attniti 
even  incipient  incandescence. 

It  is  therefore  necessiuv  lo  (listiii^uisli  l)e(  ween  two  possible 
conditions  under  wliicli  gaseous  combustion  may  occur,  viz. : 
(1)  llomogeneoiidy ― that  is  to  say,  equally  throughout  the 
system  as  a  whole,  at  temperatures  below  the  ignition  points 
slowly  and  without  flame,  and  at  temperatures  above  the  igni- 
tion point ― rapidly  and  willi  flame:  and  (2)  〃〃""〃'/〃'"〃.、'/,/， 
or  only  in  layers  immediately  in  contact  with  a  hot  or  incan 
dcM-eiit  surface  ("  surface  combustion  ").  It  is  also  necessary 
to  remember  that,  rrtrris  〃〃厂 〃〃/,、■，  the  heierogeneous  surface 
combustion  is  a  faster  process  than  the  normal  homogeneous 
combustion  of  ordinary  flames. 

My  own  investigations  upon  surface  combustion  began  in 
】9()2  with  a  systematic  atienipi  to  elucidate  the  factors  opera- 
tive in  the  slow  combination  of  hydrogen  and  of  carbon 
monoxide  in  contact  with  various  hot  surfaces  {e.g.,  porcelain, 
fire-clay,  magnesia,  platinum,  gold,  silver,  copper  and  nickel 
oxides,  &<'.)  at  temperatures  below  500。.  Into  the  details  of 
these  earlier  experiments,  which  preceded  and  led  up  to  the 
"u'lmical  developments  about  which  L  shall  speak  later,  I  do 
not  propose  to  enter  ;  it  will  be  sufficient  for  my  present  pur- 
pose if  I  say  that  it  was  proved  beyond  all  question  (1)  that 
the  power  of  accelerating  gaseous  combustion  is  possessed  by 
all  surfaces  at  temperatures  b&low  the  ignition  point  in  vary- 
ing degrees,  dependent  upon  their  chemical  characters  and 
plivsical  t&xture  ；  (2)  that  such  an  accelerated  surf  ace  coinbus- 
tion  is  dependent  upon  an  absorption  or  condensation  of  the 
combustible  gas  and,  possibly  also',  of  the  oxygen,  by  tlie'  sur- 
face, whereby  it  becomes  activated  (probably  ionised,  as  the 
physicists  would  call  it)  by  association  with  the  surface  ；  and 
(3)  that  the  surface  itself  becomes  electrically  charged  during 
the  process.  Finally,  certain  important  differences  between 
homogeneous  combustion  in  ordinary  flames  and  hetero- 
geneous combustion  in  contact  with  a  hot  surface  from  a 
chemical  point  of  view  were  established,  so  that  there  can  be 
no  longer  any  doubt  as  to  the  potency  and  reality  of  the 
pheivoiiienon. 

My  next  contention  is  that  if  hot  surfaces  possess  tlie 
power  of  accelerating  gaseous  combustion  at  temperatures 
below,  or  in  the  neiglibourhood  of,  tlie  ignition  point,  the 
same  power  must  also  be  】nanifested  in  even  a  greater  degree 
at'  higher  temperatures  and  especially  so  when  the  surface 
itself  becomes  incandescent.  Indeed,  tlier©  are  experimental 
grounds  for  the  belief  that  not  only  does  tlie  accelerating 
influence  of  the  surface  rapidly  increase  with  the  temperature, 
but  also  that  the  differences  between  the  catalysing  powers  of 
various  surfaces,  wliich  at 】ow  temperatures  are  often  con- 
siderable, diminish  with  ascending  tempera tures  until  at 
bright,  incandesoence  they  practically  disappear. 

Assuming,  for  the  moment,  the  validity  of  this  conclusion, 
it  may  be  profitable'  for  us  to  consider  how  far  it  is  possible 
to  accelerate  the  process  of  combustion  in  an  ordinary  flame. 
We  are  apt  to  think  of  ordinary  flame  combustion  as  an  in- 
stantaneous process,  wliereas  when  considered  in  terms  "  mole- 
cular time,"  it  is  a  very  slow  transaction.  Thus,  for  example, 
w!ien  electrolytic  gas  is  ignited  by  a  spark  near  the  closed  end 
of.  a  tube,  the  flame  is  initially  propagated  by  conduction 
with  a  uniform  slow  velocity  of  20  metres  per  seoond.  Dur- 
ing this  preliminary  period  of  inflammation,  the  total  dura- 
tion of  chemical  change  in  each  successive  layer  of  gas  is  some- 
thing like  the  order  of  one-fiftieth  part  "of  a  second,  an 
interval  at  least  one  hundred  million  times  as  long  as  the 
average  interval  between  successive  molecular  collisions  in 
electrolytic  gas  at  the  ordinary  temperature. 


After  the  flanie  has  travelled  a  short  <listain-^  along  the 
tube  it  is  rapidly  accelerated,  uihUm-  the  iiiflueii**'  ot'  co/nprt*^ 
sion  waves  reflected  from  t lu-  rlw  1  <mh!  of  tlie  tul>o,  until  " 
new  condition  known  as  detoiiation  is  set  uj>.  In  (Uft/j]i;itioit 
tlie  flajne  is  prop;igat('(l  through  t  he  mixture  by  adial>al  ir 
compression  at  an  enormously  ^r<*;it  and  cr>iist;int  vcl'  '  it  , , 
amounting  in  the  cas&  of  electrolytic  gas  at  atmospheric 
pressure  to  no  less  than  2,820  metres  per  second.  The  conibus 
t ion  now  proceeds  under  conditions  of  maxiiiiuni  intensity, 
both  as  regards  the  actual  duration  of  cliernical  change  and 
the  ternperat ures  produced  in  oa<-h  I;iv<:r  of  tlie  Imrnm'—'  "';。,''、. 
Some  years  ago,  in  conjunction  w  i  1 1 1  Dr.  lie  van  Lean,  I  fouinl 
that  the  duration  of  (•liernical  action  in  successive  layer 

of  electrolytic  ^as  in  whicli  detonation  has  been  deteririiii<*«l, 
does  not  exceed  one  five-iliousandt  li  or  possibly  one  U*n-t  Ihju- 
sandth  part  of  a  second,  i.e,，  an  interval  less  1  lian  ,  1 of  the 
corresponding  du ration  in  an  ordinacv  (laitu-  ( ittflatinnatioti ) 
with  the  same  mixture. 

Such  consideration  as  I  have  thus  briefly  explained  con- 
vinced me  some  years  ago  tliat  if  an  explosive  gaseous  mixture 
be  either  injecb&d  on  to  or  forced  Ui rough  the  interstices  of 
a  porous  refractory  incandescent  solid  under  certain  condi- 
tions, which  will  be  hereafter  explained,  a  greatly  accelerated 
conibustion  would  take  place  within  the  interstices  or  pores, 
or,  in  other  words,  within  the  boundary  layers  between  tho 


Fig.  3. 

gaseous  and  solid  phases  wherever  these  may  be  in  contact— 
and  the  heat  developed  by  this  intensified  combustion  would 
maintain  the  surface  in  a  state  of  incandescence  without  any 
development  o'f  flame,  thus  realising  the  conception  of  flame- 
less  incandescent  surface  combustion,  as  a  means  of  greatly 
increasing  tlie  general  efficiency  of  heating  oj>erations 
wherever  it  can  be  conveniently  applied. 

There  are  two  further  points  which  I  particularly  wish  to 
make  clear  to  you.  In  dealing1  with  gaseous  interactions  at 
high  temperatures  it  is  necessary  to  think  in  terms  ot,  what  T 
may  call  molecular  dimensions.  Our  ordinary  units  of  time, 
space,  and  mass  are  altogether  too  gross,  and  nuist  be  dis- 
carded if  we  would  wisli  to  form  a  true  mental  picture  o t  t  ho 
mecliaiiism  of  combustion  ；  when,  therefore,  I  speak  of  com- 
bustion as  occurring  "  within  the  interstices  or  pores  "  of  an 
incandescent  solid,  it  must  be  understood  tliat  I  mean  porosity 
in  a  molecular  sens«.  A  solid  may  appear  to  tlie  eye  to  be 
dense,  and  yet  be  highly  ]>ermeable  to  tlie  mole<uiles  of  a  : 
from  this  point  of  view  it  is  only  vitreous  surfaces,  sucli  as 
glass,  wliich  are  (relatively  speaking)  non-porous  to  gases, 
and  even  glass  when  it  becomes  devitrified  is  suflu-ient  ly  j>orous 
to  induce  a  slow  surface  foni bust  ion. 

In  the  se<x)nd  place  I  want  to  enipliasize  the  fact  that  the 
inoandesoent  solid  plays  a  specific  role  in  tit  is  surface  combus- 
tion ； it  is  no  mere  idle  looker-on  at  the  surging  crowd  of  re- 
acting molecules  which  swarm  around  it.  On  the  contrary',  it 
so  galvanises  and  incites  the  dormant  affinities  between  tlie 
combustible  gas  and  oxygen,  t  liat  t \w  stately  ininuet  ot'  ordi- 
nary combustion  gives  place  to  the  wild  intoxication  of  the 
Venusberg.  The  manner  in  which  the  surface  acts  is  still 
perhaps  a  matter  of  conjecture,  but  the  fact  that  it  so  acts 
can  no  longer  be  disputed.  In  a  discussion  wliich  took  place 
at  the  British  Association  in  1910，  Sir  J.  J.  Thomson  insisted 
that  combustion  is  concerned  uot  only  with  atoms  and  mole- 
cules, but.  also  with  electrons,         bodies  of  much  smaller 
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dimensions  and  moving  with  very  high  velocities,  and  sug- 
gested that  in  reference  to  the  influence  of  hot  surfaces  in 
promoting  combustion  it  was  not  improbable  tliat  the  emission 
of  charged  particles  from  the  surface  was  a  factor  of  primary 
niiportance.  It  is  known  that  kioandescent  surfaces  emit 
enormous  streams  of  electron®  travelling  with  high  velocities, 
and  the  actions  of  these  surfaces  in  promoting  combustion 
may  ultimately  be  found  to  depend  on  the  fact  that  they 
bring  about  the  formation  of  layers  of  electrified  gas  in  which 
chemical  change®  proceed  with  extraordinarily  】iigli  velocity. 

The  New  Processes  of  Incandescent  Surface  Combustion, ― 
Leaving  the  theoretical  aspects  of  the  subject, 】  will  now 
describe  some  of  the  more  important  features  of  two  pro- 
cesses of  incandescent  surface  combustion  recently  evolved  in 
Leeds  under  my  direction,  in  which  a  homogeneous  explosive 
mixture  of  gas  and  air,  in  the  proper  proportions  for  com- 
plete combustion  (or  with  air  in  slight  excess  thereof) ,  is 
caused  to  burn  without  flam©  in  contact  with  a  granular  incan- 
descent solid,  whereby  a  large  proportion  of  the  potential 
energy  of  the  gas  is  immediately  converted  into  radiant  form. 
The  advantages  olaimed  for  the  new  system  are :  (1)  The  com- 
bustion is  greatly  accelerated  by  the  incandescent  surface, 
and,  if  so  desired,  may  be  concentrated  just  where  the  heat  is 
required  ；  (2)  the  combustion  is  perfect  with  a  minimum  excess 
of  air  ；  (3)  the  attainment  of  very  high  temperatures  is  possible 
without  the  aid  of  elaborate  regenerative  devices  ；  and  (4) 


Fig.  4.  Fig.  5. 

owing  to  the  large  amount  of  radiant  energy  developed,  trans- 
mission of  heat  from  the  seat  of  combustion  to  the  object  to 
be  h'e'at'ed  is  very  rapid.  These  advantages  are  (as  I  believe) 
so  uniquely  combined  in  the  new  system  that  the  resultant 
heating  effect  is,  for  many  important  purposes,  not  o'nly  pre- 
eminently economical,  but  also  easy  of  control. 

Diaphrarm  Heating  and  Its  Applications. ― In  the  first  pro- 
cess the  liQiBogeneons  mixture  of  gas  and  air  is  allowed  to 
flow  under  slight  pressure  through  a  porous  diaphragm  of 
refractory  material  from  a  suitable  feeding  chamber  (see 
Fig.  1)，  and  is  caused  to  burn  without  flame  at  the  surface 
of  exit,  which  is  thereby  maintained  in  a  state  of  red-hot 
incandescence.  The  diaphragm  is  composed  of  granules  of 
firebrick,  bound  together  into  a  coherent  block  by  suitable 
mean's;  the  porosity  of  the  diaphragm  is  graded  to  suit  the 
particular  kind  ai  gas  for  which  it  is  to  be  used,  but  for  un- 
diluted coal-gas,  or  ooal-gas  containing  only  a  small  proportion 
of  water-gas,  a  diaphragm  so  porous  that  the  gaseous  mixture 
will  readily  flow  through  it  at  a  pressure  of  -^in  to  Jin.  water 
gauge  is  employed.  The  diaphragm  is  mounted  in  a  suitable 
casing,  the  space  enclosed  between  the  back  of  the  casing  and 
the  diaphragm  constituting  a  convenient  feeding-chamber 
for  the  gaseous  mixture  wliich  is  introduced  at  the  back. 
Such  a  mixture  may  be  obtained  in  either  of  two  ways, 
namely  (1)  by  means  of  suitable  connections  through  a  Y-piece 
with  separate  supplies  of  low-preissure  gas  and  air  (2in.  or  3in. 
W.G.  is  sufficient),  or  (2)  by  m^ans  of  an  "  injector  "  arrange- 
ment connected  with  a  supply  of  gas  at  a  pressure  of  21bs. 
per  square  inch  ；  the  gas  in  this  case  draws  in  its  own  air 
from  the  atmosphere  in  sufficient  quantity  for  complete  com- 
bustion, the  proportions  of  gas  and  air  being  easily  regulated 
by  a  simple  device. 


To  start  up  a  diaphragm,  gas  is  first  of  all  turned  on  and 
ignited  as  it  issues  at  the  surface  ；  air  is  then  gradually  added 
until  a  fully  aerated  mixture  is  obtained.  The  flame  soon 
becomes  noii-lurninous  and  diniinishes  in  size  ；  a  moment  later 
it  retreats  on  to  the  surface  of  the  diaphragm,  which  at  onoe 
assumes  a  bluish  appearance  ；  soon,  however,  the  granules  at 
tlie  surface  attain  an  incipient  red  heat,  producing  a  curious 
mottled  effect  ；  finally,  tbe  whole  of  the  surface  layer  of 
granules  becomes  red-hot,  and  an  accelerated  "  surface  com- 
bustion ，•  comes  into  play.  All  signs  of  flame  disappear,  and 
there  remains  an  intensely  glowing  surface- ^ a  veritable  wall 
of  fire,  but  without  flame ~ throwing  out  a  genial  radiant  heat 
which  can  be  steadily  maintained  for  as  long  as  required. 

The  manifold  advantages  of  such  a  radiant  diaphragm  as  a 
miethod  of  heating  may  be  summarised  as  follows :  Firstly, 
the  actual  combustion  is  confined  within  a  very  thin  layer 
(a  few  millimetres  only)  immediately  below  the  surface,  and 
no  heat  is  developed  in  any  other  part  of  the  apparatus  ； 
secondly,  the  combustion  of  the  gas,  although  confined  within 
such  narrow  limits,  is  perfect,  for  when  once  the  relative 
proportions  of  gas  and  air  have  been  properly  adjusted,  no 
trace  of  unburnt  gas  escapes  from  the  surface.  Thirdly,  the 
temperature  at  the  surface  of  the  diaphragm  can  be  instantly 
varied  at  will  by  altering  the  rate  of  feeding  of  the  gaseous 
mixture  ；  there  is  practically  no  lag  in  the  temperature 
response,  a  circumstance  of  gneat  importance  in  operations 
where  a  fine  regulation  of  heat  is  required.  The  temperature 
of  a  diaphragm  working  on  a  coal  gas  and  air  mixture,  at  a 
given  rate  of  feeding,  depends  on  whether  or  not  the  intense 
radiation  from  its  surface  is  impeded  ；  with  a  freely  radiating 
surface  the  temperature  of  a  properly-made  diaphragm  may 
be  maintained  at  anything  up  to  about  850。  C.，  according  to 
the  rate  of  supply  of  the  combustible  mixture.  Fourthly,  a 
plane  diaphragm  such  as  this  may  be  used  in  any  position, 
i.e "  at  any  desired  angle  between  tlie  horizontal  and  vertical 
plane's.  Fifthly,  the  diaphragm  method  is  amenable  to  a 
variety  of  combustible  gases ~ coal  or  coke  oven  gas  (either 
undiluted  or  admixed  with  water-gas),  natural  gas,  petrol-air 
gas,  carburetted  water-gas,  are  all  well  suited  in  cases  where 
unimpeded  radiation  is  required.  Finally,  the  incandescence 
in  no  way  depends  upon  the  external  atmosphere.  When 
onoe  the  diaphragm  has  become  incandescent,  and  the  pro 
portions  of  air  and  gas  supplied  in  the  mixing  chamber  at 
the  back  have  been  properly  adjusted,  the  surface  will  main- 
tain its  incandescence  unimpaired,  even  in  an  atmosphere  of 
carbon  dioxide.  Plane  diaphragms  of  all  sizes  up  to  4  9q.  ft. 
in  area  have  been  constructed  and  successfully  operated,  and 
their  durability  and  radiant  power  are  unimpaired,  even  after 
long  continued  use. 

Incandescent  Surface  Combustion  in  a  Bed  of  Refractory 
Granular  Material. ― The  second  process  is  applicable  to  all 
kinds  of  gaseous  or  vaporised  fuels  ；  it  consists  essentially  in 
injecting,  through  a  suitable  orifice  at  a  speed  greater  than 
the  velocity  of  back  firing,  an  explosive  mixture  of  gas  (or 
vapour)  and  air  in  their  combining  proportions  into  a  bed  of 
incandescent  granular  refractory  material  which  is  disposed 
around  or  in  proximity  to  the  body  to  be  heated.  I  can 
perhaps  best  describe  the  process  by  the  aid  of  two  diagrams 
showing  it's  applications  to  the  heating  of  crucible  and  muffle 
furnaces. 

Fig.  2  shows  the  process  as  applied  to  a  crucible  furnace. 
The  crucible  is  surrounded  by  a  l>ed.  of  refractory  incandescent- 
granular  material.  The  mixture  of  gas  and  air  is  injected 
at  a  high,  velocity  through  a  narrow  orifice  in  the  base  of  the 
furnace,  and  as  it  impinges  upon  the  incandescent  bed,  com- 
bustion is  instantaneously  completed  without  flame.  The 
seat  of  this  active  surface  combustion  is  in  the  lowest  part 
of  the  bed  ；  the  burnt  gases,  rising  through  the.  upper  layers, 
rapidly  impart  their  heat  to  the  bed,  maintaining  it  in  a  high 
degree  of  incandescence.  Fig.  3  shows  a  similar  arrange- 
ment for  the  heating  of  a  muffle  furnace  which  needs  no 
further  explanation. 

It  is  obvious  that  this  process  is  adaptable  to  many  other 
furnace  operations,  as,  for  example,  to  the  heating  of  retorts, 
annealing1  furnaces,  and  the  like.  Moreover,  it  is  uot  essen- 
tial that  tbe  bed  of  refractory  material  shall  be  disposed 
around  tbe  ves&el  or  chamber  to  be  heated  ；  it  mav  be  equally 
well  packed  into  tubes,  or  the  like,  traversing  the  substance 
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or  medium  to  be  heated.  This  latter  modification  is,  ； is  we 
shall  see  later,  important  in  rclaiion  to  the  melt  in^  of  m"Uls 
or  alloys  which  are  fusible  at.  t(M"p('ratur。s  below  about 
600。  C.  (say,  1,100°  Fall.),  and  also  in  relation  to  s"'"m 
raising  to  multitubular  boilers.  By  this  process  inut-li  liij^hn- 
temperatures  are  attainahlf  with  a  given  gas  than  by  the 
ordinary  methods  of  flame  combustion,  without  a  regenerative 
system ,  and  as  a  matter  of  fact  we  have  fouiul  that  with  any 
gas  of  high  calorific  intensity  (such  as  coal-gas,  water-gas,  or 
natural  gas)  the  upper  practicable  temperature  limit  is  deter- 
mined by  the  refractoriness  of  the  material  composing  the 
t'liamber  to  be  heated  (/ 丫，，  the  muffle  or  crucible)  rather 
than  by  the  possibilities  of  the  actual  combustion  itself. 
When  I  tell  you  that  in  a  crucible  fired  by  coal-gas  on  this 
system  w©  have  melted  Seger-cone  No.  39，  which,  acronlin^ 
to  the  latest  determination  of  your  Reiclisaustahlt,  melts  at 
1,880°  C.  (3,416°  Fa.h.)，  and  nho  t  liat  we  can  easily  melt 
platinum,  you  will  appreciate  tl"'  possibilities  of  the  method 
in  regard  to  high  temperatures  with  gas-fired  furnaces. 

Indeed,  at  one  stage  of  the  investigation,  we  had  consider- 
able difficulty  in  obtaining  materials  for  the  construction  of 
muffles  and  crucibles  which  would  st and  the  high  t<Mii|)tera.- 
ture's  obtainable  with  coal-gas,  but  we  have  now  succeeded  in 
constructing  muffles  which  will  withstand  temperatures  up  to 
1,400°  or  1,500°  C.  (say,  2,550°  to  2,730°  Fah)  It  will  also 
be  obvious  that  the  bed  of  incaiidi^scent  granular  material 
must  be  composed  of  a  substance  which  will  not  at  the 
working  temperature  exercise  a  fluxing  action  upon  the  walls 
of  the  crucible  or  muffle,  or  walls  of  the  furnace. 

As  I  have  already  stated,  the  method  is  applicable  to  all 
kiiuls  of  gaseous  and  vaporous  fuels,  but  naturally  the  maxi- 
mum temperature  obtainable  in  any  given  casta  will  depend 
upon  the  volume  and  heat  capacity  of  the  products  for  a 
given  heat  development  in  the  bed.  Thus,  whilst  with  coal- 
gas,  water-gas,  or  natural  gas,  it  is  possible  to  attain  tem- 
peratures of  up  to  at  least  2,000°  C.  (or,  say,  3,630°  Fah.), 
with  a  producer  gas  of  low  calorific  intensity,  such  as  Mond 
gas,  about  1，500。  C.  (say,  2,730。  Fah.)  would  probably  bs 
the  maximum  temperature  obtainable  without  regeneration. 
With  some  degree  of  heat  recuperation,  which  in  most,  if  not 
all,  cases  is  quite  practicable,  still  higher  temperatures  can 
b©  attained.  Thus,  for  example,  a  few  months  ago  at'  one 
experimental  station ,  which  was  then  located  in  Leeds,  we 
successfully  fired  a  large  regenerative  furnace  for  the  heating 
of  a  muffle  measuring  8ft.  by  3ft.  by  3ft.  (internal  dimen- 
sions), in  which  the  air  supply  was  p re-heated  to  a  tem- 
perature of  up  to  300。  C.  wholly  at  the  expense  of  the  waste 
gases,  as  shown  diagrammatically  in  Figs.  4  and  5.  The 
mixture  of  gas  and  pre*beated  air  was  fed  in  at  the  front  end 
of  the  furnace,  and  caused  to  burn  flamelessly  in  contact  with 
incandescent  granular  material  surrounding  the  muffle 
chamber  ；  the  hot  products  of  combustion  were  afterwards 
led  downwards  through  a  second  granular  be<l  disposed 
round  a  system  of  iron  pipes  through  which  tlie  air  supply 
was  fed  ；  we  were  thus  able  to  maintain  the  muffle  at  1,000° 
C.  (say,  1,830°  Fah.),  whilst  the  waste  gases  left  the  system  at 
less  than  200°  C.  (say,  400°  Fall.)  only. 

Not  only  is  it  possible  to  obtain,  with  a  given  gas  con- 
sumption, a  much  higher  temperature  by  the  employment  of 
"surface  combustion"  than  with  ordinary  "flame"  heating, 
but  also  it  naturally  follows  that  a  given  temperature  can 
be  maintained  with  a  considerably  reduced  fuel  consumption. 
A  large  number  of  bests  mad©  at  one  experimental  station 
with  small  and  medium -si zed  muffle  furnaces  have  shown  that 
in  order  to  maintain  a  temperature  of,  say,  1,000°  C.  (say, 
1，830  Fah.),  ordinary  flame-hoatfed  furnaces  require  between 
^  4  and  2i  times  the  amount  of  gas  used  in  a  surface  com- 
bustion " furnace  of  similar  dimensions ；  moreover,  iii(lt)pen- 
deait  trials  carried  out  in  New  York,  in  which  our  furnaces 
were  pitted  against  the  best  American  types,  proved  that  in 
order  to  maintain  a  temperature  of  1,400°  C.  (2,550°  Fah.) 
w©  practically  halved  their  gas  consumption,  whilst  to  main- 
tain 800。  C.  (1,470°  Pah.)  our  consumption  was  about  0'7  of 
theirs.  With  the  addition ,  in  the  case  of  our  furnaces,  of 
a  simple  regenerative  system,  the  already  big  margin  in  our 
favour  is  considerably  increased. 

(To  be  continued.) 


THE  CORRODIBILITY  OF  NICKEL,  CHROMIUM,   AND  NICKEL- 
CHROMIUM  STEELS.* 

BY  J.  NEW'iON   FHIKNI),   WALTKK  WEST,  AND  J.   I.LOYU  HENTLEY. 

In  a  previous  (-oninuinicatioii  \<>  1 1 1 i s  I  nst  it  ute,t  the  aut  liors 
gave  in  detail  the  results  of  several  series  of  experiments 
carried  out  with  the  object  of  determining  the  iufluence  of 
nickel  and  chromium,  both  separately  and  together,  upon  the 
corrodibility  of  the  ste^l  with  which  they  are  alloyed.  As 
those  experiments  were  not  continued  for  periods  of  longer 
than  about  two  months,  the  acconif)anying  research  was  under- 
taken with  a  view  to  determining  the  result  of  exposing 
samples  of  the  same  staels  to  corrosive  influences  for  a  twelve- 
month. Owing  to  the  removal  of  one  of  the  authors  from 
Darlington,  however,  the  work  bad  to  be  stopped  after  six 
months,  but  the  results  are  sufficiently  interesting  and  impor- 
tant to  bear  publication. 

The  steels  experimented  upon  were  kindly  supplied  in  the 
form  of  bars  by  Messrs.  Cammell,  Laird,  &  Co.,  of  Sheffield, 
and  after  being  tool-turned  were  sliced  into  discs  0  7  centi- 
metre thick  and  2'8  centimetres  in  diameter  by  the  Darlington 
Forge  Company.  To  both  of  these  firms  the  authors  wish  to 
express  their  hearty  thanks.  The  complete  analyses  of  the 
steels,  kindly  supplied  by  Mr.  B.  Deby,  of  Sheffield,  are  given 
in  the  paper  above  quoted.  Although  the  steels  have  not  a 
perfectly  uniform  composition  with  respect  to  the  alloying 
elements  other  than  nickel  and  chromium,  the  discrepancies 
are  relatively  small  and  of  minor  importance  compared  with 
the  range  of  nickel  and  chromium  covered.  Any  results 
obtained  with  these,  therefore,  may  probably  be  regarded  as 
reliable,  if  the  steels  are  of  uniform  composition  and  free  from 
segregation.  The  steel  discs  were  carefully  polished  with 
emery  paper,  weighed,  and  subjected  to  corroding  influences. 
At  the  conclusion  of  the  experiments  the  discs  were  removed, 
scraped,  and  washed.  After  drying  they  were  weighed  a 
second  time,  and  the  loss  in  weight  taken  as  a  measure  of  the 
corrosion. 

Tap  water  Tests. ― The  steel  discs  were  laid  flatwise  "n  .-ircu- 
lar  sheets  of  paraffin  wax  in  glass  beakers  of  500  cubic  centi- 
metres of  water.  The  beakers  were  kept  in  a  dark  cii])hoar(l 
to  prevent  any  irregularity  of  corrosion  consequent  upon 
unequal  illumination.  The  paraffin  served  to  reduce  the  possi- 
bility of  galvanic  action  to  a  minimum,  and  also  to  prevent 
the  corrosive  action  of  silica  always  observed  if  iron  lies  for 
any  length  of  time  in  direct  contact  with  glass.  After  six 
months  the  discs  were  removed,  cleaned,  and  weighed,  with 
the  results  given  in  Table  I. 


Table  I. ~ Corrosion  of  Steels  in  Tap  Water  (Six  Months' 

Exposure). 


Steel. 
No. 

Nickel. 
Per  cent. 

Chro- 
mium. 
Per  cent. 

Original 
Weight. 
Grammes. 

Loss  in 
Weight. 
Grammes. 

Corrosion 
Factor. 

Six 
months. 

Corrosion 
Factor. 

Two 
month*. 

1 

33-5514 

0-3114 

100 

100 

2 

38-9199 

0-3259 

104 

108 

3 

3' 72 

28-9544 

0-0784 

23 

83 

4 

ti.14 

30-2589 

0-3339 

107 

69 

5 

20-24 

32-8654 

0-3344 

108 

51 

6 

1-12 

28*7019 

o 
i—二 

CO 

73 

85 

3.58 

00 
X 

0. 1909 

Gl 

58 

8 

5-30 

30 '5(5(59 

0-1849 

59 

43 

9 

3-4 

LOU 

31.4019 

0-3159 

101 

77 

10 

3-5 

1-12 

30-4404 

0-3384 

109 

87 

In  the  last  column  but  one,  the  corrosion  of  the  first  steel 
is  taken  as  100，  and  that  of  every  other  steel  is  expressed  pro- 
portionately. The  figures  in  the  last  column  represent  the 
corrosion  factors  of  the  steels  as  determined  in  a  similar 
manner  a  year  ago,  after  two  months'  exposure,  as  detailed  in 
the  paper  already  referred  to. 

Sea-water  Tests. ― These  experiments  were  carried  out  in  a 
precisely  similar  manner  to  the  preceding  ones,  save  that  the 

*  Paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel  Instituto  May 
1st.  1913.  ' 

t  See  the  "  Mechanical  Engineer."  May  17th.  1912.  page  6-24.  Vol.  XXIX 
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liquid  cf)rrosivo  medium  was  sea  water  from  l^ridlin^t oti 
The  results  are  given  in  Table  Tl  - 

TaHLE  II. ——_ Cnrrositf/t   of  Sttth  in  Srd    11'"〃/'  (Jiix  M( 

h\t  posnre). 


Steel 

No. 

Nickel. 
Per  cent. 

Chro- 
miimi. 
Per  cent. 

( )rininal 
Weight. 
(； ramnics. 

Loss  in 
Weight. 
Gramnu  s. 

Corr(;si(iii 
Factor- 
Six 
months. 

Corrosion 
Factor. 

Two 
months. 

1 

37-8739 

0-2689 

100 

100 

2 

38- 1204 

0-2074 

111 

105 

3 

3.72 

：!  1-29 19 

U-2900 

】08 

77 

(>■  14 

29-3179 

0-2lli!l 

80 

79 

2(3-24 

29-0697 

II.  1087 

40 

4/i 

6 

1-12 

：{()•(  )：!(!!) 

0-0809 

：{() 

(it) 

29-4212 

0-2292 

85 

20 

8 

5-ao 

30-3412 

0-1192 

44 

2H 

9 

3.4 

1.00 

31-3254 

0.2874 

107 

82 

10 

3-5 

1.  12 

30-5959 

0-2269 

84 

90 

Bay.  irregularity  of  corrosion  consequent  upon  unequal  illumina- 
tion. Precisely  the  same  discs  of  steel  were  used  in  these 
/〃//、■'  experiments  as  before,  so  that  if  tlie  power  of  resistance  to 
long  and  short  exposure  is  the  same,  the  results  may  reasonably 
be  expected  to  closely  resemble  one  another,  since  discrepancies 
due  to  unavoidable  variation  in  the  composition  of  different 
parts  of  the  same  steal  bar  from  which  the  discs  were  sliced 
cannot  occur.  As  will  be  seen  from  Table  IV.  such  was  indeed 
the  case. 

Table  IV —Corrosion  of  Steels  Exposed  to  Alternate  Wet 
and  Dry  (Sir  Months'  E.rpofiJtre). 


In  the  last  column,  as  before,  are  given  the  corrosion  fac- 
tors of  the  steels*  as  determined  in  the  previous  investigation 
under  similar  conditions  after  an  exposure  of  two  months 
only.  The  two  sets  of  results  are  reasonably  concordant,  and 
exhibit  the  superiority  of  high  nickel  and  of  chromium  steels 
over  ordinary  carbon  steels  in  their  resistance  to  the  corrosive 
action  of  sea  water. 

Sulphuric  Acid  Tests  (0*05  per  cent) ― The  results  given  in 
Table  III.  were  obtained  in  an  exactly  similar  manner  to 
the  preceding,  the  corroding  liquid  being  0'05  per  cent,  sul- 
phuric acid,  that  is,  0*5  gramme  of  acid  in  1,000  grammes  of 
solution  with  water. 

Table  III. ― Corrosion  of  Steels  in  0*05  per  cent.  Sulphuric 
A  rid  (S/.r  Months'  E  r post/ re). 


Steel. 
No. 

Nicki'l. 
Per  cent. 

Chro- 
mium. 
Per  cent. 

Original 
Weight. 
Grammes. 

Loss  in 
Weight. 
Grammes. 

C'urrosion 
J'，a(:.tor. 

Six 
liKinths. 

Factor. 

T、、o 
months. 

1 

38-8011 

0-4971 

100 

100 

2 

34-4779 

0-5139 

103 

98 

3 

3.72 

31-6814 

0-3054 

CI 

85 

ti.  14 

29-9814 

0-4774 

96 

82 

5 

26-24 

35-4589 

0-5569 

112 

54 

6 

1.12 

28-9284 

0-4444 

89 

71 

3-58 

29-2919 

O-SOfid 

102 

68 

8 

5-30 

30-3089 

0-3513 

80 

08 

0 

3.4 

1-00 

31-3859 

0-5089 

102 

87 

10 

3-5 

1-12 

30-4184 

0-4644 

93 

93 

Alternate  Wet  and  Dry  Tests. ― These  experiments  were  car- 
ried out  in  a  precisely  similar  manner  to  those  detailed  in  the 
previous  paper.  The  steel  discs  were  laid  on  a  perforated 
paraffin  sheet  iu  a  thermostat  some  30  centimetres  in  diameter, 
and  water  was  allowed  to  slowly  drip  into  the  latter.  When 
th©  vessel  became  full,  the  water  was  automatically  syphoned 


•Steol 
No. 

Nickel. 
Per  cent. 

Chro- 
niiuin. 
Per  cent. 

Original 
Weight, 
flrammes. 

Loss  in 
Weight. 
Ci  amnios. 

Corrosion 
Factor. 

Six 
months. 

Corrosion 
Factor. 

Two 
months. 

1 

：12-2830 

0-4120 

loo 

100 

2 

38-4450 

0.4590 

in 

100 

:i 

3-72 

28-2705 

0-2505 

01 

43 

4 

31-7675 

0.1815 

44 

36 

20-24 

寸 

0-0410 

ID 

8 

6 

1.12 

0.4504 

109 

93 

3-58 

O. 1000 

25 

30 

8 

5.30 

30-7850 

0-0790 

19 

21 

9 

3-4 

1.00 

2!).  7474 

0-2474 

60 

10 

3-5 

1.12 

32-6552 

0-2792 

68 

52 

Alternate  Heating  and  Cooling. ― These  experiments,  the 
results  of  which  are  given  in  Table  V.,  consisted  in  placing 
the  steel  discs  on  sheets  of  glass  in  a  perforated  tray  on  a  large 
thermostat,  30  centimetres  in  diameter.  The  vessel  was  filler! 
with  water,  and  maintained  at  86°  C.  during  the  day  time,  but 
allowed  to  cool  at  night.  The  corrosion  was  fairly  rapid,  and 
after  35  days  the  discs  were  removed. 

Table  V. -— Corrosion  of  Steels  Exposed  to  Alternate  Heatintj 
and  Cooling  for  35  Dat/ft. 


Steel. 
No. 

Nickel. 
Per  cent. 

Chromium. 
Per  een  t. 

Original 
Weight. 
Grammes. 

Loss  in 
Weight. 
Grammes. 

Corrosion 
Factor. 

1 

35-3070 

0-1520 

100 

2 

36-8470 

0- 1500 

100 

3 

3-72 

34-5280 

0.17!i(i 

11  丁 

4 

(i-14 

27-4480 

6 

100 

2f.-24 

26-0510 

0.0950 

ti4 

0 

l.]2 

29-4780 

0.0780 

51 

3-58 

29-9920 

(1-1820 

120 

8 

5.30 

32.3720 

0-0800 

53 

0 

3.4 

1.00 

28-5600 

0-1760 

llfi 

10 

3-5 

1.12 

27-8800 

o 

1：?7 

Discussions  of  the  Results.— For  the  sake  of  facilitating  the 
discussion  of  these  results,  Table  VI.  has  been  drawn  up,  in 


Table  VI. 


Steel. 
No. 

Nickel. 
Per 

rent. 

Cliroiiiiiim. 
Per  cent. 

Corrosion  Factor  in 

Corrosion 
Factor  in 
0-5  per 
cent.  Acid. 
2  months. 

Tap 
Water, 
(i  nionths. 

Tap 
Watir. 
2  months. 

Sea' 
Water. 
(1  months. 

Sea 
Water. 
2  months. 

Wet  and 

Dry. 
" monflis. 

Wi't  and 

Dry. 
2  months. 

0.05  per 
cent.  Acid, 
t!  months. 

0-05  per 
cent.  Acid. 
2  months. 

Hot 
Water. 
35  days. 

Mean 
Result. 

1 

1(10 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

2 

104 

108 

111 

105 

111 

100 

103 

98 

100 

104 

2.-i0 

3 

3-72 

23 

83 

108 

77 

til 

43 

til 

85 

117 

73 

55 

4 

0-14 

107 

m 

80 

79 

44 

36 

96 

82 

100 

63 

5 

2C24 

108 

51 

40 

45 

10 

s 

112 

54 

64 

55 

8 

(i 

1.12 

73 

85 

30 

till 

109 

93 

89 

71 

51 

73 

223 

=i 

：{.58 

in 

58 

85 

2(i 

25 

30 

102 

68 

120 

<»4 

(>1 

8 

r>-30 

59 

43 

44 

2：? 

lit 

21 

80 

68 

53 

4G 

78 

0 

3-4 

1.00 

101 

77 

107 

82 

GO 

47 

102 

87 

llii 

84 

132 

JO 

3-5 

1-12 

109 

87 

84 

90 

68 

93 

93 

137 

90 

413 

off.  The  discs  were  thus  alternatively  wet  and  dry,  the  pro- 
cess of  filling  the  thermostat  requiring  four  hours  each  time. 
A  loosely  fitting  cover  was  placed  at  the  top  to  keep  out  dust 
and  to  maintain  darkness  within,  in  order  to  prevent  any 


which  the  corrosion  factors  of  the  steels  as  obtained  in  the 
present  research  and  the  previous  one  are  recorded.  Corrod- 
ing media  may  be  divided  into  two  groups,  namely,  acid  and 
neutral,  and  the  results  obtained  are  usually  very  different  in 


May  9,  1913] 


THE   MECHANICAL  ENGINEER. 


.V21 


the  two  cases.  Very  dilute  acid,  such  as  0  05  per  cent,  sul- 
phuric acid,  resenil)les  the  neutral  corroding  media  in  its 
action,  and  this  we  might  reasonably  expect,  since  the  so-called 
neutral  media  (tap  water,  sea  water,  usually  contain  a 
small  ([uaniity  of  acids,  such  as  rarlxmic  For  this  r(';is(m  th" 
results  obtained  with  such  relatively  strong  acid  as  0*5  per 
cent,  sulphuric  arid  in  last  year's  research  are  placed  in  ； i 
separate  column,  all  the  others  being  grouped  together  as 
bearing  legitimate  comparison. 

The  following  observations  are  worthy  of  note:  (1)  The 
two  carbon  steels  exhibit  a  remark;it)ly  equal  resist  a urc 
towards  corrosion  in  all  the  neutral  and  faintly  acid 
In  th©  stronger  acid  (0'5  per  cent,  sulphuric  acid)  steel  No.  2 
was  badly  attacked,  as  were  also  steels  6  and  10.  (2)  In  tl": 
case  of  the  nickel  steels  the  results  obtained  after  six  inontlis' 
exposure  are  somewhat  less  regular  t-luin  those  after  merely 
two  months'  treatment.  This  is  particularly  so  with  tlio  tap- 
water  experiments.  The  results  appear  to  indicate  tliat  m 
long  exposure  tests  the  influence  of  the  alloyed  nickel  (steals 
Nos.  4  and  5)  is  not  as  beneficial  as  shorter  tests  would  sug- 
gest. The  experiments  with  the  chromium  steels  appear  to 
agree  very  well  with  previous  results.  These  result's 
apparently  accord  with  those  of  practical  men  who  have  not 
infrequently  observed  that  whilst  nickel  steels  in  practical  use 
will  for  a  time  withstand  corrosion  to  a  remarkable  degree, 
they  are  apt,  after  very  prolonged  exposure,  to  "  perish  "  very 
rapidly.  This  is  possibly  traceable  to  the  gradual  breaking 
down  of  complexes  highly  r&sistant  to  corrosion  into  two  or 
more  bodies  capable  of  setting  up  galvanic  activity  and  accele- 
rating corrosion.  On  the  other  hand,  it  is  well  known  that 
special  steels  such  as  these  are  particularly  liable  to  segrega- 
tion, and  wherever  segregation  occurs  differences  of  potential 
exist,  leading  in  favourable  circumstances  to  rapid  corrosion. 
Thus  segregation  may  easily  more  than  counterbalance  the 
otherwise-  preservative  action  of  the  alloying  metal.  For  this 
reason  too  much  stress  must  not  be  laid  on  individual  experi- 
ments, and  tlie  mean  results  (given  in  the  last  column  but 
one)  of  the  nine  set's  of  experiments  in  neutral  or  faintly  acid 
corroding  media  】nay  be  regarded  as  most  trustworthy. 

As  a  considerable  amount  of  research  has  been  carried  out 
by  different  investigators  upon  the  influence  of  alloyed  nickel 
and  <、hroiuiu】n  on  the  corrodibility  of  steel,  it  is  instructive  to 
collect  the  available  material  together  and  to  learn  what  con- 
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Aulhority. 

Nickel 
per 
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Chro- 
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per 
Cent. 
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very 
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Acid 
^Icdia. 

ssion 
r  iu 

Decidedly 
Acid 
Media 
(save 
Nitric 
Acid). 

Hcinarks. 

KKt 

100 

Crow.c1   

98 

2 

Howe-  

3-0：! 

77 

3 

Wigfriir'  

3.03 

04 

4 

Friend,  Bciitlcy, 

an'l  A\'c.st   . . 

3.72 

7：! 

55 

5 

Rilcyt   

5-00 

83 

r> 

6-14 

65* 

*Si-a water  only. 

】'，.. B.,  &  W. . . 

6-14 

77 

63 

8 

Rik-y   

2；..  (ID 

1-15 

9 

20-00 

:u 

10 

l'，...  B..  &  W. .. 

211-24 

55 

8 

11 

20-7 

2(>* 

*.Soa water  on  Iv. 

12 

F.，  B.,  &  W. .. 

1-12 

73 

223* 

*0.5  per  cent. 

j  一 

etilphuric  acid. 

13 

Hadiield11 

1-18 

44* 

*50    per  cent. 

sul|iluiric  acid. 

14 

PQ 

3.58 

64 

(U 

15 

Hadfi.'ld 

5- 10 

•U 

Hi 

r.,  jb.,  &  w. . . 

r»..so 

46 

78 

17 

Ha.ltield 

！ 1.18 

75 

18 

R,  B.,  &        . . 

3-4 

1.00 

84 

132 

l!l 

R,  B.,  &  、V. . . 

3*5 

1-12 

90 
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1  Crowe,  Proceedinyn  of  the  Cleveland  Institution  of  ICnoitieers,  Marrli  lsl,  1009. 

- Howe,  J.,  Journal  of  the  Iron  and  Steel  Ittstit'ttt':  1900,  No.  II.,  p.  ;(r,7. 

' Wi^in,  ibid.,  1895, "No.  II.,  p.  164.  The  o])on-ht-arth  steel  used  by  AViK«in  is 
taken  as  the  standard  in  preference  to  tlio  Bosscmrv  stcil  also  used  by  him,  since 
tbo  carbon  and  phosphorus  content  of  the  opcn-lii  ai'th  steel  more  closely  u]>proNi- 
uiatos  to  that  of  the  nickel  steel  used. 

*  Riley,  ibid,,  1889,  No.  I.,  p.  T1k>  duta  «iven  by  Kilty  are  very  spnrsf,  and 
greatly  reduce  the  val uo  of  tho  work. 

'•'  Diesel,  Verhandliuujtn  des  ^ervins  zur  Jicff>nhrung  des  Oewcrbjiei^ses,  1903. 
Bd.  v..  p.  157. 

e  Hadfield,  K.  A.,  Journal  of  the  Iron  and  Steel  Institute,  16U2,  No.  II.,  p. 


elusions  may  be  reasonably  drawn  from  it.  In  Table  Vll.  is 
^iven  a  list  of  the  more  important  published  researches,  the 
result  being,  from  want  of  a  better  standard,  expressed  rela- 
tively to  the  corro<lihilities  of  the  carbon  steels  (always  taken 
as  100)  free  from  nickel  or  chromium,  as  used  by  the  fliflerfMit 
investigators.  They  are,  of  course,  only  approximately  '  oin- 
j>arable,  for  the  various  carlxm  steels  use<l  as  standanla,  not 
heing  irl^ntical,  could  obviously  not  be  exp«'''"''l  to  corrode  at 
exactly  the  same  rate.  The  error,  however,  will  not  be  very 
great,  inasmuch  as  good  steels  of  average  composition  usually 
corrode  at  approximately  the  same  rates'  ； is  has  U^mi  shown 
by  the  extensive  researches  of  Parker,  RurlelofI,  Howe  and 
S  tough  ton,  and  others.  In  the  last  column  of  the  table, 
results  obtained  with  nitric  acid  are  omitted,  as  they  are  not 
comparable  with  tliose  (山 taimvl  wit  h  1】 vflrorliloric  aiui  sul- 
phuric acids,  iti  ronsequenc©  of  the  well-known  but  ill-under- 
stood passivifying  action  of  the  nitric  acid,  wliich  pro'luces  dis- 
turbing effecU.  Further,  several  otherwise  useful  researches 
have  had  to  be  excluded  from  this  list,  owing  to  lack  of  suffi- 
cient published  experimental  details  to  render  comparison 
possible. 

It  will  be  observed  that  the  results  in  Table  VII.  show  a 
very  remarkable  agreement,  particularly  when  it  is  remem- 
bered under  what  diverse  conditions  they  have  been  obtained. 
I  ii  neutral  and  acid  corroding  media  alike,  the  presence  of 
alloying  nickel  exerts  a  markedly  protecting  action,  which 
increases  with  the  percentage  of  the  nickel.  In  order  to  have 
any  appreciable  influence,  however,  the  percentage  of  nickel 
should  not  fall  below  3.  Eaton,  of  the  U.S.  Navy,  states  that 
the  results  of  three  sets  of  experiments  carried  out  in  America 
show  that  from  0  to  2  per  cent,  of  nickel  exerts  no  protective 
action,  but  3  to  4  per  cent,  reduces  the  corrosion  factor  to  95. 
These  numbers  are  not  included  iti  the  table,  as  Eaton  merely 
quoted  from  memory. 

The  chromium  steels  behave  fliflerently.  In  neutral  solu- 
tions they  corrode  less  rapidly  tlian  mere  carbon  sU^ls,  1 川 t 
their  behaviour  towards  acid  is  very  eccentric.  The  112 
chromium  steel  (No.  12)  was  very  severely  attacked  by 
the  0'5  per  cent,  sulphuric  acid,  and  unless  this  is  attribut- 
able to  segregation  in  the  particular  disc  employed,  it  would 
appear  that  a  little  chromium  favours  the  solution  of  steel  in 
acid.  This  would  agree  with  the  observations  of  Stodart  and 
Faraday  and  Gruner,  and  it  is  also  interesting,  in  connection 
with  the  observation  of  Monnartz,  that  tlie  presence  of  alloyed 
chromium  increases  the  solubility  of  iron  in  nitric  acid,  the 
maximum  solubility  being  observed  with  4  per  cent,  chromium. 
Above  this  percentage,  the  solubility  falls  off,  until  with  20 
per  cent,  of  chromium  the  alloy  is  practically  insoluble  in 
nitric  acid.  Although  Ha(lfield，s  experiments  were  carried 
out  with  much  stronger  sulphuric  acid  than  ours,  the  agree- 
】neut  of  steels  Nos.  14  to  17  is  very  remarkable,  apparently  in- 
dicating the  existence  of  an  optimum  chroiniuni  content  which 
yields  the  maximum  resistance  to  acid  attack,  and  that  if  this 
amount  be  either  not  reached,  or  else  exceeded,  a  more  corro- 
dible  alloy  is  the  result.  From  the  above  it  is  evident  that  the 
results  obtained  in  acid  corroding  media  give  relatively  no  clue 
to  the  corrodibility  of  the  metal  under  ordinary  conditions  of 
exposure.  This  again  emphasizes  the  fact  that  acceleration 
tests  as  usually  carried  out  with  acids  yield  very  mislead  i  111： 
results ― an  observation  in  perfect  harmony  with  the  results  of 
Frazer,  C.  M.  Chapman,  and  of  the  British  Association  Corro- 
sion Committee. 

From  the  results  from  steels  Nos.  18  and  19,  it  is  evifl,、"t 
that  the  corrosion  factor  is  not  an  additive  quantity.  Thus, 
for  example,  the  3  72  per  cent,  nickel  steel  and  112  per  cent, 
chromium  steel  (Nos.  4  and  12)  yield  the  same  corrosion  factor, 
tlie  protection  being  in  each  cms©  100  -  73  —  27  per  cent.  It 
might  therefore  be  expected  that  by  having  these  together  in 
one  steel,  as  in  steel  No.  19，  the  same  corrosion  factor  、voul'l 
be  obtained  as  by  doubling  the  nickel  or  the  rhroniiuin  i-ontent 
alone.  Such  is  not  the  case,  however.  On  the  contrary ,  both 
steels  18  and  19  are  more  corrodible  than  steels  4  and  12,  as 
though  the  chromium  and  the  nickel  sought  to  neutralise  each 
other's  action. 

I  n  conclusion,  the  authors  would  again  emphasize  the 
importance  of  carefully  studying  the  iufluen<-e  of  alloyiug 
elements  upon  the  corrodibility  of  steel,  for  it  is  onlv  in  thin 
way  that  any  hope  can  be  entertained  of  solving  the  numerous 
problems  counect-ed  wit  h  the  corrosion  of  iron  aud  steel. 
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EXPLOSION  OF  A  TURBO-DYNAMO. 

We  are  imk、l)t'ed  to  "  Tlic  Elect  i-ical  Review  "  for  the  following 
particulars  relating  to'  a  serious  mishap  of  a  nature  fortunately 
rare  in  th('s('  days  of  powerful  generators,  which  occurred  on 
Marcli  8tli  last  in  1  he  Essem  power  station  of  the  Rheiniscli 
We&tfalischen  Company.  Shortly  after  11  p.m.,  the  No.  4 
turbine ~ a  Zoelly  machine  running  at  1,000  revs,  per  minute 
and  coupled  to  a  5,000  kw.,  5,250-volt  alternator  with  salient 
rotor  poles ― began  to  emit  peculiar  rising  and  falling  sounds  ； 
meanwliile  the  output  of  the  machine  fluctuated  widely.  Tlie 
set  was  at  onoe  unloaded,  the  main  switch  being  opened  when 
the  output  was  reduced  to  900  kw.  The  alternato'r  then 
showed  normal  voltage,  but,  while'  the  main  stop  valve  was 
being  closed,  the  wholei  machine  "burst."  Wreckage  flew  in 
all  directions  and  wrought  considerable  havoc.  One  piece  of 
the  statar,  weighing  several  tons,  was  thrown  through  the  wall 
of  the  power  house,  and,  having  damaged  the  tramway  track, 
ricochetted  against  and  damaged  a  building  on  the  opposite 
side  of  the  street.  Five  of  the  poles,  weighing  about  2，0001bs.， 
were  hurled  through  the  roof,  while  the  remaining  seven  were 
found  in  various  parts  of  ihe  power  house.  One'  pole  soared 
oveir  the  houses  on  the  o't/her  side  of  the  street  and  buried  itself 
deeply  in  the  ground,  while  two  others  wexe  found  well  over 
100  yards  away  near  the  coke  ovens  of  the  Victoria  Mathias 
pit.  The  engine  room  was  strewn  with  splinters  of  iron  and 
wood  after  the  disaster,  but  with  the  exception  of  an  adjacent 
5,000  kw.  set  which  was  set  on  fire,  no  serious  damage  was 
done  to  the  remaining  valuable  plant  in  the  building.  The 
power  house  building  and  some  of  the  adjacent  property 
belonging  to  the  company  were,  however,  badly  damaged,  but 
fortunately  no  loss  of  life  or  injury  to'  person  was  involved. 
The  cause  of  the  disaster  has  not  been  determined,  and  it  is 
not  believed  that  any  definite  conclusion  can  b©  reached  in 
this  respect.  The'  town  fire  brigade  and  the1  station  staff, 
aided  by  employes  from  the  neighbouring  colliery,  soon 
restored  comparative  order  to  the  works,  and  it  is  worth 
recording  that  current  supply  was  only  interrupted  for  about 
five  minutes. 


CORRESPONDENCE. 
Report  of  Royal  Commission  on  University  Education. 

To  the  Editor  of  "  The  Mechanical  Engineer." 

Sir, ― One  would  have  thought  that  engineering  was  a 
sufficiently  important  subject  to  have  a  faculty  all  to  itself, 
for  even  music  has  a  separate  faculty.  At  present  engineer- 
ing is  a  sort  of  excrescence  of  science.  The  Commissioners 
propose  that  it  should  be  mixed  up  with  something  else,  and 
the  compound  called  "  Technology, so  that  if  this  should 
ever  com©  to'  pass,  some  of  our  distinguished  engineers  will  be 
able  io  state  that  they  have  the  D.T/s  (？' .p.,  that  they  each 
possess  the'  degre-e  of  Doctor  of  Technology)  ！!  ！"  which,"  as 
Euclid  would  have  said,  "  is  absurd,"  and  being  absurd,  it 
cannot  be.  Therefore  let  us  have  a  separate  faculty  for  the 
important  subject  of  engineering,  and  let  the  degrees  bei  B.E. 
and  D.E.  (Bachelor  and  Doctor  of  Engineering),  which  would 
bei  understood  by  the  man  in  tlie'  street. ― Yours  very  truly, 
A.  S.  E.  ACKERMANN,  B.Sc.  (Engineering), 
25，  Victoria  Street,  Westminster,  S.W. . 


May  Meetings  of  the  Junior  Institution  of  Engineers. ― The  fol- 
lowing meetings  have  been  arranged  for  May  by  the  Junior 
Institution  of  Engineers  ：  May  9th,  at  39，  Victoria  Street, 
S.W -，  discussion  on  "Tlie  Mechanical  Lubricator  as  adapted 
to  the  Locomotive,"  introduced  by  Mr.  W.  N.  Spratling. 
May  16th,  at  39,  Victoria  Street,  S.W.,  discussion  on 
" Electrical  Propulsion  of  Ships,"  by  Mr.  W.  P.  Durtnall, 
illustrated  by  lantern.  May  21st,  at  8  p.m.,  at  the  Institu- 
tion of  Electrical  Engineers,  Victoria  Embankment,  paper  on 
" Heat  Accumulators  and  their  use  in  Exhaust  Steam  Turbine 
Plants,"  by  Mr.  A.  Alison.  May  23rd,  at  39，  Victoria 
Street,  S.W.,  discussion  on  li  Tlie  Organisation  of  an 
Kti^ineer's  Employment  Bureau,"  int  rtx.luced  by  Mr.  S.  H. 
Hills.  May  24th,  at  3  p.m.,  visit  the  King  George  Reservoir 
at  Chingford.  May  30th,  at  39，  Victoria  Street,  S.W., 
lantern  lecture  on  "  A  Trip  up  tlie  Meuse，"  by  Mr.  H.  P. 
Pliilpot. 


INDUSTRIAL  AND  TRADE  NOTES. 

The  Dee  Hydro  electric  Power  Plant. ― The  Doc  Hydro  t'l'  rui' 
scheme,  which  is  being  carried  out  by  the  Chester  Corporation  in 
accordance  with  the  proposals  of  Sir.  S.  K.  Britton,  the  City 
Kloctrical  Engineer,  is  expected  to  be  in  operation  in  July. 

British  Consular  Service  and  Trade. — The  advisory  committee  of  the 
Commercial  Intelligence  Jiranch  oi  the  Board  of  Trade  have  issuixl 
a  report  dealing  with  the  extent  and  nature  of  the  services 
rendered  by  British  Consuls  to  British  trade  with  foreign  countries 
during  the  past  three  years. 

South  Wales  Tinplate  Trade— In  South  Wales  the  tmplate  indubtry 
is  passing  through  a  severe  crisis.  As  compared  with  February 
last  year,  there  are  at  the  present  time  eight  works  closed  down, 
73  mills  idle,  and  3,180  workers  uiiemployed,  w  ith  tho  prospect  of 
further  stoppages.  Mr.  Griffiths,  the  men's  organiser,  says :  "I 
never  remember  trade  in  such  a  deplorable  condition.  Several 
mills  have  been  closed  down  for  months,  and  there  is  no  bign  of 
liiiprcjveraerit." 

Petroleum  Production  of  Japan  in  ，9 亂 2. —  H.M.  Embassy  at  Tokio 
reports  that,  according  to  the  latest  information  obtainable,  the 
output  of  crude  petroleum  in  Japan  during  1912  was  roughly 
57?VG8,30U  galls.  The  figures  tor  the  production  of  refined  oil  iu 
1912  are  not  yet  available.  It  is  thought  that  the  output  of 
crudo  oil  in  19 丄 3  will  be  about  equal  to  that  of  1912.  The  intro- 
duction of  rotary  boring  has  given  a  stimulus  to  the  Japanese  oil 
industry,  which  had  been  somewhat  on  the  decline. 

Water  Power  in  Sweden. ― According  to  a  report  from  H.M. 
Legation  at  Stockholm,  great  attention  is  being  paid  to  the 
development  of  the  water  power  of  Sweden.  The  number  ot  power 
stations  in  operation  is  said  to  be  144,  of  which  four  are  of  more 
than  20,000 h. p.,  aud  the  total  horse-power  produced  amouuts  to 
(375,000.  Three  large  hydro-electric  power  stations  are  being  built 
tor  the  State  at  Trollhattan  (60,000  ii.p.),  Elfkarloby  (4-5,000  h. p. ^ 
and  at  For  jus  (50,000  h.p.j.  Ihe  total  amount  ot  water  power 
available  in  Sweden  is  estimated  at  from  4,000^00011. p.  tu 
(J，0(JU，(X)0h.p. 

Petroleum  Industry  of  Mexico  in  1912. ― H.M.  Legation  at  Mexico 
City,  in  a  recent  report,  states  that  the  total  prociuction  ot  crude 
oil  in  Mexico  in  1912  amounted  to  16,704,734  barrels  (of  42  United 
fetates  gallons),  or  2;493/244  metric  tons.  There  is  a  possibility 
of  these  figures  being  increased  by  100  per  ceut.  during  1913. 
Few  new  tieids  have  been  developed  during  1912,  the  cnief  dis- 
covery being  the  Chila  Salinas  Field  (about  loj  miles  south-west 
oi:  lampicoj.  During  the  year  an  8in.  pipe  Hue  from  Potrero  del 
Llano  to  Tuxpam  was  completed,  aud  oil  successfully  delivered  to 
steamers  at  the  rate  of  from  25,000  to  30,000  barrels  daily. 
'J'aiikage  facilities  were  considerably  increased,  principally  at 
Tanipico,  Tuxpam,  and  Potrero  del  Llano. 

Clyde  Shipbuilding. ― The  vessels  launched  from  Clyde  shipyards 
during  April  make  the  second  largest  total  on  record  for  one 
montli,  and  the  four  months'  figures  are  the  highest  yet  reached. 
Tne  April  total  of  27  vessels  ot  119,303  tons  is  exceeded  only  by 
that  ot  June,  1906,  when  the  output  consisted  of  3G  vessels  of 
124,o44  tons.  In  that  month,  as  in  the  past  one,  there  were  two 
notable  vessels ― the  Cunard  steamer  "  Lusitania  '，  and  the  battle- 
ship " Agamemnon.'1  Last  month  there  was  tlie  Cunard  steamer 
" A(|uitania  "  and  the  Allan  Line  steamer  "  Calgarian."  On  the 
four  months,  however,  there  is  a  gain  of  more  than  38,000  tons 
over  the  previous  highest  figures ― those  of  last  year ― the  total 
being  (58  vessels  of  237,101  tons,  as  compared  with  88  vessels  of 
199,104  tons. 

Messrs.  Willans  &  Robimont  Ltd. ― The  report  of  Messrs.  Willans 
and  Kobinson,  Ltd.,  Rugby,  for  tho  half-yoar  ended  December  31st 
last  shows  that  after  allowing  £3,2Go  for  depreciation,  £o,17G  for 
debenture  interest,  and  £372  for  tho  upkeep  of  the  QueonTs  Ferry 
Works,  the  profit  amounted  to  £154.  The  report  states  that  this 
improvtM.1  trading  result  is  mainly  due  to  the  increased  roluuie  of 
work  referred  to  in  the  last  report.  During  the  opening  mouths 
of  the  present  year  a  large  volume  of  further  orders  has  been 
obtained  and  at  somewhat  better  prices,  a  result  largely  attri- 
butable to  the  improved  position  of  the  company  iu  antkipation 
of  the  re-arrangomout  of  capital  and  its  attendaut  advantages. 
The  debit  balance  brought  forward  at  Juno  30th ,  1912,  is  reduced 
by  the  above  profit  from  £8o,(»X>4  to  £80,810.  The  managing 
director  states  that  the  directors  are  i ai>ing  additional  preference 
capital,  to  which  the  existing  shareholders  are  entitled  first  to 
subscribe. 

Signalling  in  Coal  Mines. —— An  effort  to  secure  an  improved  system 
of  signalling  in  coal  mines  is  at  present  being  niado  by  the  Scot- 
tish C'olliory  En^ino  ami  lioiltM"  Mon\s  Association.  The  object  is 
to  h;ive  the  provision  oi  a  signal  indicator  in  colliery  winding 
engine  houses  mado  compulsory  through  the  general  regulations. 
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Mr.  Robert  Shirkio,  socn'tiir.v  of  the  association,  hro'ight  the 
matter  hcl'oro  Ui<、  Homo  OHict1  s(>""、  Um(、  "go,  an<l,  acting  on  a 
su^«\stion  l>y  the  Home  Secretary'  he  raiscrl  tho  suhj(kct  at  ;i 
"""'ting  with  tho  coalo\v!i(M\s  ，v('("itl.v  held  in  Lorxloti,  \\  ith  the 
msiilt  tliat  tho  omployers  agreed  to  have  this  saiV^unnl  msntrd 
in  tlu»  ^cncial  iv^ulations  and  ma  do  compulsory  und^r  tho  ( 'ual 
Mines  Act.  It  is  stattnl  that  tho  now  signalling  c(k1o  will  proljahly 
1"'  suhmitttMl  to  a  n'tVnv  ;i ppoiuttMl  Ivy  Ui('  Homo  Office.  An 
effort  i、s  Ikmii^;  madr  to  iiitn>(lii('"  a  unit onn  code  throughout  the 
country,  but  tho  draft  i-c^iilations  which  have  Ijeen  issued  for  this 
pm])ose  aro  mooting  with  opposition  both  from  t"igiiioi"(、ii  and 
coalou  ihm  s. 

Accidents  in  Metal  Mines  in  the  United  States.  A(r。r(lmu  to  A  II. 
J' ，； i,v，  mining  t'li^iiuMM"  of  the  U.S.  Bureau  ("  M  iiics,  1("/)7!»  men 
were  employtHl  (hiring  th(、  calendar  yti;ir  l!H  1  in  the  nu^tal  niiiics 
in  iho  「iiit('(l  St':itt、s.  ()i  this  total  <;!'.—>  were  l、ill。（l,  i-cprcsm  I  in- 
a  rate  of  4*19  per  1,000，  as  compared  with  ； V7:i  per  1.000  tor  the 
coal  ininos  oi  the  countrv  in  tl">  same  p('i'io<l.  The  serious  injury 
cast's  amouJii<Hl  to  4. Hi!),  or  2,V12  per  1 ,000  pt'rsons ，  ； ui(l  the  sii^hl 
injuries  were  given  lis  22，408，  or  135-01  per  1,000.  Of  the  total 
fatalities,  532  were  uiuloi^rouiul  (at  the  rate  of  5*18  per  1,000 
porsons)  and  1 5； J  wvve  on  tlio  suriaco  (at  a  rato  of  2*49  per  1,000). 
Of  the  fatal  accidents,  32  a  per  cent,  wore  due  to  falls  of  ore  or 
rock  from  roof,  wall,  or  bank;  11*23  per  cent,  were  clue  to  oxplo 
hivvs,  15*39  per  cent,  to  falling  down  stopes,  shafts,  or  、viiiz('s, 
and  "r32  per  cent,  to  fhv.  ()t  the  serious  accidents,  28*86  per 
cent,  were  duo  to  falls,  l"'l).5  per  cent,  to  car  an<i  hauling  sys- 
tems, 12*19  per  cent,  to  machinery,  and  6'41  per  cent,  to  timbers 
and  liand  tools.  'Among  the  slight  accidents,  28*86  per  cent.  、、riv 
duo  to  falls,  15*52  per  cent,  to  on r  and  hauling  .svstt'ins,  '—'in  prr 
cent,  to  machinery,  and  8*02  per  cent,  to  timbers  and  hand  tools. 

Trade  Unions  and  Co-partnership. ― In  tho  course  of  a  discussion 
arranged  by  the  Labour  Co-pa rtiu-rshii)  Association  on  tlir  i\\ivs 
tion  of  profit 飞 sharing  and  copartntM-ship  which  took  place  a  lew 
da\  s  ago  in  London,  Sir  William  I  .ever  saifi  the  subject  of  profit- 
sharing  lay  ； it  the  basis  of  very  much  of  what  maimf'acturers 
had  to  deal  with  in  their  business.  Co-partnership  should  take 
tht>  place  oi  thu  old  personal  interest  which  an  employer  took  in 
his  men  when  businesses  weve  .smallor.  At  the  present  tin"1 
trade  unions  viewed  all  co-partnership  m'1"、u"、s  with  distrust,  la 
his  opinion  the  trade  unions  had  just  as  much  right  to  represent 
the  liuMi  as  any  body  of  masters  to  represent  masters,  and  they 
certiiinly  found  the  great  body  of  the  men  looking  at  co-partner- 
ship with  something  like  suspicion.  One  ri'ason  for  this  seeme<l 
to  be  their  idea  that  if  the  employer  gave  the  men  a  share  in  his 
profits  he  was  going  to  get  it  back  in  some  way.  It  was  perfectly 
possible,  in  his  opmion,  lor  a  Ijusiness  to  be  run  on  strict  trade 
union  lines,  with  trade  union  pay,  trudo  union  hours^  and  trtxde 
union  conditions  throughout,  antl  still  he  carried  through  on  co- 
partnership principles.  At  the  same  time  there  was  no  room 
tor  philanthropy  in  business.  The  notion  that  a  m-iii  could  take 
his  profits  and  di、i(k'  them  ».M|ually  among  liis  men  was  futile.  It 
was  the  profit  sharers  themselves  wlio  must  make  the  profits. 

Shortage  of  Coal  and  Fuel  Oil  in  Russia. 一 A  debate  recently  took 
place  in  the  Duma  on  the  scarcity  in  the  supply  of  Russian  coal 
and  f uol  oil,  during  which  it  was  emphatically  denied  that  tho 
State  desired  to  establish  a  monopoly  of  the  production  of  oil  fuel. 
At  the  same  time,  the  Minister  of  Commerce  expressed  himself 
in  favour  of  the  State  working  sufficient  wells  to  supply  its  own 
i(Mluircnients,  for  the  State  railways  at  first,  and  later  oa  perliajts 
for  the  Navy,  and  remarked  that  it  was  proposed  to  organise  a 
State  industry  in  tlio  Sabuntchinski  region  to  supply  the  needs 
of  the  railways.  He  did  not  consider  that  the  duty-t'roe  a'dmiwii 
of  foreign  petroleum  would  ease  the  situation,  which  he  thought 
could  best  be  done  by  diminishing  the  demand  for  oil  by  substi- 
tuting coal,  the  yield  of  which  can  be  made  to  increase.  Efforts 
are  being  made  to  enlarge  the  present  limited  use  of  anthracite, 
ot  which  enormous  supplies  exist  in  Russia.  Feeding  and  sub- 
sidiary railways  are  to  be  constructed  in  the  Donetz  region,  where 
huge  deposits  remain  unworked  for  want  of  easy  means  of  com- 
munit.'ation.  Kaihvay  rates  are  also  to  be  reduced  in  order  to 
attract  coal  from  other  districts.  The  Minister  of  Commerce 
stated  that  the  Government  was  strongly  opposed  to  any  per- 
niaiuMit  reniission  of  the  import  duties  on  foreign  coal,  but  it  had 
dtH-idod  to  allow  tho  railways  to  import  foreign  coal  duty  free  for 
a  given  period  and  ;i  Bill  to  give  effect  to  this  decision  would 
shortly  be  submitted  to  the  Duma. 

By-product  Coking. --  Yorkshire  is  the  socond  coko  producing 
county  in  England,  the  tonnage  produced  only  being  oxceoded  hv 
that  of  Durham.  In  1911  there  wore  in  operation  in  Yorkshire 
no  tower  than  3,539  beehive  ovens,  dealing  with  approximately 
2,(MK),0()(>  tons  of  coal  during  tlio  year.  The  enormous  waste 
thereby  involved  owing  to  the  loss  of  tlio  valuablo  by-products ― 
tar,  sulphato  of  ammonia,  and  bonzol ― is  a  fact  inucli  to  he 
regretted.    It  is  pleasing  to  note,  therefore,  that  at  many  col- 


lieries beehive  ovens  aro  being  abolislir^l  and  tli''  mo(l'、r'i  i_\  jx-  of 
l)y-prodii('t  rocovory  ov(»ns  orccti-d  in  thoir  sUsid.  Tli"  Low  moor 
Company,  Lowmoor,  near  Bradford,  a  very  old-e^tabliKhed  firm  of 
irr)inna k(M*s,  are  just  making  tin-  (liango  from  l"'''l"v',  to  1'、 
product  ovens.  Tho  insiiillatioii  is  to  consLst  in  tho  first  iiist;iiH<! 
of  a  battory  of  2o  Kopprrs'  r''w''r;"m'  ovens.  I n  ； i<l<litioii  to 
tho  ovens,  tlio  plant  is  to  include  ； i  l,v  jn  odiu  t  plant  tur  •"tracting 
tar  and  for  producing  s'llphat''  of  ammonia  l>y  K<>pp''i、'  'lm' t 
rc^fovery  process.  A  benzol  plant  is  also  to  be  orcntod  for  tho 
production  of  ciudo  hen/.ol,  and  tho  whole  is  arriin^wl  t'oi*  mi1> 
soqiKMit  extension,  the  by-product  plant  in  tlio  first  instanci*  U'ing 
made  capable  of  dealing  with  the  gases  from  50  ovens.  Tho 
Tinsley  Park  Colliery  C(""paii.v,  l't(l.，  of  Shcffi<-lcl,  ;i  I  ready  vc  :i 
battery  of  Simon  Carves'  recoveiy  ov("is  ； it  work.  Tli''y  ； m*，  how- 
ever, making  further  additions  to  their  (()l"ng  plani,  ； iml  :ir" 
now  installing  a  battery  of  40  KopptM-s'  rw"'r;itive  ovous,  com- 
pleto  with  by  product  j)lant  (lor  dealing  with  the  gases  f i on.  "i 
ovens) j  for  extracting  tar  and  for  producing  sulphate  ot  ammonia 
l>y  the  direct  process,  and  also  a  plant  for  the  recovery  of  crude 
l)onzol. 

Shipbuilders'  Wages  Ballot.  -  An  iin|"'i  i  :i  i"  <\  i-oilar  (l<-aliii^  u  ith  tin- 
wages  question  was  issued  on  Monday  last  week  to  tin-  ""  ml"  r、  ,>i 
tho  trade  unions  employed  in  the  federated  shipbuilding  districts. 
The  circular  states  that  at  all  the  conferences  tho  omployers 
strongly  u  rged  that  they  had  reached  the  apex  of  the  present 
prosperity,  that  freights  were  distinctly  lower,  and  that  there  u  as 
a  decrease  of  enquiries.  They  further  contended  that  tho  eoet  of 
production  had  increased  so  greatly  that  they  wuro  not  a  hie  to 
execute  work  at  remunerative  prices.  They  also  complained  of 
the  time  lost  by  the  workmen.  This,  they  stated,  w as  not  onlv 
a  loss  to  the  firms,  but  was  also  a  hindrance  to  tho  completion  of 
work  on  hand,  and  they  suggested  that  this  request  for  an  advance 
should  be  postponed  tor  three  months,  whon  they  w ere  satisfied 
that  it  would  be  seen  clearly  that  the  application  should  not  l>o 
enforced.  Tho  representatives  of  the  trades,  on  the  otlicr  hand, 
urged  strongly  that  the  industry  showed  no  signs  of  decline,  that 
the  tonnage  under  construction  was  never  greater,  that  the 
demand  for  labour  was  unprecedented  in  the  history  of  tho  trade, 
that  freights  were  still  firm,  and  that,  further,  the  cost  of  living 
had  increased  to  such  an  extent  that  the  purchasing  power  of  n 
sovereign  had  been  reduced  by  more  than  15  per  cent.,  with  the 
result  that  the  workmen  were  really  in  a  worse  position,  not- 
withstanding the  increases  granted,  during  1911  and  1912  ；  while 
in  many  trades,  notwithstanding  the  abounding  pro.spei  ity  in  ship- 
building industry,  rates  were  no  higher  than  they  were  15  years 
ago.  JNrotwithstanding  all  the  arguments  advanced  by  the  men's 
representatives,  however,  the  employers  would  not  agree  to  their 
request,  and  the  men's  representatives,  in  considering;  the  p()、itioii, 
informed  the  employers  that  they  had  failed  to  convince  them, 
and  that  in  their  opi"ioii  the  reasonable  request  of  the  men  shoul<I 
be  conceded.  Tho  members  of  the  societies  are  asked  therefore  to 
vote  on  the  following  propositions :  (a)  For  accepting  the  em- 
ployers' proposal  to  adjourn  the  request  for  three  months,  (b) 
For  giving  notice  to  cease  work  to  obtain  the  advance  asked. 
The  results  of  the  voting  are  to  be  returned  to  the  secretin y  of 
the  Standing  Committee  on  or  before  May  29th.  When  tho  pooled 
result  is  obtained  the  committee  will  tlion  hi y  tho  matter  once 
more  before  the  Employers'  Federation,  and  also ― if  the  figures 
are  in  favour  of  a  stoppage  of  work ~ decide  when  such  stoppago 
shall  take  place ~ that  is,  if  any  further  negotiations  that  may  be 
held  with  tho  employers  fail  to  settle  the  dispute. 


METAL  QUOTATIONS. 

TUESDAY,  MAY  6th. 

Aluminiuia  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  1 12/-  ,, 

,，        sheets        ,，  ,，   ，  120/-  ，， 

Antimony  £32/-/-  to  £33/-/-  per  ton. 

Brass,  rolled   S>d.  per  lb. 

，，    tubes  (brazed)    lU|d. ，， 

，，       ，，     (solid  drawn)   9d.  ，， 

，,  wire   Sjd.  " 

Copper,  Standard   £6!»/ I<V-  per  ton. 

Iron,  Cleveland   67/3  ，, 

，， Scotch   73/3  ，， 

Lead,  English    £18/17/6  ,, 

，， Foreign  (soft)    £18/8/i»  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ,,  ，，       medium   3/6  to  6/-  ,' 

,,  ,，  ，,       large   7/6  to  11/-  ，, 

Quicksilver   £7/10/-  per  bottle. 

Silver   27j;cl.  per  oz. 

Spelter    £2."»/7/»»  per  ton. 

Tin,  block   £230/10/- ，， 

Tin  plates   14/3  ,， 

Zinc  sheets  (Silesian)   £28/10/-  -， 

，，         (Stettin  ；  Vieille  Montague)   £28/12/0  ,， 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  xhall 
hf  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
11  Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1912. 

.Manutacturo  of  ； innour  plates  and  oilier  steel  artiek's.  Vickors, 

I 丄 (1.，  mihI  Benthall.  885. 
Tube  cleaners.    Hall.  1.582. 
Acetylene-gas  generators.    Calvo.  7283. 

Bal;mdng  of  rotating  massos.    Soc.  Anon.  |mm.  l/Kxploitation  (lr、 

Pi-ocedes  Westiiighouse-Lehlnnc.  8527. 
Jnternal-combustion  engines.    Cochrane.  8625. 
Pneumatic  clutches  for  transmitting  power.    Prathcr.    803 1 . 
Carlmrcttcrs  for  internal  oombnstioii  enginos.    J)iirr.  8784. 
Method  of  fixing  blades  of  turbines.    Knight.  8785. 
(Vntiing  device  for  shafts.    Gabriel.  8819. 
Water-tube  boilers.    Parsons.  <fe  Cook.  8850. 

Variable-speed  transmission  gearing.   Ross,  and  Ro.ss  Tniii'sim 續川 

Gear  Company.    8981  - 
Acetylene  gas  generators.    Shepherd  &  Haworth.  89(JD. 
Driving  belts.    Sleigh.  9088. 

JVleans  for  use  in  starting  intern;i I conil.n.stioii.  engines  of  unto 
mobiles.  Wolseley  Tool  and  Motor-car  Company,  Kemington, 
and  Rowledge.  9113. 

Liquid  meters.    Kent.  9197. 

Nut  lock.    Phillips  &  Phillips.  9274. 

Means  for  grinding  in  valves.    Griffin.  [)\:U. 

Automatic  car  couplers.    Willison.  9622. 

Furnaces.    Baird  <fe  Wari'and.  9(392. 

iMnuis  for  feeding  blanks  to  turret  lathes.    Kindfleisch.  i)U\7. 
Appliance  for  automatically  supporting  a  pit  cage  in  .safety  should 

the  haulage  rope  break.    INunn  &  Hanks.  10200. 
Turbines.    Walker.  10300. 
Blastfurnaces.    Ilogerson.  10399. 

Machine  for  washing  or  separating  coal,  ore,  and  othvv  giiinular 
materials.    Benson,  and  Head,  AVrightson,  cfe  Co.  1U!)1>(,!. 

M''ttu-  for  uso  with  liquid  fuels.    Hudhuss.  11278. 

Wire  drawing.    Deutsche  Gasglulilicht  Akt.  Gew.  11 

Power-operated  capstans.    Conradi.    121  GO. 

Pneumatic  brakes.    Chapsul  ifc  Saillot.  12858. 

Carburetters  for  iiiteriial-combustioii  eiigmeN.    Charlton.  12890. 

Water-cooled  system  for  internal-combustion  engines.  Dahnan. 
13148. 

Valve  for  regulating  pressure  on  brake  engines.  Bell  it  Graliain. 
13677, 

Marine-boiler  furnaces.    Carew.  14382. 

Mechanical  cooling  beds  for  rolling-mill  trains.    RunihachtM*  Hut- 

tonwerke.  15422. 
Automatic  couplings  for  railway  wagons.    Bradbury.  1599G. 
Method  of  and  apparatus  for  preventing  the  spreading  and  effect 

of  coal  dust  and  firedamp  explosions.  Kaliler  ifc  Junker.  1(3440. 
Box  spanners.    Delacroix.  1G7D3. 

Overhead  travelling  cranes.    Steel  Nut  &  Joseph  Hampton,  Ltd., 

and  Merrell.  17183. 
lU'gulating  and  reversing  apparutti.s  lor  rcgeiitM'ativc  g'»,s  funuK' ('！ s. 

Kopper.  17732. 

rumps  tor  raising  and  forcing  cement  and  other   yenii  liquids. 

15ailey  &  Bailey.  17796. 
Control  ot  dampers  in  steam  geJierating  plant.    Wood.  Braddock, 

and  Pickford.  19157. 
Boring  and  facing  machines.    Peani.  19159. 

Treatment  of  metals  or  alloys  to  render  them  duct iK>  ;uxl  malleablo. 

Wustmgliouse  Metallfaden  Gluhlampenfabrik  Gcs.  VJ2SS. 
Interna  1-combustioii  engines.    Neumann.  19333. 
Driving-belts.    Gray.  198G0. 
Valves  for  pumps.    Dickson.  2CK>()L). 
Supply  of  air  for  i'uniatvs.    Hill.  M. 
Steam  generators.    Makin.  20091. 
Interiial-combusiioii  oii^iiieN.    I'tsi r.son .    ？二'  1  :iS . 

AnangtMiient  of  two-stroke  cycle  intenial-coinbustion  €*ngines  for 

ships.    Kilburn.    23011. ' 
iUtMhod  for  revivifying  or  restoring  penuutit.     Schwcikcrt  and 

Czeczowiczka .  23700. 
Tr;utor.s.    C'ook  &  Van  Tu.vl.  23740. 
A'— 'i  (中 l;uit、.    Wcsterman.  . 
Liiting-jacLs.    Aron  cfc  Benstead.    2\i\21 . 
Cranes.    Iiuray.    2 100!'. 
】':.、l)losicm  turbine.    Amlorseii.  2107!). 
("i'、  inoduccrs.    Simotifiiko  iV'  Hoinlunoii.  20778. 
Aerial  machines.    Bleriot.  2-5877. 
Die-stocks.    Martignoiii  &  Jjiger.  2G047. 

CMutches.    Soc.  Anon,  des  Anciens  EtablissenitMits  Paiiluud  and 

Lovassor.  2(3137. 
Pressure- wlatiiig  valvos.    lU^oiuli.  2(>7(J0. 
Rolliu-;  mills.    Smith  &  Hunibatfelx.  20838. 
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Device  for  bending  iron  pipes.    HuIhm'.  27849. 
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Strainers  for  usu  in  the  suction  pipes  oi  pumps.    Westliiook.     171 . 
Thr，ist  Ixsu  iii^s.    Johiiston.  2888. 
I5:i II  U'a rings.    Dcliois.    308*3 . 
Stoam  generators.    Aitken.  7939. 
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Kl«'(  tri(*  storage  systems.    Kettering.    370 1 . 

Transformation  of  direct  currents.    Akt.-Ges.  】!ro、vn，  Hoveri,  ot 
Cie.  6550. 

Combined  intercommunication  and  party  line  teleplione  s\>tciii>. 

Sterling  Tele])tn>iic  and  KU'cti  ic  Company.  G.580. 
Klcc-tric  arc  furnaces.    Marks.  8791. 
'I'clcphony.    Brow  n.  9179. 

Electric  cables.    Western  Electric  C'oinpany.  9309. 
Synchronous  dynamos.    Iiosenberg.    9 044. 

Phase  compensation  of    dynamo-electric    iuduc'tioii  iiiacliiacrv. 

Akt.-Ges.  Brown,  Boveri,  et  Cie.  10113. 
Electric  flame  arc  lamps.    Schuer.  10496. 

Supporting  of  insulators  for  electric  concluctors.    Marl".  】08(JO. 
Metallic  filaments  for  incandescent  electric  lamps.    Scoular.  and 

Dick,  Kerr,  &  Co.  lid 
Electric  switches  for  multiple  unit  control  systems.  Turner.  137  JO. 
Receivers  for  printing-telegraph  systems.    Hiltz.  14831. 
Electric  brakes  for  tramway  vehicles.    Turner.  15023. 
Telegraphic  apparatus.    Knudsen.  15591. 

Electric  switches.    J3 ritish  Thomson-Houston  Company,  and  Wal 
lace.  15776. 

Filament  holders  for  metal  filament  electric  incandeticeiit  lauip.s. 

Baum.  108(3-5. 
Magnetic  speedometers.    Stewart.  17942. 

Electrometers  and  appliances  tor  indicating  and  measuring  varia 

tions  in  electric  potential.    Maurice.  180(35. 
ElectiO'iiia^netically  operated  sw  itches.    Schattner.  20247. 
Eloctrical  protective  apparatus.    De  Stefan i.  22129. 
Time  lag  devices  for  electric  suite-lies.      Railing,  Strachaii,  and 

Coates.  22509. 
J^lectric  discharge  a pparatu.s.    Majorana.  23024. 
Parallel  working  of  synchronoUK  inachines.    -、 larl、、.  24097. 
Sotting  tho  timing  gear  of  electrical-ignition  systems.  Sturgouii. 

2G443. 

Circuit  arraugements  for  the  recoption  of  signals  transmitted  l»y 

means  of  electrojriagnetic  waves.    Imray.  28070. 
Electric  current  transformers.    Wescott.  289G7. 
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Hot  wire  electrical  uieasuring  iiistrumonts.     Sienieiis  】Jros.  ami 
Co.  943. 

Telephone  systems.    Sterling  Telephone  and  Electric  C'ompaiiN . 
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The  Uses  of  Alundum. 一 In  the  course  of  a  lecture  before 
the  Massachusetts  Institute  of  Technology  by  Mr.  K.  E.  Her- 
rick,  of  the  Norton  Manufacturiug  Company,  he  referred  to 
the  laboratory  applications  of  alunclun],  which  is  diiefly  used 
as  an  abrasive.  This  material  is  an  artificial  oxide  of  alumi- 
nium. The  latter  is  produced  from  a  mineral,  bauxite,  which 
is  a  hydra  ted  oxide  of  aluminiuiri  found  in  the  southern  por- 
tions of  the  United  States  and  also  in  Europe.  Domestic 
bauxite  is  first  calcined  and  theu  melted  in  electric  furnaces. 
The  impurities,  consisting"  mostly  of  metallic  oxides,  and  the 
pure  alumina ― A1203 ~ Are  removed  iii  immense  ingots  weigh- 
ing about  5  tons  each.  These  are  broken  up  and  ship{)ed 
directly  to  Worcester.  There  they  are  ground,  mixed  witli  a 
binder,  and  burned  in  a  kiln.  The  final  product  is  alundum, 
which  gives  great  promise  of  revolutionising  certain  processes 
in  the  chemical  laboratory.  One  of  the  important  ]»roj>erti€»s 
of  alundum  is  its  high  refractive  power,  and  in  this  respect  it' 
i@  far  superior  to  ordinary  porcelain.  It  has  also  a  low  co- 
eflicieiit  of  exj>;uisioii,  and  will  endure  very  rapid  heating  and 
coaling.  It  furthermore  j>ossesses  very  fair  thermal  conduc- 
tivity. CMieinically  it  is  a  very  inert  .substance,  and  although 
it  cannot  be  empluyecl  as  a  '  uniplett1  substitute  for  platinum, 
in  crucibles,  it  is  an  excellent  supplement  to  the  latter  mate- 
rial. Alunduin  has  also  been  employed  as  an  inactive  lining 
for  electric  furnaces.  What  seems  to  be  the  most  important 
use  for  this  material  is  its  application  to  filters,  which  is  a 
consequence  of  its  porosity.  Alund um  filters  ha ve  been  on 
the  market  only  a  few  months,  but  are  said  t-o  be  superior  to 
the  tinicyhonoured  asbest<\s  filters. 
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Iron  and  Steel  Works  Practice. 

There  is  something  about  the  meetings  of  the  Iron  and  Steel 
Institute  not  usually  found  at  those  of  kindred  institutions. 
Popular  tradition  pictures  the  ironmaster  as  a  man  of  strong 
character,  large  organising  capacity,  and  wide-stretching  out- 
look in  the  affairs  of  his  business.  There  is  no  mistaking  him 
for  the  wealthy  tradesman,  the  eminent  professional  man, 
or  even  for  the  modern  director  of  an  engineering  company  ； 
although  some  of  the  older  engineering  masters  had  some- 
thing of  the  same  singleness  of  purpose  and  determination  of 
spirit.  Popular  tradition,  no  doubt,  colours  the  picture  a 
little  too  highly,  but  there  is  some  truth  in  its  verdict.  Even 
in  these  days  of  limited  companies,  with  their  numerous 
shareholders  and  changing  boards  of  directors,  the  raen  who 
count  in  our  iron  and  steel  industries  still  possess  some  of 
the  characteristics  outlined  above,  and  these  characteristics 
are  reflected  in  the  discussions  over  the  papers  at  the  Iron 
and  Steel  Institute.  At  the  back  of  the  mind  of  the  iron  or 
steel  master  is  always  the  market,  and  teclinical  problems 
are  continually  viewed  from  the  market  standpoint.  No 
doubt  this  is  encouraged  by  the  nature  of  their  products. 
There  is  a  tremendous  rang©  of  iron  and  steel  products,  but 
the  bulk  of  them,  apart,  of  course,  from  the  special  manu- 
factured articles  of  engineering  and  allied  trades,  belong  to 
two  classes,  in  each  of  which  there  are  few  divisions;  although 
not,  perhaps,  rigidly  defined.  Thus  the  ironmaster  makes 
pig  iron,  and,  whilst  it  is  true  that  there  are  many  varieties 
of  pig,  the  bulk  of  the  pig  iron  smelted  falls  into  a  few  divi- 
sions, to  one  or  two  of  which  the  individual  ironmaster  con- 
fines himself.  If  he  is  the  maker  of,  say,  a  West  Coast  hema- 
tite his  market  is  very  closely  defined,  and  it  is  an  easy 
matter  for  him  to  watch  its  changes  and  to  estimate  its  influ- 
ence on  his  fortunes.  Similarly,  the  steel  master  finds  it 
moderately  easy  to  read  the  markets  for  boiler  and  ship- 
plates,  merchant-bars,  or  tin-plates,  and  he,  too,  has  his 
attention  continually  diverted  to  the  broader  aspects  of  the 
industry.      In  engineering  it  is  more  difficult  to  read  the 
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inarket.  In  the  first  place-  prices  are  rarely  published,  and 
even  if  they  were  the  wide  variety  of  work  would  minimise 
their  importance.  Thus  it  comes  about  that  engineers  tend 
to  leave'  the  market  and  wider  economic  considerations  out  of 
their  discussions  at  their  Institution  meetings,  and  in  the 
popular  estimation  bhoy  are  set  down  as  provincial  in  outlook . 

Engineers,  do，  however,  take  an  interest  in  their  markets, 
even  if  they  are  littl©  inclined  to  discuss  them .  One  of  these 
markets  is  supplied  by  the  iron  and  steel  industries,  and  it 
is  interesting  to  note  the  tendency  of  practice  in  this  market. 
The  British  iron  and  steel  industries  have  not  progressed  very 
rapidly  on  their  engineeiring  side  for  some  years  past.  Blow- 
ing-engines for  blastfurnaces  are  still  mainly  of  the  plain 
simple-expansion  types,  and  it  is  only  here  and  there  that 
compound  engines  using  superheated  steam,  and  being 
generally  of  an  economical  type,  are  to1  bo  found.  The  turbo- 
blower has  made  a  little  headway,  but  the  inefficiency  of  th© 
blower  itself  prevents  it  from  being  a  foirmidabLe  competitor 
where  the  highest  eoono-my  of  steam  is  desired,  and  where 
this  is  not  sought  the  feeling  of  blastfurnace  managers  seems 
to  be  in  favour  of  the'  well-tried  reciprocating  engine.  The 
explanation  of  this  attitude  is  very  largely  the  isolation  of 
our  blastfurnaces.  Somo  are  connected  with  steel  works,  but 
many  stand  alone.  The  gases  from  the  furnaces  supply  the 
stoves  and  the  boilers  for  these'  uneconomical  engines.  If  more 
economical  types  are  installed  they  would  probably  co>st  more 
to  instal;  and  the  ironmaster  sees  no'  market  for  his  surplus 
gas.  On  the  otlieT  lian'd,  competition  is  steadily  forcing 
blastfurnace  owners  to  seek  a  market  for  their  surplus  gases. 
If  utilised  in  th©  most  economical  manner  the  heafc  in  the 
surplus  gasos，  after  supplying  the  stoves  and  gas-driven 
blowing-  and  auxiliary-engines,  is  equivalent  to  rather  more 
than  a  quarter  of  a  ton  of  coal  per  ton  of  pig  smelted . 
Loo'ked  at  in  this  light  the  loss  to  the  ironmaster  is  two'  or 
three  shillings  per  ton  of  pig.  If  a  steel  works  is  at  hand  the 
surplus  gas  can  bo  used  in  th©  furnaces  and  in  engines,  and 
as  this  forms  a  natural  market  for  the  gases  present  tenden- 
cies are  all  towards  combining  blastfurnaces  and  steel  works. 
If  this  market  is  not  available  others  should  be  sought. 
Another  tendency  is  noticeable  at  present.  Many  furnaces 
are  now  making  their  own  coke  in  regene'ratiw  by-product 
ovens.  Apart  from  the  by-products  the  surplus  gas  contains 
about  seven  or  eight  per  cent,  of  the  original  heafc  in  the 
fuel.  Moreover,  this  gas  is  of  four  or  five  times  the  calorific 
value  of  blastfurnace  gas,  and  is  much  more  suitable  for 
furnace  work.  Hence,  either  alone  or  mixed  with  the  blast- 
furnace gas,  it  is  extremely  useful  in  a  sbe'e'l  works. 

The  efficient  utilisation  of  the  surplus  gases  is  assisted  by 
the  employment  of  large  gas  engines  for  driving  the  blowing- 
tubs  and  generating  what  electricity  may  be  required.  In  some 
of  th-e  new  works,  both  in  Europe  and  America,  the  whole  of 
the  rolling  mills  and  auxiliary  machinery  is  electrically 
driven,  the  current  being  generated  by  large  gas  engine- 
driven  alternators  using  surplus  blastfurnace  and  coke-oven 
gases.  In  some  cases  such  gases  supply  th©  whole  of  the 
power  and  also'  all  the  heat  required  in  the  works,  with,  of 
course,  the  exo&ption  of  the  coke  for  the  blastfurnaces  them- 
selves. In  the  majority  of  cases,  however,  steam  rolling-mill 
engines  are  retained.  Until  quite'  recently,  the  steam  con- 
sumption of  these  engines  was  but  little  considered.  In  most 
instances  the  engines  were  simple®  and  often  non-condensing. 
A  few  were  compound,  and  isome  exhausted  into  a  con- 
denser, which  was  usually  of  too  small  a  capacity  and  gave 
a  poor  vacuum.  In  nearly  all  cases  the  boiler-pressure  was 
low  and  superheat  not  used.  Accoxding  to  Dr.  Pupped  paper 
on  "  Rolling-Mill  Practice  in  the  United  States,"  recently 
read  before  the  Iron  and  Steel  Institute,  this  condition  of 


afTair>s  still  holds  in  America,  as  it  does,  substantially,  in  this 
country.  In  Germany  great  efforts  have  been  made  to  im- 
prove the  economy  of  reversing  rolling-mill  engines.  Two 
lines  of  attack  are  followed.  Compound  engines  are  employed 
so  far  as  possible,  and  superheat  is  usual.  Moderate  pres- 
sures are  employed,  although  there  are  operating  objections 
to  too  high  a  boiler-pressure,  and  the  engines  operate  con- 
densing, or,  occasionally,  exhaust  into  a  low-pressure  turbine. 
In  this  way  economy  is  ensured  so  far  as  the  general  type  of 
engine  can  do  it.  The  other  line  of  attack  is  to  enforce  that 
the  engine  shall,  so  far  as  possible,  be  operated  in  the  most 
economical  manner  consistent  with  ease  of  handling  and 
maintenance  of  output.  This  necessitates  so  arranging  the 
control  gear  that  there  is  only  one  method  of  control  normally 
possible,  and  henoe  the  two-control  handles  have  given  place 
to  one.  Several  continental  firms  have  developed  single- 
lever  control  gears  with  this  object  in  view,  but  so  far  very 
little  has  been  done  in  this  country  to  that  end  ；  although 
there  are  signs  that  th©  importance  of  this  matter  of  control 
is  now  being  recognised,  and  it  is  highly  probable  that  the 
future  will  see  consider  able  changes  in  rolling-mill  engines. 
Certainly  all  the  signs  point  towards  a  campaign  in  favour 
of  economy,  and  whilst  the  importance  of  output  must  not  be 
lost  sight  of,  it-  is  becoming  more  evident  that  means  must  be 
found  of  combining  maximum  output  with  maximum  economy 
of  operation. 

The  imporfcanoe  of  output  has  been  mentioned,  and 
judging  from  Dr.  Puppes  paper 3  referred  to  above,  and  an 
earlier  paper  by  the  same  author,  the  importance  of  a  large 
output  is  set  almost  above  everything  else  in  the  United 
States,  where  in  some  cases  the  output  from  a  rail-mill 
reaches  4,000  tons  a  day  of  24  hours,  and  similarly  striking 
figures  are  quoted  for  billet  and  other  mills.  The  most 
striking  results  in  this  direction  are  not  obtained  on  the 
smallest  sections  nor  on  the  more  finished  products,  as  it  is 
found  necessary  to  limit  the  finishing  temperature,  draught 
of  section,  and  speed  of  rolling.  Exactly  what  the  limits  are 
is  not  known,  bufc  they  are  pushed  further  in  America  than  in 
Europe  and  the  tendency  se©ms  rather  to  follow  the  American 
practice  as  far  as  possible.  Certainly  engineers  in  designing 
rolling-mill  engines  and  the  mills  themselves  should  take 
account  of  this  tendency  and  provide  for  higher  speeds  of 
rolling  and  larger  turning  moments.  There  is  no  finality  in 
engineering  practice ；  and  therein  lies  its  great  charm. 

Institution  of  Civil  Engineers :  Election  of  Officers. — At  the 

annual  general  meeting  of  the  Institution  of  Civil  Engineers 
held  on  Tuesday  evening,  April  29th,  the  result  of  the  ballot 
for  tJie  election  of  officers  was  declared  as  follows  :  President, 
Mr.  Anthony  George  Lyster,  M.Eng.  (London)  ；  vice- 
presidents,  Mr.  Benjamin  Hall  Blyth,  M.A.  (Edinburgh), 
Mr.  John  Strain  (Glasgow),  Mr.  George  Robert  Jebb  (Bir- 
mingham), Mr.  Alexander  Ross  (London)  ；  other  members 
of  Council :  Mr.  John  A.  F.  Aspinall,  M.Eng.  (Liverpool), 
Mr.  John  A.  Brodie,  M.Eng.  (Liv(?ipool),  Mr.  William  B. 
Bryan  (London),  Col  K.  E.  B.  Crompton,  C.B.  (Loudon), 
Mr.  J.  M.  Dobson  (London),  Sir  Hay  Frederick  Donaldson, 
K.C.B.  (London),  Mr.  £.  B.  Ellington  (London),  Mr.  W.  H. 
Ellis  (Sheffield),  Mr.  W.  Ferguson,  M.A"  B.A.I.  (Austra- 
lasia), Sir  Maurice  Fitzmaurice,  C.M.G.  (London),  Sir  John 
Purser  Griffith  (Dublin),  Mr.  C.  A.  Harrison,  D.Sc. 
(Newcastle-on-Tyne),  Mr.  Walter  Hunter  (London),  Mr. 
Harry  E.  Jones  (London),  Sir  Thomas  Matthews  (London), 
Mr.  W.  H.  Maw,  LL.D.  (London),  Mr.  C.  L.  Morgan 
(London),  Mr.  Basil  Mott  (London),  Mr,  A.  M.  Tipget't 
(South  Africa),  Sir  Philip  Watts,  K.C.B.  (London),  Mr,  W. 
B.  Worthington,  B.Sc.  (Derby),  Mr.  Dugald  Clerk,  F.R.S. 
(London),  Mr.  Kobert  S.  Highet  (India),  Mr.  Edward  Hop- 
kinsou,  M.A.,  D.Sc.  (Manchester),  Mr.  Frederick  Palmer, 
CLE.  (London),  Mr.  H.  N.  Ruttan  (Canada).  This 
Council  will  take  office  ou  the  first  Tuesday  in 
November,  1913. 


May  16,  1913] 


THE    MECHANICAL  ENGINHRR. 


r,27 


BOOK  REVIEWS. 

Practical   Alternating   Currents  and   Alternating   Current  Testing' 

by  Ciias.  F.  Smitli,  M.Sc,  M.1  E.E.,  &c.    Fiitli  edition. 

Manchester:  The  Scientific  Publishing  Company.  H^in. 

by  Gin.  ；  397  pp.  ；  price,  Gs.  net. 
The  appearance  of  a  fifth  edition  of  this  well-known  work 
within  a  comparatively  short  period  is  perhaps  the  best 
testimony  of  its  exce'llen"1  and  of  the  extent  to  wliich  it'  meets 
the  wants  it  is  designed  to  fulfil.  The  popularity  of  tlie  work 
is  no  doubt  due  in  large  measure  to  comprchonsive  and  at 
the  same  timet  co'mpai'at ive'ly  sinipl©  way  in  which  the  author 
deals  with  the  matheinatical  prohlerns  associated  with  alter- 
nating current  work  and  which  in  less  skilful  hands  usually 
involves  a  forbidding  use  of  tlio  higher  mathematics.  His 
experimental  method  of  treatment  is  also  one  that  appeals 
strongly  to  the  engineeir  as  well  as  to'  the  student,  especially 
as  the  experiments  are  so  carefully  described  that  th©  con- 
clusions derived  from  thorn  may  b©  followed  and  accepted  by 
the  reader  in  cases  where1  lie  has  not  the  means  of  conducting 
them  himself.  To  those  who  have  access  to  practical 
laboratory  work  they  form  an  excellent  outline  for  a  course 
of  study,  and  their  careful  graduation  has  no'  doubt  contri- 
buted largely  to  the  popularity  of  the  work  with  teachers 
as  well  as  with  students. 

Reinforced  Concrete  Bridges,  by  Fredk.  Rings.  London 
Constable  &  Co.  llin.  by  8in.  ；  181  pp.  ；  price,  21s.  net. 
The  main  advantage  of  this  work  io  t lie  engineer  lies  in 
the  careful  and  elaborate  discussions  of  constructional  details 
of  bridge  work  taken  from  actual  practice.  It  is  a  class  of 
information  of  which  th©  draughtsman  and  designer  is  often 
sorely  in  need  in  approaching  fresh  designs  and  which  as  a 
rule  is  difficult  to  obtain.  The  series  of  examples  taken  for 
the  purpose  of  illustration  are  not  perhaps  the  most  striking 
of  reinforced  concrete  construction,  but  they  are  not  on  that 
account  less  lacking  in  the  essential  principles  of  construction, 
while  no  complaint  can  be  made  of  the  lack  of  variety  or  type. 
To  those  interested  in  this  rapidly-growing  field  of  construc- 
tion the  book  is  one  that  should  prove  very  useful. 

Single-phase    Commutator    Motors,  by  F.  Creedy,  A.M.I.E.E., 
&c.      London :     Constable    &    Co.      8|in.    by    5|in. ； 
113  pp.  ；  price,  7s.  6d.  net. 
As  a  monologue  on  singl^phas©  motors  this  little  work  will 
doubtless  meet  with  an  appreciative  though  possibly  somewhat 
select  class  of  reader.    Its  main  merits  consist  of  the  graphic 
vector  metliods  of  analyses  by  which  the  actions  of  this  type 
of  motor  are  reduced  tx>  numerical  forms  which  the  reader 
can  easily  grasp,  but  the  price  strikes  us  as  being  stiff  in 
comparison  with   the   general   run   of  electrical  technical 
literature. 

Modern  Pumping  and  Hydraulic  Machinery,  a  Practical  Handbook 
for  Engineers,  Designers,  and  others,  by  Ed .  Butler, 
M.I.Mech.E.,  with  345  illustrations.      London  ：  Chas. 
Griffin  &  Co.    9in.  by  6!in. ;  473  pp.  ；  18®.  net. 
The  author  of  this  comprehensive  manual  will  be  known 
to  many  of  our  readers  in  connection  with  the  series  of  articles 
on  pumping  machinery  which  appeared  in  our  columns  some 
time  ago,  and  th&  subject  matter  of  which  forms  largely  the 
basis  of  the  volume  before  us.      The  main  value  of  the  book 
to  the  engineer  lies  in  the  extraordinary  wealth  of  sectional 
views  with  which  the  subject  is  illustrated,  and  which  include 
almost  every  type  of  pumping  appliance  in  existence,  coupled 
with  tli e  detailed  descriptions  and  actual  performances.  To 
all  actively  interested  in  pump  construction  or  working,  t  lie 
book  should  prove'  of  value. 
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Wra.  N.  Barnard,  Professors  of  Engineering,  Sibley  College, 
Cornell  University,  Ithaca  N.Y.  New  York :  J.  Wiley  &  Sons  ； 
and  London  :  Chapman  &  Hall.  9^  by  6^,  811  pp.  Price  21s. 
net. 

A  Text  Book  of  Experimental  Metallurgy  and  Assaying.  By 

A.  R.  Gower,  F.C.S.  London  :  Chapman  &  Hall,  Ltd.  7%  by  5， 
163  pp.    Price  3a.  6d.  net. 


Steam  Engineering.  By  W.  H.  Kin^,  Principal,  Baltimore 
Polytechnic  Institute,  Nhw  York:  J.  Wiley  A  S  >ns.  London  ； 
Chapman  &  Hall,  Ltd.    9|  by  6，  450  pp.     Price  17s.  net. 

Machine  Construction  and  Drawing.  I'>v  A  K  I  n^r.nit, 
Lecturer  in  Engineering,  Tecluiical  Instit ut**,  Altrincham. 
London  ：  (；.  Uoutledge  &  Sons,  Ltd.  8^  by  5|t  143pp.  Price 
Is.  Cd.  net. 

Gas  Power.     By  C.  F.  Hirshfeld,  Professor  of  Engineering, 
Sibley  College,  and  T.  C.  Ulbrecht,  Lecturer  in  KM"'in(:erinp, 
Sibley  College.    New  York :  ，J.  Wiley  A:  Sons  ；  and  I 力" （1。" 
Chapman  &  Hall,  Ltd.    7J  by  5J,  209  pp.    Price  5s.  6d,  net 

A  Handbook  on  Japanning,  for  Ironware,  &c.  l*y  W  N 
Brown.  London  :  Scott,  Greenwood,  ik  Son.  7 J  by  5,  GO  pp. 
Price  3s.  Gd.  net. 

Modern  Steam  Boilers  (the  Lancasliiro  BoiU:r).  A  Pr;icti--al 
M anuul.  By  W.  D.  Wandsbrough.  London  :  Crosby  Lock- 
wood  &  Son.    8 J  by  5|,  156  pp.    4s.  6d.  net. 

Board  of  Trade  Instructions  for  the  Survey  of  Passenger  Steam- 
ships.    London  :  Wyraan  i  Sons.    Price  6d.  net. 

Journal  of  the  Institution  of  Electrical  Engineers,  April,  1913.  \  '1 
50.    London  :  E.  &  F.  N.  Spon.    Price  5s.  net. 

The  Slin^  and  Its  Story  ：  Remarks  in  connection  with  lectures 
delivered  at  the  Royal  Institution  by  W.  Leighton  Jordan. 
London  :  Simpkin,  Marshall,  I【amUton，  Kent,  Sc  Co.,  Ltd. 
8|in.  by  Gin,  421  pages.    Price  7s.  6d.  net. 

Gas-engine  Principles.  By  Roger  B.  Whitman.  New  York  and 
London  :  D.  Appleton  &  Co.  7|in.  by  5in.，  248  pages.  Price 
6s.  net. 

Journal  of  the  Textile  Institute.    Edited  by  T.  W.  Fox  and 

J.  Hubner.    Vol.  III.,  No.  2.    Manchester  :  14，  Cross  Street. 


ZOELLY'S  OIL  ENGINE. 

In  an  internal-combustion  engine  in  which  the  combustion 
takes  place  under  approximately  constant  pressure  it  has 
already  been  proposed  to  rapidly  inject  the  combustible  into 
the  air  charge  in  the  cylinder,  and  to  ignite  it  by  a  con- 
tinuous electric  igniter  therein,  such  as  incandescent  igniting 
wires  or  a  continuous  spark,  while  further  it  has  been  pro- 
posed in  an  internal-combustion  engine  of  the  continuous 
combustion  type  to  compress  a  charge  of  air  and  to  then 
admit  gas  compressed  to  a  higher  pressure,  the  gas  being 
ignited  as  it  enters  by  a  glowing  wire.  In  the  uniform 
pressure  internal-combustion  engine,  illustrated  herewith,  the 
invention  of  H.  Zoelly,  Hardturmstrasse  19，  Ziirich,  Swit- 


Pig.  1.— Zoelly's  Oil  Engine. 

zerland,  the  compression  of  the  air  is  also  not  carried  to  the 
point  where  the  ignition  temperature  of  the  fuel  is  attained, 
and  the  heat  still  required  towards  attaining  sucli  tempera- 
ture is  supplied  to  the  combustible  charge  in  the  combustion 
chamber  by  an  electrically  heated  body,  having  a  large  exter- 
nal surface  past  which  the  combustible  charge  is  conducted. 
In  some  cases  the  combustible  charge  or  a  constituent  thereof 
is  led  through  an  electrical  spark  gap.  In  this  way  combus- 
tion is  ensured  throughout  the  entire  admission  period. 

Referring  to  Fig.  1,  which  shows  the  upper  part  of  a  ver- 
tical two-cycle  internal-t'onibustion  engine,  A  is  tho  cylin- 
der and  B  the  piston  located  therein.  The  fuel,  oil  for 
example,  is  introduced  by  means  of  a  pump,  through  an 
opening  C  in  a  sleeve  D.  The  oil  which  is  supplied  at  the 
required  pressure  flows  through  small  passages  E  into  the 
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mixing  chamber  F.  The  air  is  supplied  through  a  port  G， 
and  the  supply  is  controlled  by  means  of  a  valve  H，  through 
which  it  enters  the  mixing  chamber  F.  From  the  mixing 
chamber  the  air,  conjointly  with  the  oil  flowing  through  the 
ports  E，  passes  at  a  comparatively  high  velocity  through  an 
opening  J  into  the  cylinder  chamber  K.  L  is  an  electrical 
heating  device  so  arranged  in  front  of  the  opening  J  that  all 
the  mixture  of  air  and  gas  passing  through  this  opening  into 
the  cylinder  chamber  K  passes  through  the  heating  device. 
The  heating  device  may  be  constructed  of  wire  gauze  or  wire 
bent  sinuously,  as  shown  in  elevation  to  a  larger  scale  in 
Fig.  2.  In  this  construction  a  wire,  insulated  from  the  cas- 
ing,' is  embedded  in  porcelain  and  connected  at  its  ends  to 
terminals  M  and  N  passing  through  the  cylinder  cover,  as 
shown  in  Fig.  1.  The  mixture  of  fuel  and  air  is  heated  to 
the  desired  temperature  by  contact  with  the  comparatively 
large  area  of  the  wire  O  in  Fig.  2. 

Fig.  3  illustrates  a  construction  in  which  a  long  spark  is 
used  for  heating  the  mixture  of  fuel  and  air.  In  this 
arrangement  current  flows  by  means  of  terminal  Q  to  the 
electrode  R  across  the  spark  gap  to  electrode  S，  and  thence 
to  terminal  T.  In  this  construction  the  fuel  flows  through 
the  nozzle  controlled  by  means  of  the  needle  valve  U,  and  is 
heated  on  its  passage  through  the  spark  gap,  across  which 
the  electric  sparks  pass  at  right  angles  to  the  direction  of 
flow  of  the  fuel.  The  air  flows  through  tha  two  valves  V 
and  W，  and  mixes  with  the  fuel,  wliich  has  become  he-at-ed 


Fig.  2.  Fig.  3. 

Zoelly's  Oil  Engine. 


in  its  passage  across  the  spark  gap.  Above  the  piston  cham- 
ber proper  there  is  a  special  heating  chamber  which  is  made 
of  comparatively  small  cross-section,  so  that  the  freshly- 
entering  air  may  continuously  propel  the  mixture  already 
produced  forwards  into  the  cylinder,  and  thereby  ensure  that 
the  freshly-arriving  fuel  shall  come  into  intimate  contact 
with  the  spark  gap  and  mix  with  fresh  air,  thus  preventing 
the  spark  gap  from  being  isolated  by  any  residual  mixture 
or  any  burnt  gases  remaining  from  the  last  cycle.  This 
arrangement  ensures  that  the  vicinity  of  the  spark  gap  is 
always  well  prepared  during  the  admission  period  for  effi- 
ciently heating  the  freshly-arriving  fuel.  The  exhaust  of  the 
burnt  gases  takes  place  through  ports  X. 

Since  the  heating  is  effected  by  the  giving  up  of  electrical 
energy,  an  engine  of  this  kind,  in  contradistinction  to  a 
Diesel  motor,  does  not  need  to  compress  to  such  a  high  degree, 
and  can  therefore  work  on  the  whole  at  considerably  lower 
pressures.  The  air  and  fuel  may  be  pre-heated  by  the  waste 
gases  in  any  well-known  way.  Since  also  combustion  is 
ensured  throughout  the  entire  admission  period,  this  period 
may  be  long  and  a  stroke  pressure  diagram,  the  abscissae  of 
which  indicates  the  piston  stroke  or  the  time  and  the  ordi- 
nates  the  pressure  is  of  greater  dimensions  in  breadth,  and 
need  not  therefore  be  so  high  for  a  given  area  as  in  an 
explosion  engine,  or  in  a  Diesel  motor.  This  means  that 
when  the  arrangement  under  notice  is  used  for  a  given  out- 
put, not  nearly  such  high  pressures  as  heretofore  usual  are 
necessary,  and  the  parts  can  therefore  be  made  lighter,  while 
the  arrangement,  it  is  claimed,  also  permits  of  a  much  finer 
regulation  and  a  more  economical  working,  particularly  in 
the  case  of  partial  loads. 


THE  INFLUENCE  OF  THE  METALLOIDS  ON  THE  PROPERTIES 
OF  CAST  IRON.* 

BY  H.  I.  COE,  M.SC. 

The  present  research  is  intended  as  preliminary  to  one  deal- 
ing with  the  effect  of  metals  not  usually  present  in  cast  iron 
on  the  iron  carbon  alloys,  in  order  subsequently  to  ascertain 
by  comparison  the  utility  of  adding  those  metals  to  cast  iron. 
The  general  scheme  of  work  involved  an  investigation  of  the 
effect  of  varying  quantities  of  manganese,  sulphur,  and  phos- 
phorus on  cast  irons  containing  different  proj>ortioiis  of  silicon. 
The  influence  of  varying  total  carbon  was  not  considered,  and 
it  was  endeavoured  to  keep  that  element  as  constant  as  pos- 
sible, in  the  region  of  3  per  cent.,  though  complete  success 
in  this  direction  was  not  attained  owing  to  the  diluting  action 
of  the  ferro-silicon  employed.  The  base  used  was  American 
washed  iron,  which  was  melted  under  charcoal  in  a  graphite 
crucible,  and  when  melted  the  other  elements  were  added  in 
the  form  of  suitable  alloys. 

Transverse  bars,  15in.  by  lin.  by  lin.  (bested  on  12in. 
centres),  and  9in.  tensile  bars,  6in.  of  which  had  a  diameter 
of  I  in.,  were  prepared.  Since  many  of  the  bars  were  too 
hard  to  machine,  all  were  tested  as  cast.  The  hardness,  as 
determined  by  the  scleroscope,  often  varied  very  considerably 
from  the  exterior  to  the  interior.  In  order,  therefore,  to  get 
relative  results  the  hardness  values  were  in  all  cases  obtained 
from  the  polished  surfaces  of  the  transverse  bars.  Their 
actual  value  will  have  to  be  considered  in  connection  with 
the  remarks  in  Table  I. 

The  Influence  of  Silicon  on  Cast  Iron. ― The  influence  of 
silicon  on  the  condition  of  the  carbon  will  be  seen  upon 
reference  to  Table  I.  Broadly,  the  results  are  in  agreement 
with  thoss  given  in  recent  papers  by  Hatfield,  and  by  Hague 
and  Turner,  though  the  conditions  as  regards  size  of  bar  and 
total  carbon  content  were  slightly  different,  both  factors 
tending  to  an  increased  separation  of  graphite  in  the  present 
series.  With  the  increasing  separation  of  graphite  the 
strength  and  hardness  of  the  bars  decreases,  while  the 
deflection  fluctuates  somewhat  irregularly. 

The  Influence  of  Manganese  on  Cast  Iron  in  the  Presence  of 
Silicon.  ―  The  influence  of  manganese  on  pure  iron  carbon 
alloys  has  been  investigated  by  Wiist,  by  the  author,  and 
others,  and  it  has  been  shown  that  in  such  cases  the  addition 
of  manganese  increases  the  stability  of  the  carbide  owing  to 
the  formation  of  a  double  carbide  of  iron  and  manganese, 
which  does  not  readily  decompose  ；  a  direct  hardening  effect 
is  also  observed.  In  the  presence  of  2  or  3  per  cent,  of  silicon 
the  effect  is  similar,  though  not  so  pronounced.  The  hard- 
ness is  considerably  increased,  and  the  general  effect  of  the 
addition  of  large  quantities  of  manganese  is  to  retain  the 
carbon  in  the  combined  form. 

A  point  of  very  considerable  importance  was  observed  by 
A.  Hague  and  T.  Turner,  relative  to  the  influence  of  a  small 
quantity  of  manganese  on  a  siliceous  cast  iron.  0*6  per  cent, 
of  manganese  added  to  a  cast  iron  containing  3  per  cent,  of 
silicon  resulted  in  a  considerable  decrease  in  the  percentage 
of  combined  carbon.  The  author  investigated  this  point 
more  fully,  the  results  of  the  research  being  embodied  in  a 
paper  to  the  British  Fouudrynien's  Association  (1910,  Vol. 
II.,  page  163).  It  was  found  that  the  addition  of  manganese 
to  a  cast  iron  containing  2  per  cent,  of  silicon,  either  in  the 
presence  or  absence  of  phosphorus,  resulted  in  a  diminution 
of  the  percentage  of  combined  carbon,  with  a  corresponding 
decrease  in  hardness,  this  effect  reaching  a  maximum  with 
0*5  per  cent,  of  manganese.  Further  addition  of  man- 
ganese was  accompanied  by  an  increased  percentage  of  com- 
bined carbon  and  increased  hardness. 

The  cast  irons  examined  、  in  the  present  research  were 
prepared  in  a  different  manner  from  those  described  above, 
but,  nevertheless,  the  facts  observed  are  in  substantial  agree- 
ment. 

In  discussing  the  influence  of  niauganese  t】iere  is  another 
factor  to  consider,  namely,  rate  of  cooling.  The  fracture 
and  the  microstructure  show  that  the  chilling  action  of  the 

*  Pai>or  prt'Sentod  itt  Uie  annual  meeting  of  the  Iron  ami  Steel  Institute.  May, 
1913. 
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sand  is  intensified  by  even  small  additions  of  "mng'm'  si' 
The  softening  influence  of  tho  manganese  is,  however, 
(山 s<、rv<?<l  on  tiie  uiichilled  interior  of  the  bar.  This  soften- 
ing iniluenco  of  small  quantities  of  manganese  on  siliceous 
irons  is  clue  to  the  precipitation  of  secondary  graphit*1  ； iM(  r 
solidification  down  to  the  pearlite  arrest  point.  Evidence  for 
this  statement  is  found  in  shrinkage  curves  aiul  photomicro 
graphs  that  have  been  published. 

Reference  to  Table  I,  shows  that  the  addition  of  small 
quantities  of  manganese  considerably  increases  the  strength 


states  that  "  sulphur  in  ccrlain  proportions  has  tho  power  of 
causing  carbon  to  remain  in  the  roinljined  state  during  solirli- 
fication  after  fusion."  This  statenienL  lias  been  fully  con- 
firmed by  later  investigators.  At  the  same  time,  compara- 
tively little  is  known  of  the  effect  of  sulphur  on  the  inechani- 
cal  properties  of  cast  iron,  other  than  that  it  hardens  the 
met^l  owing  to  its  iiifluon.  f  on  stato  of   the  carbon. 

Again,  the  general  opinion  is  holrl  that  it  rwit'rs  cast  iron 
brittle,  though  the  author  knows  that  some  foundry 
managers    realise    the    value    of    suitable    proportions  of 
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and  deflection,  the  effect  being  more  marked  in  those  irons 
which  in  the  ordinary  cast  condition  are  wholly  grey.  T11 
the  latter  irons,  also,  the  hardness  is  seen  to  fall  with  tho 
addition  of  0'5  per  cent,  manganese,  and  then  to  increase 
with  further  addition.  It  will  be  observed  that  while  the 
hardness  varies  with  the  combined  carbon,  the  strength  is 
more  influenced  by  change-  in  structure. 

The  Influence  of  Sulphur  on  Cast  Iron  Containing  Silicon. ― The 
subject  of  the  influence  of  sulphur  on  cast  iron  has  attracted 
considerable  attention  of  late  years,  and  important  researches 
dealing  with  it  have  been  published,  notably  by  J.  E.  St^ad 
，ncl  D.  M.  Levy.  Dr.  Percy,  in  discussing  work  performed 
in  his  laboratory  on  the  influence  of  sulphur  011  cast  iron, 


re  tested,  broke  at  21  -2  Lons  i)er  sqnnie  incl). 

sulphur  in  increasing  the  valuable  mechanical  properties  of 
cast  iron. 

Reference  to  the  figures  given  in  Table  I.  shows  the 
influence  of  small  additions  of  sulphur  on  the  mechanical 
and  chemical  properties.  The  author  has  already  discussed 
most  of  the  results  given  in  this  portion  of  the  table  in  a 
paper  entitled  "  Sulphur  in  Cast  Tron,，，  read  before  the 
British  Foundrymen's  Association  (1911-12,  p.  78),  so  that 
o"lv  brief  reference  to  it  is  required  here.    The  outstanding 

ures  may  be  summarised  as  follows  ： — 

(1)  The  influence  of  sulphur  on  the  condition  of  the  car- 
bon is  dependent  to  a  considerable  extent  on  the  percentage 
of  silicon  ；  with  a  low  silicon  content  the  addition  of  mere 
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traces  of  sulphur  is  sufficient  to  throw  the  greater  part  of 
the  carbon  into  the  combined  form  in  the  conditions  under 
which  the  bars  were  cast,  while  with  a  higher  silicon  content 
appreciable  additions  of  sulphur  may  be  mad©  without  anv 
considerable  change  in  the  condition  of  the  carbon.  The 
ha nlnes5  of  the  bars  is  largely  a  function  oi'  the  combined 
carbon. 

(2)  The  strength  of  the  bars  increases  in  a  remarkable 
manner  with  the  increase  in  sulphur  content,  especially  in 
the  case  of  the  bars  which  are  wholly  grey.    Bar  37,  which 


(3)  Manganese  in  the  proportions  required  to  form  MnS 
practically  neutralises  the  normal  influence  of  sulphur  on 
the  condition  of  the  carbon,  and  in  excess  it  t^nds  to  the 
eliniiiwitioii  of  sulphur  owing  to  the  separation  of  man- 
ganese sulphide  from  tlie  fluid  cast  iron  before  solidification 
coinmences.  The  mixture  made  up  for  Bar  40  was  equiva- 
lent to  1*2  per  cent,  manganese  and  0  2  per  cent,  sulphur. 

(4)  There  was  no  evidence  in  the  experiments  described 
to  show  that  high  sulphur  content  results  in  the  formation  of 
blowholes. 
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Fig.  X. 

Bar  1.   0*42  per  cent,  silicon.  Magnified 
80  diameters. 


Bar  3.   0'90  pev  cent,  silicon.  Magnified 
80  diameters. 


Fig.  3. 

Bar  7.   1*62  per  cent,  silicon.    Unetched.  Magnified 
80  diameters. 


攀， 难' 


Bar  16.   1.52  per  cent,  silicon  ；  0  54  per  cent- 
manganese.    Magnified  80  diameters. 


Bar  35.    1T>5  ])er  cent,  silicon  ；  015  per  cent, 
s  ilphur.   Magnified  80  diameters. 


Har  34.   1  69  per  cent,  silicon  ；  011  per  cent, 
sulphur.    Magnified  30  diameters. 


^：^^， .、. 


Fig.  7. 

Bar  46.    1'58  per  cent,  silicon  :  0.75  per  cent, 
phosphorus.   Magnified  130  diameters. 


Bar  48.  1  59  p?r  cent-  silicon  ；  175  per  cent, 
phosjihorus.    Heat  tinted-     Magnitied  120 

ilillliU'tri^. 


Bar  48.   1'59  per  cent,  silicon  :  175  per  cent. 
l>hosi  liovus.    Heat  tinted.    Mayuified  l*iO 
(liameters. 


has  the  high  tensile  strength  of  212  tons  per  square  inch, 
associated  with  high  transverse  strength  and  detlection,  was 
too  hard  to  be  machined  easily  with  ordinary  tools,  though 
it  would  be  serviceable  where  small  strong  castings  were 
required. 

It  is  probable  that  the  increased  strength  of  the  bars  is 
due  to  the  effect  of  sulphur  in  modifying  the  dendritic  struc- 
ture of  the  irons,  and  on  the  fineness  of  the  graphite,  more 
than  to  its  effect  on  the  condition  of  the  carbon.  Rough 
tests  with  a  hammer  showed  no  indication  of  brittlenes3  due 
to  sulphur. 


The  Influence  of  Phosphorus  on  Cast  Iron  Containing  Silicon. ― 

Th©  physical  and  chemical  relations  of  phosphorus  and  the 
iron  carbon  alloys  were  made  the  subject  of  a  classical  re- 
search by  Dr.  Stead,  and  the  results  were  embodied  in  a 
paper  presented  to  this  Institute  in  1900.  Further  interest- 
ing information  relating  to  phosphorus  in  cast  iron  was 
given  in  Dr.  Stead's  address  to  the  British  Association, 
1910.  Wiist,  too,  has  thoroughly  investigated  the  influence 
of  phosphorus  on  iron  saturated  with  carbon,  and  has  given 
complete  information  of  the  cbauges  in  these  alloys  in  the 
absence  of  other  impurities. 
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Tho  influence  of  phosphorus  on  the  condition  of  the 
carbon  in  siliceous  irons  is  shown  in  Table  I.  Additions  up 
to  1  per  cent,  have  comparatively  little  effect,  appearing 
slitrhtly  to  diniinisli  the  percentage  of  combined  carbon  ； md 
to  decrease  the  hardness,  but  larger  quantities  cause  t  lio 
retention  of  an  increased  percentage  of  carbon  in  the  com- 
bined form.  It  is  possible  that  two  influences  are  at  work. 
On  the  one  hand,  the  tendency  of  phosphorus  to  retain  iron 
carbide  as  the  third  constituent  of  a  triple  eutectic,  and,  on 
the  other  hand,  the  tendency  to  the  formation  of  graphite- 
owing  to  the  metal  remaining  in  the  fluid  or  semi-fluid  con- 
dition for  a  longer  time  by  reason  of  the  presence  of  phos- 
phorus. With  small  percentages  of  phosphorus  only  the 
latter  factor  more  than  balances  the  tendency  of  phosphorus 
to  retain  the  carbon  in  the  combined  form. 

The  chilling  action  of  the  sand  in  irons  low  in  silicon  is 
not  nearly  so  marked  in  the  presence  of  phosphorus.  The 
addition  of  about  1  per  cent,  of  phosphorus  appears  to 
strengthen  cast  iron,  but  the  addition  of  2  per  cent,  results 
in  a  hard,  weak,  brittle  material  possessing  low  deflection. 

The  Microstructurc  of  the  Cast  Irons.— The  microstructure  in 
general  bears  out  the  change  in  the  condition  of  the  carbon, 
as  shown  by  the  analysis.  Fig.  1  shows  that  the  microstruc- 
ture of  Bar  1，  0'4  per  cent,  silicon,  is  identical  with  that  of 
pure  whit©  iron  containing  about  3  per  cent,  of  carbon. 
Further  addition  of  silicon  results  in  the  partial  breakdown 
of  the  iron  carbide,  as  is  illustrated  by  the  microstructure  of 
Bar  3，  0*8  per  cent,  silicon  (Fig.  2).  Fig.  3  shows  that  com- 
plete decomposition  of  all  free  iron  carbide  has  taken  place 
with  the  addition  of  1*6  per  cent,  silicon.  The  specimen  was 
not  etched,  and  the  photograph  shows  very  clearly  the 
marked  dendritic  form  of  the  primary  crystals,  and  also  the 
replacement  of  the  iron  carbide-pearlite  eutectic  by  one  of 
graphite  and  pearlite.  Whether  this  graphite-pearlite  com- 
plex is  a  true  eutectic  is  a  matter  for  discussion.  The  pearlite 
(the  result  of  the  decomposition  of  austenite  in  the  neigh- 
bourhood of  700°  C.)  is  better  developed  in  the  irons  that  are 
mottled  or  white  than  in  those  that  are  grey.  It  may  be 
repeated  here  that  any  diminution  in  the  pronounced  den- 
dritic structure  of  the  cast  irons  is  accompanied  by  an 
increase  in  strength,  and  that  tbe  influence  of  sulphur  in 
increasing  the  strength  of  cast  iron  is  largely  due  to  this 
action.  Further  addition  of  silicon  within  the  limits  of  the 
experiments  described  is  not  accompanied  by  any  change  in 
the  microstructure. 

Manganese  in  small  quantity  (0*5  per  cent,)  added  to 
grey  irons  results  in  the  replacement  of  part  of  the  pearlitic 
groundmass  by  ferrite  (Fig.  4),  thus  bearing  out  remarks 
made  in  discussing  the  effect  of  manganese  on  the  condition 
of  the  carbon  and  the  hardness  of  the  bars. 

Fig.  5  illustrates  the  influence  of  a  considerable  addi- 
tion of  sulphur  to  an  iron  containing  1.55  per  cent,  silicon  ； 
in  the  absence  of  sulphur  the  iron  carbide  areas  are  absent- 
Fig.  6  is  interesting,  since  it  illustrates  a  structure  under 
low  power,  which  has  been  shown  to  be  characteristic  of  cast 
irons  possessing  considerable  strength.  Further,  it  points  to 
an  interesting  sequence  in  the  solidification  of  the  metal, 
grey  areas  consisting  of  pearlite  and  graphite  being  sur- 
rounded by  a  network  of  the  iron  carbide-pearlite  eutectic, 
which  solidifies  last.  The  blobs  of  yellow-brown  iron  sul- 
phide, FeS,  in  the  grey  irons  of  the  series  were  found  towards 
the  boundaries  of  the  primary  crystals,  while  in  the  mottled 
and  white  irons  the  greater  portion  of  the  iron  sulphide  was 
observed  in  association  with  the  iron  carbide-pearlite  eutectic. 

The  addition  of  phosphorus  results,  as  is  well  known,  in 
the  formation  of  a  eutectic,  the  nature  of  which  varies 
according  to  the  amount  of  other  impurities  present  in  the 
cast  iron.  Fig.  7，  of  Bar  46，  1*6  per  cent,  silicon,  0*75  per 
cent  phosphorus,  shows  the  normal  form  of  phosphide 
eutectic,  together  with  flakes  of  graphite  embedded  in  a 
groundrnass  of  pearlite.  There  are  apparently  throe  stages 
in  tho  solidification  of  such  an  iron :  (1)  The  separation  of 
primary  austenite  crystals,  followed  by  (2)  a  separation  of 
graphite,  and  afterwards  by  (3)  the  solidification  of  the 
eutectic. 

Fig-  8  (Bar  48，  1*6  per  cent,  silicon,  195  per  cent,  phos- 
phorus, boat  tinted)   shows  a  considerable   change  in  the 


character  of  the  eutectic,  which  now  ap[>ears  to  consist  of 
three  constituents ~ iron  carbide,  tinted  (larkest  ；  iron  phos- 
phide, slightly  lighter  ；  and  pearlite,  which  make  up  a  ter- 
nary eutectic.  The  rectilinear  crystallisation  of  the  iron 
carbide  is  well  displayed  in  Fig.  9,  a  photograph  of  the  same 
iron.  It  explains  the  brittleness  of  these  cast  irons,  since 
these  thin  plates  of  hard  brittle  material  form  lines  of  weak- 
ness along  which  fracture  easily  takes  place. 

Pyromctric  Results.  A n  investigation  was  made  of  the 
influence  of  the  metalloids  on  the  temperature  of  pearlite 
formation,  and  results  were  obtained  in  accordance  with 
those  that  have  already  been  published,  namely,  that  silicon 
raises  the  temperature  of  pearlite  formation  by  some  25°  C. 
for  each  per  cent,  added,  while  the  addition  of  1  per  cent, 
of  manganese  depresses  that  point  by  about  the  same  number 
of  degrees. 

Complete  cooling  curves  of  a  number  of  phosphoric  irons 
were  taken  ；  450  grammes  each  of  Bars  9，  49，  50，  51，  53,  54, 
containing  about  2  per  cent,  of  silicon,  and  up  to  2*8  per  cent, 
of  phosphorus,  were  melted  in  a  gas-injector  furnace  and 
readings  taken  during  cooling  on  a  thermocouple  potentio- 
meter. The  composition  of  the  buttons  obtained  were  as 
follows : —— 
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Keheated  to  about  910°  C.  and  cooled  slow  ly. 


The  curves  drawn  in  Fig.  10  show  a  number  of  interest- 
ing arrest  points.    The  temperature  of  initial  solidification 


Fig.  10. 


is  lowered,  at  first  slightly,  then  more  rapidly,  with  over  2 
per  cent,  of  phosphorus.  The  same  statement  holds  good  for 
the  second  arrest  point,  except  that  the  effect  is  more 
marked  ；  the  intensity  of  this  arrest  diminishes  with  increase 
in  phosphorus.  The  third  arrest  point  in  those  melts  con- 
taining phosphorus  is  due  to  the  solidification  at  about  930° 
C.  of  a  phosphide  eutectic  ；  the  intensity  of  this  arrest 
increases  with  the  increase  in  phosphorus  content,  which  also 
raises  the  actual  temperature  at  which  solidification  takes 
place.  The  fourth  arrest  point,  due  to  the  formation  of 
pearlite,  does  not  appear  to  be  influenced  by  the  addition  of 
phosphorus.  In  melts  E  and  F  a  slight  arrest  was  observed 
at  720°  C.  which  may  be  due,  as  suggested  by  Dr.  Stead,  to 
the  formation  of  pearlite  from  the  austenite  of  the  ternary 
eutectic.  The  assistance  of  the  microscope  is  required  in  the 
interpretation  of  these  various  arrest  points  on  the  cooling 
curves,  and  the  remarks  made  in  discussing  the  microstruc- 
ture of  the  bars  will  be  sufficient  to  explain  the  arrests. 

Finally,  with  regard  to  the  formation  of  graphite  in  cast 
irons,  there  was  strong  evidence  in  many  cases  of  the  pre- 
liminary separation  of  carbide  of  iron,  followed  by  its  decom- 
position with  the  liberation  of  graphite.  In  a  section,  part 
of  which  is  shown  in  Fig.  2，  the  complete  sequence  could 
easily  be  followed. 

Undeconi posed  areas  of  eutectic  were  associated  with 
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others  in  which  part  of  the  iron  carbide  bad  just  decomposed 
before  complete  solidification  took  place  :  mere  spots  or  very 
small  flakes  of  graphite  had  formed,  but  nearer  the  centre 
of  the  bar,  which  remained  fluid  rather  】cmger，  long  flakes 
had  formed  by  the  linking  up  of  these  spots  or  smaller 
flakes. 

Summary. ― Silicon  decreases  the  strength  and  hardness  of 
cast  iron  owing  to  its  effect  in.  promoting  the  decomposition 
of  iron  carbide. 

Manganese  to  the  extent  of  0  5  per  cent,  results  in  a  con- 
siderable softening  of  siliceous  grey  irons,  owing  to  its  effect 
on  the  condition  of  the  carbon.  The  strength  is  increased 
by  the  addition  of  manganese. 

The  influence  of  sulphur  is  largely  determined  by  the  per- 
centage of  silicon  present.  Carefully  controlled,  it  should 
be  of  considerable  value  to  the  ironfounder  in  mixing  his 
irons  for  any  particular  purpose. 

Tn  the  absence  of  manganese,  and  in  the  presence  of  about 
2  per  cent,  of  silicon,  very  strong  grey  cast  irons  may  be 
obtained  if  the  percentage  of  sulphur  be  judiciously  raised. 

Phosphorus  to  the  extent  of  about  1  per  cent,  is  useful, 
since  it  confers  fluidity  upon  cast  iron,  slightly  increases  the 
strength,  and  also  slightly  diminishes  the  hardness  of  the 
metal.  A  higher  percentage  results,  however,  in  a  hard 
brittle  material. 


PULLEN'S  FUEL  CALORIMETER. 

The  calorimeter  shown  in  the  accompanying  sectional  view, 
the  invention  of  Mr.  W.  W.  F.  Pullen,  24,  He  a  ton  Moor 
Road,  near  Stockport,  has  been  designed  to  provide  a  simple 
and  efficient  instrument  for  determining  the  heating  or 
calorific  value  of  a  fuel.  The  crucible  C  which  contains  the 
fuel  to  be  burnt  is  constructed  of  a  conical  or  V  shape,  so 
that  if  the  fuel  burns  faster  on  one  side  than  another,  the 
unburnt  fuel  will  fall  towards  the  bottom  of  the  crucible, 
where  the  stream  of  oxygen  from  the  tube  M  will  play  upon 
it,  and  compel  the  combustible  part  of  the  sample  to  burn. 

The  conical  shape  of  the 
crucible  also  compels  the  jet  of 
oxygen  to  scour  more  tho- 
roughly the  bottom  of  the 
nut'ible,  whatever  be  tlic 
position  of  the  tube  M  relative 
to  the  axis  of  the  crucible, 
and  thus  to  carry  sufficient 
oxygen  to  the  unburnt  fuel  on 
all  occasions.  The  tube  M  is 
cranked  or  formed  with  a  por- 
tion set  eccentrically  with  the 
axis  of  the  crucible,  so  that 
by  turning  the  tube  about  the 
axis  of  its  upper  part,  its 
lower  end  will  sweep  across 
the  top  of  the  crucible,  by 
which  means  the  jet  of  oxygen 
may  be  directed  upon  diffe- 
rent parts  of  the  sample  of 
i'm'l.  To  permit  of  the  maxi- 
mum effect  of  the  cranked 
tube,  its  axis  is  arranged 
slightly  eccentric  with  the  top 
cover  E  of  the  combustion 
chamber. 

The  crucible  C  is  supported 
in  the  end  of  a  short  per- 
forated tubo  D.  The  perfora- 
tions permit  the  heated  pro- 
ducts of  combustion  to  pass 
into  the  coil  K，  which  they 
traverse  before  emerging  througli  the  orifices  O  into  the  water 
at  the  bottom  of  the  calorimeter.  The  part  of  the  coil  con- 
taining the  orifices  O  is  so  shaped  that  the  products  of  com- 
bustion will  leave  the  coil  on  one  side  only  of  the  calorimeter 
and  rise  through  the  waber  approximately  midway,  radially, 
between  the  combustion  chamber  and  the  outer  vessel,  the 
object  being  to  enable  the  gases  to  ri&e  as  freely  as  possible, 


Fig. 


-Pullen's  Fuel  Calorim kter. 


and  with  little  resistance  from  the  combustion  chamber  or 
the  outer  vessel.  The  rapidly  rising  bubbles  on  one  side  only 
of  the  calorimeter  carry  with  them  the  water  in  their  imme- 
diate neighhourhoorl,  and  thus  produce  a  somewhat  rapid 
circulat  ion  of  the  water,  which  will  not  only  permit  of  the 
more  tliorough  extraction  of  the  heat  from  the  outer  surfaces 
of  the  combustion  chamber  and  the  cooling  coil  K，  but  will 
thoroughly  mix  ainl  churn  the  water  in  the  calorimeter,  and 
thus  produce  a  uniform  temperature  tliroughout  the  calori- 
meter.   The  coil  K  ensures  that  the  greater  part  of  the  heat 


〇 
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FIG  4 


Details  of  Pullen's  Fuel  (； alukimeteu. 

of  combustion  is  communicated  to  the  water  before  the  gases 
reach  the  water. 

The  combustion  chamber  is  formed  of  a  glass  vessel  B, 
closed  at  its  ends  by  covers  E  and  F.  The  ends  of  the  glass 
vessel  butt  against  rubber  rings  H，  the  whole  being  held 
together  by  clips  or  tie  pieces  G.  The  latter  are  shown  in 
greater  detail  in  Fig.  2.  The  notches  Z  are  threaded  over 
the  corresponding  horns  of  the  lower  cover  of  the  combus- 
tion chamber  Y  (Fig.  1),  and  the  notches  X  (Fig.  2)  are 
threaded  over  the  horns  V  of  the  upper  cover  (Fig.  1).  The 
horns  Y  on  the  lower  cover  in  Fig.  1  are  so  shaped  that  the 
clips  G  cannot  be  disconnected  therefrom  without  first  being 
turned  in  a  vertical  plane  through  a  considerable  angle. 
The  horns  V  on  the  top  cover  are  made  with  their  upj>er 
surfaces  inclined,  so  as  to  produce  a  wedging  action  which 
draws  the  top  and  bottom  covers  towards  each  other ^as  the 
clips  are  forced  into  position,  thus  producing  water-tight 
joints  at  the  ends  of  the  glass  chamber  B.  The  clips  G  may 
be  attached  to  the  lower  cover  by  pins,  as  shown  in  Fig.  5. 
To  enable  the  same  clips  to  be  used  with  slightly  different 
lengths  of  glass  B  or  with  the  ends  slightly  out  of  parallel, 
the  clips  may  be  constructed  with  adjustable  or  elastic  ends, 
as  shown  in  Fig.  4，  the  helical  spring  permitting  of  consider- 
able automatic  adjustment  of  the  length  of  the  clips  to  suit 
the  glass  vessel  B.  Each  of  the  clips  G  is  constructed  with  a 
hook  or  projection  L  for  the  purpose  of  supporting  the  lower 
cover  of  the  combustion  chamber  during  the  assembling  or 
disassembling  of  its  parts,  or  during  the  process  of  conducting 
part  of  the  experiment,  as  shown  in  Fig.  3.  In  this  posi- 
tion, the  crucible  C  is  arranged  to  be  above  the  water.  The 
combustion  chamber  is  maintained  approximately  in  a  cen- 
tral position  in  the  outer  vessel  A  by  the  portions  P  of  the 
clips.  The  oxygen  tube  M  is  capable  of  longitudinal  adjust- 
ment, and  water  is  prevented  from  gaining  access  to  the 
combustion  chamber  through  the  top  cover  by  the  gland  U. 
To  enable  any  water  to  escape  from  the  combustion  chamber, 
the  projection  or  boss  that  holds  the  perforated  tube  D  is 
pierced  with  a  small  hole  N，  leading  down  into  the  coil  K. 


Iron  and  Steel  Institute  Awards. ― The  Iron  ami  Steel  InMi 
tut-e  have  awarded  the  Carnegie  Gold  Medal  for  1912  to  Dr. 
J.  Newton  Friend,  for  his  research  work  on  the  corrosion  of 
irou  and  steel.  The  Carnegie  £100  Research  Scholarship 
awards  for  this  year  are  as  follows :  Herr  Aufelstedt 
(Dresden)  ；  M.  Louis  Baraducmuller  (Paris)  ；  Herr  Hans 
Rudeloff  (Gross-Lichterfelde  AV . )  ：  Mr.  Noal  Brodie  (New- 
castle) ； Mr.  A.  Hirsch  (New  York)  ；  and  Mr.  W.  H.  Pater- 
sou  (Birkenhead). 
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THE  DESIGN  OF  VOLUTE  CHAMBERS  AND  OF  GUIDE- 
PASSAGES  FOR  CENTRIFUGAL  PUMPS.* 

15Y  IMtOF.  A.  II.  GIIiSON,  U.SC. , 

Of  all  the  losses  in  Hit.'  centrifugal  pumj),  that  due  to  t  he 
irn])t)ssil)ilily  of  coiivorl  in^  all  t  lic  kinetic  ciHT^y  of  the  water 
leaving  t\w  ini})(*IIer  into  pressure  energy  is  the  most  impor- 
tant. In  a  modern  j)uitip  this  kinetic  energy  usually  a 川 ounts 
to  between  30  and  50  per  cent,  of  the  total  energy  at  dis- 
charge  from  the   impeller,  and  the  efficiency  of  the  pump 


ratio  of  areas  of  primary 

Fig.  1. 


AND     IMPINGING  STREAMS 


depends  very  largely  on  the  efficiency  of  its  conversion  into 
pressure  energy. 

Of  the  devices  adopted  with  this  end  in  view,  the  ring  of 
guide-vanes  surrounding  the  impeller,  and  forming  divergent 
passages  in  which  the  velocity  is  gradually  reduced,  is  the 
most  efficient  under  favourable  conditions,  and  may  enable 
some  75  per  cent,  of  the  energy  to  be  converted.  Since  the 
efficiency  of  such  a  system  depends  largely  on  the  suitability 
of  the  vane  angles,  unless  these  are  so  designed  as  to  receive, 
without  shock,  the  streams  leaving  the  impeller,  their  value 
is  considerably  reduced.  As  with  fixed  guide-vanes  this  angle 
can  only  be  adapted  to  one  particular  speed  and  delivery , 
any  deviation  from  the  normal  working  conditions  reduces 
their  efficiency.  Furthermore,  where,  as  is  often  the  case, 
there  is  a  possibility  of  floating  debris  being  drawn  into  the 
pump,  the  jamming  of  this  between  the  imp-eller  and  guide- 
vanes  may  distort  the  tips  of  the  latter,  with  serious  results 
as  regards  the  working  of  the  installation. 

For  this,  among  other  reasons,  modern  pump  design 
appears  to  be  tending  in  the  direction  of  the  simpler  type 
of  pump  with  a  modified  vortex  chamber  or  a  simple  volute 
surrounding  the  impeller,  but  without  guide-vanes.  During 
the  last  few  years  many  such  pumps  have  been  built  both  in 
the  United  Stat-es  and,  to  a  smaller  extent,  in  this  country, 
for  comparatively  high  lifts.  The  efficiency  of  such  a  pump 
depends  in  a  high  degree  on  that  of  its  volute  considered  as 
an  energy-conversion  device,  and  the  latter  efficiency  must 
obviously  depend  on  the  proportions  of  the  volute.  Apart 
from  friction,  the  loss  in  a  volute  chamber  is  due  to  eddy 
formation  accompanying  the  impact  of  the  streams  leaving 
the  impeller  on  the  body  of  water  flowing  around  the  volute. 
It  is  evident  that  some  definite  proportions  for  the  latter 
chamber  will  reduce  this  loss  to  a  minimum,  and  furthermore, 
that  a  rational  design  cau  only  be  based  on  a  knowledge  of 
the  magnitudes  of  such  losses  and  of  their  dependence  on  the 
velocities  and  angles  of  impact,  and  on  the  cross-sectional 
areas  of  the  streams  involved.  The  lack  of  such  experimental 
data  is  doubtless  responsible  for  the  great  divergence  of 
opinion  as  to  the  best  proportions  to  be  adopted,  which,  as 
shown  by  a  comparison  of  modern  pumps  by  reputable 
makers,  exists  among  those  responsible  for  their  design. 
•  I'apor  presonted  to  the  Institution  of  Mechanical  Enyiuours. 


Recent  experiments  at  University  College,  Dundee,  on 
the  losses  accompanying  the  impact  of  confined  jets  have, 
however,  furnishwl  data  which  apjM^ar  to  viuibh  a  mtional 
basis  of  design  to  be  formulated.  This  is  flevelojHMi  in  1 1" 
present  paper,  but  it  may  be  advisable  first,  for  purposes  of 
<'(>Tn{)arison,  to  outline  tho  assumptions  on  which  present-day 
design  is  often  basfd.  Im  tliis  <lis«-ussiori  Ui'',  following 
symbols  will  bo  used  ： ― 

li2  represents  the  velocity  of  the  impeller  at  its  outer 
periphery. 

"、 represents  the  tangential  component  of  the  velocity 

of  the  water  leaving  the  impeller. 
h  represents  the  radial  component  of  the  velocity  of 

the  water  leaving  the  impeller. 
v2  represents  the  absolute  velocity  of  the  water  leaving 

tho  impeller, 
represents  the  velocity  of  flow  in  the  volute. 
B  represents  the  angle  which  the  discharging  streams 

make  with  the  mean  direction  of  flow  in  the 

volute. 

Owing  to  the  divergence  of  the  sides  of  the  volute,  6  will 
probably  be  slightly  less  than  the  angle  between  the  direction 
of  the  discharging  streams  and  the  tangent  at  the  point  of 
discharge.  The  difference  can,  however,  only  be  small  and, 
being  unknown,  will  be  neglected. 

When  a  stream  of  wat^r  at  velocity  v2  impinges  at  an 
angle  0  on  a  second  stream  moving  wilh  velocity  vx ,  it  has 
been  usual  to  assume  that  the  loss  of  energy  per  pound  of  the 
impinging  stream  is  given  by 

("._'  sin  (v2  CQ3  ff-       ft  Jb  (] 

2ff  %  ~ 

or,  as  applied  to  the  case  of  the  pump,  by 

-f/ 

The  first  term  represents  the  kinetic  energy  in  virtue  of  the 
normal  component  of  the  velocity  of  impact,  which  is  assumed 
to  be  entirely  lost,  and  the  second  term  represents  the  loss 
of  the  energy  possessed  in  virtue  of  the  tangential  component 
of  the  velocity. 

Here  v2  and  0  depend  on  the  design  of  the  impeller  and 
on  its  speed  and  discharge,  but  are  independent  of  the  form 
of  the  volute,  which,  however,  determines  v. .    As,  if  there 


'ft.-lb. 


(2) 


RATIO    OF     AREAS     OF     PRIMARY     AND     SECONDAfTY  STREAMS 


were  no  impact  losses,  the  gaiu  of  pressure  energy  in  the 

"2  一  -,  '2  /      C08  0\~         V  * 

volute  would  be  - ^ i  or.  sensibly  ― ~  —1  ft.-lb.  per  lb. ， 

the  total  gain  of  energy,  on  this  assumption,  is  approximately 
equal  to 

("； j  cos  0)2  -  t?j2  -  (v.2  cos  0  一  vx) 


ft.-lb.  per  lb. 


(3) 


2? 

This  is  a  maxiimini,  and  (、qual  to 

0*5  (v.,  cos  0)-     A  e  u\? 

 ― t   or  0  5  、- 

勿  2g 

In  modern  pumps  is  usually  between  6°  and  12°,  so  that 
cos  0  is  approximately  unity,  and  this  makes  i\  approximately 


when  t\  «=  0  5  wr 
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one-half  v2.     On  these  assumptions  the  most  efficient  volute 

would  make  vl  equal  to  ―   and  would  then  have  an  efficiency 

of  practically  50  per  cent.  Since  this  discussion  neglects 
friction  losses,  a  more  efficient  design  would  have  a  somewhat 
smaller  value  of  and  in  practice  v}  usually  lies  between 
0*37  v2  and  0"45  v2. 

1  ii  such  a  chamber  the  area  usunlly  increases  uniformly 
from  E  to  D,  Fig.  5，  its  value  being  calculated  so  as  to  give 


VALUES  OP    Q,  ^  Q3  (= ") 

Fig  3.— Values  of  "  m  "  giving  Minimum  Loss. 

this  velocity  of  flow  at  each  point  under  normal  working  con- 
ditions. An  examination  of  modern  pumps  of  this  type 
shows  that  instead  of  some  50  per  cent,  of  the  kinetic  energy 
of  discharge  being  converted  into  pressure  energy  in  the 
volute,  only  between  10  per  cent,  and  30  per  cent,  is  actually 
so  converted. 

The  assumptions  on  which  the  foregoing  analysis  is  based 
cannot,  however,  be  justified  either  theoretically  or  experi- 
mentally, and  a  more  rational  basis  of  design  will  now  be 
outlined. 

Experimental  Determination  of  Impact  Losses. ― Recent  experi- 
ments* on  the  loss  at  impact  of  impinging  streams,  only  one 
of  which  is  deviated  by  the  impact,  show  that  if 

is  the  velocity  of  the  primary  (undeviated)  stream, 
is  the  area  of  the  primary  (undeviated)  stream, 
is  the  velocity  of  the  impinging  (deviated)  stream, 
is  the  area  of  the  impinging  (deviated)  stream, 
8  is  the  angle  of  impact, 
the  loss  is  equal  to 

" 2         4j  2 

a 丄 +        ft  -lb.  per  lb.  of  the  impinging  stream     .  (4) 

The  values  of  a  and  b  in  this  formula  depend  not  only  on  9y 
but  on  the-  ratio  of  Ax  to  A2.  Calling  this  ratio  m,  they  are 
given  with  a  close  degree  of  accuracy  by  the  relationships 

a  ―         ？—  8  1*28  where  0  is  in  degrees, 


A, 


h 


一  1 


+0-00046  0l 


so  long  as  m  is  greater  than  2. 


*By  the  author,  Trans.,  Koyal  Society  of  Edinburgh,  1913,  Vol.  XLVIII., 
Part  4,  page  799. 


The  values  of  a  and  h  for  values  of  m  between  1  and  6，  and 
for  various  values  of  6,  are  given  graphically  in  the  curvej 
of  Figs.  1  and  2. 

If  Q,  and  Q2  are  the  volumes,  in  cubic  feet  per  second, 
conveyed  by  the  two  streams,  and  if  Q,  =  »Q2,  the  formula 


loss 


4-  b-  2  in  ay  be  written —— 

2?    、  y 


(5) 


loss  =  f  a  (  -  Y  -\-b^V'2  ft.-lb.perlb.  of  steam  (2) 

( Vm/        )  '2g 

The  error  involved  by  a  use  of  the  old  formula ― 
loss  =  ("'-'sin  dr+^cosd-v^  ffc  ,b 
^9 

depends  largely  on  the  values  of  rw  r2，  0,  and  m.  The  values 
of  the  losses  calculated  by  this  formula  and  expressed  as  a 

fraction  of  ^  are  shown  in  Table  I"  against  those  experi- 

mentally  obtained.  Those  figures  sufficiently  emphasize  the 
inaccuracy  of  the  formula. 

TABLE  I. 


Values  of  0. 

】0Q  Loss. 

15°  Loss. 

30°  Loss. 

Actual. 

Calcu- 
latdl. 

Actual. 

Calcu- 
lated. 

Actual. 

Calcu- 
' lated. 

〇 

=v2 

=  0-25v2 

0.322 
0-277 
0-2«i*> 

'J  1、 

6  6  © 

0.37 
0.30 
0.28 

0-07 
0.28 
0.58 

0-55 
0-40 
0.3(5 

0.27 
0.38 
0-(i3 

l-l  iH 

II 

0-605 
0-582 
0-577 

o  o  。 

M  tC  1、 
O  6  O 

0-02 
0-59 
0-58 

0.07 
0.28 
0.58 

0.72 
0-<)4 
0-()3 

0.27 
0.38 
0.63 

r  ?,i 

in  =  6< 

=  0-bv2 
=  0.25''2 

t—  1、 【、 

45  O  O 

0  c  o 

01  to  o 
O  Oi  o 

0.74 
0.72 
0.71 

0.07 
0-28 
0.58 

0-80 
0.75 
0.73 

0.27 
0.38 
0(>3 

Application  to  the  Design  of  Volute  Chambers. ― On  the  assump- 
tion that  the  state  of  affairs  during  the  impact  of  each  of  Hie 
streams  leaving  the  impeller  of  a  pump  is  analogous  to  that 
in  a  single  stream  impinging  under  the  same  conditions  as 
to  direction  and  velocity,  the  foregoing  results  may  be  used 
to  determine  the  necessary  areas  of  the  volute  chamber  for 
maximum  conversion  of  energy. 

Itva  be  the  velocity  of  flow  along  the  discharge  pipe  of  a 
pump,  if  there  were  no  losses  other  than  those  already  con- 


sidered, the  increase  of  pressure  energy  in  a  stream  discharg- 
ing into  the  volute  at  a  point  where  the  volute  velocity  is  r\ 
would  be  given  by 

^_|t^_-r^-(a  v;-  +  b  iv)Jft.-lh.  per  lb. 

Actually,  the  reduction  of  velocity  from  i\  to  r(l  is  accom- 
panied by  a  further  loss  of  energy  which  is  proportional  to 


m  'VJ  小 -<  jo  3m5  i-swa  MJJS 

scuzw  3un4cud  oh  JO  zotsu3>K103  J<zo-hKoaos 
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(Vl  一  v,,)1.  Experiments  on  flow  in  diverging  passages*  show 
that  if  the  sides  diverge  at  an  anglo  of  6°  in  a  circular  pip"') 


the  loss  of  head,  including  friction,  is  about  013 


2'J 


For  values  of  the  angle  either  greater  or  less  than  6°  the  loss 
is  greater,  and  for  such  angles  of  divergence  as  are  usual  in 
the  volute  chambers  of  pumps,  where  these  are  of  circular 
or  approximately  circular  section,   may  b©  taken   as  015 

("i  -  "a)    without  sensible  error.      Th©  total  increase  of 
tg 

pressure  energy  after  leavijig  the  impeller  will  then  be  given 
by 

1  (v.r  -     -  0-15        "J'-'— ("  <  + 

'  》 

=— 1  [v.?  (1  -fc)- (0-15  fa)  d  (1-15  (，,「 0'30  vx)\ 
-^l  •  J 

ft.-lb.  per  pound  of  discharge  from  the  impeller. 
If  vl  =  3*85  ua,  this  simplifies  to 

《 -  (:)'-'  :。'ir)  +  "；]  ft.-lb.  per  lb.      •    .  (6) 

where  m  is  the  ratio  of  the  cross-sectional  area  of  the  volute 
at  th©  point  under  consideration,  to  the  area  of  the  stream 
leaving  the  impeller. 

This  ratio  of  vl  to  vtl  is  in  close  agreement  with  practice, 
and  as  any  pro'bal)le  deviation  from  it  has  a  comparatively 
small  effect  in  modifying  the  result,  the  simple  formula  (6) 
will  be  taken  as  applying  throughout  the'  discussion. 

If  the  ratio  Qx  -f  Q2  (  =  be  known,  the  known  values  of 
a  and  h  enable  the  value  of  ///  for  maximum  gain  of  pressure 
to  be  calculated  by  successive  approximations.  For  example, 
if  ^=10°,  and  Q1==2  Q2  ("  =  2)，  a  reference  to  Figs.  1  and  2 
shows  that : — 

ifm=l'5，  a^0122;  6  =  0122.'.  (  gain  of  ) 

I  pressure  j 


„m=l'75,a  =  0'085;  &  =  0190 
„m-2'0,  a  =  0-060;  6  =  0' 255 


= (0-878  -  0  484)^-  -0*394^ 
2g  2g 

^(o-sio-o-sotjV^0*5^^ 

2(7  2g 
-(0*745  -0-210)^  =  0*535^ 

，，w  =  2'5，  a- 0'040;  6-0  375  ，，        =  (0  625- 0"  1 15)^  =  °'510^ 

On  plotting  against  values  of  m，  it  appears  that  the  maximum 

gain  is  attained  when  m=2'l  and  equals  0  536  ,2  feet. 

To  facilitate  the  solution  of  practical  problems  the  range 
of  values  of  0  from  0°  to  20°  and  of  ?n  ftom  1  to  28  have 
been  examined  in  this  way.  As  a  result  it  appears  that  the 
value  of  m  for  maximum  gain  of  pressure,  or  for  minimum 
loss  by  shock  and  by  rejection  of  kinetic  energy,  is  given  with 
a  dose  degree-  of  accuracy  by  the  relationship 

m  =  1*10  +  014  nl  +  0  0265  n  ^    ......  (7) 

where  n  =  Ql      Q2,  and  6  is  in  degrees. 

The  best  values  of  m  for  different  values  of  n  and  of  0  are 
shown  graphically  in  Fig.  3，  while  Fig.  4  (the'  data  for  which 
have  been  calculated  as  above)  shows  what  fraction  of  the 
kinetic  energy  of  discharge  is  converted  into  pressure  energy 
with  these  best  values  of  m . 

In  the  volute  chamber,  let  0  be  the  angle  of  impact  of  each 
of  the  discharging  streams,  Fig.  5  ；  N  tlie  number  of  vanes  or 
passages  in  tlie  impeller  ；  y  their  discharge  angle  ；  r  the 
radius,  and  b  the  breadth  of  the  impeller  at  its  outer 
periphery. 

Let  Q2  be  the  volume  discharged  from  each  passage  per 
second.  Then  at  a  point  distant  x  (measured  along  the 
periphery  of  the  impeller)  from  E,  Fig.  5，  the  volume  of  flow 

in  the  volute,  i.e.,  Q.,  is  equal  to  ^^2X 

.'  -Ql  =        =  n  of  the  foregoing  formula. 

The  effective  area  of  each  impinging  stream,  normal  to  its 

direction  of  flow,  =  "^―  sin  H  (neglecting  the  space  occupied  by 

the  vanes),  and  the  value  "  y"  of  the  area  of  the  volute  at  this 
point  for  minimum  loss  is  given  by  ： ― 

y  =  (effective  discharge  area  of  each  passage)  x  m  .  (8) 
where  m  is  given  for  any  value  of  n，  and  of  6  either  by 
formula  (7)  or  by  the  curves  of  Fig.  3. 

*  Koyal  Society  of  Edinburgh,  19】1，  Vol.  XLVIII.,  page  97. 


For  example,   let  r  =  8in.  ；     b=  l'5in.  ；     No.   of  vanes 
N  =  10;  ^=10°. 
Then 

Sin  0  ―  0'  1 730,  and  tlie  efl'ecti ve  are;i  of  euch  Btream 
2  7T  x  8  x  1-5  x  01736 


Therefore  where  ： ― 
1, 


2irr  •  Q. 


4-irr 
8wr 


N 


127rr 

I671T 


N 
2()7rr 


N 


lu 

1-4  (Fig. 
21 
4-3 
7-8 


8,  nt  1 L'  - 1 


131  sq.  in. 

h,.  In. 

3)  andy  =   1*4  x  1-31  =  184 
，， y=   21  x  I  'M  =  2'7r> 
,， y=   4-3  x  131  »=  5-62 
，， ？ /=    7-8  x        =  10-2 
，， y=  121  x  131  =•  15'8 


10  (at  B),  m  -  17-5  ，，   y  二  17-5  x  131  =  22  9 


The  con  version  into  pressure^energy  per  pound  of  the 
impinging  stream  at  each  of  these  points  is  given  by  the 
corresponding  ordi nates  of  the  curve  marked  10°  in  Fig.  4, 


Fig.  5. 

and  the  mean  height  of  this  curve  between  the  ordinates 
^  =  0,  and  10  gives  th»  mean  increase  in  pressure  outside  the 

impeller,  expressed  as  a  fraction  of  ^  •      In  this  case  it 

amounts  to  0  30  ^  »  indicating  that  a  volute  for  this  pump, 

however  well  designed ,  cannot  utilise  more  than  30  per  cent, 
of  the  kinetic  energy  of  discharge. 

An  examination  of  Fig,  4  shows  that  the  loss  increases 
rapidly  as  the  ratio  of  Qx  Q,  in  the  volute  increases,  that 
is,  towards  the  discharge  end  of  the  volute,  and  as  the 
maximum  value  of  this  ratio  is  the  same  as  the  number  of 
vanes  in  the  impeller,  it  also  indicates  that  an  increase  in 
the  number  of  vanes,  even  with  a  volute  designed  to  suit  1 1 1 1^ 
number,  increases  the  shock  loss.  This  point  is  brought  out 
by  Table  II. ，  which  shows  the  increase  in  pressure,  in  terms 

of  、，  with  each  of  a  series  of  volutes  of  best  form,  designed 

respectively  to  take  th©  discharge  from  1，  2,  3，  4,  6,  8,  10, 
or  12  vanes,  and  fbr  different  values  of  6. 

From  this  it  appears  that  in  a  pump  of  this  type  the 
smaller  the  number  of  vanes,  the  more  efficient  is  the  corre- 
sponding volute,  and  other  things  being  equal,  also  the  pump. 
This  statement  is,  however,  to  be  qualified  by  the  fact  that 
too  few  vanes  give  insufficient  guidance  to  the  water,  and 
increase  the  tendency  to  the  formation  of  circulatory  currents 
behind  the  discharging  edge  of  each  vane. 

Experimental  evidence  on  this  point  is  not  conclusive, 
since  from  what  has  already  been  said  it  will  be  evident  that, 
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for  an  impeller  with  a  given  number  of  vanes  to  give  its  best 
results,  the  volute  chamber  must  be  designed  to  suit  this 
number  of  vanes,  whereas  such  comparative  tests  of  impellers 
as  are  available  have  been  carried  out  with  a  common  volute, 
and  are  not  therefore  of  great  value.  Still  the  curves  of  Fig. 
6，  which  are  prepared  from  the  results  of  recent  tests  at  the 
University  of  Wisconsin  on  a  pump  having  an  impeller  8'81iu. 


/  4 

toy 

head  in  feet 

Ftg.  6.— Comparative  Results  of  Impellers  with  Different  Number 
of  Vanes. 

diam.  x  1125in.  wide,*  with  vanes  having  radial  tips,  and  so 
formed  as  to  give  a  constant  area  of  waterway,  indicate  that 
there  is  a  good  deal  in  the  contention. 

Table  II. — Proportion  of  Kinetic  Energy  of  Discharge  irhich 
may  be  con  vtrted  into  Pressure  Energy  with  a  Volute  of 
Best  Form. 


0 

Number  of 

Vanes. 

1 

2 

：) 

4 

6 

8 

10 

12 

5° 

10。 
15。 
20° 

0.90 
0-88 
0.86 
0.82 
0-77 

0.79 
0-77 
0-75 
0.71 
0-66 

0-08 
0-OC 
0-64 
0.61 
0.56 

o  o  e'  。  o 

»  CO  c. 

0.46 
0.45 
0.44 
0-41 
0.37 

0.38 
0.37 
0-36 
0.34 
0-31 

0.32 
0.31 
0.30 
0.28 
0.20 

0.28 
0.27 
0.26 
0.24 
0-21 

The  figures  of  Table  II.  also  indicate  to  what  extent  a 
reduction  in  the  value  of  0  reduces  the  volute  losses.  In  a 
given  pump  8  may  be  reduced  by  increasing  the  vane  angle 
yt  but  only  at  the  expense  of  an  increase  in  v2,  and  theory 
shows,  as  is  confirmed  in  practice,  that  little  is  to  be  gained 
by  increasing  y  beyond  about  30°. 

(To  be  continued,) 


Railway  Wonders  of  the  World.  - ~  We  have  received  from 
Messrs.  Cassell  &  Co"  La  Belle  Sauvage,  Ludgate  Hill,  E.C.， 
Part  I.  of  a  new  publication  entitled  "  Railway  Wonders  of 
the  World."  The  work,  which  is  to  be  completed  in  24  fort- 
nightly parts  of  7d.  each,  gives  a  popular  and  well-illustrated 
description  of  some  of  the  more  important  engineering 
triumphs  associated  with  railway  construction  in  various  parts 
of  the  world.  The  photo  views  with  which  it  is  illustrated  are 
of  special  merit  and  en  able  the  general  reader,  without  going 
into  mechanical  details,  to  realisei  the  stupendous  magnitude 
of  some  of  the  constructional  tasks  associated  with  the  penetra- 
tion of  the  locomotive'  in  out-of-the-way  corners  of  the  world. 
Even  to  the  engineer  familiar  with  the'  mechanical  details  of 
railway  and  locomotive  construction,  the  work  will  appeal  as 
a  striking  illustration  of  the  triumphs  of  his  profession  over 
natural  obstacles,  and  for  this  reason  we  have  pleasure  in  com- 
mending it  to  the'  notic&  of  our  readers. 

*  Bulletin,  University  of  Wisconsin,  1907,  No.  173,  pftge  529. 


SURFACE  COMBUSTION.* 

BY  PROF.   WILLIAM  A.  HONE,  D.SC,  PH.D.,  F.R.S. 

{Concluded  from  page  519.) 
Surface   Combustion  as   Applied   to   Steam   Raising.  ―  I  now 

come  to  an  important  application  of  the  new  process  to  the 
raising  of  steam  in  multitubular  boilers  ；  not  that  the  applica- 
tion of  surface  combustion  is  limited  to  boilers  of  multi- 
tubular type,  but  because  our  investigations  have  so  far  been 
principally  made  with  these.  It  is  well  known  that  the  gas- 
firing  of  steam  boilers  has  not  been  very  successful  from  the 
point  of  view  of  thermal  efficiency  or  of  rate  of  evaporation. 
In  this  country  the  gases  available  for  steam-raising  pur- 
poses on  a  large  scale  are  principally  (1)  blastfurnace  gas, 
of  which  in  S.  Durham  and  Cleveland  there  is  always  a  large 
surplus  available  ；  (2)  the  surplus  gas  obtainable  during"  the 
manufacture  of  coke  in  by-product  ovens ~~ which  in  these 
parts  is  a  growing  quantity  ；  and  (3)  producer  gas  of  various 
compositions,  but  more  particularly  that  manufactured  under 
ammonia  recovery  conditions.  In  the  United  States,  and 
some  other  oil-producing  countries,  natural  gas  of  high 
calorific  power  is  also  available.  All  these  gases  have  been 
found  to  be  amenably  to  the  system  I  am  about  to  describe. 

It  lias  been  estimated  by  a  prominent  British  blastfurnace 
engineer  that  the  thermal  efficiency  of  the  best  type  of  water 
tube  boiler,  fired  by  blastfurnace  gas,  does  not  exceed  about 
55  per  cent.,  and  in  the  case  of  boilers  fired  by  coke  oven  gas 
the  average  thermal  efficiency  probably  does  not  much  exceed 
65  to  70  per  cent.  But  on  applying  the  principle  of  surface 
combustion  to  the  gas  firing  of  multitubular  boilers,  we  liave 
been  able  to  obtain  results  with  coal-gas  corresponding  to 
the  transmission  of  nearly  95  per  cent,  of  the  net  calorific 
value  of  the  gas  to  the  water  in  the  boiler.  I  will  now 
endeavour  to  explain  the  construction  and  performance  of 
this  new  type  of  gas-fired  boiler  ： ― 

The  diagram  (Fig.  6)  represents  an  ordinary  multitubular 
boiler  of  cylindrical  section.  It  is  traversed  horizontally  by  a 
series  of  steel  tubes,  each  3ft'.  only  in  length  and  3in.  in 
internal  diameter.  These  tubes  are  packed  throughout-  their 
whole  length  with  fragments  of  a  suitable  refractory  material, 
meshed  to  a  proper  size.  Into  the  front  end  of  the  tube, 
where  the  gaseous  mixture  is  introduced,  is  fitted  a  fireclay 
plug,  through  which  is  bored  a  circular  hole  of  about  |in. 
diam.  This  plug  serves  a  double  purpose  of  keeping  the  front 
end  of  the  boiler  cool  and  of  providing  a  suitable  aperture 
through  which  the  gaseous  mixture  may  be  introduced  at  a 
speed  very  much  higher  than  the  speed  of  back-firing. 

Attached  to  the  front  plate  of  the  boiler  is  a  mixing 
chamber  of  special  design  (not  shown  in  detail  on  the  dia- 
gram). Tlie  mixture  fed  into  the  boiler  tubes  from  this 
chamber  consists  of  the  combustible  gas  with  a  proportion  of 
air  very  slightly  in  excess  of  that  required  for  complete 
combustion.  The  mixture  is  injected  or  drawn  in  (either  by 
pressure  or  by  suction)  through  the  orifice  in  this  fireclay 
plug  into  the  incandescent  material  in  the  tubes.  The  com- 
bustion of  the  mixture  in  contact  with  the  incandescent 
material  is  completed  before  it  has  traversed  a  length  of 
about  6in.  from  the  point  of  entry  to  the  tube.  The  result 
is  that  the  core  of  the  material  at  this  part  of  the  tube  is 
maintained  at  a  high  temperature,  although  the  loci  of  actual 
contact  between  the  hot  material  and  the  walls  of  the  tube 
are  so  rapidly  cooled  by  the  transmission  of  heat  to  the  water 
in  the  boiler  that  they  never  attain  a  temperature  anythini: 
even  approaching  red  heat. 

The  combustion  having  been  completed,  the  remainder  of 
the  material  act's  as  a  baffle  toward  the  burnt  gases  as  they 
traverse  the  tubes  at  a  high  velocity,  causing  them  to  impinge 
repeatedly  on  the  walls  of  the  tubes.  The  usual  rat©  at 
which  tlie  gaseous  mixture  is  fed  into  the  boiler  corresponds 
to  an  hourly  consumption  of  about  100  cub.  ft.  of  coal-gas 
plus  six  times  its  volume  of  air  for  every  tube  of  the  boiler, 
or  an  equivalent  volume —— i.e.,  equivalent  as  regards  heating 
capacity ~ of  any  other  gaseous  mixture.  Thus  in  the  case 
of  a  ten  -tube  boiler,  on  which  our  original  experiments  were 
made,  the  consumption  of  coal-pas  was  about  1,000  cub.  ft. 
per  hour  plus  about  5,500  cub.  ft.  or  G,000  cub.  ft.  of  air. 

•  Abstract  of  lecture  deliTered  before  the  North-east  Coast  Institution  of 
Engineers  and  Shipbuilders,  February  21st.  1933- 
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This  will  convey  an  idea  of  the  extremely  rapid  rato  ;if  wliich 
the  mixture  is  caused  to  traverse  tlie  tulx's. 

After  the  burnt  prodiicts  have  traversed  the  hoi  lor  i  ulx's, 
and  at  their  point  of  exit  thercfroin,  it  is  found  that  t  1i*mp 
temperature  is  never  more  than  about  70°  C.  (say,  12.「)°  Fall.) 
above  that  of  t-ho  water  in  (lie  boiler,  wliicli,  of  course, 
depends  upon  the  pressure  at  wliich  the  steam  is  being  gene- 
rated ； tliis  is  obviously  a  much  lower  k4ni{)erature  than  that 
at  wliicli  the  products  of  cornhust.ion  usually  pass  away  from 
a  multitubular  boiler.  But  in  order  to  increase  still  further 
the  efficiency  of  steam-raising,  tlie  products  are  passed  through 
a  short  tubular  fc&cl-water  h&ater  constructed  on  the  siamc 
j)Io  as  the  boiler. 
Results  obtained  with  the  Tcn-tubc  Experimental  Boiler  at 
Leeds.  ―  In  order  to  give  you  an  idea  as  to  the  remarkal)le 
" efficiency  of  the  new  system,  I  cannot  do  better  than 
detail  the  results  of  a  trial  with  one  ten-tube  experimental 
boiler  at  Leeds,  which  was  subsequently  exhibited  in  act ual 
work  at  Olympia,  London,  in  November  last,  when  fired  by 
means  of  coal-gas  at  o'nie  experimental  station .  The  oon- 
neHions  to  the  front  of  the  boiler  consisted  essentially  of  a 
tube  for  the,  supply  of  gas  and  another  for  the  supply  of  air. 
The  gas  and  air  were  mixed  before  entering  the  feeding- 
chamber,  which  was  attached  to  the  front  plate  of  the  boiler  ； 


the  gaseous  mixture  was  burned  in  the  tubes  of  the  boiler  ； 
the  products  passed  outwards  at  the  other  end  into  a  small 
chamber,  and  from  thencs  into  tli©  feed-water  heater.  The 
latter  contained  nine  tubes,  each  lft.  in  length  and  3in.  diam., 
which  were  filled  with  granular  material  to  effect  the 
exchange  of  heat. 

The  mixture  of  gas  and  air  was  passed  into  the  feed- 
chamber  of  the  boiler  at  a  pressure  of  17'3in.  water  gauge. 
This  pressure  was  necessary  in  order  to  overcome  the  resistance 
of  the  packing  of  the  tubes  to  the  passage  of  th&  gases 
t  li  rough  them.  The  pressure  of  the  products  entering  the 
tubes  of  the  feed-water  heater  was  2in.  water  gauge.  In 
carrying  out  the  test,  the  water  was  evaporated  at  a  pressure 
of  lOOlbs.  per  square  inch  above  that  of  the  atmosphere. 
The  temperature  of  the  boiling  water  was  therefore  168°  C. 
(or  337°  Fah.).  Tlie  temperature  of  the  combustion  products 
teaving  the  bailer  tubes  was  230。  C.  (or  446°  Fah.).  The 
average  temperature  of  the  products  leaving  the  feed-water 
heater  was  95°  C.  (or  203°  Fah.).  The  temperature  of  tlie 
water  entering  the  feed-water  lieater  was  5*5°  C.  (or  42°  Fah.), 
and  it  was  lieated  to  58°  C.  (or  136'4°  Fah.)  before  entering 
the  boiler ~ entirely  at  the  expense  of  the  burnt  gases. 

Let  us  now  consider  the  heat-balance  of  the  boiler  during 
the  test.  The  amount  of  coal-gas  fed  into  the  boiler,  expressed 
as  dry  gas  at  0°  C.  and  760  mm.,  was  996  cub.  ft.  per  hour. 
Thie  net  calorific  value  of  the  gas  was  5^62  B.Th.U.  per  cubic 
foot,  so  that  the  total  teat  supplied  to  the  boiler  in  terms  of 
the  net  calorific  value  of  the  gas  was  559,800  B.Th.U.  per 
hour.  As  to  the  amount  of  water  evaporated,  the  following 
figures  apply  to  the  combination  of  the  boiler  with  its  fe^d- 
water  lieater,  because  the  two  really  conipris©  one  steam- 
raising  system.  The  temperature  of  tlie  feed-water  was 
5*5°  C.，  and  the  steam  was  heitiy;  raised  at  a  pressure  of  lOOlbs. 
per  square  inch  above  that  of  t  he  at  mosphere.  Tlu»  a<-tu;il 
amount  of  water  evaporated  was  450'31bs.  per  hour,  which 
in  terms  of  water  evaporated  from  and  at  100°  C.  (212°  Fah.) 
would  be  5501bs.  per  hour.      The    actual    heat   t herefrom 


transmitted  to  the  water  was  450  ：^  x  1,1 7'J  .VJ7,li00  B.Th.U. 
per  hour.  Therefore,  the  ratio  between  the  heat  transmitted 
to  the  water  and  the  net  heat  of  conihustion  of  tho  is  humr 
was  0*943.    Tho  figures  for  this  trial  are  tahulat^fl 

Trial  of  Ten- Tube  Boiler  with  Feed-  Water  Heater. 

Dec.  8  th.  1910 
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It  is  one  of  the  outstanding  merits  of  the  new  system  tint 
we  are  able  to  burn  the  gas  completely  with  a  minimum 
excess  of  free  oxygen,  and  during  the  test  in  question  the 
average  proportion  of  carbon  dioxide  in  tlie  combustion  pro- 
ducts was  as  much  as  10*6  per  cent.,  whilst  the  oxygen  was 
as  low  as  1"6  per  cent.  A  most  careful  examination  of  tin- 
products  failed  to  reveal  the  presence  of  even  the  sli^lit  、t 
trace  of  carbon  monoxide,  hydrogen,  or  methane.  Therefore 
the  remainder  of  the  gas  was  simply  nitrogen.  K、'  n  with 
as  little  as  0'5  per  cent,  of  oxygen  in  tlie  products  the  com- 
bustion of  the  gas  in  the  tubes  is  perfect,  not  a  trace  of 
combustible  gas  escaping.  The  full  analysis  of  the  flue  pro- 
ducts is  shown  below  : —— 


Analysis  of  Flue  Products. 
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The  110'tube  Boiler  erected  at  the  Skinningrovc  Ironworks 
in  Cleveland,  Yorkshire.  lioforo  descrihin^  more  recmt 
developments  of  steam-raising"  by  means  of  surface  combustion, 
I  may  be  perhaps  permitted  to  make  a  brief  historical  state- 
ment. Our  original  experiments  were  made  from  1909-10 
with  simple  tubes  disposed  lioiizontally  in  an  open  trough  of 
water,  and  therefore  evaporating  water  at  atmospheric  pres- 
sure. With  such  simple  apparatus  the  great  thermal  effi- 
ciency of  the  process  was  immediately  demonstrated,  and 
much  valuable  data  obtained.  During  the  summer  of  1910, 
the  ten -tube  experimental  boiler,  whose  performance  I  have 
just  described,  was  erected  to  the  designs  of  Mr.  Micharl 
Lrongridge,  who  from  the  outset  had  evinced  a  lively  int' 
in  the  work,  and  to  whom  we  wero  indebted  for  nunh 
valual)le  advice  and  encouragement.  Six  months'  continuous 
experience  with  this  experimental  unit  gave  us  con- 
fidence in  its  reliability  and  safety,  so  that  when  in  t  he  early 
months  of  1911  we  received  an  enquiry  from  tlio  Skin- 
ningrove  Iron  Company,  Ltd.,  for  a  boiler  about  ten  times 
the  capacity  of  the  experimental  unit,  to  be  fired  hv  means 
of  tlio  surplus  gas  from  their  new  Otto  l)y-pn><luct  rokini: 
plant,  we  had  no  hesitation  in  accepting  a  commission  to 
install  our  first  largo  boiler  there,  under  a  strict  pianmt'" 
as  to  its  output  and  efficiency.  This  boiler,  which  was  built 
by  Messrs.  Richardson  &  Westgarth,  Lt<l.,  of  M i(l<lK'shrou^h, 
to  the  design  of  Mr.  M i<  h;iol  r.on^ri*!^,  consists  of  ； i  cylin- 
drical drum  10ft.  in  diamot^r  and  4ft.  from  front  to  back, 
traversed  by  110  steel  tubes,  eacli  of  3in.  internal  diameter, 
which  are  packed  with  fragments  of  suitable  refractory 
granular  material.    To  the  front  of  the  boiler  is  attached  a 
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specially  designed  f e e<l i n g- 1 ■  h a m l>o r  wliich  delivers  washed 
coke  oven  gas  at  60°  to  70°  Fah.,  and  under  a  pressure  of 
lin.  to  *J i n .  W.G.  to  each  of  the  110  combustion  lubes  ；  1  his 
gas,  to^ct  her  with  a  regulated  proportion  of  air  f r()m  t  hc- 
outside  at  mosphere,  is  drawn,  under  suction  from  a  fan  ， 
through  a  short  mixing  tube  into  each  of  the  said  combustion 
tubes,  where  it  is  burnt  without  flame  in  contact  with  the 
incandescent  granular  material.  The  products  of  eom- 
bustion,  having  traversed  the  4ft.  length  of  packed  tube, 
pas's  outwards  into  a  semi-circular  chamber  at  the  back  of  the 
Ijoilcr,  and  t hence  through  a  duct  to  the  tubular  feed-waste 
heater.  The  fan,  which  is  attaclifed  just  beyond  this  feed- 
water  heater  and  is  direct-driven  by  a  3-phase  alt-ernatin^- 
rurrent  electric  motor,  sucks  out  the  cooled  prcjducls  (temr 
perature=  less  than  200°  Fah.)  and  discharges  them ,  through 
a  short  vertical  duct,  into  the  atmosphere.  The  arrange- 
ment of  the  whole  plant  is  shown  in  the  at'('mni>;myiiig 
diagram  (Fig.  7). 

The  plant  was  successfully  started  up  on  November  7tli, 
1911，  for  a  month's  trial  run ― day  and  night  continuously ~ 
after  which  it  was  opened  up  for  an  official  inspection  by  the 
representative  of  a  boiler  insurance  company.  Everything 
worked  without  a  hitch  during  this  trial  ；  steam  was  gene- 
rated at  lOOlbs.  gauge  pressure  from  a  feed-water  of  about 
4°  hardness,  whilst  the  average  temperature  of  the  waste 
gases  leaving  the  fbed-water  heater  was  reduced    to  about 


Fig.  7. 


170。  Fah.,  a  sure  indication  of  the  high  thermal  efficiency 
of  the  plant.  When,  at  the  conclusion  of  the  month's  trial, 
the  boiler  was  opened  up  for  inspection,  the  combustion  tubes 
were  found  to  be  in  good  condition  and  free  from  scale  ； 
indeed,  owing  to  the  extremely  high  rats  of  evaporation,  the 
scaling  troubles  experienced  with  other  types  of  multitubular 
boilers  appear  to  be  completely  obviated,  the  scale  being 
automatically  and  continuously  shed  from  the  tubes  in  thin 
films  (about  3^111.  thick)  as  fast  as  it  is  formed  ；  a  very 
important  advantage,  as  anyone  who  is  plagued  by  scaling 
troubles  will  appreciate. 

After  this  official  inspection,  the  plant,  having  amply 
fulfilled  our  guarantee,  was  taken  over  by  the  Skinningrove 
Iron  Company,  and  it  was  at  onc&  re-started  under  th© 
direction  of  Mr.  E.  Bury,  M.Sc,  the  manager  of  the  Coko 
Oven  Plant,  who  maintained  it  in  continuous  commission  for 
three  months  until  the  great  coal  strike  of  last  year  brought 
everything  to  a  standstill.  During  this  time  the  plant  had 
worked  satisfactorily  and  had  fulfilled  every  expectation.  In 
July  last,  after  altogether  five  months'  actual  running,  some 
further  trials  were  made,  during  which  an  average  evapora- 
tion of  practically  5,0001bs.  (actually  4，9591bs.)  from  and  at 
212。  Fah.  per  hour  (steam  geuge  pressure:  96'91bs,  pe'r 
square  inch)  was  maintained,  tho  temperature  of  the  waste 
gases  leaving  the  boiler  tubes  being  3^8°  Fah.，  and  leaving 
the  feed-water  heater  being  203°  Fah.  The  power  used  by 
the  fan  was  7*8  h.p.  At  th&  conclusion  of  tlfe  July  trials 
one  of  the  boiler  tubes,  which  had  been  in  five  months'  con- 
tinuous use  day  and  night,  was  cut  out  and  subjected  to 
severe  mechanical  tests,  comparative  tests  being  made  simul- 
taneously with  a  new  and  unused  boiler  tube  of  same  form 
and  dimensions;  the  results  of  these  tests,  which  arie  detailed 
below,  proved  that  five  months'  continuous  service  had  not 
appreciably  impaired  the  mechanical  properties  of  the  boiler 
tuhi%  thus  falsifying  the  confident  predictions  of  many  candid 


critics  of  our  system.  Perhaps  tlie  best  testimonial  to  the 
success  of  our  initial  experiments  with  large  boilers  is  the 
fact,  whicli  I  am  permitted  to  mention,  that  the  Skinningrove 
Iron  Company  have  recently  ordered  a  second  Boiler  for  their 
new  battery  of  coke  ovens,  now  in  course  of  erection,  and  by 
June  next  I  hope  to  see  both  boilers  working  side  by  side. 


*\cw  (un- 
used) Tube. 

Old  (used)  Tube  after  Five 

months'  Service. 
Front  End  of  Hack  End  of 
Boiler.  Jioiler. 

Ultimate  tensile  strength,  tons 

per  square  inch   

Elastic  limit  

Per  cent,  area  contraction    . . 

25-3  to  27-1 
11.9  ，，  14.4 

23      ，■  24 
55-6  ,,  58-8 

C  ?  _g  s 
,1 

29-7  to31-6 
19-3  "  20.5 
18     „  23 
53«4  ，，  61- 3 

*  This  new  tube  was  slightly  thinner  than  the  old  tube,  and  so  perhaps 
the  better  comparison  would  be  between  the  results  obtained  for  the  speci- 
mens taken  from  the  front  and  buck  ends  of  the  uld  tube,  because  the  front  end 
would  surround  tlie  "  /""it:  of  ooniltustion  "  in  the  tube,  whilst  the  back  end 
would  never  have  been  subjected  to  a  higher  temperature  than  the  water  in 
the  boiler.  Thv  results  prove  beyond  all  question  that  even  the  front  end  of 
the  boiler  tuhc,  .surrounding  the  zone  of  combustion,  had  never  been  over- 
heated. 

General  Considerations  about  the  Boiler. 一 I  have  perhaps 
said  enough  already  about  the  boiler  and  its  working  to 
convince  you  that  it  at  least  gives  promise  of  combining  struc- 
tural simplicity,  high  thermal  efficiency,  and  concentration 
of  power  in  a  unique  degree,  but  there  are  certain  important 
general  considerations  which  ought  to  be  further  discus&ed. 
First,  from  tho  constructional  point  of  vie>v,  what  could  be 
simpler  or  more  compact  than  a  cylindrical  shell  only  4ft. 
long  by  10ft.  in  diameter,  traversed  by  straight  tubes,  sup- 
ported on  a  casting,  and  requiring  neither  elaborate  brickwork 
setting  or  expansive  chimney  flues  and  stack.  Secondly,  it 
has  a  further  advantage  over  all  multitubular  boilers  in  that 
the  front  plate  can  never  be  heated  beyond  the  temperature 
of  the  water,  however  much  the  firing  may  be  forced ― a 
circumstance  which,  coupled  with  the  extremely  short  length 
of  the  tubes,  implies  an  absence  of  strain  and  greatly  reduces 
the  risk  of  leaky  joints.  Thirdly,  the  high  rate  of  mean 
evaporation  obviates  scaling  troubles,  and  the  very  steep 
evaporation  gradient  along  each  tube  causes  a  considerable 
natural  circulation  of  water  in  the  boiler,  a  factor  of  great 
importance  from  the  point  of  view  of  good  and  efficient  work- 
ing ； in  this  connection  I  may  remind  you  that  under  normal 
working  conditions  we  obtain  a  mean  evaporation  of  201bs. 
per  square  foot  of  heating*  surface  per  hour,  and  can,  if  need 
be,  force  this  up  to  351bs.  ；  of  this  total  evaporation,  70  per 
cent,  occurs  over  the  first  third  length  of  the  tube,  22  per 
cent,  over  the  second  third,  and  only  8  per  cent,  over  the 
last  third.  Fourthly,  inasmuch-  as  each  tube  of  the  boiler  is， 
so  to  speak,  an  independent  combustion  unit,  capable  of 
being  shut  off  or  lit  up  without  affecting  the  others,  and  as 
it  only  takes  five  minutes  after  lighting  up  a  cold  tube  to 
attain  it's  maximum  steam  output,  it  is  obvious  that  not  only 
is  such  a  boiler  highly  responsive  to  rapid  variations  in  the 
load,  but  also  it  works  with  equal  efficiency  at  both  small 
and  big  loads  ；  indeed,  within  very  wide  limits,  it^  effioiem-v 
is  practically  iiidependent  of  the  load. 

The  revival  or,  if  I  may  so  term  it,  rediscovery  of  incan- 
descent surface  combustion,  with  which  my  work  has  become 
associated  in  the  public  mind,  has  perhaps  come  as  a  timely 
reminder  that  the  science  of  combustion  is  not  yet  a  completed 
record  ；  a  new  chapter  has  been  begun  and  doubtless  will  be 
further  added  to  by  successive  workers.  On  the  theoretical 
side,  there  are  still  obscure  points  concerning  the  mechanism 
of  "  surface  combustion  ''  for  future  investigation,  and  it  will 
probably  take  many  years  of  unremitting  work  to  realise  the 
wide  range  of  industrial  possibilities  in  gas-firing  already 
opened  up,  whilst  the  equally  important  problem  of  "  oil- 
firing  " still  awaits  solution.  The  number  of  applications  of 
" surface  combustion  "  whicli  have  been  pressed  upon  our 
attention  from  without  is  positively  embarrassing,  and  the 
task  of  fulfilling  all  expectations  iu  the  near  future  is  indeed 
formidable. 


Manchester  International  Exhibition,  1914.  Arrangements  are 
being  made  to  hold  an  international  exhibition  in  Manchester 
next  year. 
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THE  STROBOSCOPE  IN  SPEED  MEASUREMENTS  AND  OTHER 
ENGINEERING  TESTS, 

HY  PKOK.   DAVID   UOHEUTSON,  D.SC 

{Concluded  from  pet  ye  /31o.) 
Sub-multiple  Speeds.  ―  WIhmi  nnmin^  at  half  tin*  primary 
speed,  the  spots  move  only  one  half  tlic  pitch  during  the 
glimpse  period  (see  Fig.  8).  Tli©  pattern  is  thus  seen  in  the 
same  position  at  every  other  glimpse,  the  images  of  the  marks 
seen  at  the  even  glimpses  being  midway  between  those  formed 
at  the  odd  ones.     The  two  sets  of  images  are  superimposed, 


GLIMPSE 


Spot  frequerwy  e<jnal  t*>  h;ilt  ^luri[>st'  Irequency 


A 矗 ▲▲▲ 


Spot  frequency  ju^t  over  half  ghii 屮、, -' ln',i"riif〉 . 


▲ 


Spot  fri'quenny  fust  under  hulf  glimpse  'frequency 

Fig.  8.— Actions  Nkar  Half  Primary  Speed. 
(One  mark  is  notched  10  show  the  actual  motion.) 

and  the  result  is  again  a  stationary  pattern,  but  the  number 
of  marks  seen  is  twice  the  actual  number.  Except  where  they 
overlap,  the  images  are  fainter  than  at  the  primary  speed, 
for  each  is  formed  by  an  impression  received  at  every  second 
glimpse.  In  the  same  way,  patterns  with  3，  4，  5，  &c.，  times, 
as  many  marks  as  there  are  real  ones,  are  seen  when  the  speed 
is  i，  U,  &c.，  of  the  primary  speed,  each  image  being  formed 
by  impressions  received  every  3rd,  4th,  5th,  &c.，  glimpse.  The 
limit  of  multiplication  is  reached  when  the  pattern  becomes 
too  fine  to  be  visible,  when  the  interval  between  successive 
impressions  is  too  great  for  persistence  of  vision,  or  when  the 
pattern  is  hidden  by  the  overlapping  of  marks  of  unsuitable 
shape. 

When  the  speed  is  not  quite  right,  the  apparent  motion  of 
t  he  spots  is  the  same  as  if  their  actual  number  were  increased 
to  tliat  appearing  on  the  pattern,  which  is  that  number  for 
wlikh  the  synchronous  speed  would  be  the  primary  one.  Con- 
sequently the  equations  already  given  (1)  and  (2)  will  still  hold 
if  n  be  taken  as  the  apparent  numl)er  of  spots.  With  the 
same  proportional  error  from  any  of  these  speeds  the  same 
slip  of  the  spots  is  obtained  as  with  the  primary  speed.  These- 
will  be  referred  to  as  sub-multiples  of  the  primary  s])<?ed. 
They  may  be  distinguished  from  one  another  by  counting  the 
marks  on  the  pattern,  but  as  this  is  usually  impracticable,  it  is 
better  to  use  spots  of  such  a  shape  that  the  order  of  the  sul>- 
multiple  can  be  directly  counted,  as  described  later.  Witli 
tlio  fork  roforred  to  already  and  the  disc  of  Fig.  10，  suh- 
inultiples  have  been  detected  up  to  the  20th  order,  but  only 
tlie  first  eiglit  or  so  are  of  real  use  owing  to  the  fineness  of 
the  patterns  of  higher  orders  and  the  difficulty  of  counting 
them. 

*  Paper  presented  before  the  Institution  of  Engineers  and  Sliipliniklers  in 
Srotlund,  March  lStli,  H)13. 


Multiple  Speeds.  Stationary  patterns  can  also  1"'  oh.^rvfd 
when  tho  speed  is  a  rn ultiple  of  the  primary  speed.  For 
instance,  let  it  be  twice  the  primary  spee^l.  Tlio  motion  during 
the  glimpse  period  is  then  twice  the  pitrli,  and  at  the  second 
^lirn{>se  each  mark  is  exactly  ； it  the  \Aare  formerly  occupied  by 
the  second  one  ahead  (Fig.  9).  They  consequently  appear  to 
be  steady,  hut  tlie  definition  is  not  so  ^ood  as  before,  because 
the  movement  during  the  time  of  vision  is  twice  as  great.  We 
may  imagine  tliis  condition  of  douhlo  primary  speed  to  be 
attained  by  doubling  the  number  of  spots  without  altering 
the  speed.  Ohviously  when  the  speed  is  not  quite  right  this 
will  double  the  number  of  marks  apparently  passing  a  fixed 
point  ；  in  other  words,  the  slip  is  that  corresponding  to  twice 
the  actual  glimpse  frequency,  that  being  the  glimpse  frequency 
for  which  the  actual  number  of  spots  makes  the  synchronous 
speed  the  primary  one. 

In  the  same  way,  we  may  get  stationary  images  at  3,  4,  5, 
&c,  times  the  primary  speed,  having  3,  4,  5,  &c.，  times  as  much 
drawing  out,  and  having  the  speed  errors  magnified  3,  4,  5, 
&c.，  times,  corresponding  to  glimpse  frequencies  3,  4，  5，  &c.， 
times  the  actual  glimpse  frequency.  The  upper  limit  of  the 
order  of  the  multiple  which  can  be  observed  is  set  by  tho 
increasing  drawing  out  of  the  images,  by  the  difficulty  of  find- 
ing it,  or  by  the  strength  of  the  revolving  apparatus.  Unless 
each  glimpse  be-  made  very  short,  the  images  get  rapidly 
fainter  as  the  order  is  raised.  With  the  64-spot  ring  and  the 
tuning  fork  already  referred  to,  patterns  could  still  be  observed 
at  five  times  the  primary  speed.  The  sixth  one  was  beyond 
the  safe  speed,  but  it  is  probable  that  it  at  least  could  also 
have  been  seen.  The  opening  would  last  for  about  1^  to  ^  of 
the  glimpse  period,  but  the  maximum  opening  would  only  be 
for  a  moment.  Tn  the  phase  displacement  experiraentfl 
referred  to  below,  in  which  a  revolving  shutter  and  a  very 
short  glimpse  were  employed,  the  speed  was  16  times  the 
primary  for  the  64-spot  ring,  and  the  pattern  was  still  fairly 
sharp.  Matters  were,  however,  simplified  in  this  case  by  the 
fact  that  the  shutter  was  driven  by  a  synchronous  motor,  other- 
wise it  would  have  heen  difficult  to  set  the  speed,  for  an  error 


GLIMPSE 


Spot  froquency  jus); 


twice  glimpse  fit' 


Fig.  9.— Actioxs  Nf.ar  Twtck  Primary  Sprep. 


(One  niai'k  is  notc)iod  to  allow 


actual  motion. ) 


of  1  per  cent,  would  cause  15  spots  per  second  to  pass, 
multiples  of  the  primary  speed  we  must  write  :  — 

fs=n  N-m  fK  =m (―  N-f,  )  =  n  (N-N,()  =  N  、 


N 


A.,.1  n  =' 


For 


(3) 
(4) 
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where  m  is  the  order  of  the  multiple.  Equation  (3)  shows 
that  the  slip  is  proportional  to  the  order,  as  was  already 
shown. 

Just  as  it  is  possible  to  have  stationary  patterns  at  sub- 
multiples  of  the  primary  speed,  so  also  they  are  observable  at 
sub-multiples  of  the  multiple  speeds.  These  are  related  to  the 
multiple  speeds  in  exactly  the  same  way  as  the  former  ones 
were  to  the  primary.  The  number  of  speeds  at  which  sta- 
tionary patterns  can  be  obtained  with  suitably  shaped  marks 
is  thus  very  great,  being  all  possible  sub-multiples  of  the 
primary  speed  for  the  given  glimpse  frequency,  and  of  those 
for  2,  3，  4,  5,  &c.，  times  that  frequency  up  to  the  limits  of 
visibility,  which  may  be  raised  as  high  as  desired  by  having 
sufficiently  short  glimpses  and  a  sufficiently  delicate  control 
of  the  speed.  In  the  experiments  already  referred  to  with  the 
disc  of  Fig.  10，  20  different  patterns  could  be  recognised  on 
one  ring  below  its  synchronous  speed,  and  25  above,  making  45 
in  all.  Ev-en  sub-multiples  were  more  easily  seen  than  odd 
ones  of  similar,  or  even  lower,  order,  but  this  may  have  been 
due  to  some  peculiarity  in  the  adjustment  of  the  slits  of  the 
fork. 

Multiples  of  the  primary  speed  cannot  be  distinguished 
by  themselves.  They  must  be  counted  as  they  appear  while  the 
speed  is  being  gradually  raised  above  the  primary  speed.  If, 
however,  the  approximate  speed  is  known  it  is  easy  to  settle 
which  multiple  is  being  used.  Such  an  approximation  can 
often  be  obtained  from  the  appearance  of  other  rings  with  diffe- 
rent numbers  of  marks.  Multiple  speeds  have  the  advantage 
that  they  give  an  even  speed  scale,  while  the  sub-multiples  do 


Fig.  10  — Convenient  Stroboscopic  Disc  for  Running-down  Tests. 

not.  Thus  with  100  spots  and  a  glimpse  frequency  of  10,000 
per  minute,  there  would  be  a  stationary  pattern  at  every  100 
revolutions  per  minute.  The  difficulty  is  to  tell  one  from 
another.  By  making  the  even  marks  different  from  the 
odd  ones,  which  is  equivalent  to  having  also  a  50-spot 
ring,  the  even  hundreds  could  be  distinguished  from  the 
odd  ones.  A  ring  of  20  spots,  or  every  fifth  mark  of  a  dif- 
ferent pattern  from  the  others,  would  distinguish  the  500s  and 
so  on  ；  12,000  per  minute  would  require  120  spots,  and  this 
could  be  more  sub-divided  than  the  100,  and  so  allow  a  greater 
number  bo  be  identified  with  certainty. 

F'at terns  at  speeds  derived  from  multiples  can  be  distin- 
guished from  those  derived  from  the  primary  speed  by  their 
faintness  and  the  difficulty  of  catching  them.  They  generally 
show  a  sort  of  open  lattice  pattern,  and  may  have  only  half 
the  number  of  peaks  corresponding  to  the  order  of  their  sub- 
multiple.  It  is  hardly  safe  to  rely  on  counting  with  them, 
but  their  position  on  the  speed  scale  given  by  their  relation  to 
the  synchronous  speeds  on  other  rings  aids  in  identifying 
them.  The  difference  b&tween  the  derivativies  of  the  primary 
and  multiple  speeds  is  well  brought  out  while  the  disc  is  stop- 
ping, as  in  a  running-down  test.  The  primary  speed  and  its 
sub-multiples  can  be  seen  approaching  or  receding  for  a  con- 
siderable time  on  either  side  of  synchronism.  The  double 
speed  and  its  sub-multiples  give  much  less  warning  and  more 
quickly  pass  away,  while  those  derived  from  the  higher  mul- 
tiples, if  seen  at  all,  flash  up  for  a  moment  and  then  are 
gone. 

When  the  disc  is  constantly  illuminated,  the  individual 
spots  can  be  momentarily  detected  up  to  fairly  high  speeds 


by  a  sudden  involuntary  movement  of  the  eye.  It  is  difficult 
to  do  this  purposely,  as  the  eye  tends  to  look  at  what  the 
observer  is  trying  to  see.  If  the  eye  be  kept  steadily  fixed  on 
one  place,  the  spots  fail  to  be  seen  individually  at  about  10-15 
per  second,  but  their  motion  is  apparent  up  to  about  30  per 
second,  when  they  merge  into  a  continuous  grey.  Practically 
the  same  limits  apply  to  the  visibility  of  the  apparent  motion 
of  the  spots  when  seen  stroboscopically.  It  is  quite  a  common 
thing  to  see  a  ring  of  spots  apparently  revolving  both  ways  at 
once,  and  it  is  even  possible  to  have  three  patterns  on  one  ring 
visible  at  the  same  speed.  In  the  latter  case,  however,  the  eye 
can  usually  only  see  one  at  a  time  ；  if  the  speed  be  synchronous 
for  the  middle  one,  the  others  will  rotate  in  opposite  ways,  and 
the  eye  can  pick  out  any  one  of  the  three  and  follow  it,  just 
as  it  can  either  see  a  pile  of  solid  cubes  or  one  of  hollow  cubes, 
according  to  the  first  impression,  in  a  well-known  delusion. 
Faint  patterns  coining  in  the  neighbourhood  of  a  strong  one 
are  generally  entirely  masked  by  the  latter.  If  the  glimpses 
are  too  sharp,  so  many  things  are  visible  at  once  that  the  disc 
is  quite  bewildering,  and  it  is  almost  impossible  to  identify 
many  patterns  with  certainty.  Henoe  it  is  best  to  have  suffi- 
cient sharpness  to  show  up  the  patterns  wanted,  but  no  more. 

Stroboscopic  Patterns. ―  Most  experimenters  have  confined 
their  attention  to  circular,  rectangular,  or  radial  marks,  but 
they  have,  as  a  rule,  only  wanted  the  primary  spe^d  for  which 
the  shape  of  the  marks  is  of  no  importance,  and  one  is  as 
good  as  another.  But  for  a  speed  indicator  it  is  necessary  to 
have  as  many  known  speeds  as  possible,  and  it  is  best  to 
employ  such  a  shape  as  will  enable  these  to  be  recognised  most 
easily.  Drysclale  advocates  a  disc  with  a  square,  a  pentagon, 
a  hexagon,  and  a  ring  of  30  triangular  teeth,  the  spaces 
between  these  boundary  lines  being  alternately  black  and 
white.  The  author  uses  a  rather  different  arrangement  with 
specially  shaped  teeth,  having  six  rings  of  12，  13，  14,  15,  16， 
and  64  teeth  (Fig.  10).  This  gives  a  conveniently  spaced  set 
of  speeds,  particularly  useful  for  running  down  tests,  the  five 
inner  rings  being  used  for  the  upper  speeds  and  the  64-ring  for 
the  lowest  ones.  The  primary  speed  on  the  outer  ring,  being 
also  the  quarter  speed  for  the  adjacent  ring,  gives  a  well- 
marked  change-over  point.  Allowing  for  the  fact  that  several 
speeds  are  synchronous  on  two  or  more  rings,  there  are  about 
50  useful  speeds.  This  number  could,  of  course,  be  increased 
by  adding  additional  rings. 

For  the  periphery  of  a  cylinder,  the  best  shape  of  spot  is  an 
isosceles  triangle  having  the  pitch  for  its  base,  so  that  the 
whole  forms  a  saw  edge  with  black  teeth  on  white  ground. 
Fig.  11  shows  the  appearance  of  these  spots  when  they  are 
overlapped  at  sub-niultiples  of  the  primary  speed.  It  will  be 
observed  that  the  number  of  rows  of  peaks,  which  is  most 
easily  counted  along  one  of  the  sloping  lines,  indicates  the 
order  of  the  sub-multiple.  It  is  much  easier  to  count  this 
than  the  total  number  of  visible  marks,  especially  when  the 
pattern  is  not  quite  stationary.  Compared  with  the  primary 
pattern,  the  extreme  black  and  white  triangles,  being  seen 
every  glimpse,  retain  their  full  brightness,  but  climinisli  in  size 
with  the  order  of  the  sub-multiple.  Unless  the  glimpses  are 
too  sharp,  sub-multiples  of  multiple  speeds  can  never  be  mis- 
taken for  those  of  the  primary,  as  they  are  much  less  definite 
and  appear  to  be  hollow. 

If  the  triangles  were  arranged  round  a  circle  on  a  flat  disc, 
their  bases  would  be  inclined  to  one  another,  and  the  inner 
part  of  the  overlapping  pattern  compressed,  which  makes  it 
more  difficult  to  count  fine  ones.  The  best  form  of  boundary 
line  is  then  made  up  of  arcs  of  equal  left  and  right-hand 
spirals,  so  proportioned  as  to  make  the  division  between  black 
and  white  change  uniformly  from  the  base  to  the  tip.  The 
spiral  arcs,  however,  are  sufiiciently  well  represented  by  circu- 
lar ones  coinciding  with  them  at  their  extreme  and  middle 
points.  This  gives  the  tooth  the  form  of  a  Gothic  arch,  which 
is  actually  easier  to  draw  in  than  the  straight  lines.  Fig.  12 
shows  how  these  spots  overlap,  giving  similar  patterns  to 
those  obtained  with  triangular  spots  moving  parallel  to  their 
base. 

The  stroboscopic  appearance  of  a  disc,  such  as  that  of  Fig, 
10，  while  running  down  is  very  fascinating.  Many  very  pretty 
patterns  are  formed,  whose  beauty  is  ronsiderablv  enhanced 
if  the  condenser  used  for  the  light  has  a  lot  of  chromatic  aber- 
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ration.  An  immense  variety  of  designs  can  be  obtained  by 
varying  the  form  of  the  spots,  or  by  drawing  them  in  outhii" 

only.  • 

Measurement  of  Slip. ― The  greatest  use  that  li;is  made 】" 
engineering  of  the  stroboscopic  principle  is  in  connection  with 
alternate-current  machinery,  and  particularly  for  getting  the 
slip  of  an  asynchronous  motor.  For  these  purposes,  the  easiest 
way  to  get  periodic  glimpses  of  the  correct  frequency  is  to 
employ  an  arc  or  incandescent  lamp  supplied  from  the  same 
source.  The  fluctuations  of  light  are  sufficient  to  produce  inanv 
stroboscopic  effects  at  all  lighting  frequencies  with  arc  and 
tungsten  lamps,  and  at  low  frequencies  with  carbon  lamps. 
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Fig.  11.— Ovi;nLAPPiN(i  of  TitiANtiui.AR  Spots  on  a  Stuaight  Base. 

There  is  a  maximum  of  brightness  for  both  positive  and  nega- 
tive half-waves,  and  thus  the  glimpse  frequency  is  twice  that 
of  the  supply.  There  is  a  great  want  of  sharpness,  especially 
with  the  incandescent  lamps,  owing  to  the  fact  that  the  illumi- 
nation only  varies  between  a  maximum  and  a  minimum  instead 
of  being  entirely  extinguished  during  the  greater  part  of  each 
cycle.  With  the  Bristol  frequency  of  93  per  second,  the  author 
has  found  that  with  the  ordinary  electric  lighting  only  in  use 
(tungsten  lamps)  it  is  easy  to  pick  out  the  marks  for  a  good 
bit  on  either  side  of  synchronism,  but  that  they  get  lost  when 
synchronism  is  reached  and  maintained.  Even  with  an  arc 
on  that  high  frequency,  the  spots  do  not  show  very  clearly 
wheu  apparently  at  rest. 

Van  Hoor  seems  to  have  been  the  first  to  apply  this  effect 
to  the  measurement  of  slip.  Equally  spaced  marks,  one  for 
each  pole  of  the  machine,  are  made  on  the  pulley  or  other 
rotating  part.  At  synchronism  these  would  appear  to  be 
steady,  and  at  lower  speeds  they  move  backwards  (apparently), 
one  mark  passing  a  fixed  point  for  each  half -cycle  lost.  The 
slip  is  generally  obtained  by  timing  the  apparent  motion  of 
the  marks,  from  which  it  can  be  calculated  when  the  supply 
frequency  or  the  motor  speed  is  known. 

Another  way,  which  avoids  the  measurement  of  time,  is  to 
count  the  revolutions  of  the  shaft  in  the  ordinary  way  during 
the  time  taken  for  the  marks  to  slip  an  exact  number  of 
places.  The  latter  number  divided  by  the  number  of  poles 
gives  the  revolutions  lost;  the  counter  gives  the  actual  number 
ma(k，  in  the  same  time  :  the  sum  gives  the  synchronous  num- 
ber ；  and  the  ratio  of  the  first  of  these  Uir&e  to  the  last  is 
the  slip. 

Besides  its  want  of  sharpness,  the  arc  method  has  the  great 
disadvantage  that  the  double  glimpse  frequency  makes  the 
greatest  slip  that  can  be  measured  comparatively  small.  If 
it  is  assumed  that  three  spots  per  second  is  the  maximum  that 
can  be  counted,  then  the  greatest  slip  that  can  be  measured  in 
this  way  is  6  per  cent,  at  25  cycles  per  second,  3  per  cent,  at 
50,  and  1|  per  cent,  at  100.  The  double  frequency  is  an 
advautage  when  measuring  very  small  slips. 

Tian  has  increased  the  range  of  the  arc  method  by  putting 
a  rectifier  into  the  arc  circuit  so  as  to  cub  off  one-half  wave  of 
current,  and  the  author  has  tried  to  do  the  same  thing  by 
superimpexsing  a  continuous  current  on  an  alternating  one. 
The  want  of  sharpness  still  remains,  and  these  methods  are  not 
less  troublesome  than  the  use  of  an  auxiliary  motor,  and  are 
certainly  much  inferior  to  it  in  use.  The  effective  light  fre- 
quency can  be  reduced  to  that  of  the  supply  voltage  iu  a  very 


simple  manner  by  having  the  arc  in  an  ordinary  projection 
lantern  and  tilting  the  carbons  well  hack.  Only  one  crater 
sends  light  to  the  condenser,  and  so  one-half  wave  of  light  is 
almost  suppressed.  With  one  mark  for  each  pair  of  poles, 
only  a  faint  image  is  produced  hy  tlm  socoiul  lialf-wave. 

Drysrlale  fixed  his  stroboscopic  rlisc  on  a  separate  Hpindk 
carried  on  an  arm,  wliich  enables  it  to  run  on  a  cone  driven 
by  the  shaft  of  the  motor  being  les"'d.  The  point  of  *  oiit;n  t 
between  the  disc  and  cone  is  varied  by  a  screw  acting  on  tlie 
carrying  arm  until  the  pattern  on  the  flisr,  which  should  have 
the  same  number  of  rays  as  there  are  poles  on  the  motor,  is 
seen  to  be  stationary  when  illuminated  by  the  A.C.  lamp. 
The  disc  is  then  running  at  the  synchronous  speed  and  the 
slip  is  read  off  from  the  scale,  which  has  been  previously  calcu- 
lated to  suit  the  slope  of  the  cone.  This  instrument  (see  Fig. 
13)  has  the  advantage  that  it  uses  a  zero  method  and  that  it 
is  direct  reading  when  set.  For  very  small  motors  it  has  the 
drawback  of  adding  an  unknown  load,  but  this  is  obviato<l  in 
the  more  elaborate  instrument  described  below. 

Except  where  the  original  Drysrlale  indicator  is  used,  it  is 
better  not  to  have  an  A.C.  arc,  bub  rather  to  follow  Benisrhke 
(5  01)  and  employ  a  rotating  shutter  driven  by  a  synchronous 
motor  from  the  A.C.  mains,  and  either  look  through  the  shut- 
ter at  a  pattern  on  the  motor  tcst''(l  or  use  a  continuous- 
current  arc,  as  in  Fig.  2.  By  putting  one  slit  in  the  shutter 
for  each  pair  of  holes  of  the  auxiliary  motor,  and  one  mark  on 
the  shaft  or  pulley  of  the  tested  motor  for  each  pair  of  its 
poles,  the  glimpse  frequency  is  reduced  to  that  of  the  supply, 
or  half  that  with  the  simple  arc  method.  Consequently,  the 
measurable  range  of  slip  is  doubled,  and  at  the  same  time  the 
sharpness  is  so  much  increased  that  rough  chalk  marks  on  the 
shaft  or  any  other  exposed  part  are  quite  sufficient  for  easy 
observation.  If  the  numbers  of  poles  in  the  two  motors  have 
a  higher  common  factor  than  2，  the  number  of  slits  and  marks 
can  be  reduced  to  the  quotients  obtained  after  dividing  by 
that  factor,  if  desirable,  and  so  the  range  of  slip  can  be  still 
further  raised.  For  example,  if  the  auxiliary  motor  has  four 
poles,  and  the  motor  tested  any  multiple  of  four,  only  one 
slit  need  be  put  in  the  shutter  and  one  mark  for  each  four 
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Fig.  12.— Overlapping  of  Gothic  Spots  ahran"ed  Kound  a  Cibclz. 
poles.  The  passage  of  one  mark  will  then  correspond  to  a  slip 
of  two  cycles,  and  the  fractional  slip  is  given  by  the  apparent 
frequency  of  the  spots  passing  a  fixed  point  divided  by  half 
that  of  the  supply.  The  small  motor  provided  with  the  oscil- 
lograph outfits  is  a  very  convenient  one  for  the  purpose,  a 
suitable  cardboard  or  aluminium  shutter  being  put  in  place  of 
the  ordinary  one. 

Benisclike  also  uses  a  detachable  counter  on  his  auxiliary 
motor,  and  keeps  it  in  gear  while  the  slip  amounts  to  an  exact 
number  of  revolutions,  as  shown  by  the  movement  of  the 
sj>ots.  He  thus  obtains  the  corresponding  slip  an<l  synchro- 
nous revolutions,  and  their  ratio  at  once  gives  the  slip,  with- 
out any  ineasurenient  of  time. 

In  liis  latest  slipniet-er,  Drvsdale  drives  the  cone  by  a 
synchronous  motor  aud  cuts  a  u umber  of  splits  in  the  spinning 
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disc  through  which  a  suitable  pattern,  carried  on  tho  moior 
being  teste* I,  can  b(、  ol'scrved.  The  arnuig("m'nt'  is  shown  in 
Fig.  14.  The  motor  is  of  the  phonic  wheel  type,  in  wliicli  the 
rotor  is  a  toothed  wheel  made  up  of  iron  stampings,  and  the 
vstat or  a  simple  laminated  electroma^iiot  having  two  poles  at 
opposite  ends  of  a  rotor  diameter.  The  rotor  always  tends 
to  occupy  the  position  of  minimum  magnetic  reluctance,  espe- 
cially when  the  flux  is  a  maxinnini.  Consequently,  when 
running  at  synchronous  speed  it  is  subject  to  forces  tending  to 
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Fkt.  13.— Dbtsdale  Direct -reading  Slip-meteb. 

make  it  run  with  the  teeth  opposite  to  the  poles  at  the  instant 
of  maximum  current.  It  actually  lags  a  little  behind  this, 
and  so  obtains  the  necessary  driving  torque.  In  order  to  start 
the  motor  it  is  run  up  to  speed  by  means  of  a  handle,  seen 
at  the  right  of  the  illustration,  which  is  thrown  out  of  gear 
when  synchronised.  The  correct  speed  can  be  recognised  by 
the  hunting  sound  in  a  quiet  ro'om，  but  it  cau  be  seen  optically 
if  the  teeth  are  illuminated  from  the  same  supply  mains,  or 
near  enough  by  simply  setting  the  disc  to  the  expected,  slip  and 
observing  the  pattern  on  the  motor  to  bo  tested.  It  is  con- 
venient to  have  a  higher  voltage  available 
than  that  necessary  for  running,  and  to  cut 
this  down  by  a  rheostat  after  the  hunting 
has  subsided. 

The  disc  has  one  slit  for  each  tooth  of 
its  motor,  and  the  pattern  one  mark  for  each 
pole  of  the  motor  to  which  it  is  affixed.  The 
disc  is  moved  up  or  down  the  cone  by  means 
of  the  handle,  which  can  be  seen  at  the  l-eft, 
until  the  pattern  appears  stationary  when 
viewed  through  the  slits.    The  disc  and  pat- 
tern are  then  running    synchronously  with 
one  another,  and  the  slip  can  be  read  on  the 
scale.    In  this  instrument  the  slip  is  given 
by  the  ratio  of  the  difference  of  the  diameters 
oi*  the  disc  and  cone  to  that  of  the  disc,  and 
is  therefore  proportional  to  th©  displacement 
of  the  disc  from  the  plane,  where  it  runs  at 
the  same  speed  as  the  cone.      That  is,  the 
same  scale  applies  as  for  speed  ratio,  but  the 
zero    is    shifted    to    the    point    of  equal 
speeds.      Th-e   method  of  ch-ecking  the  scale   has  already 
been  described  in  connection  with  speed  measurement.  Greater 
sensitiveness  in  obtaining  a  balance  can  be  obtained  by  having, 
say,  five  times  as  many  slits  and  increasing  the  number  of 
marks  on  the  pattern  to  five  times  the  number  of  poles.  The 
effect  of  this  is  to  give  a  finer  scale  on  、vhi<'h  the  apparent 
motion  can  be  observed  more  easily. 

A  number  of  other  stroboscopic  methods  of  determining 
slip  have  been  proposed,  involving  the  use  of  synchronous 
reeds  driven  from  the  supply,  and  lamp  filaments  lighted  by 
the  alternating  current  and  caused  to  vibrate  synchronously 
by  being  placed  in  a  constant  magnetic  field.    Noue  of  these 


appear  to  be  so  good  as  the  direct  counting  methods  or  the 
Drysdale  indicator. 

Phase  Swinging  of  Synchronous  Machines. ―  A  synchronously 
rotating  shutter  and  the  stroboscopic  disc  are  also  useful  for 
observing  and  measuring  the  phase  displacements  which  occur 
in  a  synchronous  machine  when  the  load  or  field  current  is 
varied,  when  synchronising,  and  when  hunting  occurs. 
The  number  of  slits  in  the  shutter  and  the  number  of  marks 
on  the  disc  are  not  of  great  importance  this  time,  but  it  is 
convenient  to  have  one  glimpse  per  cycle  and  one  ring  having 
one  mark  per  pair  of  poles.  The  mark  may  form  a  pointer 
reading  on  a  fixed  scale,  or  more  conveniently,  as  it  avoids  all 
parallax,  the  scale  may  be  marked  on  the  stroboscopic  disc 
and  the  shadow  of  a  fixed  wire  used  as  a  pointer.  It  is 
necessary  to  see  that  the  auxiliary  motor  does  not  itself  hunt  ； 
if  it  does,  its  oscillations  can  generally  be  recognised  by  their 
high  frequency. 

The  disc  of  Fig.  10，  with  the  addition  of  four  equally- 
spaced  marks  outside  the  64-ring,  serves  very  well  for  an  8-pole 
alternator.  The  four  marks  show  the  normal  position  and 
the  64-ring  serves  as  a  scale  on  which  the  displacements  can 
be  measured.  Each  division  corresponds  to  ^  cycle,  or 
22^°  of  phase.  Although  the  speed  is  16  times  the  primary 
speed  for  this  ring,  the  marks  can  be  seen  quite  clearly.  In 
this  way,  the  author  has  obtained,  by  direct  measurement, 
the  relation  between  the  load  on  an  alternator  and  its 
phase  displacement  relative  to  the  mains  voltage.  The 
scale  had  divisions  corresponding  to  10°  of  phase  and  was 
illuminated  with  one  flash  per  cycle.  With  a  very  narrow 
slit  in  the  shutter  the  divisions  could  just  be  seen.  Greater 
distinctness  could  be  obtained  with  a  still  narrower  slit  if  the 
number  of  flashes  per  cycle  be  also  increased,  in  order  to  get 
enough  light,  to  4，  6，  or  12.  This  would  also  multiply  the 
special  marks  put  to  distinguish  the  poles.  Changes  of  phase 
with  change  of  load  or  of  field  current  amounted  to  about  30°  ， 
and  were  easily  observed  ；  the  gradual  decay  of  the  oscilla- 
tions set  up  when  these  alterations  are  made  suddenly  are 
beautifully  shown  and  easily  measured,  but  the  most  interest- 
ing phenomena  are  obtained  on  synchronising.  The  way  in 
which  the  relative  phase  of  machine  and  mains  (the  ordinary 
lighting  mains  of  the  city)  change  when  they  are  not 
paralleled  but  the  speed  is  right  is  most  interesting  ;  often 
the  phase  remains  constant  for  quite  a  long  time  and  then 
suddenly  starts  changing  as  some  load  is  put  on  somewhere 
on  either  the  alternating-current  or  the  direct-current  mains. 


Fig.  14.— Duysdalk  Direct-kkadimg  Slip-meter.   Motoh- driven  Pattern. 

The  way  in  which  the  machine  can  be  seen  to  jump  into  step 
on  switching  into  parallel  with  the  mains  is  most  instructive, 
especially  if  the  shot  is  a  bad  one.  About  90"  out  of  the 
correct  phase  seemed  to  produce  the  most  violent  oscillations  ； 
when  switched  on  near  contrary  phase  (the  machine  is  quite 
a  small  one,  5  kw.)  it  hesitates  before  deciding  whether  to 
jump  a  pole  or  slip  one,  but  the  oscillations  do  not  seem  to 
be  worse  than  when  onlv  ^ -cycle  out,  although  the  ammeter 
reading  is  a  good  deal  more.  Hunting  due  to  any  cause  can 
be  detected,  and  its  amplitude  read  off  on  the  scale. 

Speed  Fluctuations. ~ -The  fluctuations  of  speed  dealt  with  in 
the  previous  section  are  comparatively  slow,  and  cau  be  easily 
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followed  with  the  arraii^i'ineiits  (l('scril't''l .  I  n  ； i  similar  vv;i y, 
the  cyclic  variations  in  Hie  speed  of  a  very  slowly  nn>viiiLr 
shaft  can  be  detected.  For  instance,  that  rlue  to  the  finiU; 
number  of  cornmutator  segments  in  corfain  types  of  meters 
can  be  quite  easily  seen  at,  the  lower  loa<ls.  With  more  rapid 
rotation,  however,  the  Iluctuaiioiis  ot'curriiig  within  a  single 
revolution  are  much  more  (liflirult  to  show.  Even  if  a  large 
iiiimlter  of  glimpses  per  revo】ut,i<>ii  be  us(.id,  with  ihv  corre- 
sponding number  of  marks  on  t he  disc,  the  only  result  would 
1h、  an  oscillation  of  the  pattern  too  rapid  to  be  seen.  It  is, 
t  licrcfore,  necessary  to  make  a  second  application  of  the  stro- 
boscoj)ic  principle,  and  to  examine  the  picture  itself  st rob(j- 
wopically.  The  author  is  not  aware  of  anyone  hitherto 
having  succeeded  in  directly  showing  the  speed  fluctuations, 
l>u(  lu'  puts  forward  the  following  method  as  one  which  lias 
sonic  |)i'ol);ihiliiy  of  success. 

Let  the  rotating  body  whose  motion  is  to  be  studied  be 
provided  with  a  stroboscopic  ring  of  11  teeth,  and  let  tlie 
gliinpso  period  l»c  (1  +  1/n)  times  the  time  of  one  revolution. 
The  pattern  will  appear  stationary,  but  as  each  successive 
^litnpse  catches  the  marks  one  place  further  forward  (  +  )  or 
behind  ( — ),  if  one  of  the  marks  be  made  different  from  the 
rest  that  one  will  be  seen  to  rotate  slowly  in  the  time 
actually  taken  to  make  11  revolutions.  Thus  the  actual 
changes  in  one  revolution  are  made  to  take  place,  apparently, 
in  ii  revolutions,  that  is,  n  times  as  slowly  as  they  actually 
happiMi.  C^onsequently  by  making  n  large  enough  the  change 
ran  be  followed  by  the  eye.  It  would  probably  be  impossible 
to  keep  the  speed  of  the  shutter  accurately  equal  to  the  mean 


Shutter 


Fig.  15.— Piunciple  of  Piioposkd  Speed  Fluctuometer. 

speed  of  the  body  with  an  independent  drive,  but  the  Drys- 
dale  slip  indicator  can  be  modified  for  the  purpose. 

Add  a  flywheel  to  a  Drysdale  cone  of  small  slope,  and 
Tnoimt  the  combination  loosely  on  the  spindle,  with  a  light 
spring  friction  clutch,  if  necessary,  to  give  sufficient  driving 
torque.  When  the  spindle  is  connected  to  the  shaft  to  be 
tested,  the  flywheel  and  cone  will  assume  the  mean  speed  of 
the  shaft.  The  cone  drives  a  si l utter  with  one  slit  ；  the  disc 
with  n  marks  ；  one  different  from  the  rest  is  fixed  on  the 
shaft  under  test,  or  on  the  spindle  of  the  instrument  driven 
by  it.  Beginning  with  the  shutter  running  at  the  same 
speed  as  the  cone,  gradually  lower  its  speed  until  the  next 
steady,  or  oscillating,  pattern  is  observed .  These  oscillations 
are  due  to  the  spe&d  fluctuations.  By  adjusting  the  speed  of 
the  shutter  to  one  side  of  the  value  considered  above,  the 
pattern  can  be  brought  to  rest  for  any  desired  position  of  the 
index  mark,  and  so  the  exact  speed  at  that  point  in  the  revo- 
lution can  be  determined.  The  proposed  arrangement  is 
shown  in  Fig.  15. 

Most  of  the  arrangements  for  experimenting  on  speed 
fluctuation  involve  a  measurement  of  the  relative  displacement 
of  the  shaft  and  another  rotating  uniformly  with  its  mean 
speed.  Indeed,  for  some  purposes,  such  as  the  driving  of 
alternators,  it  is  the  amount  of  this  displac(Miieiit  that  matters 
and  not  the  actual  speed  changes.  If  the  latter  are  required, 
they  must  be  calculated  from  the  displacements.  As  a  rule 
the  flexibly  driven  lly wheel  is  used  to  get  the  mean  spwd, 
but  in  some  cases  an  iiulepemlent  electric  drive  has  been 
employed. 

When  th-e  fluctuations  are  great  and  the  speed  not  too  low 
the  following  simple  method  may  be  used  for  demonstrating 
them  and  for  very  rough  lneasnremenUs.  Put  ； i  siiigl<、 
pointer-shaped  mark  radially  on  a  disc,  attached  to  the  shaft 
to  be  examined  and  drive  a  stroboscopic  shutter  by  any  con- 
venient means  so  that  any  exact  number  (the  more  the  better) 
of  glimpses  occur  each  revolution  of  the  machine  under  test. 
A  star  will  be  seen  with  as  many  rays  as  there  are  glimpses 


per  revolution.  Witli  uniform  speed,  LIh-.m*  r'vs  will  be 
(M[ually  spaced  ；  but  if  tlio  sjKMid  iluctuatrs,  t  lit-  ruva  will 
aj)pear  further  apart  where  it  gooa  fast,  and  closer  tw。M，r 
where  it  goes  slow.  A  modiiuration  of  this  idea  is  to  divide 
the  radial  length  into  n  parts,  and  fJist  rihutc  tliern  round  tlie 
circles  so  tliat  their  centres  lie  on  e<jually  spaced  radii.  When 
seen  with  n  sharp  glimpses  per  revolution  a  j)erfe<:t  st  a  r  of 
n  rays  will  appear  if  the  speed  be  uniform  ；  if  it  i.s  n<A，  tin- 
different  portions  of  the  rays  will  not  register  with  one 
another. 

Most  of  the  str(jbusc(j)>ic  met  liods  pro|)us<，<J  arc  ro;ill  v 
instantaneous  photograph  methods,  using  often  a  zoetroj>c 
cylinder  on  the  si l aft,  and  sometimes  another  revolving 
shutter.  Sartor i,  however,  gives  a  simple  and  direct  met 
for  getting  the  displacement  from  mean  rotation .  His  shaft 
and  flywheel  each  carry  a  blackened  glass  disc,  placed  close 
together.  Right  and  left-handed  evolutes  are  traced  through 
the  black  ；  a  source  of  light  is  placed  on  one  side  and  tlte 
discs  are  viewed  fro  in  the  other.  The  light  only  gets  through 
at  the  crossing  point  of  the  two  curves,  and  the  distaiif  «•  。i 
this  point  from  the  centre  changee  with  the  relative  positions 
of  the  two  discs  in  a  known  way.  When  the  arrangement  i.-i 
rotating  the  briglit  point  will  trace  out  a  closed  curve  and  h<- 
seen  as  such.  The  curve  will  be  a  circle  if  there  be  no  change 
in  the  relative  positions  of  the  two  discs  in  a  revolution,  but 
if  there  is  any  such  change  it  will  be  indicated  by  the  si i apt- 
of  the  curve,  which  can  be  measured  or  photograj)hed. 

In  addition  to  the  optical  methods  to  whicli  the  paper  is 
confined,  a  number  of  electrical  contact  methods  are  in  uae 
for  determining  wave-form,  slip,  &c.，  on  the  lines  of  that  first 
introduced  by  Joubert.  Although  not  stroboscopic  in  the 
narrower  sense  of  the  word,  they  employ  exactly  the  same 
principle  but  use  an  intermittent  flow  of  electricity  instead 
of  an  intermittent  passage  of  light. 


ELECTRIC  SUPPLY  IN  LONDON.* 

BY  FRANK  BAILEY,  M.INST.C.E. 

The  supply  of  electrical  energy  has  now  developed  from  being 
a  luxury  to  a  practical  necessity.  The  use  of  electrical  energy 
as  the  motive  power  of  our  tube  and  other  railways,  the 
working  of  our  factories,  and  for  lighting,  heating,  cooking, 
&c.，  has  become  so  general  that  few  of  those  who  now 
participate  in  its  advantages  realise  the  difficulties  that  were 
exj>erienced  in  the  early  days  of  pioneering  a  new  industry. 
The  pioneering  days  from  1880  to  1890  saw  many  difficulties- 
statutory,  technical,  and  financial.  The  Electric  Lighting 
Act  of  1882  recognised  the  birth  of  a  new  illuminant  and  the 
possibility  c'f  its  commercial  application,  but  owing  to  reasons 
which  are  now  difficult  to  explain  or  appreciate,  the  Act 
limited  all  Provisional  Orders  to  a  period  of  21  years.  This 
short  period  did  not  encourage  enterprise,  and  strenuous 
efforts  to  secure  a  sounder  basis  for  the  building  up  of  a  great 
enterprise  resulted  in  the  passing  of  the  Electric  Lighting 
Act  of  1888，  which  extended  the  period  to  42  years. 

Useful  pioneering  work  was,  however,  accomplished 
between  1882  and  1888,  and  public  interest  was  kept  alive 
hy  many  works  undertaken  by  private  enterprise  with  a  view- 
to  perfecting  the  generation  and  distribution  of  electric 
supply.  Up  to  the  year  1890  none  of  the  London  vestries 一 
now  merged  into  borough  councils ~ had  decided  to  embark 
on  municipal  trading,  with  the  exception  of  the  St.  Pancras 
Vestry,  who  had  then  started  to  equip  their  own  works  for 
electrical  supply  ；  and  it  was  not  until  the  coinnu'irial  success 
of  the  various  undertakings  had  been  established  that  13  of 
the  remaining  borough  councils  in  London  applied  for  and 
obtained  Provisional  Orders.  We  ought  therefore  to  appre- 
ciate the  enterprise  of  the  13  companies  who  had  undertaken 
the  responsibilities  of  carrying  out  the  obligations  imposed 
upon  them  by  the  terms  of  the  Provisional  Orders  gnmt,，i 
under  the  Act  of  1888.  These  companies  had  to  raise  the 
capital  they  required  without  being  able  to  quote  actual 
experience  of  a  profitable  yield  ；  and  it  is  remarkable,  con- 
sidering the  inexperience  of  the  industry  at  that  time,  liow 
few  mistakes  were  made,  and  how  well  the  capital  was 
expended.  Most  of  the  early  pioneering  plants  have  now 
disappeared,  tlie  capital  cost  having  been  redeemed  out  of 
revenue  ；  in  many  cases  small  works  in  unsuitable  positions 
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being  utilised  for  other  purposes,  and  the  output  supplied 
from  larger  works  with  facilities  for  improved  plant. 

Table  I.  gives,  in  a  summarised  form,  the  present  position 
of  the  various  supply  authorities  in  London.  This  table 
shows  the  output  for  the  14  local  authorities  who  work  their 
own  Provisional  Orders,  as  published  for  the  municipal  year 
ending  March  31st,  1912，  and  as  estimated  for  the  year  ending 
March  31st,  1913.  The  output  given  for  the  13  companies  is 
taken  from  the  published  accounts,  supplemented  in  many 
cases  by  information  kindly  supplied.  The  total  output 
includes  some  supplies  given  for  railway  and  tramway  pur- 
poses within  the  area  of  the  County  of  London,  which, 
according  to  the  census  returns  of  tho  year  1911,  contains 
74,816  acres  and  a  population  of  4,521,685  persons. 

Table  I. ― Electric  Supply  in  London. 


Local  authority. 


Battersea  

Bermondsey     . . . 

Fulham   

Hackney   

Hammersmith  . . . 

Hampstead   

Islington   

Poplar   

Shoreditch   

ISouthwark   

Stepney  

Stoke  Newington 
St.  Maryiebone  . 

St.  Pan  eras  

Woolwich  


Compa  ny. 

Brompton   

Charing  Cross  

Chelsea  

City   

County  

Kensington   

London   

Metropolitan   

Notting  Hill   

South  London   

South  Metropolitan  .... 

St.  James'  

Westminster  

Central  (St.  James'  and 

Westminster  Joint ) . . 
Wood  Lane  (Kensington 

and  Notting  Hill  Joint) 


Units  sold. 

Max. 

load. 

expended. 

Winter, 

1911. 

1912. 

1912-13. 

£ 

Estimated. 

Kw. 

•m  u  ao  o 

29o,U.io 

4,288,000 

6,200,000 

3,050 

181,172 

4:144:438 

4:600:000 

1,960 

281,008 

3,331,497 

3,900,000 

2,170 

350,394 

(i,615,526 

9; 賺: 000 

4,290 

344,1：.：! 

！ 1,335,892 

9,000,000 

5,900 

437,000 

4.7!14,41：！ 

5,240,000 

3,290 

513,462 

(i,41ti.H."i.'i 

8,000,000 

4,930 

302,468 

9,193,872 

12,000,000 

5,250 

379,019 

(！  on  1  Tin 

4,680 

108,673 

1,790,983 

3.W0 細 

1,700 

426:777 

11,972,955 

14,000,000 

6:500 

36,000 

426,527 

475,000 

320 

2,069,823 

13,488,698 

15,000,000 

9,700 

557,468 

9,452,067 

ll,37(i,000 

3,740 

310,000* 

2,198,569 

2,517,000 

1,650 

f6,ti02,055 

94,445,100 

14,708,000 

59.130 

276,042 

2,868,817 

3,029,883 

1,890 

2,340,762 

27,118,199 

27,657,296 

13,990 

490,301 

4,016,478 

4,184,072 

2,800 

2,000,324 

26,633,759 

27,488,860 

18.510 

1,885,648 

20,450,787 

22.512,478 

12,800 

388,709 

5,821,514 

5,727,896 

3,640 

1,345,883 

20,476,982 

28,409,755 

13,500 

2,103,996 

13,567,501 

15,666,247 

11,260 

249,608 

2,336,849 

2,482,414 

1.630 

403,310 

4,479,487 

5.000,118 

3,130 

624,949 

4,855,580 

5,481,346 

4.000 

426,398 

[0,708,ti.S'J 

11,044,768 

5,950 

1,252,030 

19,868,622 

18,638,123 

lo.s.sti 

600,296 

224,340 

- 

£14,613,196 

163,203,264 

177,323,258 

103,980 

£21,215,251 

2.37,(148,364 

292,031,258 

163.110 

*  Estimated. 

Note. 一 Local  authorities'  accounts  made  up  to  March  31st  each  year. 
Companies'  accounts  made  up  to  December  31st  each  year. 

To  complete  the  statement  so  as  to  include  all  electric 
supply,  reference  must  be  made  to  the  various  railways  and 
tramways  operated  by  electric  traction.  The  Metropolitan 
District  Railway,  and  many  of  the  tub©  railways,  are  supplied 
from  the  Lots  Road  power-house;  the  Metropolitan  Railway 
from  the  Neasden  power  works  ；  the  Great  Western  Railway 
(Hammersmith  and  City  branch)  from  its  own  works  at  Park 
Royal  ；  the  London,  Briffhton,  and  South  Coast  Railway 
(Crystal  Palace  section)  from  the  works  of  the  London 
Electric  Supply  Corporation  at  Deptford  ；  the  Waterloo  and 
City  Railway,  vested  in  the  London  and  South-western 
Railway  Company,  from  works  at  Waterloo  ；  the  Great 
Northern  and  City  Railway  from  its  own  works  ；  and  the 
Central  London  Railway  from  works  at  Shepherds  Bush. 
Important  works  are  in  progress  by  the  London  and  North- 
western Railway  for  the  erection  of  a  power-house  and  for 
the  electrification  of  local  lines,  and  by  the  Lrondon  and  South- 
western Railway  Company  for  the  electrification  of  suburban 
lines,  while  other  railways  have  sclieori€s  in  contemplation. 

The  disappearance  of  the  horse  for  all  tramway  purposes 
in  London  is  now  nearly  complete,  and  is  another  achievement 


of  electric  supply.  This  branch  of  the  application  of  electric 
power  must  appeal  to  all,  for  the  tramcar,  although  not  an 
object  of  beauty,  has  penetrated  to  distant  suburbs  and 
surrounded  London.  The  Greenwich  power-house,  erected  bv 
the  London  County  Council,  contains  many  of  the  best 
features  of  the  combined  experience  of  other  countries,  and 
supplies  nearly  the  whole  of  the  tramway  system. 

The  total  am  aunt  of  electrical  energy  utilised  for  all  pur- 
poses may  be  estimated  for  the  year  1912  as  follows: ― 

Units. 

Railways    271,500,000 

Tramways    130,000,000 

Genera 厂 Supply    277,500,000 

Total    679,000,000 

The  progress  of  the  supply  authorities  is  shown  graphically 
by  the  curves,  Fig.  1,  indicating  the  maximum  demand  and 
output  in  units.  The  influence  of  the  advent  of  the  metal 
filament  lamp  is  shown  by  the  lighting  output,  any  temporary 
depressing  effect  being  more  than  neutralised  by  the  increase 
in  the  sale  of  units  for  power  purposes.  The  future  demand 
for  increased  illumination  from  existing  wiring,  and  the 
necessity  for  providing  all  the  buildings  with  the  necessary 
means  for  utilising  this  most  efficient  and  economical  light, 
shows  signs  of  steadily  increasing  and  exceeding  all  estimates 
based  on  the  old  carbon  filament  lamp.  Between  the  years 
1889  and  1904  every  unit  sold  at  from  sixpence  to  eightpence 
could  be  utilised  to  obtain  light  up  to  250  c.p.  for  one  hour  by 
using  carbon  lamps,  or  say,  36  c.p.  hours  for  one  penny  ；  now, 
by  using  tlie  tungsten  lamp  at  the  present  moderate  charges 
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for  supply,  one  unit  will  provide  833  c.p.  for  one  hour,  or, 
say,  208  c.p.  hours  for  one  penny  ；  or,  in  other  words,  the 
consumer  obtains  about  six  times  the  light  for  the  same 
investment. 

The  Electric  Lighting  Act  of  1888  did  not  contemplate  the 
use  of  the  electric  motor,  which  was  then  made  only  in  small 
sizes,  and  its  great  future  was  not  realised  by  the  public  ； 
but  from  1890  to  1900  the  utility  of  the  electric  motor  was 
generally  recognised,  and  pioneering  efforts,  involving  much 
enterprise  and  patience,  resulted  in  its  gradual  adoption  and 
final  universal  use,  with  beneficial  results  to  botli  supplier  and 
consumer.  The  slow  progress  made  at  first  may  be  traced  to 
the  reluctance  of  power  users  to  abandon  expensive  steam 
plants  which  were  not  worn  out,  and  which  were  frequently  of 
recent  design.  When  these  plants  gave  trouble,  or  required 
repair  or  extension,  the  user  was  tempted  to  try  a  small 
electric  motor  as  an  experiment ― for  each  user  evidently  felt 
he  was  a  pioneer ― and  the  result  was  90  convincing  that  not 
only  have  steam  and  other  plants  been  removed,  but  a  greater 
amount  of  power  has  been  substituted. 

The  electric  supply  authorities  in  1906  combined  to  make 
an  exhaustive  canvass  of  all  factory  power  users  in  London, 
and  ascertained  that  the  total  amount  of  power  required  in 
all  districts  within  the  County  of  London  was  208,806  h.p.,  or, 
say,  156,600  kw.  The  total  connection  for  electrical  power 
now  amounts  to  about  135,000  kw.,  or  86  per  cent,  of  all 
power  required,  and  the  increasing  use  of  this  power  is  shown 
on  the  curve. 


May  16,  1913] 


THE    MECHANICAL  ENOTXRKR. 


r>4n 


Before  dealing  more  in  detail  with  tlie  use  of  power,  it  may 
be  interesting  to  refer  briefly  to  tlif  slo.am  pl;uit>  omplo\M''l  1 八' 
supply  authorities.  From  1886  to  1900  the  Willans  engine 
was  remarkable  for  the  perfection  of  its  design  and  the  skill 
shown  in  its  manufacture.  Thes-o  engines  occupied  lilt lo 
space  for  the  amount  of  power  they  produced,  and,  consider- 
ing  the  higli  speed  of  the  reciprocating  parts,  it  is  surj)risin^ 
tliat  they  were  so  reliable  and  cost  so  little  in  repairs.  The 
demand  for  generators  of  larger  size  placed  the  Willans  engino 
at  same  disadvantage,  and  after  the  year  1900  the  steam 
turbine  took  command  of  the  field.  The  remarkable  economy 
of  the  steam  turbine  compelled  many  users  to  replace  their 
Willans  and  other  engines,  securing  not  only  more  power  for 
the  same  floor  space,  but  also  any  amount  of  power  from 
500  kw.  upwards. 

Th©  history  of  the  steam  turbine  in  this  country  is 
practically  a  biography  of  the  life  of  the  lion.  Sir  Charles 
Parsons.  The  first  Parsons  turbine-  was  constructed  in  1884， 
and  can  now  be  seen  in  the  South  Kensington  Museum.  In 
1888  a  turbine  generator,  giving  an  output  of  75  kw.,  was 
considered  an  achievement,  and  the  steam  consumption  of 
581bs.  per  kilowatt-liour  was  considered  most  satisfactory.  In 
1893  a  Parsons  turbo-alternator  of  350  kw.,  then  considered 
an  enormous  size,  was  constructed  under  exceptional  circum- 
stances, requiring  quick  manufacture  and  successful  per- 
formance. A  number  of  these  machines  were  ordered  to 
enable  me  to  overcome  complaints  of  vibration  arising  out  of 
the  working  of  reciprocating  engines,  and  it  became  n&cessary 
to  replace  the  latter  by  steam  turbines  or  to  close  the  works. 
The  result  was  successful  ；  and  while  I  must  express  the 
deepest  gratitude  to  the  inventor  of  the  Parsons  turbine,  it  is 
probable  that  the  success  of  these  machines  encouraged  tlio 
building  of  larger  size's  and  placed  the  turbine  in  the  list  of 
practical  methods  o'f  electrical  generation. 

Five-hundred-kilowatt  turbines  followed  in  1895，  and  tlie 
celebrated  Elberfeld  machines ― constructed  in  1900，  and 
giving  1 ,000  kw.  at  a  steam  consumption  of  191bs.  per 
kilowatt-hour ― finally  removed  all  doubts  as  to  the  glorious 
future  of  the  steam  turbine'  in  this  country.  Machines  to 
generate  5,000  kw.  followed  in  1903，  and  in  1913  we  find  that 
Messrs.  Parsons  are  constructing  a  20,000  kw.  turbo-alternator 
for  Chicago.  An  interesting  development  is  now  being 
applied  to  the  Parsons  turbine  in  the  form  of  speed-reducing 
gear,  consisting  of  the  employment  of  toothed  gear  wheels 
running  in  oil. 

The  efficiency  of  tlie  steam  turbine  is  encouraging  the 
attention  of  many  expert  investigators,  and  it  is  not  surpris- 
ing that  Dr.  Ferranti ― the  pioneer  o'f  electrical  transmission 
and  liigh-pressure  generation  ―  should  have  devoted  his 
energies  and  inventive  genius  to  applying  a  high  degree  of 
superheat  to  the  steam  used  in  a  turbine,  and  to  the  necessary 
means  of  enabling  the  turbine  to  utilise  it  safely.  The  results 
so  far  obtained  justify  the  expectation  that  a  steam  consump- 
tion of  8'51bs.  per  kilowatt-hour  can  be  obtained. 

The  necessity  to  use  superheated  steam  must  now  draw 
our  attention  to  the  steam  boiler.  Prior  to  1888  tlie  steam 
boilers  used  in  this  country  were  of  the  cylindrical  type,  and 
the  water-tube  boiler  came  to  us  from  America,  witli  the  usual 
prejudice  to  overcome,  as  high  steam  pressures  had  not 
hitherto  been  used,  and  the  best  points  of  tlie  water-tube 
boiler  were  therefore  not  appreciated.  This  prejudice  was, 
however,  soon  overcome.  Among  the  advantages  of  tlie 
water-tube  boiler  are  tlie  small  space  occupied  for  the  output  ； 
quick  response  to  demand  for  steam  ；  low  capital  cost  ；  and 
efficiency  in  operation.  There  is  also  the  advantage  that 
renewals  of  any  part  can  be  carried  out  without  affecting 
the  remainder  of  the  boiler,  and  therefore  a  boiler  can  remain 
young  indefinitely  ；  and,  if  properly  iruiiiitained,  tlie  rate  o'f 
depreciation  depends  solely  on  obsoletion,  which,  owing  to 
the  perfection  of  detail,  is  not  likely  to  occur. 

One  effect  of  the  great  improvements  in  steam  generating 
plant  is  that  the  257  million  units  sold  in  1911,  together  with 
the  units  expended  in  distribution  and  for  works  purposes, 
were  obtained  by  the  consumption  of  about  570,000  tons  of 
ooal.  If  the  present  use  of  electrical  energy  were  replaced  by 
the  old  method  of  a  separate  steam  plant  for  each  power  user 
the  amount  of  coal  required  would  be  at  least  1,000,000  tons 
per  annum  more  than  at  present,  and  the  wasteful  consump- 
tion of  this  increased  quantity  of  coal  would  result  in  a 
repetition  of  the  dense  fogs  which  were  so  prevalent  before 


the  introduction  of  electrical  supply.  It  must  also  be 
rciiHiml)on»(l  1  hai,  1  lie  rlist  rilxit  ion  of  |*o\vor  l>\*  nicans  of  uinlcr- 
g round  mains  has  removed  from  the  surface  of  the  streets  a 
large  number  of  coal  carls  "'lii'  li  t'ornnTlv  sti|»[»li<*W  I  In- 
of  power  users,  and  also  tho  necessary  dust  carts  to  remove 
the  ashes. 

It  has  been  suggested  that  largo  electric  power  works  in 
the  coalfields  or  down  the  river  would,  by  superseding  all  tlie 
existing  generating  works,  secure  some  economy  in  the  costs 
of  generation.  Such  economies  can  easily  be  shown  on  paper, 
and  it  can  witli  equal  ease  be  demonstrated  that  the 
additional  cost  of  mains  and  losses  in  transmission  rnoro  than 
counterbalance  any  hypothetical  economy  in  generation. 

London  is  at  present  supplied  from  38  generating  works. 
Many  of  the  works  are  equipped  witli  plant  of  the  latest, 
design  and  best  economy,  and,  having  facilities  for  ''xt<'ii、i。,i 
at  low  capital  cost,  it  would  appear  to  be  wiser  to  convey  ooal 
to  them  rather  than  to  provide  expensive  copper  mains  from 
distant  works.  Some  of  the  existing  works  have  sites  of  the 
utmost  value  to  the  future  supply  of  London,  and,  so  long 
as  the  centre  of  gravity  of  the  whole  demand  falls  at  a 
hypothetical  point  not  far  from  the  south  side  of  liLukfriars 
Bridge,  it  is  clear  there  is  greater  eoonomy  in  developing 
works  on  all  sides  of  this  point  rather  than  the  concentratif>n 
of  the  load  in  a  distant  region.  All  the  existing  works  have 
still  some  useful  life  left  in  them,  and  by  a  comparatively 
small  expenditure  they  can  be  maintained  in  a  higli  state  of 
efficiency;  but  many  of  them  are  limited  in  their  uUiniat-o 
resources,  and  when  they  have  exhausted  the  utility  of  tlie 
present  plant  it  may  be  better  to  concentrate  development 
on  more  advantageous  sites. 

The  distribution  of  electrical  energy  involves  problems 
which  are  not  appreciated  by  the  general  public,  and  without 
entering  into  any  technical  details  it  may  be  said  that  the 
system  of  mains,  including  design,  material,  and  workman- 
ship, adopted  throughout  London  is  one  of  the  most  perfect 
examples  to  be  found  in  any  city,  although  it  is  not  the 
cheapest.  Lead -covered  cables,  insulated  with  oil-impregnated 
paper,  and  with  the  segments  or  strands  of  the  copper 
conductor  neatly  and  tightly  laid  together,  are  generally 
employed,  and  these  cables ― of  which  there  is  now  more  than 
20  years'  experience ~~ actually  improve  with  age  ；  so  long  as 
the  lead  covering  remains  undamaged  there  appears  to  be  no 
limit  to  tlie  useful  life  of  the  cable.  Dr.  Ferranti  was  the 
first  advocate  and  maker  of  this  type  of  cable  in  the  form  of 
concentric  conductors,  and  thus  earned  tlie  title  of  the  pioneer 
of  electrical  transmission. 

The  u&e  of  electrical  supply  iii  our  homes  has  become  a 
necessity  of  modern  civilisation.  The  brilliance  of  the 
tungsten  lamp,  accompanied  by  tlie  low  cost  of  obtaining 
increased  candle-power,  has  raised  the  standard  of  domestic 
illumination,  and  created  a  demand  for  more  light.  An 
electrical  supply  is  now  essential  to  secure  the  greatest  con- 
venience in  carrying  out  the  ordinary  domestic  work  of  the 
home.  Vacuum  cleaners,  of  all  sizes  and  many  designs, 
remove  dust  before  it  has  time  fco  accumulate,  thus  avoiding 
the  necessity  of  flicking  about  with  the  housemaid  s  duster  ； 
the  electric  iron  is  quickly  heated,  and  remains  at  a  safe 
temperature  without  getting  dirty  ；  electric  cooking  stoves 
relieve  anxiety  ；  electric  motors  drive  the  sewing  machine, 
boot  cleaner,  coffee  grinder,  and  other  kitchen  plant  ；  and 
electric  cigar  lighters  can  be  placed  all  over  the  house. 

Electric  radiators,  chiefly  of  the  luminous  type,  have 
brought  comfort  and  peace  into  many  offices  in  the  City  of 
London,  banishing  coal,  and  avoiding  the  annoyance  and  du^t 
caused  by  the  removal  of  ashes.  Electric  heaters  for  use  or 
storage  of  hot  water  require  some  explanation,  for  they  are 
ci  two  distinct  types;  in  one  type  water  can  be  heated 
instantly  simply  by  pouring  it  through  an  electric  geyser,  in 
this  case  the  meter  recording  the  larger  amount  of  energy 
taken  in  a  short  time,  and  by  using  a  heater  of  the  cumulative 
type  a  very  small  amount  of  energy  is  taken  over  a  longer 
period.  Electric  ozonisers  have  proved  their  utility  in 
purifying  bad  air  and  water.  The  ventilation  of  our  public 
i)uildings,  especially  tlie  Houses  of  Parliament  and  Law 
Courts,  is  frequently  the  subject  of  complaint,  and  it  se^ni5 
strange  that  those  who  make  our  laws,  and  those  who 
interpret  them,  do  not  legislate  for  the  provision  of 
invigorating  air,  and  give  electrical  supply  the  opportunity 
of  introdnHng  the  equivalent-  of  thunderstorms ― but  without 
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the  thunder ― and  pine  woods.  At  present  the  health  of  the 
workers  in  our  factories  receives  more  attention  than  that  of 
our  national  representativoa  and  judges. 

The  ■electric  vehicle  may  also  become  more  generally  used 
in  this  country  when  the  petrol  motor-car  retires  on  account 
of  High  price  or  famine  in  petrol.  Wo  have  seen  how  the 
supply  authorities  havo  successfully  pioneered  the  application 
of  electric  power,  and  the  increasing  use  of  the  electric  motor 
for  all  trades  and  purposes  is  a  convincing  proof  of  tlio  advan- 
tages wliich  have-  been  domonstrafced.  The  details  given  in 
Table  II.  ，  taken  from  individual  typical  example®,  may  be 
interesting : — 

Table  II. 


Kws. 

Cost  of 

Kws. 

Cost  of 

Trade. 

con  - 

supply  per 

Trade. 

con- 

supjily p'-r 

necterl. 

annum. 

nected. 

annum. 

Printing  (news- 

£ 

s. 

d. 

£  s. 

d. 

1,036 

1,812 

2 

6 

Confectioners 

174 

569  11 

9 

Printing 

- 

(general) -. -. 

56 

119 

11 

tory   

222 

219  \(\ 

5 

Box  makers    . . 

9 

SO 

0 

10 

8a w  mill  .... 

79 

302  8 

2 

Chemists     . . . . 

92 

221 

11 

4 

Spice  factory 

69 

:i71  4 

4 

153 

10 

6 

Cabinet  maker 

87 

302  15 

2 

Paint  factory  . . 

108 

253 

2 

11 

Ironfounders 

150 

877  11 

Soap  makers  . . 

110 

68 

Hi 

9 

Vinegar 

Glass  makers  . . 

18 

118 

16 

0 

Brewery 

15 

201  14 

10 

Blouse  makers 

13 

89 

0 

4 

Marble  masons 

1U1 

2i»4  2 

0 

Tobacco  manu- 

makers    . , . . 

100 

623 

8 

r> 

factu rcrs 

22 

138  3 

5 

Packing  -  case 

Cold  store     , . 

922  2 

9 

makers    … ， 

52 

214 

17 

10 

51 

158  15 

] 1 

Tailors  

(； 3 

159 

15 

5 

Irik  mills  .... 

48 

235  2 

10 

Biscuit  factory 

265 

419 

2 

<； 

The  average  cost  for  each  kilowatt  connected  in  tho  repre- 
sentative case's  given  in  this  tiablo  works  out  at  £2.  15s.  8d. 
per  annum,  or  per  horse-power,  say,  £2.  Is.  6d.  per  annum. 
Had  this  horse-power  b'e'&n  obtained  from  the'  old-fashioned 
engine',  with  the-  losses  in  shafting,  belting,  and  steam  pipes, 
starting  up  the  plant  and  keeping  t'h'ei  boilers  warm  all  night, 
and  the  additional  labour  required,  the  cost  would  have  been 
from  £6  to  £8  per  annum,  with  further  costs  for  continual 
repairs  and  all  the  annoyance  of  running  steam  plant  taking 
up  more'  room  than  it  waa  worth.  For  driving  printing 
machine's ~ especially  the'  Doubl'e  Suppl-ement  type  of  press, 
taking  about  25  h.p.,  the  Sextuple  Press,  taking  48h.p.，  and 
the  Double  Octuple  Press,  taking  about  108  h.p. 一 the  us©  of 
tho  electric  motor  has  many  exceptional  advantages.  Mr.  G. 
W.  Mascord,  the  Mechanical  Superint-eaident  of  United 
' Newspapers,  Ltd.,  has  perfected  ingenious  arrangements  for 
securing  absolute  control  of  the'  speed  of  these  printing  press-es, 
and  in  starting  th'e  plant  or  in  running  slowly  this  control  is 
of  great  advantage.  Mr.  Mascord  lia's  carefully  worked  out 
the  cost  of  printing  newspapers,  and  finds  that  an  area  of 
88,000,000  sq.  in.  of  actual  printed  matter  costs  one  shilling. 
This  area  is  equivalent  to  14  acres. 

We  now  co^me  to  the  important  question  of  street  lighting. 
The  development  and  perfection  of  the'  motor  vehicle  has 
resulted  in  an  increased  speed  of  street  ta'affic,  with  many 
advantages,  though  with  some  danger.  To  maintain  safely 
this  increased  speed  during  hours  of  darkness'  a  higher 
standard  of  artificial  illumination  has  become  necessary.  A 
motor  vehicle  approaching  at  a  speed  of  20  miles  an  hour 
covers  nearly  10  yard's  in  one  second,  and,  travelling  without 
noise,  leaves  only  the  power  of  vision  to  protect  the  pedestrian. 
The  adequate  illumination  of  all  thoroughfares,  will  reduce 
the  necessity  of  each  vehicle  carrying  a  search  light  and  side 
lights,  or  practically  forming  a  travelling  lighthouse.  The 
electric  lighting  of  Cheapside  is,  like'  many  of  the'  main 
thoroughfares  in  the  City  of  London,  carried  out  by  flame 
arc  lamps,  oe'ntrally  suspended  from  steel  ropes  stretched 
across  the  street  and  placed  at  a  considerable  elevation  in 
order  to'  secure  freedom  from  shadow  and  glare.  Improved 
street  lighting  is  receiving  consideration  by  tlie  various 
borough  councils  in  London. 

The'  statutory  conditions  under  which  the  electric  supply 
authorities  accepted  their  obligations  require  some  explana- 
tion, as  the  Act  of  1888，  which  remedied  the  defect  in、t'li'e  Act 
of  1882,  has  received  some  amendment  by  the  Acts  of  1908 
and  1910，  so  far  as  London  is  concerned,  and  an  Act  of  1909 


removed  same  difficulties  and  gave  increased  facilities.  The 
London  County  Council  now  possess  powers  of  purchase  of 
the  company  undertakings  in  1931，  and  after  that  date  at 
recurring  periods  of  10  years,  with  the  exception  of  the  City 
of  London,  where  the  Corporation  have  a  prior  right  which 
expires  in  1914.  The  terms  of  purchase  are  "  the  then  value 
of  all  lands,  buildings,  works,  materials,  and  plant,  suitable 
to  and  used  for  the  purposes  of  the  undertaking,  provided 
that  the  value  of  such  lands,  buildings,  works,  materials,  and 
plant  shall  be  deemed  to  be  their  fair  market  value  at  the 
time  of  the  purchase,  d\ie  regard  being  had  to  the  nature  and 
then  condition  of  such  buildings,  works,  materials,  and  plant, 
and  to  the  state  of  repair  thereof,  and  to  the  circumstance 
that  they  are  in  such  a  position  as  to  be  ready  for  immediate 
working,  and  the  suitability  of  the  same  to  the  purposes  of 
the  undertaking  .  .  .  but  without  any  addition  in 
respect  of  compulsory  purchase  or  of  goodwill."  These  terms 
were  practically  based  on  Section  43  of  the  Tramways  Act, 
1870，  and  evidently  provide  for  a  fair  market  price  for  an 
undertaking  in  working  order.  The  recent  award  in  the 
arbitration  proceedings  to  ascertain  the  sum  to  be  paid  by  the 
Post  Office  for  the  acquisition  of  the  National  Telephone  Com- 
pany may  therefore  be  referred  to  with  some  interest, 
particularly  as  the  terms  of  purchase  were  on  the  same  lines, 
though  with  variations  much  in  favour  of  the  electrical  supply 
undertakings.  The  Telephone  Company  claimed  £18,325,435, 
were  awarded  £12,515,264  (subject  to  certain  adjustments 
which  are  at  the  moment  mih  judire),  and  had  provid-d 
r ©servo  funds  which  reduced  their  capital  expenditure  to 
£12,473,627. 

The  total  capital  expended  by  all  the  companies  up  to  the 
end  of  1912  will  be  found  in  Table  III.,  under  the  various 
items  which  appear  in  the  standard  form  of  accounts.  It 
should  be  noted  that  the  Willesden  works  of  the  Metropolitan 
Electric  Supply  Company,  being  outside  the  boundary  of  the 
County  of  London,  are  not  subject  to  purchase  by  the  London 
County  Council  under  the  terms  as  quoted  above,  but  may 

Table  III. ― Summary  of  Total  Capital  Expenditure  of  all 
Electric  Supply  Companies  in  London,  1912. 


Description. 

Amount 
expended, 
Dec.  31, 
1912. 

Description. 

Amount 
expended, 
Dec.  31, 
1912. 

Land  and  buildings  . . 
Plant  and  macdiiu'ry  . . 
Tools  and  appliances  . . 

Accumulators   

Transformers   

£3,162,555 
3,935.310 
40,124 
123,908 
5?,9,531 
5  'UK  :i(U 

Brought  forward    . . 

Public  lighting   

Station  fittings,  &c. . . 
Offices  &  furniture,  &c. 
Distributing  stations. . 
Wells  (artesian)  .... 
Preliminary  expenses 

寸 GO  — 寸 CO  »。 — 
00  —寸 

Meters,  instrum  ts,  &c. 
Motors,  &c.，  on  hire    . . 

Carried  forward    . . 

' 卜 , 

£13,869,433 

£14,613,196 

be  purchased  by  agreement.  The  Bow  works  of  the  Charing 
Cross  and  City  Company  are  also  subject  to  purchase  under 
special  conditions.  If  we  consider  that  money  has  to  be 
found  by  the  companies  to  provide  for  the  necessary  capital 
outlay  required  to  develop  further  sucli  an  important 
industry,  and  that  the  Act  of  1908  authorises  the  London 
County  Council  to  advano©  money  only  for  three  years  prior 
to  1931，  it  will  be  seen  that  for  the  next  15  years  the  interests 
of  shareholders  will  require  close  attention,  and  that  works 
of  development  will  require  strict  economy,  coupled  with 
immediate  return  of  some  profit,  to  avoid  a  loss  of  capital  to 
those  who  have  encouraged  and  practically  founded  a  new 
industry. 

The  average  price  in  London  for  the  year  1910，  given  in 
th©  statistics  issued  by  the  London  County  Council ,  was 
3'42d.  per  unit  for  lighting  and  1"16  pence  for  power,  or  a 
general  average  of  2'54d.  per  unit,  including  meter  rents. 


Crane  Accident  at  a  Colliery. ―  An  accident  occurred  on  tlie 
2nd  inst.  at  Dechmont  Colliery,  Cambuslang.  A  number  of 
miners  w-ere  waiting  in  the  vicinity  of  the  pithead,  when 
suddenly  the  jib  of  a  large  crane  used  for  loading  purposes 
crashed  to  the  ground.  A  number  of  the  men  had  narrow 
escapes,  and  two  were  seriously  injured. 
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APPARATUS  FOR  DISCHARGING  CONDENSED  WATER. 

The  accompanying  illustrations  show  an  arrangement  of 
apparatus  for  discharging  condensed  w;i""'  from  condensers, 
t\w  invention  of  Mr.  D.  B.  Morison,  Hartlepool  Engino 
Works,  Hartlepool,  and  The  Contraflo  Condenser  and  Kinetic 
Air  Pump  Company,  Ltd.,  of  62，  New  Broad  Street,  London, 
E.C.  Tn  Uiis  arrangement  two  pumps  arranged  in  series  are 
employed  for  discharging  water  of  condensation  from  a  steam 
condenser  under  vacuum,  the  pump  whicli  is  connected 
directly  to  the  condenser  and  discharges  water  to  the  second 
pump  being,  for  distinction,  referred  to  as  the  head  pump, 
and  the  second  pump  being,  for  a  like  reason,  referred  to  as 
the  pressure  punip.    The  first  pump  discharges  directly  into 


Fig.  1  —Apparatus  fob  Discharcing  (Condensed  Watek. 

the  second  pump,  the  casing  of  the  second  pump  being  closely 
connected  with  the  receiver  into  which  the  first  pump  dis- 
charges, the  receiver  being  provided  with  an  internal  nozzle 
or  plate,  and  so  arranged  as  to  produce  a  relatively  large 
surface  area  for  the  liberation  of  air  bubbles,  which  rise  to 
the  surface  of  the  water  and  escape  through  a  pipe  or  conduit 
to  the  condenser  or  to  evacuating  means. 

Figs.  1  and  2  show  forms  of  apparatus,  and  Fig.  3  a 
section  on  the  lines  S ― S  of  Fig.  2.  In  Fig.  1,  in  which  the 
water  of  condensation  is  withdrawn  from  the  condenser  C 
by  the  head  pump  A  and  discharged  by  the  pressure  pump 
B，  the  discharge  from  the  first  pump  and  the  suction  of  the 
second  pump  are  connected  to  an  air  liberating  receiver  D, 
which  contains  a  nozzle  E  that  is  arranged  in  the  centre  of 

the  receiver  with  a  free 
space  around  the  circum- 
ference of  its  discharge,  so 
as  to  facilitate  the  liberation 
of  air  bubbles  from  tlie 
water  discharged  from  the 
nozzle,  whereby  the  air  is 
thus  enabled  to  rise  up- 
wardly from  all  sides  and 
escape  freely,  the  top  of  the 
receiver  having  connected 
Fig.  2.  Fig.  3.  ^°  it  a  pipe  F，  which  com- 

apparatus  for  DiscHAnoiNG  Condensed  municates  with  the  con- 
denser C  into  which  the 
free  air  passes.  The  nozzle  E  may  be  arranged,  as  shown, 
so  that  the  water  issuing  therefrom  will  be  delivered  in  the 
direction  of  and  into  the  suction  inlet  cf  the  pressure  pump 
B,  whereby  the  kinetic  energy  of  such  water  can  be  utilised 
to  assist  its  flow  into  the  pressure  pump.  In  Figs.  2  and  'A 
the  head  pump  A，  the  pressure  pump  B,  and  the  air  liberat- 
ing receiver  D  are  contained  in  the  same  casing,  the  discharge 
from  the  head  pump  A  being  guided  upwardly  by  the  plate 
G  towards  the  top  of  the  receiver  D，  where  it  passes  over  the 
plate  in  the  form  of  a  stream  having  a  relatively  large  width 
but  small  depth,  so  that  the  air  bubbles  in  the  water  can 
readily  rise  to  the  surface  and  escape  through  the  pipe  F 
into  the  condenser. 


Tn  the  arrangementfl  described,  t!','  pipe  F  may  be  of 
larger  diameter  than  shown,  and  form  a  suitable  receiver  for 
such  a  quantity  of  water  at  such  a  head  as  may  some  times 
be  necessary  in  order  to  promote  the  satisfactory  working  of 
the  pressure  pump  B.  The  pressure  pump  B  may  advan- 
tageously be  connected  to  a  multi-stage  boiler  feed  pump, 
so  that  the  water  is  delivered  direct  to  the  boilers  in  a  con- 
dition of  niinirn urn  aeration,  or  the  pressure  pump  may  first 
discharge  into  a  feed  heater,  which  may  be  elevated,  and 
thence  into  a  multi-stage  feed  pump  under  float  control. 


THE  POWER  STATION  OF  THE  CITY  OF  LONDON  ELECTRIC 
LIGHTING  COMPANY,  SOUTHWARK. 

On  Saturday,  May  3rd,  a  visit  was  paid  by  members  of  the 
Institute  of  Marine  Engineers  to  the  power  station  of  the 
City  of  London  Hk^  tric  Lighting  Company,  Ltd"  Bank- 
side,  S.E.  The  main  engine  room,  whi(,li  was  first  visited,  is 
a  building  520ft.  long  by  50ft.  wide,  with  a  gallery  contain- 
ing switch  gear,  meters,  and  controlling  gear  of  various 
descriptions  extending  the  length  of  the  room  on  either  side. 
The  total  capacity  of  the  plant  is  about  26,000  kw.，  or  about 
42,000  i.h.p.,  about  one-third  of  the  electricity  generated 
being  high  tension,  alternating  current,  with  a  periodicity  of 
100  per  second,  supplied  to  transformer  stations  ；  the  other 
two-thirds  is  for  the  supply  of  continuous  current.  The 
oldest  type  of  machinery  reinaining  in  the  works  is  the  Fer- 
ranti  alternating-current  generator,  of  whicli  there  are  two 
sets,  eaclj  of  2,500  i.h.p. ，  giving  1,500  kw.,  but  these  are  not 
now  used,  aiul  will  shortly  be  scrapped.  The  engines  are 
compound  of  the  inverted  vertical  type,  with  two  cylinders  of 
38in.  and  68in.  cliam.  and  30in.  stroke,  one  on  either  side  of 
the  alternator  armature.  Tlie  engines  run  at  150  revs,  per 
inimite,  the  steam  pressure  being  1601hs. 

The  latest  additions  to  the  plant  are  three  Parsons  high- 
speed turbo-alternators,  single-phase,  each  of  3,000  kw.,  the 
revolutions  being  1,500  per  minute.  For  the  generation  of 
continuous  current  a  similar  turbine  of  2,500  kw.  capacity 
has  been  installed,  and,  in  addition,  there  are  six  Mus^rave 
Westinghouse  slow-speed  2,000  kw.  generating  sets,  and  three 
Allis  Chalmers-Westinghouse  1,000  kw.  sets.  The  Musgrave 
engines  are  of  4,000  i.h.p.,  the  cylinder  diameters  being  38iin. 
and  76in.  by  54in.  stroke,  running  at  75  revs,  per  minute, 
and  the  Allis  Chalmers  engines  are  of  2,000  i.h.p.,  the  cylin- 
ders being  26in.  and  60in.  diam.  by  48in.  stroke,  running  at 
90  revs,  per  minute.  The  Westinghouse  generators  are 
multipolar,  the  armatures  being  provided  with  cornpeiisating 
windings. 

In  the  boiler  house,  which  was  next  visited,  there  are  46 
Babcock  &  Wilcox  boilers  of  the  land  type  and  12  Fraser  dry 
back  marine  type.  Each  of  the  Babcock  boilers  has  a  heat- 
ing surface  of  4,400  sq.  ft"  and  is  composed  of  20  sections, 
each  consisting  of  19  solid  drawn  mild  steel  tubes  3in.  diam. 
by  15ft.  long.  There  are  two  steam  and  water  drums,  each 
48in.  diam.  by  21ft.  loug,  made  of  steel  plates  iin.  thick. 
These  drums  are  surmounted  by  a  cross  drum  24in.  diam.  by 
8ft.  long,  provided  with  a  steam  nozzle  of  Tin.  diam.  Most 
of  the  boilers  are  fitted  with  mechanical  stokers,  and  induced 
draught  is  used.  A  main  flue  receives  the  waste  gases,  which 
pass  through  fuel  economisers  situated  at  the  end  of  the  flue. 

The  river  frontage  provides  a  convenient  aud  economical 
means  of  obtaining  the  necessary  coal  supply,  the  coal  after- 
wards being  transported  from  the  wharf  bunker  to  the  store 
above  the  boiler-house,  which  has  a  capacity  of  about  10,000 
tons,  and  from  whit-li  tlie  coal  is  ronvev^d  t(，  t lit-  automat" 
stokers  through  chutes.  The  ashes  and  clinker  are  similarly 
conveyed  to  the  wharf  or  roadway,  whence  they  may  be 
removed  at  once  into  barges  or  carts.  Another  advantage  of 
the  proximity  to  the  river  is  that  the  water  for  condensing 
purposes  can  be  easily  obtained.  For  this  purpose  three  sets 
of  Allen's  steam-driven  and  two  sets  of  motor-driven  centri- 
fugal pumps  are  installed,  the  maximum  lift  at  lowest  tide 
being"  nearly  20ft. 

Through  the  courtesy  of  Mr.  Frank  Bailey,  chief  engineer 
to  the  company,  a  large  number  of  members  of  the  Institute 
were  privileged  to  make  this  interesting  visit. 
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ROLLING  MILL  PRACTICE  IN  THE  UNITED  STATES.* 

BY  J.   PUPPE,  D.ING. 

Section  Mills  (Table  I.). 
Structural  iron  is  a  product  which  as  far  as  its  economical 
importance  and  technical  character  are  concerned  is  com- 
parable with  rails,  but  the  development  of  the  manufacture 
of  wrought  iron  or  mild  steel  structural  slinpes  is  com- 
paratively recent.  The  first  wrought-iron  bridge  was  built 
by  Andrew  Thompson  in  1832  for  the  Pollork  and  Govan 
Railway,  near  Glasgow.  It  had  a  span  of  31ft.  Gin.,  and 
consisted  only  of  flats  and  bars.  Zores,  at  Paris,  was  1  ho 
first  engineer  who  introduced  wrought-iron  I-beams,  the  first 
beam  of  that  section,  measuring-  5J,in.  deep  and  17ft.  9in. 
long,  having  been  rolled  in  1849.  The  first  angles  and  the 
first  T-shapes  rolled  in  Germany  were  rolled  at  the  Rasselstein 
Works  in  the  years  1831  and  1839  respectively.  The  first 
I-beam  was  made  at  the  Phoenix  Works  in  1857,  and  the 
first  Z-bar  at  Burbach  in  1862. 

About  the  same  period,  in  1854，  the  Trenton  Iron  Com- 
pany, in  the  United  States,  began  rolling  girders  of  7in. 
depth,  weighing  about  811bs.  per  yard,  which  were  shaped 
like  the  cast-iron  girders  formerly  designed  by  Hodgkinson 
(similar  to  the  de^k-beams  or  bulb  sections  of  the  present 
day).  They  were  rolled  in  a  mill  with  three  vertical  rolls 
patented  by  William  Burrows,  which  was  afterwards  recon- 
structed as  an  ordinary  3 -high  mill  and  was  used  for  rolling 
I-girders.  Long  before  that,  however,  in  1819,  Samuel 
Leonard  had  rolled  angles  at  the  Union  Rolling  Mill, 
Pittsburg. 

The  necessity  for  standardising  sections  of  structural 
material  was  first  recognised  in  Germany,  the  makers  being 
urged  thereto  on  account  of  the  great  variety  of  sections 
specified,  which  enormously  increased  the  cost  of  rolling. 
The  Verein  fiir  Eisenhiittenwesen  (Society  of  Ironworkers) 
took  the  matter  up,  and  in  Deoember,  1876,  they  brought 
out  the  first  book  of  standard  sections,  which  in  1884  was 
also  adopted  by  Carnegie  Brothers  &  Co.  in  the  United  States, 
with  such  alterations  as  were  necessary  in  the  12in.  and 
15in.  girders.  The  new  steel  sections  were  20  per  cent, 
lighter  than  the  corresponding  iron  sections.  Unification 
was  hastened  by  the  disappearance  of  iron  girders  from  the 
market,  which  enabled  sections  to  be  omitted  which  differed 
from  others  only  by  a  few  pounds  per  yard  in  weight.  In 
1895  the  American  Steel  Manufacturers'  Association  began 
the  work  of  standardising  sections  in  America.  In  Great 
Britain  the  standardising  of  I-beams  was  completed  in  1903， 
the  sections  adopted  being  in  general  the  same  as  those  of 
the  United  States,  except  that  in  girders  over  15in.  deep 
the  flanges  were  slightly  wider  and  the'  webs  thicker,  the 
weights  consequently  being  rather  greater.  In  1885  the 
Darlington  Iron  and  Steel  Company  first  rolled  wide-flanged 
beams,  approximating  to  H-beams,  and  the  actual  H-beam 
of  to-day  appeared  first  in  1900  in  a  section  book  of  the 
Phoenix  Iron  Company.,  Since  1907  H-beams  have  been 
regularly  sold  by  the  Carnegie  Steel  Company.  In  1902  wide- 
flanged  girders  began  to  be  regularly  rolled  in  the  Grey  Mill 
at  Dififerdingen,  and  in  1907  at  Bethlehem  under  the  same 
patent.  But  before  the  earlier  date  wide-flanged  girders  up 
to  lOin.  depth  were  rolled  in  Germany  in  ordinary  grooved 
rolls. 

As  the  constructive  development  of  steel  sections  advanced, 
their  economic  importance  in  the  American  steel  industry 
rapidly  increased,  necessitating  special  arrangements  for  their 
production  on  a  large  scale  as  in  the  case  of  rails,  though 
not  to  such  a  degree,  owing  to  the  large  number  of  different 
sections  which  are  required.  For  the  same  reason  open- 
hearth  steel  can  more  easily  be  used,  as  it  is  not  required 
to  roll  material  in  such  large  quantities  as  are  provided  by 
the  Bessemer  process.  Moreover,  open-hearth  steel  is  pre- 
ferred for  structural  work  of  all  kinds.  In  1890  the  produc- 
tion of  Bessemer  steel  structural  material  was  85,440'  tons,  as 
compared  with  68,123  tons  of  open-hearth  steel  material,  and 
in  1900  the  output  of  structural  material  from  Bessemer  steel 
amounted  to  263,800  tons,  whereas  that  from  open-hearth 
steel  had  risen  to  566,092  tons. 

•  Paper  presented  at  the  wmn&l  meeting  of  the  Iron  and  Steel  Institute' 
May,  1913. 


As  in  the  case  of  rails,  the  ever-increasing  demand  for 
structural  steel  led  to  the  design  and  construction  of  special 
mills,  although  in  consequence  of  the  greater  number  of 
sections  and  difference  in  their  sizes,  involving  great  diffe- 
rences in  the  size  of  the  initial  section,  it  has  not  been  possible 
to  standardise  the  rolling  operations  to  the  same  extent  as 
with  rails.  The  cogging  rolls  of  section  mills  are  used  in  a 
manner  conforming  much  more  to  European  practice  than  is 
the  case  with  the  cogging  rolls  working  in  combination  with 
rail  rolling  mills,  which  can  be  divided  into  separate  stands 
on  account  of  tlie  almost  uniform  size  of  the  initial  section  for 
tlie  finishing  mill. 

The  practice  in  rolling  I-girders  differs  essentially  from 
German  practice  in  that  the  preliminary  shaping  of  the 
ingot  is  carried  much  further  in  the  cogging  mill,  or  in  a 
universal  slabbing  mill,  as  at  the  Lackawanna  Steel  Com- 
pany's works,  so  that  the  finishing  operation  is  very  much 
simplified.  For  this  preliminary  shaping  a  great  number  of 
passes  are  made.  For  instance,  it  was  noted  that  in  roughing 
down  an  ingot  for  a  15in.  girder  37  passes  were  required  which 
were  made  in  about  six  minutes  (Fig.  1).  It  is  clear  that  by 
upsiding  in  the  groove  a  considerable  number  of  rough  shapes 


/SJO 


N°  of 
Passes 


Groove 


Fifi.  1— KoufiHiNo  Rolls  for  I-oiRDnns.    Lackawanna  Steel  Compaxt. 

can  be  obtained  with  comparatively  few  grooves,  and  that  by 
using  heavier  ingots  the  production  will  be  correspondingly 
increased.  At  Lackawanna  the  weight  of  the  ingot  was 
about  6  ton's.  After  roughing  down  the  ingot  was  cut  into 
three  lengths  of  about  16ft.  each.  The  rough  section 
measured  about  15in.  deep,  width  of  flange  12in.,  thickness 
of  flange  l^in.  to  Hin.,  and  thickness  of  web  2^in.,  so  that 
eight  passes  in  the  finishing  mill  were  sufficient  to  finish  a 
15in.  girder.  All  girders  over  9in.  deep  are  roughed  out  in 
the  cogging  mill  in  this  manner  at  that  company's  works,  and, 
according  to  the  views  of  the  men  in  charge  of  the  rolling  mill, 
the  method  has  proved  quite  satisfactory.  In  Germany, 
however,  the  standard  girders  never  receive  their  preliminary 
shaping  in  the  cogging  rolls,  the  section  being  formed  entirely 
in  the  finishing  mill.  Only  in  the  universal  mills  of  Grey, 
and  of  Sack  and  Puppe,  is  it  necessary  for  the  ingot  to  be 
shaped  out  roughly  in  the  cogging  rolls  first. 

The  type  of  mill  for  rolling  structural  steel  is  the  3-high 
mill  which  was  first  used  by  John  Fritz  in  1857  at  the  works 
of  the  Cambria  Iron  Company  for  rails  and  structural  iron, 
and  represents  the  standard  type  of  rolling  mill  for  this 
class  of  work.  Two-high  mills  are  of  course  also  used  where 
the  plan  of  sub- dividing  the  mill  into  several  trains  has 
been  adopted.  The  diameter  and  length  of  roll  of  these  mills 
show  that  these  dimensions  are  influenced  by  tlie  nature  of 
the  work  to  be  performed.  In  many  instances  the  roll 
diameter  is  considerably  less  than  is  usual  in  German  practice. 
As  the  diameter  is  chiefly  determined  by  the  size  of  the 
I-beams  and  U-sections,  the  smaller  diameters  usual  in 
American  practice  axe  no  doubt  possible  owing  to  the  pre- 
liminary shaping  which  the  girders  receive  in  the  cogging 
rolls  and  the  consequent  small  number  of  passes  in  the 
finishing  mill.  This  varies  considerably  of  course,  and 
depends  upon  tlie  size  of  the  initial  and  the  final  sections,  the 
aim  being  to  ensure  steady  working  by  not  allowing  too  long 
pauses  to  occur  in  one  or  another  stand  of  rolls,  assuming 
that  the  supply  of  ingots  or  billets  is  not  sufficient  to  allow 
the  cogging  and  finishing  mills  to  work  independently.  That 
would  always  be  the  case  where,  as  at  Jones  &  Laughliu，s 
works,  the  cogging  mill  has  to  supply  besides  a  continuous 
billet  mill  with  material.    Nevertheless,  the  number  of  passes 
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varies  between  one  and  five  in  the  first  trio  alone,  and  the 
mill  is  so  arranged  that  only  two  passes  are  given  in  the 
following  stand  and  one  in  tlie  finishing  rolls. 

In  a  single  instance,  that  of  the  section  mill  No.  2  of  the 
Illinois  Steel  Company,  one  of  the  newest  installations,  Uie 
number  of  passes  is  definitely  fixed,  and  is  dependent  upon 
the  arrangement  of  the  stands,  as  in  rail  rolling  mills.  Such 
an  arrangement  demands  a  cogging  mill  which  supplies 
material  of  the  required  rough  section;  in  t'his  inst.-incc.  a 
35in.  2-high  reversing  mill  is  installed  which  supplies  this 
section  mill  alone. 

Whereas  in  Germany  at  the  present  time  two  rolling  mills 
for  special  girders  have  been  installed,  one  at  DiflFerdingen 
and  one  at  Rombach,  in  tho  United  States  there  is  only  one 
such  mill,  of  the  Grey  type,  at  Bethlehem,  in  which  30in. 
girders  with  15in.  flanges  have  lately  been  rolled.      It  is 


second,  according  to  tlie  final  sliapo  of  the  section.  In  tho 
case  of  heavy  girders  witli  especially  wide  flan^en  and  a  Bliort 
web,  only  one  pass  is  made  in  the  second  rolls.  Kor  roughing 
out  the  section  in  the  cogging  rolls  as  many  as  27  passes  are 
made.  The  maximum  output  in  12  hours,  using  8-ton  ingots, 
is  given  as  800  tons.  Noteworthy  also  are  the  straighU*nin^ 
presses,  in  which  the  finished  girders  are  straightened  in  their 
horizontal  position  immediately  after  leaving  the  rolls.  Tlie 
distance  between  the  two  Grey  mills  is  303ft.  The  hot  bed  a 
upon  which  the  girders  are  laid  are  of  sj>ecially  strou^  ton- 
struction,  in  order  to  prevent  the  bending  of  heavy  sections. 

M  kiiciiant  Mills  (Tah](;  II.) 

The  economic  advantages  wliidi  apply  to  section  mills  and 
the  supply  of  structural  steel  apply  also  to  the  manufacture 
of  merchant  sizes,  but  tlie  product  being  much  lighter,  the 


Tahle  T. — Section  Mills. 


I'artioularfl  of  Drive. 

Roll 
Diameter 
( in  ni . ) . 

No. 

Name  uf  Company. 

Type. 

No.  of 
Stands. 

Type  of 

No.  of 

Dimtusions 

(Cycles 
and  mm.). 

Revo- 
lutions. 

( 'a j 'i  t  、 

Initial 

Section. 

No.  of 
Passes. 

Production. 

1 

Lackaw  anna  Steel  Co., 
Section  Mill  No.  2. 

Trio 

:j 

l'，lv  wheel 
steam- 
engine 

1 

1118>  1676 
Ills-:  1289 

(； 10 

1  10.(MJ()  tons 
yearly 

2 

Oirrie^ie    8teL'l  Co., 
Homestead. 

Trio 
Trio 

2 

Flywheol 
steam- 
engine 

1 

I 

― 

840 
C50 

1,000  tuns  dailv 

3 

Carnegie    Steel  Co., 
Homestead. 

Trio 

2  rough- 
ing 
1  finish- 
ing 

l^lywheel 
steam- 
engine 

1 
1 

yoo 

Kougli- 
material 

Varies 

J0,000-2o,nou 
tons  nKiiithl v 

4 

Joties     &  Lauglilin 
Steel  Co. 

Trio 
Trio 

2 
o 

'J'andfin 
Corliss  coru- 
poim'l 
direct 
coupk-'l 

1 
I 

ego ，薦 

G0-110 
80-90 

Stc;ifii 

j>ressurt' 

1  "),*)!  hs. 

600 
1680 

Various 
sizes 

6-10 

Varies 

5 

Bethlehem  Steel  Co. 

Trio 

3 

Tw  iu 
tandem 
compound 

L 

t 卜 

QO 

715 

400  tons  in  10 
hours 

6 

" Grey  "  Uulliag-mill  Duo  cog- 
giug  uni- 
versal 
iinisliiug 
mill 

1  I 

2  ) 

Twin 
tandem 
runipound 
reversing 

1 

1010  Ki70 
X1370 

1(110/1670 
X1370 

Geared 
3:5 
direct 

cuuplt'd 

1170  " 

Weight  of 
in^ot 
7.7-8.2 
tons 

I.  17 

II.  5-7 

800-l,fHX)  t'ms 
daily 

7 

Illinois  Steel  Co.,  Sec- 
tion Mill  No.  1. 

Duo  re- 
versing 
Trio 
Duo 

u 

> 

Twin 
tandem 

reversing 

1 

1、 — 卜一 

I  150 
j  max. 

813  dia.  X 

1980 
710  dia.  X 

1076 

12iu.  x  15iii 
down  to 
4in.  x  4in. 

168,000  tons 
yearly 

8 

Illinois    Steel  Co., 
Section  Mill  No.  2. 
attached     to  duo 
reversing  cogging 
mill,     35  i  inches 
diameter. 

Duo 

Trio 
Duo 

Duo 

4  " 

2 

1  J 

Alternat- 
ing current 
induction 
motors 

}' 

1 

volts 
25  cycles 

25  cycles 

}  91 

3000  h.p. 
1000  h.p. 

W0  dia.  X 

1115 
filO/533  dia. 
X1200 

.53.3  dia.  X 
915 

4 

4 
1 

1 

12,000  tons 
monthly 

noteworthy  that  the  slope  of  the  in  nor  side  of  the  flange, 
which  in  Germany  amounts  to  9  per  cent.,  has  been  reduced 
tO'  2  per  cent,  at  Bethkhem,  so  that  the  faces  of  the  flange  are 
practically  parallel.  The  mill  being  of  the  standard  Gr^y 
type,  with  very  little  bevel  on  tlie  ends  of  the  horizontal 
rollers,  the  friction  on  the  insido  face  of  the  flange  is  very 
great  and  the  differences  in  the  surface  speed  are  also  con- 
siderable, both  of  which  factors  unfavourably  affect  the 
quality  of  the  finished  girder,  as  has  been  shown  by  tests 
recently  carried  out  by  an  independent  authority. 

With  regard  to  construction,  the  Grey  rolling  mill  at 
Bethlehem  differs  chiefly  from  that  at  Differdiiig-en  in  that  in 
the  latter  mill  tlie  billet  is  first  rough  shaped  in  a  cogging 
mill  and  is  finished  in  a  single  stand  of  the  Grey  type,  whereas 
at  Bethlehem  two  Grey  mills  are  installed  for  the  purpose  of 
increasing  the  output  and  of  giving  a  slope  of  2  per  cent,  to 
the  inner  faces  of  tho  flango.  A  few  constructional  improve- 
ments have  been  made  in  the  Grey  mills  at  Bethlelicm,  but 
otherwise  they  arc  built  on  exactly  tlio  same  principle  as  the 
one  at  Diffe-nlingen.  The  number  of  passes  varies  l)t't\v<u'ii 
17  and  25  in  the  first  stand  and  between  5  and  7  in  the 


mills  for  rolling  it  differ  from  the  ordinary  section  mills  in 
arrangement  and  construction.  Her©  also  the  great  demand 
for  merchant  sizes  has  led  to  the  concentration  of  merchant 
mills  in  large  works,  so  as  to  facilitate  manufacture  on  a 
large  scale,  the  conditions  for  which  are  very  niuch  favoured 
by  the  practice  of  giving  large  orders  for  material  in  com- 
paratively few  sections,  which  again  can  be  allotted  by  tho 
Stoel  Corporation  to  certain  works,  each  esj>e(nallv  equipped 
for  dealing  with  a  few  particular  classes  of  product.  Under 
these  unusually  favourable  conditions  a  type  of  plant  has  been 
developed  for  turning  out  large  quantities  of  light  sections, 
though  such  plant,  if  it  had  to  work  under  European  con- 
ditions, could  not  possibly  be  mu  at  a  profit. 

The  dividing  up  of  the  stands  into  se[>aratv  trains  tlepend? 
upon  the  facility  for  bringing  back  tlie  bar.  If  this  is  not 
practicable,  a  duo  is  used  in  conjunction  with  a  trio,  the  latter 
being  provided  with  the  object  of  doing  work  on  the  bar 
during  its  return.  The  arrangement  is  tlien  similar  to  that 
adopted  at  various  rail  mills,  and  at  No.  2  section  mill  at  the 
Illinois  Works;  the  three  merchant  mills  at  Gary  (Nos.  8， 
9,  and  10，  Table  II.),  aud  the  cross-country  mill  at  Ohio 
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(No.  5，  Table  II.)  are  laid  out  on  that  plan,  and  work  with 
remarkably  good  resulis,  the  cross-country  mill,  in  particu- 
lar, giving  very  largo  outputs  of  comparatively  small  sections. 

The  hoop  iron  mill  for  ootixm  ties  (No.  6,  Table  II.)  at 
Ohio  is  specially  noteworthy,  on  account  of  the  fact  that  only 
one  section  is  rolled,  and,  notwithstanding  the  very  small 
dimensions  of  the  hoop  iron,  a  very  large  output  is  obtained. 
This  result  is  due  to  the  ability  to  work  at  a  very  high 
pressure,  and  to  the  fact  that  parts  of  the  mill  have,  in  a 
measure,  become  so  adapted  to  the  one  section  that  break- 


it  possible  for  each  mill  to  run  on  a  class  of  product  which 
varies  as  little  as  possible  in  size. 

The  diameter  of  the  merchant  mills  for  the  smallest  sec- 
tions is  usually  10in.，  increasing  to  18in.  for  larger  sections. 
Comparatively  large  sections  are  rolled  in  the  18in.  mills, 
and,  in  view  of  the  short  length  of  the  body  of  the  roll,  the 
choice  of  size  appears  to  be  quite  justified.  In  an  ordinary 
trio  au  intermediate  mill  with  24in.  rolls  would  be  required 
for  these  sections. 

(To  be  continued.) 


Table  II. — Small  Section  Mills. 


Particulars  of  Drive. 

Roll 
Diameter 
(mm.). 

I rnli(il  Sec- 
tion of In^ot 
or  Billet. 

No. 

Name  of  Company. 

Type. 

No.  of 
Stands. 

Type  of 
Engine. 

No.  of 
En- 
gine. 

Ditneusions 
(CvclcsHn«l 
mm.). 

Revolu- 
tions. 

Capacity' 

No.  of 
Passes. 

Output. 

1 

Lackawanna  Steel  Co., 
Merchant  Mill  No.  6 

Trio 
Trio 
Duo 

3 
4 
2 

Horizoiitiil 
Vertical 
Engine 

712/1270 x 
1219 

1400 

寸 《  w 

x  6in. 
M;i— \.  ]rnj/th 
=9ft. 

Varies 

75,000  tous 
yearly. 

2 

Lackawanna  Steel  Co., 
Merchant  Mill  No.  9 

Con- 
tinuoua 

6 
2 

Tandem 
Corliss 
Compound 
Corliss 

1 
1 

一 

― 

305 
254 

IJin.,  2 in., 
ur  2^ia.  dia. 

14  max. 

10,000-12,000 
tons  monthly 

3 

Carnegie  Steel  Co. 
(Duquesne). 

Duo 
Half  con- 
tinuous 

4  Con- 
tin  uous 

6 

Tandi-m 
Compound 

1 

7(il'  ]：172  - 
1219 

一 

一 

330 

10  max. 

700  tons  daily  (r) 

Carnegie  Steel  Co. 
(Duquesne). 

Duo 
Half  con- 
tinuous 

4  Con- 
tinuous 
6 

I'andtMii 
Compound 

1 

762/1372 x 
1219 

― 

― 

10  max. 

480  tons  daily  (？) 

5 

Carnegie  Steel  Co. 
(Ohio),'Union  Works, 
"Cross  Country  Mill" 

Half  con- 
tinuous 

6  duo 
1  trio 

1 

1500 

254 

Uin.  x  1  Jin. 
up  to  3^in. 
X3iin. 

8 

500  tons  daily  of 
the  heavier 
sections 

6 

Carnegie  Steel  Co. 
(Ohio), Union  Works, 
" Cotton  tie  Mill." 

Con- 
tinuous 

9 

254 

Hin.  x  liin. 

9  (Re- 
d  uotion 
36%) 

80  tons  ia  12 
hours 

7 

Jones  &  Laughlin 
Steel  Co. 

Half 
con- 
tinuous 

5  Con- 
tinuous 

6  ； 
stepped 
rolls 

Direct 
Coupled 
Belt  Drive 

1 
1 

― 

900 
900 

310 
310 

4in.  x4in. 

6-11 

Average :  175 
tons  to  230  tons 

8 

Indiana  Steel  Co. 
(Gary). 

Half 

con- 
tinuous 

5  duo 
2  trio 

A.C. 
Induction 
Motors 

1  (stands  1-6) 
1  (stand  7) 

91 
182 

3200 
650 

I  450 

Up  to  6in.  x 
6iii. 

9 

14,000  tous  daily 

9 

Indiana  Steel  Co. 
(Oary). 

Half 
con- 
tinuous 

5  duo 
2  trio 

A.C. 
Induction 
Motors 

1  (stands  1-6) 
1  (stand  7) 

91 
182 

3200 
650 

j.  350 

9 

11.000  tons 
monthly 

10 

Indiana  Steel  Co. 
(Oary). 

Half 
con- 
tinuous 

5  Con- 
tinuous 
1  trio 
1  trio 
1  duo 

A.C. 
Induction 
Motors 

1  (stands  1-5，  7) 
1  (stands  0  &  8) 

112 
182 

2000 
650 

1-4 
= 355  dia. 
305 

10 

9000  tons  monthly 

11 

Indiana  Steel  Co. 
(Gary). 

Half 

con- 
tinuous 

5  Con- 
tinuous 

4  ； 
stepped 
rolls 

A.C. 
Induction 
Motors 

1 

6600  volt 

92  or  113 

2500 

355 
300 

2in.  x2in.  up 
to  4in.  x  4in. 

9 

9000  tons  monthly 

12 

Indiana  Steel  Co. 
(Gary). 

Half 
con- 
tinuous 

6  Con- 
tinuous 
3  (2  with 
stepped 

rolls) 

A.C. 
Ii;duction 
Motors 

1 

6600  volt 

133-162 

2IHI0 

254 

2in.  x2in.  or 
3in.  x  3iu. 

12 

7000  tons  monthly 

downs  are  almost  unknowu,  thus  proving  how  very  favourably 
the  capacity  and  the  economy  of  a  rolling-mill  are  affected  by 
sub-division,  and  by  keeping  to  one  class  of  work  only.  An 
ordinary  efficient  high-speed  or  merchant  mill  working  on  a 
number  of  sizes  of  hoop  iron,  but  otherwise  under  the  same 
conditions,  would  scarcely  produce  30  tons  per  day  on  an 
average.  The  specialisation  of  rolling-mills  cannot  be  carried 
to  the  same  point  under  European  conditions,  which  only 
admit  of  a  limited  sub-division,  by  reserving  some  mills  for 
round  and  square  iron,  others  for  flats  and  hoop  iron,  and 
others  again  for  sections.  In  the  Ohio  Works  and  the  Union 
Works  there  are  altogether  23  merchant  mills,  which  makes 


Institution  of  Civil  Engineers  ：  Awards. — The  Council  of  the 
Institution  of  Civil  Engineers  have  made  the  following  awards 
for  papers  read  and  discussed  during  the  session  1912-1913  ： 
A  Telford  gold  medal  to  Mr.  Murdoch  Macdonald,  C.M.G. 
(Cairo)  ；  a  George  Stephenson  gold  medal  to  Mr.  G.  D.  Snyder 
(New  York)  ；  a  Watt  gold  medal  to  Mr.  H.  A.  Humphrey 
(Loudon)  ；  Telford  premiums  to  Messrs.  C.  W.  Metbven 
(Durban),  B.  Hall  Blyth,  jun.  (Edinburgh),  C.  J.  Crofts 
(Durban),  Frank  Grove  (Canton),  B.  T.  B.  Boothby  (Han- 
kow), and  Francis  Carnegie  (Enfield  Lock)  ；  and  the  Manbv 
premium  to  Captain  C.  E,  P.  Sankey,  R.E.  (London). 
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INDUSTRIAL  AND  TRADE  NOTES. 

Tinplate    Workers'    Wages    Agreement.  ―  At  tl">  :mmial  iH''tm: 
held  on  tl"、  7th  inst  ,  of  t lie  Soutli  Wnlcs  Tilipl: 山、 Concilintion 
Hi)ard,  which  ri^ulatcs  want's  and  conditioius  of  2H'0(,0  workers,  a 
new  \\        ap;roenieiit  \va^  amical)ly  arran^'d  f  or  anoUicr  year. 

Brassworkcrs*  Wages. ― At  tho  ； mm"'l  mc<'tin^  of  the  N;itioit:il 
Society  Mrassw'orkcrs  ； i  nd  Alt -La  I  iMt'clianics  h('l<l  at  Hiiiiiin^ 
h;i in  on  I  he  (iili  inst.  it  、v:is  dt'cklwl  Ui:"  :m  ;ipplir;il  ion  Im-  m:i<li- 
lor  an  advance  of  id.  per  hour,  and  10  per  cent,  on  pieco  work 
rates. 

Scottish    Ironmouldcrs'  Wages.-  -  Tim  Assnciatcd    I  rctn mou I(h-rs  of 
Scotland  lia\c  notified  the  Scottish  l^cflci'Mt ion  of  Iron  and  Steel 
Kn'mdtM's  of  tlicir  desire  lor  ;ui  i'i(  ri';is(、  in  "； w's.    Tht>  present 
iiiiniiinitn  i;itc  ot   uagt's,  which  lias  Iuhmi   in  operation  for 
months,  is  \wv  hour,  and  the  <-I;iim  now  is  for  ； m  advance 

of  id.  jut  hour  to  those  i'm|)lu.v('(l  on  timo  rates  and  2\  per  ct-nt 
to  tliosc  on  pit'rt'  w  ork.  Tht*  rt'pi'witatives  of  tho  m*'ii  statu 
th;i t  tl"、  <]ii(istioii  of  wa^cs  h:is  Ixmmi  r*'('。i、  iiig  iittcntion  tor  .sonic 
tiiiH1,  and  that  st*\ hmuI  districts  ha、t'  Ih'i'ii  pri、ssiiig  for  an  a<l 
、'； ui('(、.  Til,'  claim,  it  is  understood,  is  to  U'  .sulnnitti'd  ； it  the  first 
nitvting  of  the  executive  of  the  Kmployers'  l^cdtMation.  Three 
months'  notice  is  required  on  either  side  licforo  any  alteration  in 
the  rates  oi"  want's  can  1k»  considerod. 

Order  for  Vessels  for  <hc  Portuguese  Navy.  ―  Tlit'  I'ortugiiw 
Govornniciit  has,  、、v  understainl.  :i、、；mh'fl  1  lie  contracl  toi  t In- 
following  \  essels  to  the  Portu^iu'sc  \  C'oiistriictioii  S\  tidicMlc 
which  consists  of  ；] n  association  of  British  sliiphuildcrs  composed 
of  tho  firms  of  Messrs.  John  Brmvn  A*  Co.,  Ltd.,  C'a inmellj  Laird, 
and  (V.,  Ltd.,  ilic  l^niriicld  Sliipluiiklin^;  ； i  nd  Idigi iirrriiig  Com 
l)any,  Ivtd.,  I'alnnTs  Sliipbuiklin<2;  and  I  roil  Conip;ui,y，  Ltd.,  J.  I. 
Thornycroft  &  Co.)  and  tht'  (、u  t"itr.v  Ordnanct,'  Works.  Ltd.  Tho 
Fiat  San  (jJeoryio  of  Spezia  is  also  associated  with  these  firms : 
Two  cruisers  of  about  2,500  tons,  ,、i、  di'stroyery  of  about  900 
tons  with  a  speed  of  32  knots,  tlircc  subrna rines  of  about  350  tons, 
one  depot  ship  for  submarines  of  about  150  ions.  The  whole  of 
these  vessels  are  to  bo  completed  in  two  years,  and  the  cost  of 
this  section  oi"  the  programme  amounts  to  about  £  1，'3(J()，0()U.  The 
submarines  will  I>e  built  at  Spezia. 

Trade  Circulars  and  Catalogues. ― From  Kichard  Melhuishj  Ltd., 
50，  Fetter  Lane,  Ixmdon,  E.C -，  we  have  received  a  very  compre- 
hoiisiw1  catalo^uo  of  mechanics1  and  machinist.s'  retjuisites  ami 
small  tools.  There  is  scarcely  a  fitting  or  appliance  of  the  small 
tool  kind  which  is  not  included  in  this  somewhat  ponderous  tome 
of  nearly  600  pages. ― Reinforced  Metal,  Ltd.j  175,  West  George 
Street,  Glasgow,  an  interesting  iiR'inoraiuIum  doscrihin^;  Ui'' 
method  of  reinforced  concrete  construction  by  the  Thomson 
patent  o\vno<l  Ity  the  company,  along  with  a  report  on  some  tests 
of  same  \>\  l*roi .  (;i';iy,  of  the  Glasgow  University. ― The  British 
Proniothnis  Company,  Ltd.,  Salop  St icct  \\'(»rks,  Bii'ini】igh:uii, 
an  illustrated  catalogue  oi  their  va riou.s  electrical  specialities  for 
domestic  heating  purpo&es. ― David  Rowel  1  A:  Co.,  33；  Old  Queen 
iStreetj  Westminster,  a  little  catalogue  relating  to  constructional 
iron  work  in  tho  shape  of  roof  principals  for  workshops,  <fec. ― 
PetterS;  Ltd.;  Nautilus  Works,  Yeovil,  particulars  of  their  semi- 
Diesel  crude  oil  engine*,  with  particulars  of  some  working  tests. ― 
The  General  Electric  Company,  Ltd.^  67 3  Queen  Victoria  Street, 
London,  E.C.,  a  catalogue  and  price  list  of  their  various  fittings 
in  connection  with  their  "  Dalite  ，，  system  of  reflected  ceiling 
lighting. 

Confidential   Information   as   to   Openings   Abroad   for  British  Trade. 

― The  arrangement  inaugurated  on  January  1st,  1907,  whereby 
tlio  names  of  British  firms  desirous  of  receiving  confidential 
iiiior】iiatioii  as  to  opportunities  for  the  extension  abroad  of  those 
branches  of  trade  in  which  they  are  specially  interested,  and  as 
to  other  oonticcted  matt  ens,  are  plactnl  on  a  special  Register  at 
the  Commercial  Intelligence  Branch  of  the  Hoard  of  Tmde，  has, 
according  to  the  "  Board  of  Trade  Joui'nal/,  mot  with  w  idespread 
approval,  as  evidenced  by  the  steady  increaso  in  the  number  of 
names  so  registered.  Firms  desirous  of  utilising  this  source  of 
information  are  required  to  pay  an  annual  fee  of  one  guinea  to 
the  Acoountant  General,  Board  of  Trade,  Whitehall  Gardens. 
London,  S.W.,  for  the  service,  including  tho  supply  of  the  u  Board 
of  Trade  Journal. M  Tlio  confidential  information  which  is  com- 
muiuoatod  to  firms  upon  the  Register  is  rcccivt'd  from  Wis 
Majesty's  Consular  Officers  in  Foreign  Countries,  from  1 1 1、 
Majesty  s  Trade  Commissioners,  ； ukI  tho  linporial  Trade  Corre- 
spondents in  the  British  Dominions,  and  i'roin  otlicr  sources 
available  to  the  Commercial  Intelligence  Bra nch.  It  may  1"、 
stated  that  contideiitial  information  thus  received  relates  ma  inly 
to  openings  for  British  trade  abroad,  and  is  communicatetl  to 
firms  on  tho  Ro^istor  in  circulnr  letters.  During  1912,  1,098 
such  circular  letters  were  prepared,  and  copies  (totalling  146,578) 


1  to  iirm.s  on  tin*  H*  ^i.st<  i  intorchtcfl  in  t)w  tr,i'i.'， 
(  in  iil:ir  l,  U"rs  respec  ti vcly  r<'la""l,  as  r'，"i|,:u  ,  'l 
iil"r  lottuiH  and  cojiic-.s  tot;illinu  1  M-nt  out 


\Ml!.    I .()!)!  rii 

Equipment   Desired   for    the   Hong   Kong   University.      1 1  M     (  ,,in 
Attacln'"  ； it  Shiin^hui,  in  a  n'r''"L  report,  <lincU  ;itt4*iitioii 
(" nuikcrs  oi"  cn^iiKMMiii^  iipplianc^s  Att<\  n»;u  l, t n.-iy  in  Ui,'  I'mt'-'l 
Kin^lom  to  tho  advanta^os  ； iH'oiflcd    them    li.v    U".  iT.sity 
r:'c<'iiU.v  *''Sial)]isli(.(l  at  llon^  Koim  mi(l<'r  Ui,'  |,i.,'m 小., "-、 ot  Sir 
(Jliarlcs  Kliot.    TIk;  faculty  of  cii^incrriim  provides  iii.sti  lictioii  in 
(  ml，  mechanical,  and  t'lcclriral  cnm'ur^riim,  to  \\\iwU  it  i.、  I" 屮, 'J 
mimiig  and  ""Ulm 乂、'  will  I":  ； .d<|(.(I  |: 山. r.    As  l;ir  :t.、  th.-     -、 t 
"h,"  arc  coiKMirnod  tho  i"，、v    linivrrsity    is    alroadv    tli,'  l"'、t 
('(|iiil>p('(l  nistitutii)ii  in  China.  :\n<\  it  is  tliou^ht  that  l«  Ifii.-  Iom^ 
m;i"y  oi'  the  Cliinrsc  cn^i ricci  in^  .sindonts  will  rhoow.  U>  vtmi 
p，l(，te  their  studios  mL  tins  Hriti.sli  m-IiooI  inst.sul  nt  uoj,m  al>ro;irI 
l''ir"is  in  the  United  K  in^loni  would.  Ix-  ul,、,  r、,'.、，  •、,'(•，"',.  :|  ^iP<t,\ 
and  pormaiHMit  advert iscnuMit  l».v     prwntinu     im.k  hin.-!  v  and 
tMl,,,l);ne,lt  to  the  University     Tl.r  valuo  oi"  the  aj>p;ii  atu  >.  A  r- 
;i,.'v:kI-v    jVVM'nt('(I    Uy    mili、h    "'''''■、   ； ^Mounts   ..pproMrni.h-K  to 
£5々00.    The  Heat    Kn^ine    L.alM.ratory    is    ;ilinost    "山屮 ".t('l v 
1Mfinl>ped,  but  a  small  ntvum  turbine  uith  cniMl.-n.M i:U  ,,|;ltlt  i、 
i"'"'l<'"，   also   a  separate     coiulorusiiiK     plant,     inrlirator.s.  ('()2 
r''(  ''r'"'i，  and  calorimeters.    One  or  t、vo  small  ivi ri^'ial i.i-  ,,l;,„u 
uould  ilIso  ^  acceptable.     Mncliinc  tools  aro    lu^il-ti    i(，r  the 
u'"ksllops，  especially  Mi.all  lathes,  (lnllin^  machinos.  planing  ma 
rl"'1;'-  small  tools  and  niwsm-i'ig  appliances.     \uiV  tl..-  Strnral, 
oi  -、 I; 山 'rials  Laboratory  the  following  are  needed :  Tn.M.»n.  tnv 
simi  and  compression-testing  machines,  wire  testing  machine,  exten 
someters,    hardness  testing    appliances;   impact  testing  machine 
''!Ui    aPl)ar— us  for  microscopic  study  of  metals.    The  Hydraulic 
J.ahoratory  is  not  yet  furni&hed  with  ccntriiugal  puinps'  j'(.|U)n 
wjlfel  :uu!  tur,J,,les  (ui)  to  15  li.p.  in  each  ca^c),  and  also  m  J 
!v7.er  llloters  and  plunger  pumps.      Theodolites,    levels,  piano 
are  required  for  tho  Surveying  Department.    For  tho 
Electrical  Engineering  liaboratories  the  authorities  wish  to  ol> - 

presents  of  the  following  equipment:  Ammeters,  voltmeters 
wattmeters,  testing  sets,  motors  and  generators  (about  5  hp) 
tuo  dynamos  of  25  k.w  direc^current   110   volts,   switches  and 

!  S?a'r，  t 尸 insfo1 '贿〜 rotary  converter,  motor  generator 
(about  10  k.w.),  rheostats,  telegraph  and  telephone  appaiatus 
wires  cables,  and  general  fitting^  and  photometric  appliance 
A  anuiacturers  in  the  United  Kingdom  who  desire  to  present  am 
。t  the  above  appliances  to  the  University  can  obtain  further 
iniorniation  from  the  Secretary,  British  Engineers  Aswk  i:'' ,,,,, 
Caxtoii  House,  Westminster,  London,  8.W.  Apparatus  will  be 
carried  freight  free. 


Fatal  Steam  Pipe  Explosion.— On  the  7th  inst.  a  ^Vu>^  , 
(lent  occurred  on  the  steamship  "  Royal  George/'  which  is 
undergoing  repairs  in  Messrs.  Cammell,  Laird's  shipbuilding 
yard  on  the  River  Mersey.  As  a  result  of  the  bursting  of  a 
steam-pipe,  three  men  were  severely  injured,  and  were 
removed  to  hospital.  Two  of  the  men  have  since  died. 
i  Fatal  Crane  Accident.  ―  At  the  Westminster  Coroner  s 
90Urt>  011  the  6th  inst.,  the  inquest  was  concluded  on  a  crane 
signalman  who  was  killed  while  engaged  on  building  works  in 
High  Holborn  on  April  24th.  The  deceased,  owing  to  the 
chain  of  tlie  crane  breaking,  fell  a  distance  of  100ft.  After 
the  accident  it  was  ascertained  that  there  was  a  defective  link 
in  the  chain.  In  the  course  of  the  enquiry  Mr.  F.  J.  Parkes, 
a  factory  inspector,  said  the  quality  of  the  workmanship  of  the 
links  of  the  chain  was  very  bad  and  the  metal  also  was 
defective.  He  saw  many  signs  that  the  links  had  been  burned 
in  the  fire.  The  iron  of  which  the  chain  was  made  appeared 
to  him  to  be  very  rough,  and  li©  thought  the  nature  had  been 
taken  out  of  it  by  the  manner  in  which  the  welding  was 
carried  out.  In  his  opinion  the  chain  was  quite  unsuitable 
for  the  purpose  for  which  it  was  used.  The  Coroner,  in 
summing  up,  said  the  general  question  was  a  very  grave  one  as 
to  why  such  structures  were  allowed  to  be  erected  almost 
haphazard  by  builders  in  the  streets  of  London.  It  was  to 
him  extraordinary  that  there  was  no  supervision  at  all  over 
such  structures.  From  his  enquiries,  h©  had  ascertained  that 
no  public  authority  had  the  power  of  inspection,  and  he 
thought  it  most  regrettable  that  a  Bill  which  had  been  intro- 
duced into  Parliament  to  deal  with  the  matter  should  have 
been  read  only  the  second  time.  In  the  interests  of  workmen 
and  tlie  general  public,  it  was  time  that  another  Bill  should 
b©  introduced  by  the  Govemment  giving  the  power  of 
systematic  inspection.  The  jury  returned  a  verdict  of 
" Accidental  death,"  and  added  that  inspectors  should  have 
the  power  of  inspecting  cranes. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  pnhlishrd ,  a n d  ve  ，hnll 
he  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Addrrss 
" Mechanical  Engineer,"  53,  New  Bailry  Strrrt,  Manrh  ester. 

MECHANICAL.  1912. 

Centrifugal  pendulum  governors.     Kalh  iV'  Hcnicr.  71. 
Systems  for  starting  engines.    Kettering.  1424. 
Contrifugal  fans.    Davidson.  1476. 
Hole  and-pin  gear  wheels  and  pinions.    Smith.  KHiO. 
Smoke-preventing  apparatus  for  steam  boilers.    Porter.  'MCM 
Valve  gears  for  engines.    Bever.  6168. 

Carburetters  for  internal-oombustion  engines.    Graham.  6622. 
Internal-combustion  engines.    Noel  7194. 

Valvo  mechanism  for  internal-combustion  engines  with  revolving 

cylindors.    Lake.  9074. 
Valve-gear  systems  for  explosion  motors.    Tzaut.  9183. 
Carburetters  for  internal-combustion  engines.    Wolscley  Tool  and 

Motor  Car  Company,  and  Lawrence.  9240. 
Vice.    Denz.    9305.  • 

Apparatus    for    promoting    circulation    in    steam  generators. 

' Hughes.  9344. 
Means  for  preventing  priming  in  steam  generators.  Hughes.  9345. 
Boat  propelling  and  steering  gear.    Bassford.  9389. 
Carburetters  for  internal-combustion  engines.    Murcliio.  940(1. 
Rolling  metals.    Wetcke.  9540. 
Traction  vehicles.    Pains.  9621. 

Superheaters  for  locomotives.    Cusack  &  Morton.  9660. 
Mechanical  filters.    Taylor  &  Chorlton.  9668. 
Appa  rat  us  for  operating  railway  and  tramway  points.  Thomson. 
9784. 

Means  for  controlling  flow   and    pressure   in    fluid- distributing 

systems.    Mitchell.  9835. 
Rotary  engines.    Cramp.  9915. 

Gauging  devices  for  railway  tracks.    Ivoy  &  Hughes.  9945. 
Starting  devices  for  flying  machines.    Von  AVillisch.  10010. 
Aerial  machines.    Balassanian.  10082. 

Reduction  or  oxidation  of  metallic  ore.    Bourcoud.    1 0381 . 
Portable  extensible  conveyers.     Fraser        Chahner.s;  Lkl.，  and 
Mitchell.  10626. 

Devices  for  diminishing  the  rolling  movement  of  shi})s.  Stettiner 

Maschinenbau  Akt.-Ges.  Vulcan.    1 12G3. 
Cranes.    Weddell.  11269. 

Means  for  keying  devices  to  driving  shafts.  Jardine  &  Watchorn. 
12287. 

Metal  tubes.    Witzenmann.  12548. 

Fire-bridges  for  furnaces.    Marshall  &  Davies.  12803. 
Protecting  revolving  or  moving  shafts  and  parts.      Barlow  and 
Whittle.  13307. 

Pumping  arrangements  and  water  control  in  floating  docks. 
Pritchard,  and  Swan^  Hunter,  &  Wigham  Richardson^  Ltd. 
13378. 

Roller  bearings.    Hall.  14171 . 

Rivet  and  bolt  making  machines.    Wallace.  14!，i_)7 

Means  for  starting  i nte r n a  1-eom b n st i o n  engines.    Johnson.  15069. 

Manufacture  of  composite  metal  tubes.    Per r ins.  15107. 

Fluid-pressure  engine.    Kellington.  15176. 

Internal-combustion  engines.    Knight.  15445. 

Liquid  level-indicators.    Bolton  &  Tyler.  15527. 

Stuffing-boxes  or  packing  devices  for  rotating  shafts.  Warwick 

Machinery  Company  (1908).  15588. 
Carburetters  for  explosion  engines.    Alberti.  15652. 
Valves  for  internal- combustion  engines.    De  Lissa  &  ]\Ictosacoche, 

Ltd.  15752. 

Apparatus  for  the  extraction  of  zinc    Jones.  1.5888. 
Manufacture  of  cold  pressed  nut  blanks.    Lench.    1 73'ifi 
Acetylene  generators.      Byrne,  and  Howes  &  Bui'le) ,  Lt<]     1  7120. 
Rotary  engines,  pumps,  blowers,  and  exhausters.      Gay  don  and 

Gaydon.  19080. 
Heating  of  regenerative  chamber  ()v("in     l'，、 wixlfirlf.    1 9812. 
Steam  pumps.    Boult.  19933. 

Valves  for  internal-comljustion  engines.    Frenzel.  20092. 

Railway  block  instruments.    IMc-Closkoy.  20254. 

Liquid  fuel  pumps  for  int(M'iial-conil)ustioii         nes.  lj;;niytloup:h. 

and  D.  Napier  &  Son,.  Ltd.  20954. 
Flying  machines.    Clark.  21952. 

Process  for  the  treatment  of  refractory  complex  zinc  lead  ores. 
French.  22077. 

Distributing  device  for  automatic  compressed-air  starting 
apparatus  for  intern al-comhustion  engines.    Goiul ron.  2358G. 

、l:mul:"'ture  of  steel  sheets  for  use  in  ma  king  tin  plates.  He  van 
23679. 

Driving  and  reversing  and  reducing  gear.    Savory.  23934. 
Punches  for  sheet  metal.    B ruder  Scherb.  23939. 


Rotary  engines,  pumps,  or  meters.      Kennedy  Turbine  Engines, 

Ltd.  25035. 

Means  for  consuming  smoko  in  boiler  turnacey.'  Ogden.  2ofj'SfJ. 

Furnaces  of  boilers.    Chadwick.  25657. 

Motor  vehicle.    Torben&en.  26230. 

Centrifugal  pumps.    Wilson  <fc  Craib.  27740. 

Treating  feed  water  for  steam  boilers.    Hillman.  28166. 

Furnaces.    Weidcmann.  28443. 

Float-cut  files.     Lockwood  &  Potts.  28541. 

Kails  for  railways.   Georgs  Marien  BeiKwerkes  und  Hutton-Verein 

Akt.-Ges.  28965. 
Multilayer  steel  castings.    Imray.  29720. 

Railway-signalling  apparatus.    Tyer  &  Ca,   Firth,   and  Leake. 

29890. 

1913. 

Steam  feuperheaters.   Hoffmann.  61. 

Conveyer,  specially  adapted  for  use  as  a  coal-face  conveyer  in 

collieries.    Hirst.  1966. 
Apparatus  for  forced  lubrication.    Turcat.  3G47. 
Rotary  grate  for  gas  producers.    Rehman.  5108. 
Centrifugal  fans.    Davidson.    5527  and  5528. 
Expansion  sockets  for  bolts.    Gebhardt  5603. 

ELECTRICAL,  1912. 

Electric  timo  switches.    Reid.  1693. 

System  of  electric  generation  and  transmission  for  motor-driven 
vehicles,  locomotives,  or  trains.    Leitner.  9416. 

Means  for  regulating  the  temperature  of  electrical  heating  and 
cooking  apparatus.    Kirkwood.  9513. 

Electrical  switches.    Wynne.  134-35. 

Starting  switches  for  electric  motors.    Fontccha.  13781. 
Electrodes  for  arc  lamps.    Blondel.  14741. 

Type-printing  telegraphs  and  circuit-selecting  apparatus.  Jensen. 
18985. 

Electric  fuses.    Christians.  19533. 

Supply  of  filtered  air  to  dynamos.     Mower  <fc  Hale.  19792. 

Protective  devices  for  electric  circuits.  British  Thonibon  Houston 
Company.  20(563. 

Commutators  for  electric  motors.    Scott.  20828. 

Controlling  apparatus  for  telephone  systems  using  automatic 
selector  switches.     Molina.  21008. 

Brush  rocking  apparatus  for  dynamos  Pintsclis  Electric  Manu- 
facturing Company,  and  Vidal.  21433. 

Ignition  systems  for  motor  vehicles.    Hiker.  22197. 

Devices  for  automatically  adjusting  the  timo  of  ignition  in  in- 
ternal-combustion engines.    Robert  Bosch.  246G-5. 

Electric  heating  of  houses.    Lofquist.  25104. 

Metal  filaments  for  electric  incande&cent  lamps.  Westinghouse 

MetailfackMi  Gluhlampent'abrik  Ges.  '2h'2>U. 
Joint  boxes  for  electrical  cables.    W.  T.  Henley's  Telegraph  Works 

Company,  and  Nichols.  28094. 
Electric  arc  lights.    General  Composing  Comjiany  Ges.  28503. 

1913. 

Apparatus  for  producing  perforated  strip  for  telegraphically- 
transmitting  signals.    Siemens  Bros.  &  Co.  942. 

Means  for  the  control  of  electric  pressure  and  current  regulators. 
Poole.  17Go. 


METAL  QUOTATIONS. 

TUESDAY,  MAY  13th. 

Aluminium  ingot   95/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】12/ -  ，, 

，，        sheets        „  ，，   ，  126/ -  ，， 

Antimony  £32/-/-  to  £33/-/-  per  ton. 

Brass,  rolled    8gd.  per  lb. 

，，    tubes  (brazed)    10|d. " 

，,       ，，     (solid  drawu)   9d.  ，， 

，，       ，,     wire   S^d.  ,， 

Copper,  Standard   £6!»/l^/-  per  ton. 

Iron,  Cleveland   68/-  ，， 

，， Scotch    74/-  ，， 

Lead,  English    £18/17/6  ，， 

,， Foreign  (soft)    £18/8/9  ,, 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

，，  ，，  ，，       medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver   £7/10/-  per  bottle. 

Silver   27|jrd.  per  oz. 

Spelter    £2.~>/5/-  per  ton. 

Tin,  block   £2l\S/I0/- ,， 

Tin  plates   14/3  ，， 

Zinc  sheets  (Silesian)   £28/10/-  ，， 

,,  (Stettin  ；  Vieille  Montagne)   £28/12/6  ，， 
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FLEXIBLE 


METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


夕 V 


Section  of  the  Company's  Celebrated  Interlocked 
Bronze  No.  2  Tubing. 


Works  :   Ponder's  End,  Middlesex.  '一, 

Head  Office:  112,  Queen  Victoria  St"  LONDON,  E.C- 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twfts  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  &  imile  he's  always  wearing,  he's  found  "  NONLKAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

國 LEAK  JOIN^, 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


FBEE  FROM  LEAD  I 

IMPROVES  WITH  AGE! 


TESTING  SAMPLES. 


J.  E.  TURNER  S  CO.,  Ltd. 


WILL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

e  i    u*""  88,  Leeds  Road, 

So"  waKer>-  BRADFORD,  Yorks. 
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Thia  work  has  been  prepared  to  meet  a  need  for  a  book  which 
in  one  volume  of  moderate  size  shall  cover  the  whole  field  of 
the  Metallurgy  of  Iron  and  Steel. 
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Explosions  of  Carbonaceous  Dusts. 

It  will  be  remembered  that  in  November,  1911，  two  disastrous 
explosions  occurred,  attended  with  serious  loss  of  life,  one  at 
a  provender  mill  in  Glasgow  and  the  other  at  an  oil  cake 
factory  in  Liverpool.  Expert  evidence  at  the  inquests  clearly 
showed  that  the  explosions  were  due  to  the  ignition  of 
carbonaceous  dust,  and  indicated  that  though  such  disasters 
have  not  hitherto  been  of  frequent  occurrence,  this  is  largely 
fortuitous,  and  that  the  conditions  in  many  workshops  where 
dusty  matter  is  produced  only  require  a  combination  of  cir- 
cumstances to  become  pregnant  with  danger.  In  view  of  this, 
the  Home  Office  instructed  Dr.  Wheeler,  the  chemist  attached 
to  the  Coal  Mines  Explosions  Committee,  to  carry  out  a 
series  of  experiments  with  various  kinds  of  carbonaceous  dust 
at  the  Experimental  Station  at  Esknieals,  and  the  result  of 
these  tests,  extending  over  12  months,  are  set  forth  in  an 
interesting  report  by  Dr.  Wheeler  issued  by  the  Home  Office. 
The  investigation  of  the  matter  is  the  most  exhaustive  that 
has  so  far  been  made,  and  for  this  reason,  the  report  deserves 
the  careful  consideration  of  all  occupiers  of  factories  and 
workshops  in  which  carbonaceous  dust  is  generated.  The 
66  samples  tested  were  not  specially  selected,  but  in  all  cases 
were  collected  by  Factory  Inspectors  from  beams,  ledges,  or 
otlier  projections  in  the  ordinary  course  of  their  visits. 

Two  methods  of  testing  were  employed,  one  to  discriminate 
between  harmless  and  dangerous  dusts,  and  the  other  to 
ascertain  the  temperature  at  which  inflanunation  of  dangerous 
dusts  takes  place.  As  a  result  of  these  tests  it  was  found 
possible  to  divide  the  samples  of  dust  into  three  classes : 
(1 )  Those  whicli  ignite  and  propagate  flante  readily  aiul 
require  but  a  comparatively  small  source  of  heat  for  ignition, 
such  as  a  lighted  match  ；  (2)  those  which  readily  ignite,  hut 
require  a  source  of  heat  of  large  size  and  high  temperature, 
such  as  an  electric  arc  or  the  flame  of  a  Bunsen  burner  ； 
(3)  those  which  do  not  appear  capable  of  propagating  ilarnc 
under  the  conditions  likely  to  obtain  in  a  factory  eithor 
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because  (a)  it  is  difficult  to  produce  a  cloud  ；  or  (6)  because 
it'  is  coutaminated  with  large  quantities  of  incombustible 
matter  ；  or  (c)  because  the  material  does  not  burn  rapidly 
enough.  The  latter  class  comprised  30  samples  of  the  66 
sul)Tnitte-d,  but  som-e  of  these,  though  ranking  as  harmless,  it 
is  pointed  out,  might  bo  capable  of  propagating  flame  if  in  a 
liner  state  of  division  or  freer  from  incombustible  matter,  and 
only  20  of  the  samples  submitted  could  be  really  so  designated. 
Prominent  in  class 〗 ， which  includes  the  most  dangerous 
dusts,  are  sugar,  dextrine  (calcined  farina),  starch,  cocoa, 
rice  nifNil,  cork,  wood  flour,  and  oat  husk.  Flour,  which  has 
been  responsible  a-s  we  know  for  many  sudden  fires  and 
explosions,  is  included  in  this  class,  but  its  inflammability  is 
relatively  inferior  to  the  dust  of  maize,  or  even  of  tea. 

For  the  purpose  of  determining  the  relative  ignition 
temperature  an  ingenious  apparatus  was  devised  for  pro- 
ducing a  cloud  of  dust,  which  in  each  case  was  reduced  to  tlie 
same  degree  o'f  fineness  by  passing  through  a  200  mesli  sieve, 
and  also  for  carefully  recording  the  ignition  temperature. 
The  proportion  of  the  sample  which  would  pass  through  the 
sieve  varied  considerably,  and  hence  the  ignition  temperature 
recorded  cannot  b©  regarded  so  much  as  that  of  the  actual 
sample  as  of  a  possibility.  The  inflammability  of  combus- 
tible substances  in  general  depends  on  the  ease  with  which 
oxidation  can  be  effected  to  produce  flame  and  on  the  chemical 
affinity  of  the  substance1  itself  for  oxygen.  The  smaller  the 
state  of  sub-division,  and  the  more  rapidly,  chemical  affinity 
being  equal,  the  combustion  takes  place.  There  are,  how- 
ever, other  factors  also  to  be  considered  in  determining  how 
far  ignition  tempeTaturei  affords  a  measure  of  the  inflamma- 
bility of  a  dust.  In  tho  majority  of  those  tested  inflammable 
gases  can  be  evolved  from  them  by  decomposition  afc  quite 
low  tern  per  atures ,  and  if  any  particular  dust  were  allowed  to 
remain  in  contact  with  a  heated,  surface  it  might  evolve  gases 
in  sufficient  quantity  to  inflame  with  the  surrounding  air, 
and  by  this  combustion  cause  inflammation  of  an  adjoining 
layer  of  dust  and  airy  and  so  cause  propagation  throughout 
the  extent  of  the  dust  cloud.  With  dusts  of  widely  different 
physical  character  it  was  difficult  to  secure  uniformity  of  test 
conditions  as  regards  density  and  velocity  of  dust  cloud,  but 
it  is,  nevertheless,  interesting  to  note'  that  the  relative  igni- 
tion temperature  in  no  case  exceeded  1,100°  C,  and  in  the 
case  of  sugar  it  was  as  low  as  805°  C. 

Following  these-  tests,  others  were  made  to  determine  the 
lowest  temperature  at  which  ignition  could  be  effected .  The 
ignitable  mixture  of  gas  and  air  (whicli  originates  the 
inflammation  of  the  dust  cloud),  it  has  been  pointed  out, 
depends  on  the  length  of  time  the  particles  are  heated,  and 
given  adequate  time'  for  destructive  distillation,  the  tempera- 
ture necessary  for  ignition  is  approximately  that  of  tho  gases 
evolved  which  may  be  assurn-ed  to  be  mainly  hydrocarbons, 
with  carbon  monoxide  and  hydrogen  in  varying  proportions, 
and  the  ignition  temperatures  o'f  which  lie  between  about 
550°  C.  and  750°  C.  With  some  dusts,  of  course,  incombus- 
tible gases,  such  as  nitrogen  and  carbon  dioxide,  may  be 
involved,  and  the  effect  of  theso  is,  of  course,  to  raise  the  igni- 
tion temperature.  Before  making  the  final  series  of  determina- 
tions with  the  different  dusts,  a  series  o'f  experiments  were 
made  adopting  various  lengtlis  of  time  for  the  passage  of  the 
dust  cloud  through  the  heating  zone,  and  as  was  expected  the 
longer  tha  time  of  passage  Ui©  better  the  chance  for  gaseous 
distillation,  and  tlie  lower  the  temperature  required  for  igni- 
tion. For  comparative  determination  a  constant  velocity  was 
adopted  in  each  case,  and  in  these,  as  in  the  previous  tests, 
sugar  and  dextrine  appear  as  the  most  readily  inflammable  of 
all  dusts,  the  lowest  b&mp6rature  at  wliich  it  was  found  possible 


to  ignite  them  being  540°  C.，  or  well  below  a  red  heat.  Most 
of  the  remaining  dusts  had  practically  the  same  minimum 
ignition  temperature,  ranging  from  600°  C.  to  650°  C.  Dr. 
Wheeler's  investigation  shows  that  while  it  is  impossible  to 
draw  any  sweeping  deduction  respecting  the  inflammability  of 
carbonaceous  dust,  owing  to  the  many  varying  factors  that 
enter  into  consideration,  it  is,  neverthekss,  desirable  to  exer- 
cise precautions  in  all  factories  where  it  is  liable  to  be 
generated  in  quantity  and  liable  to  be  deposited  on  beams  or 
ledges,  from  which  it  may  be  projected  in  a  cloud  by  some 
accide-ntal  circumstance,  and  brought  in  contact  with  some 
source  of  ignition,  and,  further,  that  dusts  in  many  industries 
are  more  dangerous  than  has  hitherto  been  supposed. 


STANDARDISATION  RULES  FOR  ELECTRICAL  MACHINERY. 

We  give  b&low  th©  Standardisation  Rules  which  were  pro- 
visionally adopted  by  tlie  Council  o'f  tlie  British  Electrical  and 
Allied  M a nuf acturers'  Association  at  their  meeting  on  April 
17th.  They  represent  the  work  of  the  association  upon  the 
subjects  of  standard  pressures  and  frequencies,  liigh  pressure 
and  insulation  tests,  types  of  machines,  rating,  overloads  and 
t&mperatui'e  rise.  Other  s&ctions  dealing  with  short-circuit 
tssbs,  commutation,  pressure  regulation,  parallel  oj>eration, 
efficiency  and  toleranoes  are  at  present  under  consideration. 

Section  I. ― Standard  Pressures  and  Frequencies. 

\\)  The  standard  frequencies  for  alternating-current  work 
are  50  cycles  per  second  and  25  cycles  per  second . 

(2)  The  standard  higli-preesure  systems  for  al  tenia  ting - 
current  work  are  2,000,  3,000，  6,000，  10,000，  and  20,000  volts. 

(3)  The  standard  generator  pressures  are :  For  direct- 
current  generators  115,  230，  460,  aud  525  volts  ；  for 
alternating-current  generators  440,  550,  2,200,  3,300，  G,600， 
and  11,000  volts. 

(4)  The  standard  low  pressures  measured  at  consumers' 
terminals  are :  Direct  current  110，  220,  440,  and  500  volts  ； 
alternating  current  100,  200,  400，  and  500  volts :  (Motors  are 
to  be  capable  of  operating  without  injury  at  their  rated 
outputs  and  overloads  on  any  pressures  not  exceeding  5  per 
cent .  above  or  below  their  standard  voltages.  See  clause  6, 
sec.  IV.) 

5)  Transformers, ― Tlx©  normal  rated  pressure  of  tlie  low- 
tension  side  of  a  transformer  is  to  be  the  same  as  that  of  the 
consumer's  supply,  according  to  clause  5.  It  is  recommended 
that  the  standard  transformer  ratios  should  be  such  as  to 
transform  between  the  standard  pressures  above  named. 

Section  II. ― High  Pressure  Tests  and  Insclation 
； Resistance. 

(a)  High-pressure  Tests. ― (1)  Commercial  high-pressure 
tests  are  to  be  made  on  the  completed  apparatus  while  it  is  iu 
good  condition  and  befo're  it  is  put  into  service.  In  the  case 
of  apparatus  whicli  ha,s  been  in  service  reduced  tests  ouly  are 
to  be  applied.  Unless  otherwise  specified,  tlie  liigh-pressure  tests 
are  to  be  made  at  the  makers'  works.  The  test  is  to  be  made 
with  a  pressure  of  approximately  sine  wave  form,  preferably 
at  the  rated  frequency  of  the  apparatus,  but  in  general  any 
frequency  between  25  and  100  is  satisfactory.  Prolonged  tests 
at  high  pressure  are  undesirable,  since  they  permanently 
weaken  the  insulation. 

(2)  The  following  tests  are  to  be  applied  for  one  minute 
between  tlie  windings  and  the  frame  and  core  when  the 
apparatus  is  at  normal  working  temperature: — 
Hated  terminal  pressure  of  circt'it.  7，'  、Z  Pressure. 

Not  more  than  33?  volts.  1,000  volts. 

Above  333,  \nii  not  more  than      riiree  times  i'ate'1  pressure  with  a 
I , ."»00  volts.  minimum  of  I  ,  *00  volts. 

Above  1,500,  but  not  more  than 

'2, "250  volts.  4,500  volts. 

Above  2,250  volts.  Twice  rated  pressure. 

Note  — In  the  case  cf  machines  driven  by  water-wheels  and 
exposed  to  runaway  conditions  or  otlienvi^e  exposed  to  possible 
excess  pressure,  it  is  recom mended  that  pressure- limiting 
devices  shall  be  provided,  otherwise  the  test  must  b©  based 
on  t  he  highest  pressure  to  which  the  windings  may  be 
subjected. 
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(3)  High-pressure  tests  on  field  windings  are  to  be  based 
on  the  excitation  pressure.  Field  windings  of  synchronous 
machines  intended  to  be  started  from  the  alternating-current 
side  are  to  be  tesfted  al  a  pressiu c  of  .「），（）（）（>  volt's  unless  I  lie 
field  windings  are  provided  willi  a  "  break-up  "  switch  or  will 
always  be  short-circuit  <m!  at  start  in^. 

(4)  Traiisforinei's  are  fco  have  the  same  test  between  hi^h- 
pressure1  winding  aiui  core  as  Ik- t ween  hi^li  prt'ssurc  winding 
and  low-pressure  winding.  In  making  sucli  tests  the  low- 
prefisure  winding  slunild  be  ('()ime<'"Hl  ")  t he  core. 

(5)  In  general,  conslanl-currtMit  a])p;irat us,  and  a|)paralus 
naed  foil'  series  operation,  is  to'  hav©  tlui  tost  pi-cssurc  rating 
corresponding  t •)  the  maximum  pressure  wliicli  may  be 
impressed  upon  I  lie  apparatus. 

(b)  Insulation  Eesistance. ― (6)  Very  high  insulation  resis- 
tanoe  (me^olun  test )  should  not  be  specified  on  electrical 
machinery,  si  no©  in  c'rder  t'o  obtain  it,  long  baking  at  high 
temperatures  may  1)^  n'quirod,  which  may  ])ennantMil  I y 
damage  the  insulating  mat :M-ial.  Insulation  resistance  t'、ls 
are  of  value  in  showing  lli(、  condition  of  the  insulation  with 
special  inference  to  moisture  and  dirt,  and  it  is  usually  advis- 
able to  measure  the  insulation  resistance'  bef ore  making  liigh- 
pi  essurei  teste. 

(7)  In  general  an  insulation  resistance  of  1  megohm  for 
windings  above  350  volt's,  or  0*25  megolun  1'or  low-pressure 
windings,  is  sufficient  evidence  that  the  windings  are  in  con- 
dition to  receive'  the  high-pressure  test. 

Section  III. ― Types  of  Machines. 

The  fallowing  classification  of  rotating  machines  is  recog- 
nised ： (1)  open,  (2)  protected,  (3)  enclosed-veiitilated ,  (4)  (a) 
pipe-ventilated,  (b)  pipe-ventilated  with  "  forced  draught/' 
(5)  drip-proof,  (6)  totally-enclosed,  (7)  flama- proof . 

No.  1  requires  no  definition.  No1.  2.  A  (i  protected  1y 
machine  is  one  in  which  the  armature,  field  coils,  and  other 
live  parts  are  protected  mechanically  from  accidental  or  care^ 
less  contact,  while  free  ventilation  is  not  materially  obstructed. 
No.  3.  An  i(  enclosed-vontilated  n  machine  is  one  in  which 
the  ventilating  openings  in  the  frame  are  covered  with  (//) 
expanded  metal  or  wire  gauze  of  not  less  than  +in.  mesh,  so  as 
not  to  obstruct  free  ventilation,  (b)  wire  g'dMze,  less  than  ]in. , 
but  not  less  than  ^\in.  mesh,  or  with  perforated  metal  having 
not  less  than  -^-in.  holes.  (r)  Machines  having  ventilating 
openings  covered  with  screeins  having  smaller  openings  than 
those  specified  in  3  (b)  are  to  be  treated  as  "  totally-enclosed  ，， 
machines  as  regards  temperature'  rise  and  overloads.  No.  4. 
A  "  pipe- ventilated  ，，  machine  is  one  in  which  the  frame  is  so 
arranged  th at  the  ventilating  air  may  be  conveyed  to  it 
through  a  pipe  attached  to  the  frame.  If  the-  heated  air 
expelled  from  tlie'  machine  is  bo  be  conveyed  away  through  a 
second  pipe  attached  to  tlie  machine,  this  should  be  so  stated. 
It  is  understood  that  a  pipe^ventilated  machine  propels  its  own 
ventilating  air  unless  it  is  distinctly  stated  that  the  air  supply 
is  to  be  maintained  by  an  indep&nde'nfc  fan  external  to  the 
machine,  in  which  cas&  it  becomes  a  "  forced-draught  '' 
machino.  No.  5.  A  "  drip-proof  '，  machine  is  one  having  a 
frame  provided  with  ventilated  openings,  so  protected  as  to 
exclude  falling  moisture  or  dirt.  No.  (3.  A  "  tot  all  v- 
enclotsed  '，  machine  is  one  in  which  the  enclosing  case  does  not 
allow  a  circulation  of  air  between  the  inside  and  outside  of  t  ho 
case,  and  is  dust-proof,  bath  as  regards  case  and  bearings. 
No.  7.  A  "  flanie-]>roof  "  inacliine  is  one  in  which  the  enclos- 
ing case  can  withstand,  without  injury,  any  explosion  of  gas 
t  hat  may  occur  within  it,  and  will  not  transmit  the  ex  plosion 
t'o  any  inflammable  gas  outside  it.  An  induction  motor  in 
which  the  slip-rings  and  brushes  aJone  are  included  within  a 
flame-proof  case>  should  not  b&  described  as  a  "  flame-proof  " 
machine,  but  as  a  machine  "  with  flame- proof  slip-ring 
冊 closure." 

Section  IV. ― Rating. 

(1)  Two    classes    of    rating    are    recognised— cont  iiuioiis 
rating  and  shoiri>tim©  rating  (for  interTnitteiit  working). 

(2)  The  continuous  rating  is  the  output  which  a  "ia('hin:、 
or  a  transformer  will  give  for  a  period  sufficiently  long  to 
attain  practically  constant  temperature  rise,  and  otherwi>^ 
comply  with  these  regulations.  Unless  otherwise  specified, 
any  machine  rated  to  operat-e  between  two  limits  of  pressure 
si i all  have  its  anijiere  rating  determined  \i\xm  the  higher 
pressure. 


(3)  The  short-tirne  rating  is  the  output  wliicli  a  machine  or 
transformer  will  give  for  one  hour,  one  half-hour,  or  oilier 
specified  period,  and  comply  with  these  regulations,  Tl 請, 
ratings  are  called  one-hour  rating,  one  lialf-hour  rating,  or 
other  specified  rating  res|M'<*tivr'lv. 

(4)  Machines  with  Two  or  More  Fixed  Speeds  are  to  have 
a  definite  rating  for  each  speed. 

('，))  Variable  Speed  MachtNes.  — These  are  of  two  claaa&s  ： ― 

(«)  Machines  rated  to  give  the  same  output  throu^litnit 
the  entire  range  of  operating  speed.  In  sucli  machines,  tl"' 
heating  tests  should  be  made  at  the  lower  limit  of  s]hm*<I  ； unl 
commutation  tests  at  the  upper  limit  of  s|h>o<). 

(i)  Machines  which  are  not  rated  to  give  the  same  output 
at  all  speeds.  These  machines  should  have  ratings  f  ifiwl 
for  boll  I  mininuim  and  maxiinuni  speeds. 

(6)  Test  Hating  "nd  Pressure  Variation. ― Guarantees  as 
k>  heating,  efficiency  and  other  characteristics  are  to  be  tak^n 
as  applying  to  tests  at  the  prevSsure  marked  on  the  nameplates, 
but  motors  must  be  capable  of  operating  without  injury  at 
their  rated  outputs  and  overloads  on  any  pressures  not 
exceeding  5  per  cent,  above  or  below  their  standard  pressures. 
It  should  be  noted,  ljowever,  that  the  "  pull  out  ，，  torque  or 
maximum  torque  available  will  vary  approximately  as  the 
square  of  the  terminal  pressure. 

Section  V. ― Overloads. 

(1)  (a)  Machines  with  continuous  rating  having  limits  of 
full  load  temperature  rise  in  accordance  with  section  V】. （"） 
are  to  be  capable  of  withstanding  25  per  cent,  overload  bevon<l 
the  continuous  rating  for  the  following  periods  ： ― 

100  kw.  or  h.p.  and  above    two  hours. 

Below  100  kw.  or  h.p.,  not  below  25  kw.  or  li.p.  one  hour. 

Below  25  kw.  or  h.p.,  not  below  2  kw.  or  h.p.  one  lialf-licur. 

Below  2  kw.  or  h.p   five  minutes. 

(h)  Machines  with  continuous  rating  having  limits  of  full- 
load  temperature  rise  in  accordance  with  section  VI.  (/；)  are  to 
be  rapable  of  withstanding  15  per  cent,  overload  beyond  tlie 
continuous  rating  for  the  periods  shown  above. 

(c)  Machines  with  continuous  rating,  of  the  "  totallv- 
enclosed  "  class,  having  limits  of  full-load  temperature  rise  in 
accordance  with  section  VI.  (c)  have  no  overload  ratings 
except  the  momentary  overloads  required  in  connection  with 
commutation  tests.  The  above  overloads  are  to  be  measured 
in  kilowatts,  kilovolt-amperes,  or  horse-power  according  to 
the  nameplate,  except  in  the  case  of  series  or  compound  motors 
for  which  the  overloads  should  be  measured  in  amperes  of 
input. 

(2)  With  machines  having  two  cr  mare  fixed  speeds  the 
above  overload  ratings  are  to  apply  at  each  sj>eed.  With 
variable-speed  machines  having-  ratings  at  minimum  and 
maximum  speeds,  the  above  overload  ratings  are  to  applv  at 
each  speed .  With  machines  having  a  speed  range  exceeding 
2  to  1  and  the  same  ratings  at  all  speeds,  the  above  overload 
ratings  apply  at  any  speed  from  th-e  minimum  to  75  per  cent, 
of  the  maximum  speed. 

(3)  Motors  with  short-time  rating  are  to  be  capable  of 
carrying  an  overload  of  100  per  cent,  torque  for  30  seconds. 

(4)  Transformers  are  to  be-  capable  of  withstanding  over- 
loads of  25  per  cent,  for  two  hours  and  100  per  cent .  for 
30  seconds. 

Section  VI. ― Heating. 

(1)  Determination  of  Tevipcature  Hue. ― The  temperature 
rise  of  electrical  machinery,  both  rotating  and  static,  is  to  be 
taken  as  the  difference  between  the  cooling  air  temperature 
as  defined  in  clause  6  and  the  temj>erature  cf  the  machines 
after  giving  their  normal  rated  output  for  the  following 
periods : — 

(a)  For  machines  with  continuous  rating  ：  Until  the 
temperature  rise  is  practically  constant  ；  that  is,  until  the 
rate  of  increase  of  teni perature  rise  does  not  exceed  1°  C.  per 
hour.  (This  condition  will  usually  be  readied  in  less  than 
six  hours,  except  in  the  case  of  oil-immorsed  transformers.) 

(b)  For  machines  with  short-time  rating:  After  working 
coiitinuouslv  for  the  period  define<l  by  the  rating. 

(2)  Permissible  Temperature  Rise. ― For  machines  with 
continuous  or  witli  short-time  rating  and  designed  to  operate 
iiiuler  ordinary  conditions  of  cooling,         designed  for  an  air 
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temperature  of  25°  C.  (77，  Fah.),  the  following  temperature 
rises  are  the  highest  permissible  at  the  normal  full  load  ： ― 

(o)  Machines  having  Unobstructed  Ventilation. 
{Section  III."  Classes  1,  2,  3a,  4a,  ib.) 

Rise  by  thermometer. 

All  windings    40°  C.  (72°  Fah.) 

Cores  in  which  windings  ar©  embedded   40°  C.  (72。  Fah.) 

Commutators  and  slip-rings    550C.  (99°  Fall.) 

In  general  the  temperature  rise  by  increase  of  resistance 
sl"mld  not  exceed  55°  C.  (99°  Fah.)  for  alternator  field  ('oils, 
or  60°  C.  (108。  Fah.)  for  shunt  field  coils  of  direc^current 
machines  in  this  class. 

(h)  Machines  having  Partially  Obstructed  Ventilation. 
(Section  III.,  Classes  3b ，  4a,  and  5.) 

Rise  by  thermometer. 

All  winding,    47。  C.  (85°  Fah.) 

Cores  in  which  windings  are  embedded    47。  C,  (85°  Fah.) 

Commutators  and  slip-rings    55°  C.  (99°  Fah.) 

In  general  the  temperature  rise  by  increase  of  resistance 
should  not  exceed  65°  C.  (117。  Fah.)  for  shunt  fi^ld  coils  of 
direct-current  machines  in  this  class. 

(<')  Machines  of  the  (t  Totally-enclosed  "  Class. 
(Section  III,,  Classes  3c,  6  and  7.) 

Rise  by  thermometer. 

All  windings   55°  C.  (99°  Fah.) 

Cores  in  which  windings  are  embedded    55°  C.  (99°  Fah.) 

Commutators  and  slip-rings    55°  C.  (99°  Fall.) 

In  general  tlie  temperature'  rise  by  increase  of  resistance 
should  not  exceed  70。  C.  (126°  Fah.),  for  shunt  field  coils  of 
direct-current  machines  in  this  class. 

(3)  Transformers. ― The  temperature  rise  of  transformers 
is  to  be  measured  at  their  rated  full  load  output,  under  th© 
conditions  specified  in  clause  1.  It  is  permissible,  liowever, 
to  reduce  the  time  of  test  by  running  for  a  time  on  an  overload 
in  current  and  pressure,  then  reducing  tlie  pressure  to  normal 
and  maintaining  at  this  until  the  required  standard  rate  of 
temperature  rise  is  attained.  Tlie  limit  of  permissibl&  tempe- 
rature rise  at  thei  rated  full  load  is  as  follows  ： ― 
Oil-cooled*  By  resistance  or  by  thermometer  in  the  oil  50°  C. 
Air-cooled.   By  resistance  or  by  thermometer    50。  C. 

(4)  Machines  for  Tropical  Conditions. ― For  tropical  con- 
ditions or  other  cases  where  the  cooling  air  temporatiiTO  is  in 
excess  of  35°  C.，  the  permissible  temperature  rises  shown  in 
the  preceding  clauses  aire  to  b©  reduced  by  20  per  o&nt.  This 
does  not  apply  to  macliineis  insulated  with  special  heat-resisting 
materials  in  aooordano©  with  clause  5. 

(5)  Special  Heat-resisting  Materials. ― The  limits  of  tempe- 
rature rise  shown  in  olausas  2，  3，  and  4  above  apply  to 
windings  whose  insulation  consists  wholly,  or  in  important 
part,  of  cot  ion,  paper,  varnish-ed  cloth,  or  similar  materials. 

Higher  temperature  rises  are  permissible  in  the  case  of 
windings  wlier©  asl^estos,  mica,  or  preparations  of  these 
materials  are  solely  relied  upon  for  insulation. 

(6)  Measurement  of  Cooling  Air  Temperature. ― The  air 
temperaiure  is  to  be  taken  as  the  mean  of  the  temperatures 
measured  at  regular  intervals  during  th©  last  quarter  of  the 
test  period .  When  the  machine  under  test  is  provided  with 
pipe  ventilation  or  forced  draught,  the  air  tempeirature  is  to 
be  measured  by  a  thermometer  placed  in  the  current  of 
incoming  aiir. 

In  the  case  of  machines  other  tlnan  those  referred  to  in 
the  preceding  paragraph,  tlie  air  temperature  is  to  be  taken 
as  the  mean  of  the  readings  of  two'  or  more  therm omet&rs 
placed  not  more  than  6ft.  from  th-e  maehine  and  on  a  level 
with  its  centre  on  opposite  sides.  So  far  as  possible,  these 
thermometers  should  bo  placed  so  as  to  measure  th©  current 
of  air  flowing  towards  the  machin-e,  but  they  must  not  be 
exposed  to  radiation  or  stray  draugrlifcs. 

(7)  Correction  for  Altitude. ~ -Wlien  a  machine  is  intended 
for  service  at  high  altitude,  the  permissible  temperature  rise, 
if  tesied  near  sea-level ,  is  to  be  reduced  2?>  per  cent,  for 
each  1,000ft. 


Tests  of  Locomotive  Springs. ― In  some  recent  tests  of  loco- 
motive spring  steel  made  of  oil-t'empered  chrome-vanadium 
steel  an  elastc  limit  of  256,0001bs.  was  reached.  In  the  tests 
oil -tempered  carbon  steel  springs  developed  an  elastic  limit  of 
】01，0001bs.，  and  chrome-nickel  springs  one  of  134，5001bs. 


COCHRANE  S  REVOLVING  CYLINDER  INTERNAL-COMBUSTION 

ENGINE. 

In  engines  of  the  revolving-cylinder  type,  lubricating  oil  is 
apt  to  collect  on  and  around  the  under-side  of  the  pistons 
under  the  action  of  centrifugal  force,  and  the  accumulation 
is  sometimes  sufficient  to  act  as  a  coating  which  is  a  non- 
conductor of  heat,  thus  causing  overheating  of  the  pistons 
and  consequent  binding  thereof  in  the  cylinders.  To  avoid 
this  difficulty,  the  inlet  valves  have  been  fitted  in  the  pistons 
so  that  the  carburetted  air,  passing  therethrough  from  the 
crank  case,  sweeps  off  the  oil  and  carries  it  into  the  cylinder. 
Such  arrangements,  however,  do  not  permit  of  adequate 
control  of  the  petrol  and  air  supply,  and  also  there  is  alwavs 
the  dangerous  liability  of  the  valve  failing  to  operate  properly 
and  a  consequent  accumulation  of  petrol  in  the  crank 
chamber,  which  may  be  the  cause  of  an  explosion  therein. 

To  overcome  these  disadvantages  the  engine  illustrated 
herewith  has  been  designed  and  patented  by  Mr.  、V.  Coch- 


FlG.  1.— COCHRANE'S  REVOLVING  CYLINDER  INTKHNAL-COMBUSTION  ENGINE. 

rane,  26d,  Clarges  Street,  London,  \V.  Fig.  1  is  a  sectional 
elevation  of  the  engine.  Figs.  2  and  3  are  cross-sections  of 
the  rotary  valve  and  its  casing,  the  sections  being  taken  at 
4 ― 4  and  5 ― 5  of  Fig.  1.  Fig.  4  is  a  cross-section  through 
the  carburetter,  and  Fig.  5  is  a  diagram  illustrating  one  mode 
of  driving  the  rotary  valves.  Each  cylinder  A  is  provided 
with  a  series  of  air  ports  B,  in  a  position  where  they  will  be 
uncovered  by  the  piston  C  when  it  reaches  the  end  of  its  suc- 
tion or  explosion  stroke.  The  piston  C  is  provided  with  ]>orts  D 
to  coincide  with  those  in  the  cylinder.  The  ports  are  in  the 
form  of  circular  holes,  and  those  in  the  piston  are  flush  or 
approximately  flush  with  the  under  face  E  of  the  piston  C, 
upon  which  the  oil  is  apt  to  accumulate.  In  this  way,  as  the 
air  rushes  in  through  the  ports  B  and  D  it  sweeps  over  the 
under  face  E  of  the  piston  and  carries  off  any  oil  which  may 
be  on  it.  The  air  which  is  drawn  into  the  crank  case  J  by 
the  cylinder  or  cylinders  which  happen  to  be  under  suction 
is  passed  through  a  perforated  hollow  crank  shaft  K，  and 
thence,  by  ducts  L,  to  the  various  inlet  valve  boxes. 

In  order  to  permit  of  control  of  the  air  supply,  the  inner 
end  of  the  crank  shaft  is  fitted  with  a  throttle  valve  M. 
When  this  valve  is  in  one  position  no  air  can  pass,  but  when 
it  is  moved,  for  instance,  by  a  rod  N，  air  can  pass  and  mix 
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with  petrol  fed  in  from  a  float  feed  device,  and  the  carburetted 
air  can  then  pass  to  the  cylinders.  A  second  valve  is  pro- 
vided to  regulate  the  passage  of  the  explosive  mixture  through 
the  perforations  in  the  shaft.  This  regulating  valve  P  is  of 
cyliiiflrical  form  and  revolves  or  oscillates  inside  the  per- 
forated j.orlioii  of  the  shaft  K,  being-  (>|n'ratr(l  from  outsido 
the  casing  by  a  lever  Q  The  valve  P  is  so  arranged  that  it 
also  controls  the  petrol  supply.  It  is  connected  to  a  per- 
forated central  sleeve  or  valve  R,  which  rotates  or  oscillates 
on  t  he  pet  rol  supply  pipe  S.  The  valve  P  has  slots  T，  adapted 
to  be  brou^lit  opposite  to  the  perforations  U  in  the  shaft  K， 


Fig.  4.  Fig. 
cochrane's  kevoiiving  cylinder  internal- combustion  engine. 

while  the  valve  R  has  perforations  adapted  to  be  brought 
over  slots  U  in  the  petrol  pipe  S.  By  moving  the  lever  Q 
into  position  1  (Fig.  4)  the  valves  are  so  set  that  only  air  is 
admitted.  On  further  movement  of  the  lever  into  position  2 
the  air  supply  is  diminished,  while  a  maximum  supply  of 
petrol  is  secured.  When  the  lever  Q  is  moved  into  position 
3j  both  the  air  and  petrol  supplies  are  cut  off.  The  valves 
are  rotated  by  gearing  X，  Y  driv:en  by  shafts'  Z，  in  turn 
driven  off  a  helically  cut  gear  wheel  W  on  the  engine  shaft, 
the  shafts  Z  having  pinions  meshing  with  wheel  W，  which 
drive  the  shafts  Z  in  the  required  ratio. 


STANDARD  SPECIFICATION  FOR  COPPER  TUBES  AND 
THREADS. 

The  Engineering  Standards  Committee  have  just  issued  their 
Standard  Specification  (No.  61)  for  Copper  Tubes  and  their 
Screw  Threads  (primarily  for  domestic  and  similar  work). 
The  standardisation  of  copper  tubes  was  first  considered  in 
connection  with  a  report  made  by  th-ei  late'  Mr.  Henry  Lea  to 
the  Sectional  Committee  on  Screw  Threads  and  Limit  Gauges 
in  October,  1911 .  The  consideration  of  this  subject,  together 
with  the  question  of  standardising  union  joints  and  otlier  tube 
connections,  resulted  in  the  appointment  of  the  Sub-Conmiitt^ee 
on  Metal  Tubes  and  Connections,  which  appointment  was  con- 
firmed by  the  Main  ConiiTiittee  on  July  1 8th ,  1912.  The 
Sub-Committ-e©  have  a'dopt'etd  Britisli  standard  pipe  threads 
for  the  h-eavier  i^auge-  1  ubes,  and  the  recammendations  of  the 
Sectional  Coinmitbeei  on  Screw  Threads  and  Limit  (bulges  as 
to  the  gauging  of  pipe  threads  have  been  largely  followed  in 
this  report.  In  drawing  up  t-heir  r eoo m n l en tl a t i o n s,  t  he  Sub- 
Cornmittoe  availed  theiins&lves  of  the  information  previously 
ohtained  by  the  Joint  Committee  on  Screwed  Copper  Pipe 
Standards  appointed  by  the  Institution  of  Jl^atin^  aiul 
Ventilating  Engineers  and  tlie  National  Association  of  Mastor 
H«  at  in  or  and  Domestic  Engineers,  and  record  their  apprecia- 
tion of  the  information  placed  at  tlieir  disposal  by  the  Joint 
Comniittee  and  of  the  pioneer  work  undertaken  by  thoni. 


ROLLING  MILL  PRACTICE  IN  THE  UNITED  STATES  + 

HY  -I.   PUPI'E,  D.ING. 

(Continued  from  page  6rj0.) 
Wiuk  Hon  Mills  (Table  III.). 
The  wire  industry  belongs  bo  the  mora  recently  established 
branches  of  the  steel  industry  of  the  United  States,  the  pro- 
.dviction  of  wire  rods  and  wire  nails  having  been  developed  in 
the  'eighties.  The  great  importance  of  the  wire  rod  and  wire 
manufacturing  industry  in  America  is  apparent  from  the 
statistics  of  the  iron  and  st trade  in  1909  ；  for  instance, 
the  production  of  rails  was  3,111,583  tons,  of  structural  steel 
2,275,562  tons,  and  of  wire  rod  2,335,685  tons.  This  enor- 
mous output  of  wire  rod,  which  exceeded  that  of  structural 
steel,  and  was  only  about  20  per  cent,  less  than  that  of  rails, 
is  explained  by  the  fact  that  not  only  the  home  requirements 
are  supplied,  but  that  a  large  export  trade  in  wire  and  wire 
nails  has  been  built  up.  From  1894  to  1908  the  export  of 
wire  rose  from  20,329  tons  to  174,690  tons,  and  that  of  wire 
nails  from  10,394  tons  in  1898  to  43,559  tons  in  1908.  The 
practice  of  wire  rod  rolling  differs  from  the  German  and 
British  practice  in  that  practically  the  only  size  rolled  is 
No.  5 ― 5*4  mm.  diara.,  or  about  /^in.  No-  6,  which  is  the 
usual  size  in  Europe,  is  hardly  ever  manufactured.  But  the 
American  wire  rod  differs  not  only  in  diameter,  but  also  as 
regards  the  quality  of  the  finished  product.  The  rods  vary 
considerably  from  a  true  circular  section,  so  much  so  that 
in  many  cases  they  can  hardly  be  called  round  iron  at  all, 
whereas  in  German  practice  a  good  circular  section  is  the 
rule.  One  disadvantage  of  making  rods  of  irregular  section 
is  that  very  heavy  wear  and  tear  of  the  draw-plates  results 
in  drawing  the  wire,  and  it  is  now  almost  the  universal  prac- 
tice to  use  chilled  metal  for  the  draw-plates,  as  steel  plates 
will  not  stand.  It  is  considered,  however,  that  it  is  a  more 
profitable  thing  to  aim  at  a  large  production  than  to  bestow 
care  upon  these  technical  details,  attention  to  which  is  less 
necessary  on  account  of  the  fact  that  most  of  the  important 
wire  rolling-mills  have  wire-drawing  works  attached  to  them, 
which  have  no  option  but  to  take  the  material  supplied  by  the 
mill  in  connection  with  which  they  work. 

It  is  undoubtedly  possible  to  obtain  a  larger  production 
by  rolling  a  thicker  size  of  wire  rod,  but  calculation  would 
probably  show  that  any  advantage  so  gained  is  completely 
neutralised  by  the  increased  number  of  rejections,  a  greater 
expenditure  on  draw-plates,  and  a  larger  number  of  drawing 
operations.  In  fact,  the  cost  of  working  up  wire  rods  of 
special  quality,  of  No.  5  hardness  or  upwards,  such  as  are 
used  for  wire  ropes  and  other  special  purposes,  would  be 
prohibitive  if  they  were  not  accurately  round,  a  fact  which 
no  doubt  accounts  for  the  importation  of  wire  rods  of  high 
quality  when  required  for  special  purposes. 

With  regard  to  the  arrangement  of  wire  mills,  the  older 
type,  known  as  the  Belgian,  also  the  German  or  Garrett  type, 
are  still  in  use  as  well  as  the  continuous  mill,  which  has  been 
brought  to  a  high  degree  of  perfection  by  the  Morgan  Con- 
struction Company.  It  is  scarcely  necessary  to  do  more  than 
to  refer  to  the  existing  literature  where  these  mills  are  fully 
described,  although  a  few  characteristic  details  may  be  men- 
tioned. In  the  first  place,  the  continuous  wire  mill  has  been 
more  and  more  widely  adopted,  which  is  no  doubt  due  to  the 
fact  that  the  continuous  type,  while  giving  nearly  as  large  an 
output  as  the  Garrett  mill,  is  more  economical  on  account  of 
the  very  small  amount  of  labour  required  to  serve  it.  The 
quality  of  the  finished  product  of  a  continuous  mill  is,  how- 
ever, much  inferior  to  that  of  a  Garrett  mill,  which,  in  the 
author's  opinion,  is  due  not  only  to  the  practice  of  rolling 
several  wires  alongside  of  one  another,  which  is  also  a  feature 
of  the  Garrett  mill,  but  principally  to  the  fact  that  the  rod 
is  liable  to  be  stretched  between  the  several  stands,  and  the 
effect  of  this  straining  is  at  once  noticeable  in  the  finished 
rod.  The  stretching  is  primarily  due  to  variations  in  the 
structure  and  dimensions  of  the  billet  as  well  as  to  the  uneven 
beating  of  the  billet  aud  blowholes  in  the  material,  and 
it  is  quite  impossible  to  control  or  entirely  to  remove  these 
defects.  In  rolling  flats,  tube  strip,  or  hoop  iron  in  con- 
tinuous mills,  the  difficulty  is  met  by  means  of  special  guides, 
it  being  absolutely  necessary  to  guard  against  a  reduction  of 

•  paper  presented  at  the  annual  meeting  of  the  Iron  and  St«el  InBtitate, 
May,  1913. 
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section  due  to  stretching  in  the  case  of  such  material,  as  the 
pieces  would  be  useless  if  they  were  of  uneven  thickness. 
But,  in  the  case  of  wire  rod,  the  main  object,  as  before  stated, 
is  to  get  a  large  output  rather  than  a  high  quality  of  rod, 
the  home  consumers  being  dependent  on  the  manufacturers 
on  account  of  the  high  protective  duty. 

In  the  five  wire  rolling-mills  which  were  inspected,  five 
entirely  continuous  mills  were  noted,  and  only  one  Garrett 
mill.  The  continuous  mills  are  always  arranged  in  two 
sections,  six  stands  generally  forming  a  roughing  train  in 
which  the  bar  is  first  rolled  down  and  afterwards  finished  in 
the  subsequent  continuous  stands.  The  number  of  stands 
depends  upon  the  initial  section,  bub  there  are  generally  16 
stands,  the  initial  section  of  the  billet  being  l^in.  by  1  Jjin. 
The  continuous  wire-rod  mills  of  the  American  Steel  and 
Wire  Company,  on  the  other  hand,  use  4in.  billets  in  the 
older  Garrett  mills,  and  have  retained  this  size  in  the  newer 
continuous  mills,  for  the  reason  that  their  cogging  and  billet 
mills  produce  such  billets  very  economically.    The  two  con- 


product  is  not  of  high  quality.  The  special  applicability  of 
continuous  mills  would  therefore  be  to  the  production  of 
semiproducts,  such  as  billets,  flats,  or  wire  rod.  As  roughing 
trains  for  merchant  mills  or  mills  for  hoops  and  small  sec- 
tions they  are  not  to  be  recommended  from  the  point  of  view 
of  output,  especially  where  several  merchant  mills  require 
to  be  served.  Another  drawback  is  that  the  stretch  of  the 
rod  between  two  stands,  with  the  resulting  variation  in  sec- 
tion, cannot  be  guarded  against,  and  this,  under  European 
conditions,  would  inevitably  lead  to  the  rejection  of  the 
material.  The  only  simple  Garrett  mill  observed  was  that 
of  the  American  Steel  and  Wire  Company  (No.  3)，  which 
consists  of  two  cogging  stands  and  three  roughing  and 
finishing  sets.  The  4in.  billet  is  rolled  down  in  18  to  22 
passes,  according  to  the  required  thickness  of  the  wire  rod. 
In  comparing  the  advantages  and  disadvantages  of  the  two 
types  of  wire  rolling  mills,  the  fact  has  to  be  taken  into  con- 
sideration that  with  the  latest  type  of  Garrett  mill  th? 
number  of  hands  required  to  serve  the  mill  lias  been  rediuv  d 


Table  III.— Wire  Bod  Mills. 


No. 

Name  of  Company 

Type. 

No.  of 

Particulars  of  Drive. 

Roll 

Initial 

No.  of 

Speed  of 
Leaving 
Rolls. 

Output. 

and  Place. 

Stands. 

Type. 

Dimen- 
sions. 

Revo- 
lutions 

Capacity 
(H.P.).' 

I'iaiii. 

Section. 

Passes 

1 

Jones  &  Laughlin 
Steel  Co.  (Ali- 
quippa) 

Continuous 

10 

Flywheel  com- 
pound 

865/1620 X 
1370 

100 

2080  I.  H.  P. 

(i  stands 

12in. 
10  stands 

lOin. 

\\  X  12  in. 

16 

3350ft.  per 
minute 

194  tons  in 
12  hours 

2 

American  Steel  and 
Wire  Co.  (Ameri- 
can Works) 

Continuous 
Continuous 

5 
1G 

Flywheel  com- 
pound 

1400 

lOin. 

4x4in. 

21 

3350ft.  per 
minute 

1  bundle  fi- 
nished ia 
40  seconds 

3 

American  Steel  and 
Wire  Co.  (Ameri- 
can Works) 

Garrett  - 

2  roughing 

3  ；  1  loop 

4  ；  2  loops 
4  ；  3  loops 

Flywheel  com- 
pound 

1  Flywheel  com- 
1  pouivl 

1 

/ 

1000 
3300 

lOin. 

4x4in. 

18-22 

200  tons  in 
12  hours 

4 

Youngstown  Sheet 
and  Tube  Co. 
(Struthers) 

Continuous 

16 

Horizon  tal-verti 
cal  compound 
engine 

860/1625 x 
1220 

X 

16 

5 

American  Steel  and 
Wire  Co.  (Wau- 
kegan) 

snonui^uoo-j{Bj{ 

Continuous 

Continuous 

3  loops 

Continuous 
1  loop 
1  loop 

1  flywheel  engine 
(bevel  wheels) 

1  llywheel  engine 
(l)e vol  wheels) 

2  Hywheel  engine 

(belt) 
1  flywheel  engine 

' (belt) 
1  rtvwheel  engine 

(belt) 

f 

2500 
2000 
1200  oarh 

1200 
1200 

lnin. 
lOin. 
lOin. 

lOin. 

lOiM. 

4x4iu. 
； diameter 
； diameter 

I  diameter 
； dianieter 

8 
12 
11 

}i。 

tinuous  mills  (Nos.  2  and  5)  consequently  consist  of  21  and 
20  stands  respectively.  In  No.  2  mill  the  two  group®  of 
stands  are  arranged  at  right  angles  to  one  another,  and  the 
rod,  after  roughing  down,  is  turned  round  through  an  angle 
of  90°.  Between  the  turning  table  and  first  finishing  stand 
a  reheating  furnace  is  interposed.  The  five  roughing  stands 
might  be  regarded  as  a  billet  mill,  especially  as  the  16  finish- 
ing stands  are  further  sub-divided  into  two  sets,  between 
which  a  shears  is  interposed.  One  of  tha  largest  wire-rod 
mills  is  that  of  the  American  Steel  and  Wire  Company  at 
Waukegan  (No.  5)，  in  which  one  continuous  roughing  train 
of  eight  stands  supplies  an  entirely  continuous  mill  and  two 
mixed  mills  with  material.  The  bar,  about  l^in.  square, 
coming  from  the  continuous  roughing  rolls,  is  led  to  the  three 
trains,  in  which  it  is  immediately  finished  in  several  loops. 
The  performance  of  the  roughing  mill  is  quite  remarkable, 
and  shows  how  well  the  continuous  mill  is  suited  to  the 
conditions  of  a  large  output.  The  eight  stands  deal  with  the 
whole  production,  averaging  about  800  tons  per  24  hours, 
the  maximum  achievement  being  957  tons.  As  this  is  on  a 
scale  with  the  performance  of  a  continuous  billet  mill,  this 
roughing  train  may  also  be  characterised  as  a  billet  mill 
rather  than  as  a  rod  mill. 

According  to  the  foregoing,  the  economy  and  capabilities 
of  the  continuous  mills  may  be  summed  up  under  two  heads, 
namely,  output  and  quality  of  product.  The  output,  as  has 
been  noted,  is  exceedingly  high,  but,  on  the  other  hand,  the 


by  the  introduction  of  "  repeater  "  guides,  and  these  mills 
now  require  no  more  labour  than  the  continuous  mills.  The 
roll  diameter  of  the  wire  mills  is  stated  to  be  lOin.,  though 
it  may  be  assumed  in  the  case  of  the  non-continuous  mills 
that  the  diameter  of  ths  last  stand  of  rolls  is  somewhat 
larger,  in  order  to  prevent  the  loops  becoming  too  great . 

The  great  outputs  of  the  wire  rolling-mills  are  obtaim'd 
by  a  comparatively  heavy  pressure  on  the  rolls  such  as  soft 
material  can  readily  stand,  but,  above  all,  by  employing,  in 
the  continuous  mills,  a  very  high  rate  of  speed  on  leaving"  the 
rolls.  In  non-continuous  mills  the  speed  is  limited  to  about 
22ft.  to  25ft.  per  second,  as  this  is  the  maximum  speed  at 
which  it  is  possible  for  a  man  to  catch  the  end  of  the  rod. 
This  would  be  about  the  speed  in  the  wire  rolling-mills  in 
Germany.  In  the  American  continuous  mills,  ou  the  other 
liand,  the  speed  of  the  wire  on  leaving  the  rolls,  as  shown  in 
Table  III.,  is  3,350ft.  per  minute,  or  56ft.  per  second,  whereas 
in  the  only  German  continuous  wire  rolling-mill  at  Esch  the 
speed  with  which  the  wire  leaves  the  roll  is  not  more  than 
48ft.  per  second. 

Slabbing  and  Universal  Mills  (Table  IV  ). 

The  slabbing  mill  witli  vertical  rolls  is  a  type  of  mill  whicli 
is  not  familiar  in  European  practice.  In  discussing  cogging 
mills  in  Part  I.  of  the  paper,  it  was  mentioned  that  the 
latter  are  not  available  for  rolling  billets  in  different  sections, 
and  particularly  slabs,  as  they  are  kept  fully  occupied  in 
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supplying  material  to  the  milU  forming  an  integral  part  of 
the  installation.  A  kind  of  modification  of  a  cogging  mill 
has  been  developed  which  serves  both  for  cogging  in  the 
ordinary  way  and  for  rolling  slabs  and  flat  blooms.  Tlie 
American  slabbing  mill  is  a  universal  mill  with  two  reversible 
horizontal  rolls  and  two  or  three  vertical  rolls  running  in 
liousings  of  special  construction.  Such  mills  are  used  for 
rolling  out  blooms  and  universal  plates,  also  for  heavy  square 
billets.  Or  the  vertical  rolls  can  be  removed  from  their 
bearings  and  the  mill  used  for  rolling"  thick  plates.  With 
the  vertical  rolls  it  can  also  work  as  an  ordinary  cogging  mill, 
and,  by  using  grooved  rolls,  I-girders  can  be  roughe<l  down 
on  it,  as  at  the  Lackawanna  Steel  Company's  works.  Thus, 
in  the  case  of  this  mill,  it  is  to  be  noted  that  the  manufacture 
of  various  intermediate  products   is   concentrated    in  one 


Within  t  lie  author's  knovv'lc<J^'  an  att^nipt  lias 
made  in  Germany  to  adopt  the  latter  form  of  <x> instruc- 
tion in  a  universal  mill  for  slabs  of  44in.  maxiniurn  wi'ltli 
down  ta  strip  under  8in.  widt  h.  The  lack  of  succesH  wa.s  due 
not  to  any  defect  of  design,  but  simply  to  economical  causes, 
as  it  did  not  pay  to  roll  narrow  strips  in  a  heavy  univ^rsil 
mill  requiring  motive  power  sufficient  for  driving  the  i/ull 
when  working  on  material  of  the  maximum  size.  In  other 
respects,  too,  these  slabbing  mills  are  of  very  massive  con- 
struction, being  designed  to  take  ingots  and  slabs  averaging 
6  to  7  tons  and  sometimes 】0  tons  in  weight.  The  following 
weight  figures  give  some  idea  of  the  size  of  the  Lackawanna 
slabbing  mill  ：  Berl-plat^s,  161  tons  ；  bed-plate  girders,  69  7 
tons  ；  housings  for  horizontal  rolls,  1 15  tons  ；  housings  for 
vertical  rolls,  81*5  tons  ；  pinion  housings,  63  tons. 


Taiu.e  IV. ― Slabbing  and  Universal  Mills, 


No. 

、：, ，"r  of  company 
and  plat'f. 

Type 

I'iirticuljir.s  ('f  drive 

Rolls. 

Clans  of  nmt'  rial  rolled. 

Output. 

UmizontU  rolls. 

Vertical  rolls. 

Horizontal. 

Vert  if-al. 

Type  and 
(linirn>ioiis. 

tions. 

0<iar 
ratio. 

Typi-  and 
(liimiisioiis. 

(irar 
ratio. 

No. 

Diini-nsions. 
{  nun.)- 

Sit. 

hi'llrl 卜 

(mm.). 

Stt'fl  Cu. 

Sl:il 山" 1"' 

Duo 

engine 
l,lfiH  l,r,24 

:  1 

Ki-\  rr^int; 
914  x  1,219 

2 

8U  dia.  X  1829 

3 

559  dia. 

SlabH  up  to  1,372x762  mm. 
Universal  plati's,  Monrns, 
h't«,  nm^h'shiipod  for  】"_M?ams 
ovor  9-in.  dr]>th. 

2 

I,;t'k:i":um;t 
Steel  Co. 

I  iti\crsji.l 

No.  5 

Rcvt-rsitiy  engine 
8,000  \\.\k 

engines. 
1,397    1  ,：.24 

I>in-ct 

2 

762  dia. 

445  dia. 

Universal  plates  up  to  1,219 
mm.    w  idr.    Itloonis   up  to 
1,82.3  mm.  u  idc. 

150,000  ton»  yearly. 

(';u iii'yir  Steel 

CO.  (llollH- 

stcad). 

Slabbing 
Duo 

Ii.p. 

19  :  37 

Kc\t']>in^ 
711  U 

N 

2 

815  dia.      1  2 
(In 

5U8 
h(>， 卜 

SUbs  and  hlooms. 

Carnegie  Strcl 
Co.  (Ilumi- 
bteatt). 

I'nivc  i>al 
Duo 

T、、i"  n  \  oising 

1,1167  1..V24, 
li.p. 

84 

Samr 

OlIgilLr. 

w  p 

660  din. 
nf  greater  dia.) 

4 

410 

I'nivcrsjil    plati>    (,r  arniuiir 
up  ttt  l ,ooo  mm.  \\ i'lc. 

1,500  toub  daily. 

5 

t'ariicgit'  .Steel 
Co.  (Homt-- 

Duo 

Twin  rrvci>iny 
engine, 
1/270  1,：)24 
5,900  h.i>. 

75 

Dir('H 

Same 
engine 

2 

915  dia. 

4 

445 

1*1h( f>  up  to  1  .-20  mill.  \\  i<I(.'. 

OoO  lOIln  <I«II>  ,  1U,.J»AI 

tons  monthly. 

6    Natiunal  Tube 
Co. 

Slabbing 
Duo 

1  v.  in  ri'\ .  r^iii^ 
l.lG.j  1,：»24 

5:7 

Twin  re- 
versing 

1)1；)     1,2  JO 

2 

815  dia.  x  165U 

2 

80U  dia. 

H:"'  、lr''m        l.u:ju  Mini. 、"小 
Slab>  for  univcj >al  mill. 

'Hin  toil,  in  19IU. 

National  Tube 
Co. 

Uiiivnsil 

Trio 
(Lautli) 

Taiulcm  cuni- 
Itouiul, 
4, 0U0  Ii.p. 

8"- 135 

Same 
ongiin1. 

3 

2 

S 

Plates  from  230-1.08U  mm.  wiUc 
very  thin. 

8 

Indiana  Strcl  t'o. 
(Gary). 

l'iiiv(*i>al 
Trio 

A.C.  in 山'' li'm 
inot(»i . 
volts, 
rvrlcs, 
4,.".IH)  (i,)MM)ll.l>. 

40-80 

4  :  3 

Shimc  motor 

3 

900  dia.  x  2,150 

510x880 

Plates  350-1,525  mm.  wide  x 
7-."i()  mm.  thick.  Maximum 
1,'nytli  4：!  in.      Blooms  ti|)  to 
1,825  mm.  \\'n\v. 

PUtrs    36  m.  xl.4J  t 
9*5  mm.  arc  roiled  iu 
19  paws  from  a  >\nh 
1.423  '  l..»24    2.»4  mm 
Time,  Hii  、'■<、.  ;  ri'Uuc- 
tion,  16  prr  cent. 

9 

Illinois  .StiH'l  t". 

Universal 
Duo 

Flywlucl 
iinliutiuu 

D.C. 
"'('i"、mtor， 
llyiirr-l.coiiar'l 
control  ；  start- 
ing (lyiiamo, 
n,i)()0  kilowatts. 

(iitii  \  ults  ； 
XX\  induction 
motor, 
1， 誦 h.p. 
two  motors  at 
2,000  h.p., 
575  volts. 

Svnchr. 

;J75-30U 

Same  mutui 

2 

610  dia.  l,7i"' 
(Journal  457 
dia.) 

356  <lia. 

{.loimial 
203  du.) 

Platen  16：»-7；»0  in m.  wide,  12*7 
-50*8  nun.  thuk  ；  maximum 
K'ngtli,  24  m. 

75,000  tons  yearly. 

10 

V(iuni;st<)\\n 
Shret  ail" 

1  iiiMisal 
Duo 

Twiu  i'，'v('r""g 
engine, 
1  1,120X1,524 

Samr 
ciiginr. 

2 

IMatt^  up  to  1,040  mm.  w  'uW. 
Itlooms  up  to  1,681)  nnu.  widv. 

unit,  in  contrast  to  the  prevailing  practice  of  specialisation, 
by  running  a  whole  plant  on  one  class  of  product  only. 

The  arrangement  of  three  vertical  rolls  (Fig  2),  of  which 
one  is  driven  by  the  friction  of  the  bloom  (No.  1，  Lackawanna 
Steel  Company),  is  such  as  to  permit  the  rolling  of  slabs  and 
blooms  to  as  great  a  width  as  possible,  without  unduly 
weakening  the  mill,  and  also  to  give  a  better  grip  of  the 
piece.  The  same  object  is  attained  in  the  slabbing  mill  of  tbo 
National  Tub©  Company  by  mounting  the  vertical  bevel  gear 
wheels  on  two  special  shafts,  which  permit  the  horizontal 
bevel  wheels  to  clear  one  another  when  the  rolls  are  brought 
close  together.  In  order  to  cause  them  to  bite  better,  the 
vertical  rolls  are  roughened.  In  the  Lackawanna  mill  it  is 
possible  to  roll  slabs  of  a  minimum  width  of  18 gin.,  and  in  the 
National  Tube  Company's  mill,  of  14in.  At  the  same  time 
there  is  sufficient  room  for  bevel  gear  wheels  of  an  excep- 
tionally heavy  design,  the  pitch  circles  of  the  wheels  in 
the    present    cases    being    57in.    and    52in.  respectivelv. 


The  total  weight  of  this  rolling  mill,  including  roll  beds 
and  engines,  is  1,900  tons.  The  comparatively  small  roll 
diameter  of  3*2.^11.  in  all  the  slabbing  mills  inspected  is  due 
to  the  very  compact  construction  and  short  length  of  roll 
body,  but  it  permits  of  reducing*  the  cross-section  in  large 
percentages  at  a  time  with  a  low  power  consumption.  In 
the  presence  of  the  author  a  plate,  66iin.  wide  by  §in.  thick, 
was  rolled  down  from  a  slab  measuring  37in.  by  4Jin.  by 
6ft.  2in.  long,  in  15  passes,  the  time  being  74  sees. ,  corre- 
sponding to  an  average  reduction  of  section  of  12  per  cent, 
per  pass,  which  is  a  very  high  rate. 

In  all  the  universal  mills  inspected  except  one  the  arrange- 
ment differs  from  the  usual  German  arrangement  in  having 
a  pair  of  vertical  rolls  on  both  sides  of  the  stand.  This  has 
the  advantage  that  both  in  the  trio  and  reversing  duo  the 
piece  is  worked  in  each  direction  under  equal  conditions. 
That  the  practical  importance  of  such  an  arrangement  is  uot 
of  much  value  is  shown  bv  the  fact  that  this  form  of  construe- 
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tion  has  been  abandoned  in  newer  mills,  or,  at  all  events,  is 
now  very  seldom  adopted.  Constructional  considerations  are 
also  opposed  to  it,  as  a  second  pair  of  vertical  rolls  only  adds 
to  tho  chances  of  a  breakdown. 

There  was  also  noted  at  the  works  of  the  National  Tube 
Company  a  3-high  Lauth  mill,  which  rolls  plates  of  great 
length,  ranging  from  9in.  to  42in.,  and  of  extreme  thinness. 
The  mill  is  very  compactly  built  in  order  to  ensure  even 
thickness  in  the  plates.  It  is  driven  by  a  4,000  h.p.  engine, 
the  revolutions  of  which  can  be  varied  from  80  to  135  per 
minute,  so  that  the  roll  speed  may  be  increased  as  the  plate 
cools  during  rolling.  Plates  measuring  120ft.  long,  2:Uin. 
wide,  and  ^in.  thick  were  rolled  and  finished  in  75  sees. 

A  3-high  mill  with  the  rolls  all  of  equal  diameter  was 
seen  at  the  works  of  the  Indiana  Steel  Company.  The  method 
of  driving  this  mill,  which  may  be  regarded  as  standard  for 
trios,  will  be  discussed  further  on.    The  universal  rolling  mill 


Fig.  2.— Driving  Abrangement  of  Vertical  Koi^ls  in  Slabbing  Mill  of  the 
National  Tubk  Company. 

of  the  Carnegie  Steel  Company  at  Homestead  shows  a  peculiar 
arrangement.  It  has  a  reversing  2-high  mill  with  a  pair  of 
vertical  rolls  on  either  side  of  the  stand  ；  the  horizontal  rolls 
are  stiffened  by  idle  rolls  of  nickel  steel,  larger  in  diameter 
than  the  driven  rolls,  and  placed  one  above  and  on©  below 
these.  Hard  armour  plates  of  considerable  width  are  rolled, 
and  the  high  production  of  1,500  tons  in  24  hours  is  only 
rendered  possible  by  this  construction,  especially  as  the 
diameter  of  the  horizontal  rolls  is  somewhat  small  for  the 
conditions.  The  American  universal  mills  are  mostly 
arranged  so  that  the  vertical  rolls  can  he  removed  for  rolling 
sheets,  which  is  a  particularly  useful  feature,  as  they  can  th&n 
work  on  sheets  for  stock  when  not  full  up  with  orders  for 
universal  plates.  The  mills  are  made  to  take  plates  as  wide 
as  possible  ；  for  instance,  at  Gary  plates  from  14in.  to  60in. 
in  width  are  rolled,  whereas  in  Germany  43in.  is  seldom 
exceeded. 

(To  be  continued.) 

The  Junior  Institution  of  Engineers* —— On  the  4JI)i  h  aiuiiver- 
sary  of  the  foundation  of  the  Jumor  Institution  of  Engineens, 
Muti'Iav,  . 1 1 1  n c  30ih,  1913，  at  the  Institution  of  Electrical 
Engineers,  Victoria  Embankment,  the  second  Gustav©  Canet 
lecture  will  be  delivered  by  Dr.  Dug  aid  Clerk,  F.R.S.,  who 
has  chosen  as  his  subject  "  Tho  Working  Fluid  of  Inbernal- 
coni bustioin  Engines. ' '  Thei  late  M .  Gustavo  Canet  (Past 
President  of  the  Institution  of  Civil  Engine&rs  of  France)  was 
President  of  1  ho  Junior  Institution  of  Engineers  in  1907-8， 
his  death  occurring  at  the  close  of  his  term  of  office.  In 
accordance  with  a  wish  he  had  expressed,  Madame  Canet, 
MM.  Paul  and  Albert  Canet,  and  their  families,  presented  a 
sum  of  money  to  the  Institution  to  form  a  gold  medal,  in 
commemoration  of  his  presidency.  This  gold  medal  is  awarded 
(|ii;i'lretinially  to  an  officer  or  member  of  the  Institution 
invited  by  the  Council  to  deliver  a  lecture  on  a  subject  of 
importanoe  to  the  migiiu't't  i and  sriont i fie  world.  The  lirst 
award  was  made  in  1909，  the  lecture  on  "  Tlw  Knginee.ring  of 
Ordnance  ，，  being  delivered  by  Lieut,  (now  Sir)  A.  Trevor 
Dawson,  R.N.,  M.Inst.C.E.,  M.LMech.E.  (President  of  the 
Institution  1912-13),  who  will  preside  on  the  occasion  of  Dr. 
Dugald  Clerk's  lecture. 


PRACTICAL  OPERATION  OF  GAS  ENGINES  USING 
BLASTFURNACE  GAS  AS  FU 已 L， 

JiY  CHARLES  C.  SAMPSON. 

The  question  of  the  operation  of  gas  engines  using  blast- 
furnace gas  as  fuel  includes  several  important  factors  outside 
the  actual  operation  of  the  engines  tliiemselves.  The  usual 
blast-furnace  gas  has  the  following  composition  :  Carbon 
monoxide  23  per  oe*nt.,  carbon  dioxide  12  per  cent"  liydrogen 
2  per  cent.,  methane  2  per  cent.,  vapour  of  water  3  per  cent., 
nitrogen  58  per  cent.,  and  a  calorific  or  heating  value  of  about 
900  cal.  per  cubic  metre,  and  gives  a  consumption  of  3  cub.  m. 
per  indicated  horse- power  in  the  engine. 

Cleaning  of  the  Gas. ^ One  of  the  most  important  of  these 
factors  and  one  which  held  back  the  general  use  of  these 
engines  many  years  is  the  cleaning  of  the  gas.  As  delivered 
by  the  furnaces  to  the  down -comer  the  gas  contains  normally 
from  3  to  10  grains  of  dust  per  cubic  foot  of  dry  gas,  but  at 
times  of  slips  or  other  sudden  changes  in  the  furnace,  it 
carries  much  more.  For  use  in  engines  the  gas  must  be 
cleaned  at  most  to  0'02  grains  of  dust  to  satisfy  the  require- 
ments of  the  engine  builders,  but  even  this  figure  is  too  high 
to  satisfy  tlw  operating  engineer,  since  it  is  possible  to  clean 
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Fig.  1.— Centrifugal  Dust  Catcher. 

the  gas  to  0  005  or  0'006  grains  per  cubic  foot  with  great 
benefit  to  the  engines. 

The  method  of  cleaning  most  used  at  present  has  three 
stages  ：  (a)  dry  cleaning  to  1^  to  2  grains  per  cubic  foot,  which 
is  always  done  by  the  blast-furnace  department  ；  (b)  primary 
washing  in  static  washers  to  about  0'15  grains  per  cubic  foot  ； 
(c)  dynamic  or  mechanical  cleaning  in  highly  developed 
machines  to  0.015  or  less.  The  last  stages  are  usually  handled 
by  the  gas-engine  departments,  though,  as  the  furnace  men 
realise  more  and  more  that  a  cleanliness  of  0*2  grains  per  cubic 
foot  or  less  is  of  great  benefit  to  the  stoves  and  boilers  they 
will  take  over  the  second  stage,  leaving  ouly  the  final  cleaning 
for  the  gas-engine  department. 

The  dry  cleaning  is  done  in  dry  dust  catchers,  the  standard 
design  being  a  large  diameter,  vertical,  cylindrical  shell  into 
which  the  gas  enters  tangentially  near  the  top  and  leaves 
through  a  vertical  outlet  pipe  which  extends  about  two-thirds 
down  from  the  top.  These  dust  catchers  remove  the  heavier 
particles  of  dust,  but  their  efficiency  is  only  about  80  per 
cent,  as  they  pick  up,  or  perhaps  do  not  drop,  the  finer  dust 
、vhi(、h  is  carried  on  by  the  upward  current  of  gas  to  the  out  let . 

The  refinement  of  design  in  dry  cleaners  has  advanced 
materially  in  th©  past  thre«  or  four  years,  as  shown  in  the 
modern  apparatus  resulting  from  the  careful  study  of  the 
problem.  One  of  the  latest  of  these  is 七 he  centrifugal  dust 
catcher  shown  in  Fig.  1 .  This  device  makes  use  of  the  centri- 
fugal separation  of  dust  from  the  gas  as  it  passes  inward 
through  a  cylindrical  spiral  opening  into  a  dust  basin  at  the 

*  Paper  presented  beforo  the  American  Society  of  Mccbauioal  Engineers. 
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bottom.  The  gas  enters  ab  tlio  top  of  tho  outside,  leaves  at 
the  top  of  the  inner  end  of  the  spiral  and  passes  upward 
through  an  extension  of  the  pip©  around  which  it  is  wrapped. 
The  gas  passes  free  of  all  obstructions  at  the  upper  end  ol  the 
spiral  while  the  dust  separated  drops  to  the  bottom  througli 
tiie  open  end.  There  is  no  tendency  for  tlie  gas  to  pick  up  tue 
separated  dust  and  carry  it  out  as  is  the  case  in  the  older 
types  of  dry  cleaners. 

丄1；  is  frequently  found  that  sudden  changes  in  the  direction 
oi'  How  of  tli©  gas,  as  at  water  seals  on*  other  lLeoeseary  bends  in 
the  pipe,  are  quit©  ■efficient  in  the  removal  of  the  dust.  In  one 
ca»e  gas  carrying  about  5  grains  per  cubic  foot  passed  through 
four  sharp  bends  and  gave  all  dust  but  about  2  grains  per 
cubic  loot.  For  this  reason  every  part  of  the  dry  gas  main 
wliere  such  bends  are  iueceeisary  can  be  made  to  assist 
materially  iu  the  cleaning  of  tho  gas,  if  pockets  are  added 
equipped  with  valves  so  that  tli©  dust  can  be  couveinently 
removed. 

Where  long  gas  mains  are  necessary  they  can  bo  made  to 
add  to  the  cleaning  of  the  gas  by  building  them  in  successive 
lengths  with  sufficient  rise  and  tall  to  allow  the  dust  bo  settle 
in  pockets  at  the  bottom  angles  for  cleaning.  If  the  gas  for 
any  reason  moves  slowly  in  a  long  main  the  loss  of  heat 
through  the  pipe  will  probably  reduce  the  temperature  below 
tlie  dew  point  and  thus  co^iidense  some  of  tho  moisture  carried, 
with  the  gas  from  the  furnace  and  cause  the  deposit  of  wet 
dust  which  adds  greatly  bo  the  cleaning  plant  labour.  This  is 
specially  apt  to  occur  where  two  or  more  groups  of  furnaces 
supply  one  washing  plant  ；  the  gas  from  the  one  with  the 
lower  top  pressure  will  move  slowly  or  even  reverse  its  direc- 
tion of  flow  at  times,  allowing  excessive  cooling  and  the 
resulting  condensation.  This  condensation  will  begin  when 
the  temperature  is  reduced  to  115°  to  120°  Fall,  and  will  of 
course  give  more  trouble  in  winter  when  the  condensed 
moisture  will  freeze  in  the  dust  valves  and  drips  and  require 
continual  thawing  to  allow  its  removal. 

It  is  possible  to  keep  the  gas  mains  clean  without  taking 
them  out  of  service  if  thoy  are  equipped  with  sufficient  open- 
ings to  allow  every  part  of  the  pipe  to  be  reached  with  a 
stream  from  a  high- pressure  water  system,  and  with  valves  or 
doors  at  all  law  points  for  the  removal  of  the  mud  washed 
down.  The  mains  n&ar  the  furnace  of  course  do  not  need  this 
equipment  as  they  can  easily  be  designed  to  make  them 
entirely  self-cleaning,  while  it  is  quite  necessary  that  long 
mains  where  condensation  may  occur  bo  so  equipped. 

The  present  primary  washers  (the  first  stage  of  wet  clean- 
ing) are  of  the  static  scrubber  type  and  include  all  those  in 
winch  the  gas  passes  through  a  stationary  shell  without 
moving  parts,  the  water  for  washing  being  supplied  either  in 
spray  or  sheets.  The  spray  and  hurdle,  Mullen 3  baffle,  and 
rain  type  scrubbers  oome  Hinder  this  classification.  The  spray 
and  hurdle  system  is  preferred  on  account  of  its  better  dis- 
tribution of  water,  and  since  it  is  &eJf-cleauing  it  needs 
inspection  only  after  long  periods  of  operation.  Several  of 
these  scrubbers  have  been  opened  after  from  one  to  three 
years'  service  and  in  every  case  have  been  found  perfectly 
clean  and  required  no  repairs  whatever  before  being  returned 
to  service.  The  wood  was  in  good  condition,  as  it  is  con- 
tinually wot  and  oxygen  dees  not  have  access  to  it  to  start 
decay.  In  the  rain  or  baffle  types  the  gas  is  more  apt  to 
channel  and  travel  up  on&  side  of  the  scrubber  and  the  water 
down  the  other. 

It  is  important  to  secure  uniform  distribution  of  the  gas 
as  well  as  of  the  water  in  any  scrubber.  For  the  inlet  a  cone 
about  two-thirds  the  diameter  of  the  shell  with  a  cone-shaped 
ring  below  it  open  in  the  centre  about  one-half  the  diameter 
of  the  shell  will  give  good  distribution.  These  should  both 
slop©  about  45°  to  keep  the  mud  from  remaining  on  them. 
Two  outlets  at  opposite  sides  of  the  top  are  better  than  one 
on  account  of  the  deflection  of  the  water  by  tlie  gas  currents 
if  only  one  is  used.  This  is  particularly  true  if  the  water  is 
sprayed  by  falling  on  spray  plates  as  the  gas  current  may  tlien 
b©  strong  enough  to  blow  the  water  clear  of  tlie  plate  and  thus 
entirely  lose  its  effect.  Spray  nozzles  are  not  subject  to  this 
fault  but  are  not  able  to  handle  water  that  has  much  dirt  in  it' 
without  a  great  amount  of  attention. 

In  designing  the  scrubber  bottom,  its  foundation  and  the 
basin  and  overflow  for  the  outlet  water,  it  must  be  remembered 
that  while  tlie  usual  working  pressure  will  be  from  6in.  to 
18iii.  of  water,  a  slip  will  give  pressures  of  from  40in.  to  50in. 


for  a  short  time.  A  normal  head  of  water  of  3Cin.  from  tho 
bottom  of  the  scrubber  to  the  water  overflow  level  with  the 
hasin  walls  24in.  above  this  and  an  emergency  overflow  4in. 
below  the  top  of  the  basin  walls  will  care  for  slip  pressure 
without  blowing  out  any  gaa  or  overflowing  the  basin  into  the 
yard.  The  bottom  of  th©  basin  wall  will  be  self-cleaning  if 
it  has  a  steep  slope  and  the  outlet  pipe  is  from  the  centre  of 
the  bottom.  The  whole  design  of  scrubber  and  basin  must  be 
examined  to  eliminate  all  places  where  mud  can  remain  long 
enough  to  cake.  Fig.  2  shows  this  arrangement  of  scrubber 
bottom. 

Should  the  watxM-  ovci-flow  |>ii>e  lx'  slopjxnl  (or  a  sliort 

time  the  heavy  mud  will  settle  to  the  bottom  of  the  basin 
and  when  th©  overflow  pipe  is  cleaned  there  will  be  such  a 
quantity  that  even  the  extra  head  of  water  to  the  emergency 
overflow  will  not  force  it  out.  For  this  reason  the  forming 
of  heavy  chunks  must  be  prevented  as  much  as  possiblo  ； m'l 
provision  must  be>  mad©  for  stirring  the  basin  water  botli  with 
lioes  or  rakes  and  with  a  stream  of  water  from  the  end  of  a 
pipe  which  can  be  thrust  into  all  parte  of  it.  It  will  be  found 
convenient  also  to  have  the  pipe  bent  at  the  end  so  that  the 
stream  can  be  directed  up  the  overflow  pipe  to  furnisli 
additional  head  for  starting  the  flow  when  necessary,  or  a 
special  pipe  with  return  bend  and  short  nipple  to  thru.st  down 
the  overflow  pipe  itself  will  surely  b©  able  to  start  the  flow. 

The  final  stage  in  cleaning  is  done  with  mechanical 
scrubbers  or  washers.      These  are  highly  developed,  and  the 
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Fig.  2.— Scrubber  Bottom. 


Theisen  patented  gas  washer  has  been  in  the  lead  for  several 
years,  though  other  types  are  now  being  worked  out,  their 
builders  claiming  better  results  with  less  water  and  power  con- 
sumption than  the  Theisen.  The  Theisen  washers  require 
about  3  per  cent,  of  the  power  plant  output  for  their  opera- 
tion and  from  16  galls,  to  18  galls,  of  water  per  1,000  cub.  ft. 
of  gas  cleaned ,  which,  added  tx>  the  75  galls,  to  80  galls,  required 
in  the  scrubbers,  makes  the  total  from  90  galls,  to  100  galls,  for 
the  whole  cleaning  process.  Th©  uewer  apparatus,  which 
are  along  the  lines  of  the  mechanical  disintegrator,  claim  to 
U9e  about  20  galls,  of  water  per  1,000  cub.  ft.  of  gas  for  tlio 
whole  cleaning  process  and  to  operate  ou  less  power  than 
the  Theisen  washers. 

Holders.  ―  In  blast-furnace  gas  engine  plants  the  engines 
are  entirely  dependent  upon  the  continuous  supply  of  gas 
from  the  furnaces  ；  a  100,000  cub.  ft.  capacity  holder  can 
only  be  considered  a  pressure  regulator  with  capacity  for 
enough  gas  to  allow  retiring  in  good  order  wlien  the  gas 
supply  is  cut  off  for  any  reason.  Thus  in  a  1,000  kw.  plant 
with  such  a  holder  the  gas  on  hand  would  operate  the  plant 
only  for  about  25  to  30  minutes  and  should  not  be  counted  on 
for  more  than  15  to  20  minutes.  This  in  an  emergency  would 
give  time  to  notify  the  various  departments  using  power  aud 
allow  them  time  to  prepare  for  a  shutdown. 

The  quantity  of  gas  consumed  by  tlie  engines  is  regulated 
by  the  governor  to  suit  the  pmver  output,  but  since  they  must 
be  supplied  with  gas  at  uniform  pressure  for  satisfactory 
operation,  it  is  necessary  to  regulate  the  gas  supplied  by  some 
type  of  gasometer.  This  is  l>esi-  tlone  by  a  gasometer  of  a 
capacity  such  that  the  pressure  fluctuations  are  not  noticeable 
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at  the  engines,  and  since  it  is  well  to  have  an  emergency 
quantity  of  gas  tlie  gas  holder  itself  will  meet  both  demands  at 
once  if  supplied  with  an  efficient  regulation  valve.  The 
holder  will  regulate  the  pressure  perfectly  between  the 
maximum  limit  of  the  total  quantity  of  gas  that  can  be  forced 
through  the  mains  with  the  furnace  pressure  available  assisted 
by  the  gas  washers  and  the  minimum  limit  of  the  leakage  at 
t\\€  regulating  valve. 

There  should  also  be  the'  possibility  of  regulating  the  gas 
quantity  at  the  secondary  washers,  since  at  times  of  very  light 
loads  the  gas  pressure  between  the  liolder  and  w  a  slier  may 
blow  out  drip  seals  or  cause  dangerous  gas  leaks.  This  can  be 
cared  for  by  the  installation  of  butterfly  valves  with  quadrants 
either  before  or  after  the  mechanical  washers.  Tlie-  latter  is 
to  be  preferred  for  then  the  gas  remains  longer  in  the'  wasliers 
and  receives  additional  cleaning.  A  good  regulating  valve  at 
the  holder  is  a  butterfly  valve  attached  by  means  of  levers  and 
cable's  to  the  bolder  bell  so  that  it  will  remain  wide  open  until 
ilie  bell  rises  within  a  few  feet  of  its  upper  position,  and  close 
gradually  till  at  the  highest  position  it  is  completely  clo&ed. 
The  arrangement  shown  in  Fig.  3  works  satisfactorily.  Tlio 
weight  A  must  be  heavy  enough  to  close  the  valve  aucl  tlie 
weight  B  must  be  heavy  enougii  to  opon  the  valve  and  also 
lift  the  weight  A. 

All  exposed  water  lines  must  be  protected  from  freezing. 
This  is  especially  true  of  the  supply  to'  seals,  drips  from  the 
gas  main,  and  any  line  that  does  not  have  a  continuous  flow. 
With  good  water  separators  after  the  secondary  cleaning 
apparatus,  freezing  weather  or  even  8°  or  10°  Fah.  below  zero 
will  not  cause  trouble'  in  the;  gas  mains  themselves,  though  any 


Fig.  3.— Arrangement  op  Regulating  Valve  for  Gas  Holder. 

valves  which  may  be  nearly  closed  or  which  are  closed  part 
of  the  time  must  be  carefully  protected.  The'  butterfly  valve 
for  regulating  the  gas  should  be  enclosed  in  a  tight  box  with 
steam  coils  to  keep  it  in  working  order.  This  also  is  true  of 
the  valves  at  tla©  gas- washing  plant  unless  it  is  possible  to 
install  them  within  a  heated  building. 

The  water  in  the  gas  holder  must  also'  be  warmed.  The 
exhaust  from  the  regulating  valve  coil  will  easily  keep  the 
holder  water  warm  enough  to  prevent  freezing,  except  in  the 
coldest  weather  (under  0°  Fah.),  when  it  is  usually  necessary 
to  supply  additional  steam  through  several  nozzle's  arranged 
to  set  up  a  circulation  of  the  water  around  the  tank.  These 
should  be  well  down  in  the  water  or  ice  will  form  on  th«©  lower 
part  of  the  shell  and  build  in  toward  the  centre  and  prevent 
the  lowering  of  the  bell.  During  the  time  the  holder  water  is 
wanned  it  is  important  frequently  to  observe  its  temperature  ； 
if  too  hot  it  will  charge  the  gas  with  water  so  that  condensa- 
tion and  freezing  will  take'  place  in  the  gas  engine  supply 
pipes.  When  the  water  circulates  properly  in  the  liolder  it  is 
not  necessary  to  have  it  any  warmer  than  38°  or  40°  Fah., 
while  a  rise  bo  65°  or  70°  will  give'  trouble. 

If  the  gas  liolder  is  not  visible  from  the  gas-washing  plant 
the  operator  needs  a  visible  signal  to  give  him  its  position, 
also  an  audible  signal  to  inform  him  if  it  should  lower  beyond 
safe  working  position,  the  amount  of  the  drop  allowable  before 
the  audible  signal  opeira-tes  being  determined  by  the  position 
of  the  regulating  valve  at  the  holder.  The  drop  should  be 
less  than  an  amount  to  give  a  complete  opening  of  the  valve. 
The  gas-washer  operator  should  have  telephone  connections 
with  the  engine-room,  besides  the  usual  whistle  or  bell  signals 
which  are  used  to  notify  him  of  the  starting  or  stopping  of 
engines.    He  should  also  be  in  close  touch  with  the  blast- 


furnace department  in  order  that  any  change  in  the  gas  supplv 
can  be  known  in  advance. 

Relief  Doors. ― In  all  gas-pipe  lines  so-called  explosion  doors 
are  installed.  These  are  as  a  rule  useful  only  for  access  to  the 
main  for  cleaning,  usually  being  mad©  of  cast  iron  and 
hinged  ；  on  account  of  their  weight  and  method  of  attachment 
the  moment  of  inertia  is  so  great  that  they  will  not  open 
quickly  enough  to  prevent  the  destruction  of  the  main  in 
which  they  are  installed.  Any  gas  main  that  will  support 
itself  over  the  span  usually  employed  will  easily  stand  any 
pressure  that  can  be  produced  in  the  cleaning  plant,  and  the 
use  of  these  valves  or  other  relief  valves  is  not  necessary.  The 
inconvenience  of  escaping  gas  makes  it  advisable  to  design 
them  as  cleaning  doors  only,  and  to  arrange  them  with  a 
clamp  fastening  to  avoid  this  inconvenience.  If  it  is  thought 
necessary  to  install  explosion  doors  or  valves  I  would  suggest 
the  use  of  sheets  of  light  material  arranged  in  frames  so  that 
they  will  be  blown  out  should  an  explosion  occur  in  the  main. 
The  best  protection  from  explosions  is  careful  operation, 
especially  to  guard  against  a  reduction  of  pressure  of  gas  at 
the  furnace  side  of  the  cleaning  plant  due  to  no  air  being 
drawn  into  the  main  at  the  stoves,  and  to  see  that  no  piece 
of  apparatus  is  put  in  service  with  air  trapped  so  it  can  be 
mixed  with  tlie  gas  and  sent  along  tx>  the  engines. 

Recording  Instruments.  ―  Thermometers  and  pressure 
gauges  for  indicating  the  temperature  and  pressure  of  the 
gas :  entering  the  cleaning  plant,  between  the  primary  and 
secondary  washers  leaving  the  latter,  and  before  and  after 
the  gas  liolder,  form  important  parts  of  the  gas-cleaning 
system.  The  ordinary  gas  works  thermometer  with  a  stem 
reaching  about  Bin.  to  lOin.  into  the  gas  mains  are  to  be 
located  at  each  of  tlie  above  points,  while  pressure  gauges  of 
the  U-tube  type  with  inches  of  water  as  a  measure  of  the 
pressure  can  be  located  in  the  gas-washer  building  and  con- 
nected to  these  points  by  §in.  or  ^in.  gas  pipe.  Recording 
gauges  should  be  used  in  connection  with  the  indicating  water 
column  for  the  gas  pressure  at  the  entrance  to  the  cleaning 
plant  and  in  the  gas  main  leading  to  the  gas  holder. 

Log  Records. ― The  successful  operation  of  the  gas-washing 
plant  is  very  much  advanced  by  the  proper  understanding  of 
tho  meaning  of  the  variation  shown  by  these  thermometers 
and  gauges.  For  this  reason  it  is  important  to  keep  a  record 
of  these  variations  on  carefully  designed  daily  log  sheets  with 
at  least  eight  daily  notations.  Tlie  gas-washer  operator  soon 
learns  to  interpret  the  gauge  and  tliermometer  changes  and  will 
often  fo  rebel  J  serious  trouble  by  such  understauding.  For  in- 
stance, the  partial  filling  of  a  water  seal  is  indicated  some  time 
before  it  will  cause  trouble  by  the  swinging  of  the  water  in 
the  U-tube,  this  movement  being  so  markedly  different  from 
any  other  that  he  knows  at'  once  the  trouble  and  from  the 
location  of  the  gauge  can  easily  bell  which  seal  is  filling.  The 
daily  log  sheets  should  have  space  reserved  for  the  operator 
to  note  any  unusual  occurrence  and  tlie  work  done  to  keej)  tlie 
plant  in  condition.  It  should  be  in  fact  a  complete  report  of 
each  day's  work  to  th©  engineer  in  charge,  keeping  him  in 
close  touch  with  the  changing  conditions  in  the  gas-cleaning 
system. 

Engine  Starting. — A  second  most  important  factor  in  suc- 
cessful gas-engine  operation  is  good  engine  operators,  and  the 
same  characteristics  which  are  valuable  in  st-eam-engine 
operators  are  valuable  in  the  gas-engine  engineer.  Tlie  opera- 
tion of  the  engines  themselves  is  exactly  similar  as  far  as  the 
running  gear  is  concerned,  and  it  is  only  the  fact  that  the  gas 
engineer  is  fireman  as  well  as  engineer  that  makes  it  necessary 
that  he  be  more  alert  and  watchful.  Economical  operatioji  of 
gas  engines  on  the  same  account  requires  that  the  engine 
operator  must  have  his  sense  of  "  the  feel  of  the  machine  •"  well 
developed. 

Compressed  air  at  from  1501bs.  to  2001bs.  per  square  incli 
pressure  has  proved  satisfactory  for  starting  ga^  engines  and  is 
especially  desirable  ou  acco-unt  of  the  ease  with  which  a  suit- 
able quantity  can  be  stored  under  pressure  ready  for  use  at  any 
time.  In  a  starting  system  of  2,000  cub.  ft.  capacity  tlie  air 
pressure  is  lowered  about  201bs.  in  starting  one  3,000  k、v. 
twin-tandem  unit,  and  since  1501bs.  pressure  is  sufficient  for  a 
start  there  is  a  possibility  of  at  least  thre^  starts  from  2001bs. 
initial  pressure,  which  is  certainly  sufficient  to  get  under  way 
even  during  the  excitement  of  an  emergency  shutdown. 
Record  was  kept  of  the  pressure  drop  in  starting  an  1,800  h.p. 
twin-tandem  Allis-Chalmei*s  engine  from  an  air  system  having 


May  23,  1913] 


THE    MECHANICAL  ENGINEER. 


"v(>  t  anks  of  1 , 1  (K)  cul).  t'l.  capacity  eacli.  This  record  included 
19  starts,  1G  using  the  full  capacity  of  the  sysft-em  and  three 
with  one  tank  out  of  service.  This  record  is  plotted  in  Fig.  4， 
the  pressure  in  tliei  system  being  shown  as  ordi nates  and  the 
pressure  drop  as  abscissa?  ；  the  16  starts  with  complete  air 
system  in  use  are  indicated  by  circles  and  the  three  ill  at  were 
made  with  one  of  the  air  t  anks  shut  off  by  en isses.  Tt  may  be 
noted  that  the  quantity  of  air  required  to'  start  the  engine  was 
about  the  same,  regardless  fit'  t  he  pressure  in  1  he  air  tanks. 

The  necessary  capacity  of  air  tan  k  s  and  air  coin  pressors  for 
a  giv&n  plant  depends  upon  tb©  number  and  size  of  engine 
units,  and  th-c  frequency  with  which  they  may  need  to  be 
started.  After  the  engine  operator  becomes  familiar  with  t  ho 
operating  peculiarities  of  the  engines  he  should  be  able  to  start 
t  hem  at  intervals  of  from  4  to  8  minutes  and  not  lower  tlio 
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Prciaure  Reduction  during  Start,  Pounds  per  Sq.  In. 

Fig.  4.— Record  op  Pressure  Drop. 

air  pressure  more  than  t'h>e  compressor  can  make  up  in  that 
time  ；  if  an  engine  lo weirs  the  pressure  81bs.  per  square  in<-h 
in  a  2,000  cub.  ft.  capacity  system,  the  compressors  should  com- 
press 8/15  of  2,000  =  1,060  cub.  ft.  free  air  in  the  maximum 
time  allowable  between  starts  or,  say,  10  minutes.  This  would 
require  two  106  cub.  ft.  compressors.  For  thei  ordinary  blast- 
furnace gas-engine  plant  of  from  tliree  to  six  engines  two  air 
compressors  of  100  cub.  ft.  capacity  and  air  tank  capacity  of 
2,000  cub.  ft.  are'  quitei  sufficient,  while  for  morei  than  six 
engines  the  compressor  capacity  should  be  increased  rather 
than  tlie  tank  volume.  At  least  one  of  the  compressors  must 
derive  its  power  from  some'  source  outside  of  the'  gas  engine  in 
order  to  be  able  to'  start  t-he  plant  if  all  units  should  be  down. 

It  is  important  to  keep  tli€'  water  jackets  thoroughly  clean 
and  the  item  of  jacket  cleaning  should  appear  regularly  in  the 
engine  operation  schedule.  This  cleaning  requires  careful 
attention  since,  with  the  class  of  labour  usually  put  on  this 
work,  it.  will  be  slighted  in  the  places  where  the  most  care  is 
needed. 

Lubrication,  Cleaning  Oil. —  The  question  of  lubrication  is 
one  of  so  many  variations  I  can  only  say  that  for  general 
lubrication  of  such  as  main  bearings,  crotsishead  and  crank  pins 
and  crosshead  slides  where  the  rubbing  surfaces  are  at  room 
t  emperature,  an  oil  of  the  f  ollowing  physical  characteristics  has 
given  excellent  service :  Specific  gravity  888，  viscosity 
(Tagliabue)  210  at  70。  Fah.，  cold  test  35°  Fah.,  flash  tempe- 
rature 435. 

This  service  also  includes  satisfactory  separation  of  water 
and  dirt  by  settling  and  filtration.  On  account  of  the  almost 
certain  mixing  of  water  from  the  cooling  system  with  the 
system  oil,  it  is  necessary  to  provide  means  of  separating  t he 
water  and  oil  in  the  filtration  process  and  it  can  be  done 
thoroughly  only  by  heating  the  oil  to  about  160°  or  190°  Fah. 
and  giving  it  time  in  a  quiet  condition  to  allow  the  separation. 
A  large  part  of  the  dirt  will  settk  in  the  water.  Such  that 
does  not  must  be  removed  by  filtration  through  fine  cloth  either 
of  organic  fibre  or  of  fine  wire.  The  latter  is  more  to  be 
desired  because  of  the  e«%9ei  "with  which  it  can  be  cleaned . 

A  good  oil-cleaning  system  giving  excellent  satisfaction  con- 
sists of  one  1,500  galls,  water-separating  tank,  shown  in  Fig.  5， 
with  a  heating  coil  over  which  the  oil  flows  as  it  enters  on 
returning  from  the  engines,  and  an  adjustable  automatic  water 
overflow  to  discharge  the'  separated  water,  two  settling  tanks  of 
the  same  size  through  which  the  oil  passes  in  tandem  to  allow 
time  for  quiet  s&ttling  of  dirt  particles,  and  a  filter  unit  witli 
20  filter  bags,  10  each  in  two  filter  tanks. 

An  extra  tank  is  used  when  either  of  the  other  three  is 


out  of  service  for  cleaning.  An  auxiliary  tank  of  about 
200  galls,  capacity  is  used  for  "  boiling  up  ''  the  sludge  taken 
from  either  of  the  large  tanks  or  the  iilters  ； it  time  <A'  clf-aniut/ 
as  well  as  such  dirty  oil  as  can  be  drawn  off  daily  from  tlie 
bottom  of  the  overhead  oil  tank.  This  system  is  shown  in 
Fig.  6.  The  oil  from  the  engine  drips  enters  tank  A  over  tlie 
steam  coil,  flows  down  through  the  inner  cone  then  up  and  out 
the  overflow  to  C  and  D，  thenoe  to  the  fil"*r、  F  and  (；  tlirou^li 
E,  which  is  also  a  water  separator.  The  clean  oil  is  pumped 
from  the  filters  by  one  of  the  pumps  at  K,  wliicli  are  in  dupli 
cate,  to  the  overhead  engine  supply  tank  in  which  the  quant  it  v 
of  oil  on  hand  is  shown  by  an  index  on  a  large  gauge  visible 
from  the  engine-room  floor.  Gauge  glasses  on  each  tank  show 
the  level  of  tlie  line  between  the  oil  and  water,  both  an  an 
operating  convenience  and  as  a  means  of  checking  the  cjuantitv 
of  oil  u&ed  during  the  month.  The  separated  water  flows  down 
the  inside  of  tlie  oone  in  A  to  the  bottom  of  the  tank  from 
which  it  flows  through  the  automatic  overflow  H .  The  nipple 
in  the  tee  at  H  is  adjustable,  so  tliat  the  water  in  A  can  be  1"小1 
.'it  the  level  found  best  in  operation. 

A  part  of  the  dirt  is  oil  coated,  so  that  it  floats  between  tho 
water  and  the  oil  and  will  accumulate  until  its  removal  if* 
necessary.  The  oil  from  the  engines  is  then  turned  into  tank 
H,  the  supply  to  C  and  D  being  kept  up  by  stopping  the  water 
overflow  and  filling  A  with  water  as  long  as  good  oil  flows  out. 
The  water  is  then  drawn  off  to  the  sewer  and  the  sludge 
pumped  into  the  boiling  tank  J  where  as  much  oil  is  reclaimed 
as  possible.  The  other  tanks  are  cleaned  in  the  same  way. 
There  are  pipe  connections  from  the  bottom  of  all  tanks  to  one 
of  the  pumps,  also  from  the  discharge  of  this  pump  to  tlie 
tank  J.  Such  an  oil  system  will  keep  the  oil  clean  for  a  plant 
circulating  500  galls,  to  600  galls,  per  hour.  Of  course  some 
oil  is  lost  through  leakage'  at  the?  engines,  and  some  is  wiped  up 
in  keeping  the  engines  clean,  but  the  addition  of  new  oil  need 
not  amount  to  more  than  100 galls,  per  montli.  In  blowing- 
engine  plants  where  the  engine  oil  is  drawn  into  the  blowing 
cylinders  from  mechanically  operated  valves  the  oil  consump- 
tion will  not  be  so  low  unless  good  oil  separators  are  installed 
in  the  cold  blast  mains  arranged  to  discharge  this  oil  back  into 
the  oil  system. 

The  cylinder  oil  question  is  also  one  of  many  opinions.  The 
varying  cleanliness  of  the  gas,  hardness  of  cylinder  walls  and 


^^~~^[  pit  from  enf, 


I  To  Sctre^ 

Fig.  5.— Watkr-skparating  Tank  fou  OiL-cLKANisr,  System. 

piston  rings,  piston  speeds,  mean  effective  and  maximum  pres- 
sures all  have  their  influence  on  the  action  of  the  cylinder  oil. 
An  oil  showing  a  specific  gravity  of  0*902  ；  viscosity  (Tagliabue) 
of  78  at  212°  Fah.,  and  a  flash  temperature  of  380,  gave  excel- 
lent results  in  a  gas  blowing-engine  plant  where  the  dust  was 
low  (0*01  or  less)  and  piston  speeds  less  than  600ft.  per  minute, 
and  was  not  satisfactory  in  another,  with  0.012  dust  and  piston 
speeds  of  850ft.  per  minute.  In  the  latter  case  the  oil  was 
replaced  by  one  of  specific  gravity,  0  920  ；  viscosity,  203  at 
212°  Fah.  ；  and  flash  temperature,  502,  and  immediate 
improvement  was  shown.  With  the  lighter  oil  tlie  cylinders 
were  not  dry  in  any  part,  though  they  did  show  more  wear 
than  was  expected  for  the  time  in  service,  the  machining  marks 
in  the  bore  being  almost  invisible  after  three  months'  opera- 
tion. 
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The  cylinder  oil  can  be  put  in  a  tank  in  the  basement  and 
piped  to  all  cylinder  oil  punips  by  usin^  coin  pressed  air  at 
1  f)H)S.  per  sijuai  c  inrli .  This  pr()vi(les  opportunity  for  t  li*1 
installation  of  oil  meters  to  kc-fp  ;ir(  ui:"r  account  of  the  oil 
used  on  each  engine,  or  the  suppl  v  t  ank  may  be  equipped  with 
graduated  gauge  glass  and  record  kept  of  the  supply  to  the 
wliole  plant. 

Ignition.  ―  The  ine('li;iTii('all v-' 屮。 ra"'(l  igniter  is  murh  to  be 
preferred  over  the  magnetic  type.  The  current  supply  should 
be  from  a  source  not  liable  to  fluctuation,  such  as  that  from 
a  motor  generator  set  that  supplies  current  to  the  ignition 
system  alone  and  arranged  in  connection  with  a  storage  battery 
SO'  that  should  anything  happen  to  the  motor  generators  the 
battery  would  take  up  the  load ,  automatically  signalling  the 
operator.  The  location  of  the  ignition  plugs  is  important, 
since  an  explosion  on  one  side  only  of  the  piston  will  force  it  to 
the  other  side  and  cause  it  to  strike  the  cylinder  wall.  This  is 
easily  apparent  in  cylinders  having  the  oombustdon  chamber  at 
th©  side  and  the  effect  of  one-sided  explosions  can  be  seen  when 
one  of  three  equally  spaced  igniters  is  not  working. 

Prematiua*e  ignition  is  usually  caused  by  excess  hydrogen 
in  the  gas,  and  will  occur  when  the  quantity  of  hydrogen 
reaches  4*6  per  cent.,  depending  also  upon  the'  cleanliness  of 
the  cylinders.  This  pr&maturing  is  one  of  the  first  indications 
of  leaking  cooling  plates  in  bho  furnace,  and  thei  gas-engine 
operator  will  often  be  able  to  inform  the  furnaces  of  this  oo'n- 


Fig.  6.  —Oil-cleaning  System. 
A  aud  B,  water  separating  tanks  ；  F  and  G，  filters ；  J,  boiling  tank. 

ditio'n  before  they  learn  of  it  themselves.  When  a  furnace  has 
the  wind  off  for  casting,  the  water  pressure  in  tlie  cooling  places 
is  greater  than  the  furnace  pressure  and  tin©  water  enters  the 
furnace  and  is  immediately  dissociated,  the  oxygen  being  con- 
sumed by  the  coke  leaves  the  excess  hydrogen  in  the  gas. 
When  the  wind  is  put  on  again  this  gas,  rich  in  hydrogen,  is 
sent  along  to'  the  emgina,  causing  prematuring. 

Miscellaneous  Information.  ― The  pistons  of  the  early  large 
gas  ©nginos  were  of  cast  iron,  but  these  gave  considerable 
trouble  by  cracking  because,  they  were  not  properly  ribbed . 
Sever al  builders  changed  to  cast  steel,  but  found  they  gave 
trouble  eifcheir  by  cutting  thei  cylinder  walls  o'r  by  beading  over 
and  binding  the  ring's.  Cast  iron  was  again  resorted  to  with 
an  improved  design.  In  the  cast-steel  pistons  also  the  move- 
ment of  the  rings  wideius  the  grooves,  so  that  in  a  short  time 
there  is  too  much  clearance,  which  necessitates  turning  the 
grooves  and  making  new  rings. 

Cast-iron  snap  rings  of  uniform  cross-section  give  better 
service  than  any  other  type.  This  has  been  learned  after  many 
attempts  to  design  a  complicated  ring,  the  designer  believing  a 
ring  to  hold  gas-engine  pressure  would  be  more  difficult  to 
make  than  one  for  steam-engine  pressure. 

Piston-rod  packing  furnishes  one  of  the  difficult  problems 
for  the  designer  and  also  for  tli-e  engine  operator.  A  good 
packing  must  be  simple  in  design  and,  as  in  the  case  with  the 
piston  rings,  the  forms  with  the  fewest  parts  seem  to  give  the 
best  service.  Both  oast  iron  and  babbitt  have  given  good 
results.      The  success  or  failure  of  this  part  of  the  engine 


depends  largely  upon  its  cleanliness  and  too  much  care  cannot 
he  used  in  asseinljlin^  it  to  ensure  its  proper  application. 

Tlie  engine-room  basement  lias  not  received  the  attention  it 
deserves.  Two  items  the  designer  of  any  power  plant  will  do 
well  to  consider  are  :  make  the  engine-room  floor  liigh  enough 
over  the  basement  floor  to  allow  6ft.  clear  under  all  suspended 
pipes,  and  have  the  basement  floor  slope  enough  for  rapid 
drainage  (at  least  12in.  for  100ft.).  A  dry  basement  with 
plenty  of  head  room  is  easily  kept  clean  and  a  clean  basement 
is  a  great  help  in  keeping  the  whole  room  in  good  condition. 
Ventilation  and  lighting  are  also  more  easily  accomplished  in  a 
high  basement. 

The  question  of  safety  of  the  employe  in  all  occupations  is 
at  present  a  live  one  and  is  to  be  considered  in  the  engine-room 
as  well  as  in  the  rolling  mill.  Safety  demands  the  elimination 
of  all  dangerous  conditions  by  covering  gears,  guarding 
flywheels,  generators  and  crossheads,  enclosing  electrical 
apparatus,  and  keeping  all  gas  pipes  tight  and  free  from  leaks. 
The  men  must  be  trained  to  watch  out  for  their  own  and  their 
fellow-workmen^s  safety.  It  is  just  as  important  that  the  lives 
and  limbs  of  the  engine  crew  be  protected  as  it  is  that  the  cost 
of  electricity  should  be  low. 

Complete  records  of  operation  are  invaluable,  as  it  is  only 
by  the  study  of  accurate  reoo'rcl  of  the  actual  happenings  that 
we  can  hope  to  improve.  It  is  not  possible  to  trust  to  memory 
for  a  comparison  of  the  results  of  different  types  or  arrange- 
ments of  apparatus. 

A  daily  lag  of  the  various  pressures  and  temperatures  must 
be  kept  to  learn  whether  the  plant  conditions  are  changing  and 
to  know  the  cause  of  these  changes.  Any  unusual  occurrence 
or  the  regular  recurrence  of  repairs  noted  on  the  log  sheets 
puts  the  information  regarding  the  plant  where  it  can  be  used 
in  predicting  and  preparing  for  the  future.  Not  only  should 
this  information  be  kept  daily  but  it  should  be  collected  and 
averaged  monthly  and  yearly  for  the  comparison  of  month 
witli  month  and  year  with  year.  Much  of  tlie  engineering 
information  is  best  shown  graphically,  for  a  sheet  full  of 
figures  does  not  give  a  true  conception  of  the  actual  conditions. 

The  original  information  is  necessarily  furnished  on  the 
daily  log  sheets  written  by  the  shift  engineer  and  lie  should  be 
supplied  with  a  copy  of  the  resulting  data  sheets.  He  is  just 
as  much  interested  in  the  power  plant  as  is  the  chief  engineer, 
and  this  information  oaamot  b©  placed  anywhere  to  do  more 
good  than  with  the  engine  operators.  The  rate  of  progress  in 
the  gas-engine  field  depends  entirely  upon  the  rapidity  with 
which  engineers  are  ablei  to  gain  understanding  of  this  machi- 
nery, and  th©  collecting  and  compiling  of  these  records  is  of  the 
greatest  service  for  this  purpose. 


FORMATION  OF  DEPOSITS  IN  OIL-COOLED  TRANSFORMERS. 

In  a  paper  on  this  subject  by  Mr.  A.  C.  Michie  recently  read 
before  the  Newcastle  local  section  of  the  Institution  of 
Electrical  Engineers,  the  author  dealt  with  some  of  the 
chemical  changes  which  occurred  in  transformer  oils  during 
ttse,  and  more  particularly  with  the  formation  of  the  solid 
matter  which  deposited  on  the  windings  and  other  parts  of 
transformers.  These  deposits  varied  in  appearance  from  pale 
yellow  soft  sludges  to  dark  brown  or  black  hard  masses,  and 
their  presence  materially  affected  the  circulation  of  the  oil 
and  led  to  overheating  of  tlie  windings.  Various  theories  had 
been  offered  to  explain  the  formation  of  these  deposits.  Tliey 
htad  been  supposed  to  be  due  to  the  deposition  of  solid  paraffins 
from  the  oil,  to  the  separation  of  suspended  solid  particles 
under  thes  influence  of  electrical  stresses,  to  the  disintegrating 
action  of  the  oil  on  the  varnishes  and  other  materials  used  on 
the  windings,  and  to  th©  polymerisation  of  the  oil  under  the 
action  of  heat. 

It  was,  he  observed,  well  known  that  electrical  stresses 
might  cause  a  separation  from  oils  having  solid  matters  in 
suispension,  and  it  was  true  that  most  mineral  oils  carried  a 
minute  quantity  of  solid  matter  in  colloidal  solution,  bxit  it 
was  rather  difficult  to  imaeine  how  the  electrical  stresses  could 
affect  a  transformation  of  the  liquid  oil  into  the  solid  sludee. 
Pairs  of  sheet^metal  electrodes  4in.  by  liin.  were  set  a  dis- 
tance of  2 為 in.  apart-  and  placed  in  a  series  of  glass  tanks 
containing:  different  qualities  of  transformer  oils.  A  pressure 
of  20,000  volts  was  maintained  between  each  pair  of  electrodes 
for  three  weeks,  but  not  a  trace  of  deposit  separat-ed  out  froin 
any  of  the  oils  tested.    The  author  showed  later  that  electrical 
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discharge's  miglit  have  an  iniliUMu-o  on  t  he  format  ion  of  lliw 
deposits  through  tlie  general  ion  ol"  o/one.  Soiih1  of  t  iu*  lii-st 
samples  of  sludge  examined  gave,  when  igiiit<'(l,  an  asli  con- 
tainin^  appreciable  (juant  it  ics  of  The  jnoscnrc  of  this 

metal  seemed  U)  conlirni  tlie  view  U、at'  the  (h'posil s  \、'"n' 
derived  from  the  varnish  of  the  windings,  lead  oxiiU* 
largely  used  as  a  drier  in  tlie  preparation  of  boiled  linseed  oil. 
In  some  other  samples,  where  no  lead  was  t'ound,  traces  of 
manganese  were  detected.  Man^anewe  oxalate  was  also  used 
as  a  drier.  The  evidence  of  the  lead  was  rather  weakened 
some  time  later  when  some  largo  masses  of  a  transformer 
deposit  of  a  specially  refractory  nature  were  examined.  Tlio 
material  was  unusually  hard  and  dense,  and  on  closer  inspec- 
tion proved  to  be  tho  com  pound  of  red  lead  and  glycerol 
largely  used  for  cementing'  joints.  Lead  alloys  were  also  used 
in  lining  some  transformers,  and  mineral  oils  uinler  certain 
conditions  were  capable  of  attacking  and  forming  solid  com- 
pounds with  le.icl .  In  only  one  instam','  li;xl  ； i  deposit.  Ixmmi 
obtained  in  which  it  could  be  definitely  ascertained  that  it  was 
entirely  derived  from  the  windings.  Tn  this  case  the  freshly 
varnished  windings  had  been  immersed  in  the  oil  before  proper 
drying  and  hardening  had  set  in.  The  deposit  in  tliis  case 
was  quite  different  from  what  was  usually  obtained,  and  there 
was  no  difficulty  in  detecting  tlie  linseed  oil  used  in  tlie  pre- 
paration of  the  varnish.  Not  only  was  it  impossible  to  detect 
any  quantity  of  varnish  ot  other  insulating  compounds  in  the 
majority  of  deposits,  but  tho  quantity  of  deposit  was  frequently 
far  too  great  to  be  accounted  for  in  this  way,  and  deposits 
also'  occurred  in'  transformers  in  "which  tlie  use  of  varnish  was 
avoided.  In  most  cases  the  deposits  must  be'  mainly  derived 
from  the  tranisformer  oil  iteeilf . 

It  had,  the  author  remarked,  been  suggested  that  these 
deposits  were1  produced  by  the  influence  of  the  heat  of  the 
transformer,  but  this  was  not  confirmed  experimentally. 
Analyses  of  fcrausfo'rm'e'r  deposits  sliowed  that,  these  contained 
a  considerable  proportion  o'f  oxygen ,  and  as  the  original  oils 
we're  free  from  oxygen  the  only  conclusion  that  could  be  drawn 
was  that  the  formation  of  these  deposits  was  brought  about  by 
the  oxidising  influence  of  the  air  on  tlie  transformer  oils.  Tn 
all  likelihood  theire  was  a  simultaneous  polymerisation  of  the 
oxidised  molecules.  A  sample  of  the  sludge  taken  from  a 
transformer  gave  the  following  analysis :  Carbon  76'0, 
hydrogen  7'1，  oxygon  16*9  por  cent.  In  order  to  confirm  the 
oxidation  theory  various  samples  of  transformer  oils  were 
subieefced  to'  the  action  of  a  current  of  air  a-t  a  temperature  of 
150°  C.  Different  tranpfoirirper  oils  wh en  tested  in  this  way  by 
bubbling  air  through  them  gave*  sirikinsfly  different  results. 
Generally  ihe  oils  darkened  in  colour  and  increased  in  acidity, 
but  wher-eas  in  some  cases  the  oils  remained  clear  and  bright, 
in  the  maiority  of  cases  they  became  turbid  from  the  forma- 
tion of  solid  matter.  In  order  to'  deitermine  the  amount  of 
solid  matter  which  separated  out,  the  oils  were  diluted  with 
petroleum  spirit  and  filtered .  The  solid  residue  after  freeing 
from  oil  by  washing  with  petroleum  spirit  was  then  weighed . 
In  some  cases  no  deposit  was  obtained,  while  in  others  it 
weighed  as  much  as  2.5  per  cent,  of  the  weight  of  oil  taken. 
These  differences  in  the  behaviour  of  different  samples  were 
not  surprising-  in  view  of  the  different  clieimica】  characters  of 
the  oils,  the  Tnethod  of  distillation,  and  the  degr&e  of  refine" 
ment.  Deposits  obtained  by  treating  mineral  oils  witli  air 
closelv  resembled  what  was  obtained  in  transformers.  A 
deposit  obtained  in  this  wav  gave  tlie  following  fi spires  on 
analysis  :  Carbon  74*27,  hydrogen  6*62,  oxyeren  19.11  per  cent. 
In  both  cases  tlie  deposits  were  almost  insoluble  in  petroleum 
spirit,  but  roadily  soluble  in  benzol.  The  meltine  or  softeri- 
ing  point  varied  from  about  70°  C.  to  about  220°  C.  for 
different  deposits. 

It  might  he  objected  that  the  test  conditions  were  not  com- 
parable with  those  in  the  actual  transformers,  in  particular 
that  a  temperature  of  150°  C.  was  too  high,  and  that  the 
maximum  temperature  obtained  by  the  oil  in  transformers 
seldom  exceeded  100°  C.  There  was,  however,  evidence  that, 
although  the  mean  temperature  of  the  oil  mi^ht  not  rise  above 
100°  C,  local  overlieating"  of  the  winding  soinetinios  ocmrred, 
and  certainly  juderinp  from  tlie  boiled-up  and  carbonised 
appearance  of  certain  deposits  taken  from  windings,  a  teinpo- 
rature  very  considerably  over  100°  C.  must  have  been  attained. 
Although  a  temperature  of  150°  C.  had  been  cho5*en  for  these 
tests,  on  account  of  the  greater  rapidity  of  the  oxidising  action, 
the  formation  of  shidsfe  no  doubt  took  place  at  comparativelv 
law  temperatures  if  the  period  of  exposure  was  prolonged,  and 


there  were  still   other  condiLions  in   a  frajisformw  wlii<-h 
accelerated  the  formation  sludge. 

The  presence  of  ozon©  in  the  air  of  tlie  transformer  greatly 
increased  the  r;"('  ol'  simile  tormHtioii,  by  using  ozoni^l 

air  a  heav v  deposit  was  oht ai ik^I  I'ioiii  an  oil  in  a  roinpara- 
tively  short  time  at  90°  O.  The  rate  of  sludge  forrnat  ion  was 
accelerated  by  the  presence  of  certain  metals,  notably  copper. 
In  every  instance  examined  copper  was  found  to  have  a  very 
pronounced  influence  in  iin-r^asin^  tli"  fjuant it  v  ol' 
which  separated  out  in  a  given  time.  The  greater  the  surf;"'*' 
of  metal  exposed  to  the  oil  the  greater  waa  the  influence  on  Uif， 
rate  of  oxidation.  Thus  an  oil  wliicli  when  treaU**l  with  air 
in  the  absence  of  rnetals  gave  no  sludge  after  45  liours,  gave 
0*5  p©r  cent,  of  sludge  wlien  tli©  test  was  repeated  on  another 
portion  of  the  same  oil  containing  copper  foil  of  4 '5  s<\  in . 
surface,  and  18  per  cent,  of  sludge  when  25  sq.  in.  of  copper 
was  used.  The  copper,  which  as  a  rule  was  only  very  slightly 
attacked,  did  not  enter  into  the  composition  of  the  deposits, 
and  liere,  as  in  many  other  oxidation  prooesseQ,  played  the 
part  of  a  catalytic  agent.  In  the  case  of  lead,  the  metal 
generally  showed  signs  of  corrosion,  and  entered  into  the  com- 
position of  the  deposits,  whicli  were  of  a  characteristic  pale- 
yellow  colour.    In  one  deposit  36  per  cent,  of  lead  was  found. 

The  quan titv  of  sludge  wliicli  separated  out  in  the  oxidat  i''n 
process  was,  he  said,  largely  dependent  on  the  degree  of  refine- 
ment of  the  ail.  As  a  general  rule  the  more  an  oil  was  refined 
the  motre  stable  it  became  towards  oxidising  agents.  In 
the  usual  processes  of  refining  mineral  oils,  these  were  either 
treated  successively  with  concentrated  sulphuric  acid  and 
caustic  soda  or  they  were  made  to  pass  through  filters  contain- 
ing fuller's  earth  or  similar  material,  or  a  combination  of  both 
methods  might  be  employed .  In  both  processes  the 
unsaturated  and  more  readily  oxidisable  portions  of  the  oil 
became  removed .  Samples  of  oil  were  treated  by  botli  these 
processes  and  were  found  to  give,  under  the  air  oxidation  test, 
a  very  much  smaller  quantity  of  sludge  than  before  refine- 
ment. Thus  an  oil  originally  giving  1  per  cent,  of  deposit  was 
found  to  give  after  treatment  only  0"1  per  cent,  of  deposit. 

Although  several  transformer  oils  were  on  tlie  market, 
wliicli  when  subjected  to  the  oxidation  test  gave  no  deposit 
after  45  hours,  no  oil  liad  been  met  with  which  did  not  give 
rise  to  deposit,  after  prolonged  treatment.  In  one  instance  an 
oil  withstood  the  test  fo'r  150  hours  without  a  deposit  appear- 
ing. All  oils  oxidised  in  time,  but  it  was  only  reasonable  to 
expect  that  those  which  came  out  well  on  the  oxidation  test 
would  also  be'have  well  in  tlie  transformer.  Apart  from  the 
question  of  the  quality  of  the  oil,  the  desien  of  the  transformer 
had  to  be  considered,  and  in  this  connection,  if  tlie  formation 
of  deposits  was  to  be  avoided  or  minimised,  the  following  con- 
ditions should  be  avoided  ：  (1)  Over-heating-,  (2)  undue  access 
of  air  to  the  oil,  (3)  conditions  likely  to  give  rise  to  the  forma- 
tion of  ozone,  (4)  contact  of  the  oil  with  clean  surfaces  of 
copper,  iron,  and  lead . 

Locomotive  Workshops  for  Victoria. ― The  Victmia  Itaihvny 
Commissioners  have  decided  to  build  locomotive  workshops  at 
Be'ncligo  and  Ballarat.  The  preparation  of  the  plans  is  being 
expedited  and  tenders  will  shortly  be  called  for  tlie  work  - 
Tlie  approximate  cost  of  the  equipment  at  each  workshop  will 
be  about  £28,000.  It  is  believed  that  the  work  will  be> 
rapidly  pushed  to  completion. 

Report  on  the  Cadcby  Mine  Disaster. ― The  TTon  ('  r  '  lias 
just  issued  as  a  Parliamentary  paper  tlie  report  of  H.M.  Chief 
Inspector  of  Mines  on  the  causes  of,  and  circumstances  attend- 
ing, the  explosions  which  occurred  at  Cadeby  Main  Collier\\ 
near  Done  aster,  on  July  9tli  last  vear,  and  which  resulted  in 
the  loss  of  88  lives,  including"  a  rescue  par"'  and  three  Govern- 
ment inspectors.  The  report  considers  the  explosion  was  due 
to  the  fact  that  a  fire,  originating*  vears  ago,  was  never  com- 
pletely eradicated.  Instructions  for  the  purpose  were  well 
conceived,  but  the  inspector  does  not  believe  tliev  were  com- 
pletely carried  out.  He  refrains  from  attarhin£f  blame  to 
anyone  in  particular.  He  also  considers  that,  whilst  tliere 
was  provided  at  the  colliery  as  fine  a  bodv  of  trained  men  as 
one  could  wish  for,  the  organisation  at  the  mine  on  the 
occasion  of  these  explosions  was  most  defective.  All 
unauthorised  persons  sliould  have  been  prevented  from  ent^r- 
inor  the  mine  to  attempt  the  rescue,  and  there  should  have 
been  no  imTne<liate  attempt  to  recover  the  bodies  after  the  first 
explosion.  The  loss  of  life  in  the  second  explosion  would  Mien 
havo  lyoon  considf rablv  le&s. 
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ALL  GEAR  DRIVE  FOR  BORING  AND  FACING  MACHINES. 

We  illustrate  herewith  a  design  of  boring  and  facing  machine 
fitted  with  an  all-gear  drive,  the  invention  of  Mr.  W.  A. 
Pearn,  Birchfields  Road,  Rusholme,  Manchester.  The 
machine  is  provided  with  the  usual  tool -holder  A  carried  by 
the  boring  or  facing  head  H 
and  traversed  by  the  bevel 
gears  C  and  screw  and  nut  I) 
shown.  The  mandrel  E  upon 
wlii('l»  the  face  plate  or  boring 
and  facing  head  B  is  mounted 
is  rotated  from  the  pulley  F 
(see  Fig.  2)  in  the  base  of  the 
machine  by  the  following 
means.  A  sleeve  G  rotating 
loosely  upon  the  mandrel  E 
has  mounted  thereon  the 
pulley  H  and  the  pinions  Z,  J， 
the  pulley  H  being  rotated 
from  the  pulley  F  by  the  belt 
or  chain  K  which  passes 
round  the  pulleys  F,  H  and 
the  tensioning  pulleys  M，  N, 
whereby  the  tension  of  the  belt 
or  chain  is  maintained  constant 
notwithstanding  variations  in 
the  vertical  height  of  the 
mandrel  E.  A  further  pinion 
O  is  keyed  upon  tlie'  mandrel 
E,  and  a  spur  wheel  P  is 
secured  to  the'  fao&  plate  or 
mandrel  end  as  shown .  A 
second  shaft  or  spindle  Q  is 
pro v id ed  upon  the  machi ne， 
having  mounted  thereon 
spur  w heels  R ,  S ，  T ，  and 
the  pinion  XL  The  spindle 
Q  can  be  moved  longitudinally  by  the  hand  wheel  V.  Such 
movements  result  in  putting  the  pinion  U  out  of  or  into 
engagement  with  the  spur  wheel  P  and  the  spur  wheel  T 
into  or  out  of  engagement  with  the  spur  wheel  O  upon  the 


The  slowest  speeds  of  rotation  of  the  face  plate  B  are 
obtained  from  the  belt  pulley  H  by  means  of  one  or  other  of 
the  spur  wheels  J  and  Z  keyed  on  the  sleeve  G  on  the  mandrel, 
the  corresponding  spur  wheel  R  or  S  on  the  second  shaft  or 
spindle  Q  and  the  pinion  U  gearing  with  the  spur  wheel  P 
on  the  operative  end  of  the  mandrel  E.    The  highest  speeds 


凸凸凸 M 凸 u  P 


务 


_YJ" 


Fig.  1.— All  Gear  Drive  for  Boring  and  Facing  Machines. 


are  obtained  from  the  same  pinions  and  spur  wheels  J，  Z, 
R，  and  S，  but  the  pinion  U  gearing  with  the  facing  head  is 
slid  out  of  action  and  simultaneously  the  spur  wheel  T  upon 
the  second  spindle  is  moved  into  engagement  with  the  pinion 
O  by  which  the  mandreJ  is  now  rotated. 

The  arrangement  described  provides  for  four  speeds  of 
the  face  plate  B  for  one  belt  or  chain  speed,  but  by  increasing 
the  number  of  pinions  on  the  sleeve  G  and  the  corresponding 
spur  wheels  on  the  second  shaft  Q  the  number  of  speeds  can 
be  increased.  The  belt  or  chain  is  driven  from  the  main 
driving  shaft  of  the  machine  through  suitable  change-speed 
gearing  arranged  in  a  gear  box  formed  on  the  end  of  the 
machine  and  having  a  detachable  cover  so  as  to  render  the 
gears  readily  accessible. 


Fig.  2.— All  Gear  Drive  for  Boring  and  Facing  Machines. 

mandrel.  The  spur  wheels  R  and  S  which  are  feather-keyed 
upon  the  spindle  Q  are  moved  into  or  out  of  engagement  with 
their  respective  pinions  J  and  Z  by  means  of  the  rack  W  and 
pinion  shown, 


Institution  of  Electrical  Engineers:  Yorkshire  Local  Section. ― 

At  the  annual  general  meeting  of  the  Yorkshire  Local  Section 
of  the  Institution  of  Electrical  Engineers,  held  at  Leeds  on 
the  14th  inst.，  the  following  officers  were  elected  :  Chairman, 
Mr.  W.  B.  Woodhouse  ；  vice-chairmen,  Mr.  H.  H.  Wright 
and  Dr.  R.  Polil  ；  hon.  secret  a rv.  Mr.  John  D.  Bailie.  For 
the  four  vacancies  on  the  committee  Messrs.  W.  M.  Roger9on, 
H.  A.  Neivill,  W.  Lang,  and  F.  J.  Lowe  were  eleot-ed  to  take 
the  places  of  Messrs.  Barker,  Bailie,  Pohl,  and  Wilkinson,  who 
retire  by  rotation  from  the  committee. 

Ghent  Meeting  of  the  Institute  of  Metals. ― The  annual  autumn 
me&ting  of  the  Institute  of  Metals  will  this  year,  under  the 
presidency  of  Prof.  A.  K.  Huntington,  Assoc. R.S.M.,  for  the 
first  time  since  the  Institute's  formation  in  1908，  be  held  on 
the  Continent.  It  will  take  place  in  connection  with  the 
Ghent  International  Exhibition,  the  dates  fixed  being  August 
28th,  29th,  and  30th.  Among  many  important  papers  to  be 
communicated  will  be  the  report  of  the  Corrosion  Committee. 
Details  with  regard  to  travelling  arrangements,  tickets  at 
special  rates,  &c.，  will  be  announced  later.  Those  desirous  of 
attending  the  Ghent  meeting  of  the  Institute  of  Metals  should 
send  in  their  forms  of  application  for  membership  to  the 
Secretary  of  the  Institute  of  Metals,  Caxton  House,  West- 
minster, S.W.,  at  the  earliest  possible  moment ,  and  not 
later  than  Ju】v  31st,  - 
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THE  DESIGN  OF  VOLUTE  CHAMBERS  AND  OF  GUIDE- 
PASSAGES  FOR  CENTRIFUGAL  PUMPS.f 

]iY  I'ltOF.  A.  H.  filHSON,  I)  SC. 

[Concludeil  from  pagr,  ■'>'■>(>). 
Determination  of  0  in  Case  of  Pump.— Am  imUoiited   Ijv  the 
triangle  of  velocities  in  Fig.  5,  tlic  relationships 

/2  Cot  7  =  «2  -  w.t  (9) 

/4  =  w2  tan  9  (10 

theoretically  apply  at  the  discharging  edgo  of  cadi  vane. 
Owing,  however,  to  the  fact  that  only  those  particles  of  water 
near  to  the  driving  face  of  the  vane  are  discharged  parallel  to 
its  tip,  the  real  value  of  y  for  tlie  discharging  stream  is  less 
than  the  vane  angle  y,  and  consequently  tlie  tangential  velocity 
〃'， is  less  than  is  indicated  l)y  equation  (9)  above.  E.\|)cri- 
ments*  show  that  if  u\,  be  calculated  by  this  equation,  its  real 
value  is  /•〃'„,  where  k  has  the  approximate  values  given  in 
Table  III. :— 

Table  111. 


Number  of 
Vanes. 

20。 

25° 

Vane  Angle  7. 

30°  45° 

00° 

90° 

0 

0.80 

0-79 

0.78 

0.77 

0.76 

0-75 

8 

0.85 

0-84 

0.8:$ 

0-82 

0.81 

0.79 

10 

0-90 

0-89 

0-88 

0.87 

0.8" 

0.84 

12 

0.95 

0.94 

0.93 

0-92 

0.90 

0.87 

Using  the  corrected  value  of  w2  in  the  formula  tan  0 


h 

gives  6.  This  value  of  6  is  probably  slightly  low,  because 
experiments  show  that  a  dead  water  space  which  is  not 
utilised  for  discharge  is  formed  on  the  rear  side  of  each  vane, 
and  that  /.,  is  in  consequence  somewhat  greater  than  its  calcu- 
lated value.  To  counterbalance  this,  however,  we  have  the 
fact  that,  owing  to  the  gradual  increase  in  the  radius  of  the 
outer  boundary  of  the  chamber,  the  actual  change  of  direc- 
tion of  the  streams  on  impact  is  slightly  less  than  the  angle 
of  impact  0.  These  effects,  which  are  severally  small,  must  to 
a  large  extent  counterbalance  each  other,  and  calculations 
show  that  in  any  normal  pump  the  error  involved  in  the  value 
of  $,  by  neglecting  both  of  these,  does  not  exceed  1°. 

Experimental  Result*. ― The  large  cost  involved  in  modifying 
the  volute  chambers  of  a  series  of  pumps  has  caused  investiga- 
tion of  this  question  on  the  experimental  side  to  be  confined 
to  a  pump  forming  part  of  the  equipment  of  the  Hydraulic 
Laboratory  at  University  College,  Dundee.  This  has  a  single 
encased  impeller;  diameter,  13*5in.  ；  breadth,  (J'.、in.  ；  -y  ―  30°  ； 
having  10  vanes  arid  designed  to  discharge  425  galls,  per 
minute  against  85ft.  head,  at  1,250  revs,  per  minute.  The 
volute  is  of  the  usual  circular  section,  as  shown  in  Fig.  7.  In 
order  to  reduce  this  cross-section,  the  spaces  at  S1S1  were  filled 
in  wholly  or  in  part  by  plaster  of  Paris  or  plasticine  (experi- 
ments ^7),  or  by  Babbitt  metal  (d),  while  in  experiments  (b) 
and  (c)  the  section  was  cut  down  by  means  of  a  continuous 
wooden  strip  bent  to  shape  and  filling  up  the  space  S2.  As 
thus  modified,  the  areas  of  the  volute  at  sections  A，  B，  C，  and 
D，  Fig.  5  (respectively  90°,  180°,  270°,  and  360°  from  the  cut- 
water), were  as  follows : — 

Table  IV. 


Area  of  Volute  (square  inches)  at  Point 


A 

B 

C 

D 

Calculated  l>cst  form  .... 

0.79 

1-77 

3 

30 

5.3(5 

Original  volute  

1.1 

2-6 

4 

1 

5.6 

Muililkation  [a)  

0.87 

1.9 

3 

5 

5-5 

M    ，，  (6)  

1.1 

2.2 

3 

0 

4.3 

„  (c)  

1-1 

2.2 

3.0 

"  ('')  

0.77 

1-3 

1 

•  6 

1-9 
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gals. 

rnin. 
700 

4l_V, 


tt. 


sq. 


37    12°  6'  5.86i41.927-3|12-l  1*60 
30     7°  51'  5.7556-3kl.6f28-3  0-394 
30  I  8°  51'  !8.12  73-5'52.24").4  0-308 


Table  VI. 


l'uinp. 

Point  (See  Fig.  S). 

Maxi- 
iiiain 
Efficiency 

A 

B 

C 

D 

Calcu- 
lated. 

Mea- 
sured. 

Calcu- 
lated. 

Mea- 
sured. 

Calcu- 
lated. 

CO 

Calcu- 
lated. 

M»  a- 

sared. 

per  cent. 

3.14 

7.2 

5.32 

10-8 

8.60 

14-2 

12.95 

18-0 

59.5 

& 

0.98 

1.1 

2.2 

2-65 

4.15 

4.55 

6-75 

C35 

0 

0.79 

1-1 

1-77 

2-6 

3.30 

4-1 

5-36 

5-6 

65-8 

c' 

0.87 

1.90 

3.50 

5*5 

70.5 

It  will  be  noted  that  the  volutes  are  in  every  case  larger 
than  corresponds  to  maximum  efficiency,  and  that  the  pro- 
portional difference  is  much  more  pronounced  over  the  first 
than  over  the  second  half  of  the  volute.  With  the  exception 
of  (c  and  c')，  which  is  the  pump  tested  by  the  author,  the 
efficiencies  given  iu  the  last  column  of  Table  VI.  are  taken 
from  published  records  of  tests  by  the  makers. 

Pump  (a)y  which,  because  of  its  comparatively  low  head 
and  low  speed  of  rotation,  should,  if  well  designed,  show  a 


Volute  (a)  tlius  forms  a  fair  approximation  to  the  calcu- 
lated best  form.  Volute  (b)  and  thft  original  both  (lifTf'r  from 
tlie  ideal,  hut  wli^rms  the  original  is  af  U'tU'r  proportions 
towards  tha  outlet  D,  (b)  is  of  better  form  about  B，  but  is 
restricted  in  area  over  tlu;  latter  half  of  its  lcn^tli.  This 
restriction  is  still  furtlier  marked  in  (')，  wliiU;  in  "/)  tl"，  volute 
is  considerably  smaller  throughout  than  should  t  lie  case 
according  to  the  analysis. 

The  results  of  the  efficiency  tests  with  these  volutee  are 
shown  in  Fig.  8，  and  afford  a  satisfactory  coiifirrnation  of  tl", 
validity  of  the  analysis.  As  compared  with  the  original 
volute,  modification  (a)  increases  tho  maximum  overall  efli- 
ciency  of  tlie  pump  by  approximately  G  per  cent.,  while  the 
greater  the  difference  hetwo^n  the  volute  an.'l  that 
by  the  theory,  the  smaller  the  cfFiciency. 

Comparison  between  Modern  Types  of  Volute  and  Those  De- 
signed by  the  Foregoing  Analysis.  -  In  order  to  '(川 ip:m'  t  In- 
proportions  of  the  volute  as  commonly  fitted,  with  those  of  th<* 
volute  designed  by  the  aid  of  this  analysis,  a  few  typical 
modern  single-chamber  pumps  by  makers  of  repute  lia vc  U'<*" 
examined.  The  essential  dimensions,  &c.f  of  these  are  as  in'' 
Table  V.,  while  the  areas  of  the  volutes  at  points  A，  B，  C,  D 


DISC 

HARGC 

- CUB 

FT 

pi 

.R  SEC 

ONO 

*-、 

TE  d 

■ — - 

 . 

* — 

， ^ 

Fig. 


Fig. 


(Fig.  5),  as  measured  and  as  calculated  for  the  ideal  volute, 
are  as  in  Table  VI. 

Table  V. 


Calculated  Values  of 
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high  efficiency,  is  the  least  efficient  of  the  series,  and  it  will 
be  noted  that  tliis  is  the  pump  in  which  there  is  the  greatest 
difference  between  calculated  and  actual  proportions  of 
volute.  Pump  (h)  on  the'  other  hand,  shows  the  closest 
coincidence  between  the  two  sets  of  values,  and  in  spite  of  its 
large  number  oi"  vanes  (10)  shows  the  high  efficiency  of 
72  per  cent. 

An  analysis  of  the  results  of  tests  on  (a)  shows  that  while 
thei  rise  in  pressure  outside  the  impeller  would  be  approxi- 
mately 5'2ft.  (0'43  |^2，  Fig.  4)  with  the  ideal  volute,  the  actual 

rise  was  approximately  2*8ft.,  or  only  54  per  cent,  of  that 
available  with  the'  former  chamber.  The  additional  gain 
would  increase  the  over-all  efficiency  of  the  pump  by  roughly 
10  per  cent.      Similarly  in  (c)  the  rise  in  the  ideal  volute 

would  be  approximately  14ft.  (0*31  f  ,)as  against  9ft.  in  the 

actual  chamber.  In  this  case  the  modification  of  the  chamber 
would  increase  the  efficiency  by  roughly  6  per  cent.* 

These  examples  sufficiently  indicate  the  possibilities  of 
improvement  of  the  volute  as  usually  constructed.  It  will 
be  noted  that  these  are  in  general  too  large  for  maximum 
efficiency,  so  that  their  modification  would  rather  reduce  than 
increase  the'  cost  of  construction. 

The  figures  of  Table  II.  show  very  clearly  that,  however 
well  designed  a  simple  pump  of  this  type  may  be,  its  efficiency 
cannot  be  expected  to  equal  that  of  the  turbine  pump,  in  wliicli, 


Fig.  9. 


Fig.  10. 


as  far  as  conversion  of  energy  is  concerned,  the  effective  number 
of  vanes  is  equal  to  the  number  discharging  into  each  of  the 
guide-passages.  This  disadvantage,  which  is  inherent  to  the 
type,  might  be  minimised  by  the  provision  of  a  series  of  guides 
in  the  volute  as  shown  in  Fig.  9.  If  these  weire  of  sheet  metal 
bent  to  shape  and  cast  in  position,  such  a  construction  would 
not  add  appreciably  to  the  cost  of  the  pump,  and  as  the 
figure's  of  Table  II.  show  tliat  in  an  8-vaned  pump  the  pro- 
vision of  three  such  guides  (making  four  in  all)  would  increase 
the  possible  conversion  of  energy  by  roughly  100  per  cent., 
this  method  would  appear  to  merit  consideration,  especially 
for  large  pumps  operating  under  fairly  constant  conditions. 

Best  Form  of  Section  for  Volute. ― The  question  as  to  what 
is  the  best  form  of  section  for  the  volute  is  of  importance. 
Th©  various  filaments,  after  entering  the  volute,  trace  out  a 
mean  path  approximately  parallel  to  its  outer  boundary,  so 
that  the  net  deflection  of  the  discharging  streams  and  there- 
fore 6  will  be  least  when  the  rate  of  increase  in  diameter  of 
the  volute  is  a  maximum,  that  is,  when  the  chamber  has 
parallel  sides  of  the  same  width  as  the  impeller.  Such  a 
chamber  would  have  the  advantage  thai  iis  interior  surface 
could  readily  be  machined  or  smoothly  finished  off  to  reduce 
friction,  while  it  would  be  a  simple  matter  to  modify  patterns 
to  suit  the  varying  requirements  of  different  pumps.  Further- 
more, the  addition  of  guide- vane's  would  become  a  compara- 
tively simple  matter.  On  the  other  hand,  with  small  pumps 
a  chamber  of  this  form  would  have  a  comparatively  small 
hydraulic  mean  depth,  and  its  friction  losses  would  on  this 
account  tend  to  be  somewhat  high . 

Failing  this,  the  experiments  on  diverging  passages,  to 
which  reference  has  been  made,  indicate  that  the  form  of  sec- 
tion shown  in  Fig.  10，  with  straight  sides  inclined  outwards 
at  about  22i°  (total  included  angle  45°),  should  give  good 
results  in  the  conversion  of  kinetic  into  pressure  energy  in 
the  average  pump.  This  form  of  section  enables  the  outflow- 
ing streams  to  diverge  at  about  the  best  angle  when  moving 
with  their  highest  velocity,  and  has  the  further  advantage 

•  Confirmed  by  the  tests  (see  Fig.  8). 


that  the  interior  surfaces  can  be  smoothly  finished  off  with 
little  difficulty. 

Whatever  section  is  used  it  will  be  found  that  with  the  best 
areas  the  velocity  in  the  volute  is  usually  from  three  to  four 
times  that  permissible  for  flow  through  the  discharge  pipes, 
and  in  order  to  enable  as  much  of  the  kinetic  energy  of  this 
flow  to  be  utilised  as  possible,  connection  between  the  volute 
chamber  and  the  discharge  pipe  should  be  made  by  a  taper 
pipe  having  walls  diverging  at  about  6°,  Fig.  5. 

Design  of  Guide- Passages  for  Turbine  Pumps. ― In  a  turbine 
pump,  Fig.  11，  the  portion  of  each  guide  passage  from  a  to  b 
is  to  all  intents  a  portion  of  a  volute,  and  the  losses  between 
these  points  will  be  the  same  as  in  the  same  portion  of  an  ordi- 
nary volute.  For  minimum  loss  the  area  at  any  point  must 
therefore  be  calculated  as  already  described.  The  possibili- 
ties as  regards  the  conversion  of  kinetic  to  pressure  energy  in 
a  rectangular  passage  with  one  pair  of  divergent  walls  are, 
however,  somewhat  less  than  in  a  corresponding  circular  pipe, 
and  with  the  best  angle  of  divergence  the  loss  is  about  0  20 

^V'2 n  V^  instead  of  0-15  ("、       as  in  the  latter  case.  Taking 


in  formula  (7)  for  best  results 


2?  '勿 
this  into  account  the  value  of 
is  given  by 

m  =  1-10  +  0-20     +  0-0265  n9t 

where  ?i  and  $  have  the  same  meanings  as  before. 

Under  these  circumstances  Table  VII.  shows  what  propor- 
tion of  the  kinetic  energy  of  discharge  may  be  converted  into 
pressure  energy  with  the  best  form  of  guide  passages. 

Table  VII. 


Number  of  Impeller- Vanes  to  each  Guide- Vane. 


1 

2 

3 

6 

8 

5° 

0.86 

々 
6 

0.63 

0.54 

0.43 

0-36 

7i。 

0.83 

0-72 

O.fil 

0.53 

0.42 

0.35 

10° 

0.81 

0.70 

0.60 

0.52 

0.41 

O-W 

15° 

0.77 

0-66 

0.56 

0-49 

0.38 

0-32 

From  this  table  it  appears  that  if  6  is,  say,  7|°,  the  possible 
conversion  of  energy  in  the  guide  passages  is  83  per  cent,  if 
the  numbers  of  guide  and  impeller  vanes  are  equal,  while  with 
twice  as  many  impeller  as  guide  vanes  the  proportion  falls  to 
72  per  cent.,  and  with  three  times  as  many,  to  61  per  cent. 
As,  with  an  eight-vaned  single  pump,  the  proportion  is  under 
40  per  cent.,  when  both  pumps  are  well  designed  and  working 
under  equally  favourable  conditions  the  turbine  pump  should 
utilise  double  the  kinetic  energy  of  discharge,  and  as  this 
amounts  to  some  40  per  cent,  of  the  total  energy  of  discharge, 
the  efficiency  of  the  turbine  pump  should  be  some  15  per  cent, 
greater  than  that  of  the  simple  pump  with  no  guide  vanes.  As 
the  latter  type  of  pump  gives  efficiencies  up  to  75  per  cent, 
there  would  appear  to  be  no  reason  why  the  turbine  pump, 
even  when  every  allowance  is  made  for  additional  losses  in 
connecting  passages,  should  not  readily  attain  efficiencies 
exceeding  85  per  cent.  Some  pumps  do,  it  is  true,  achieve 
efficiencies  approximating  this,  but  the  great  majority  are 
only  slightly  more  efficient  than  the  best  of  the  simple  pumps. 

An  examination  of  a  number  of  modern  high-lift  turbine 
pumps  indicates  that  this  is  partly  due  to  the  bad  design  of 
the  volute  portion  of  the  guide  passages  and  partly  to  the  fact 
that  an  insufficient  number  of  guide  vanes  is  provided.  The 
following  are  typical  examples  of  triple  or  quadruple  pumps 
lifting  against  heads  of  between  75ft.  and  85ft.  in  each 
chamber : — 

Table  VIII. 


Ini  poller. 

No.  of  Vanes 

Area  of  Oukle  Passat  at 
(b),  Fig.  11. 

Maxi- 
mum 

nSr.  Br。、'lth. 

Im-  Guide 
poller.  Ring 

Measured. 

C'akulatctl  for 
Best  Results. 

Eiiioi- 
ency. 

b 

ins.    1  ins. 
15  1-5 
26  2-0 
23  2-0 

6    1  5 

2-60 

7-  0 

8-  0 

j        o  &o 

SO 
70 
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Of  these  a  is  by  a  continental  maker  whose  ]>umps  are 
deservedly  famous  for  high-working  onicioncy.  ]n  this  case 
the  passages  are  of  good  section  but  slightly  'small,  while  tl'(' 
number  of  impeller  vanes  is  low  and  that  of  guide  vanes 
approximates  to  that  of  impeller  vanes.  Punip  A  lias  t  he 
same  number  of  vanes,  but  the  areas  of  the  passages  arc  con- 
sistently too  great,  while  in  r  not  only  is  1  lio  nmtiber  of  guide 
vanes  smaller  but  that  of  impeller  vanes  is  higher,  while  the 
areas  are  much  too  great.  Tests  by  the  author  of  ； i  pump 
similar  to,  but  slightly  smaller  than,  c  gave  a  maximum  effi- 
ciency of  only  67  per  cent. 

The  investigation  indicates  that  the  possibilities  of  im- 
provement of  the  average  turbine  pump  are  as  great  as  are 
tho&e  of  the  simple  pump.  In  such  a  pump  the  area  of  the 
passage  from  a  to  b.  Fig.  11，  should  be  calculated  as  already 
described.  From  b  to  c  in  the  expanding  portion  of  tlie 
passage  the  sides  should  diverge  at  an  angle  of  12°,  since  this 
is  the  angle  which  gives  minimum  loss  of  energy  in  such  a 
passage  of  rectangular  section.  * 


WESTINGHOUSE-LEBLANC  WATER  VAPOUR  REFRIGERATING 
MACHINE. 

BY  H.  J.  MACINTIRE. 

Mechanical  refrigeration  has  shown  great  progress  in  the  last 
dec  a  do  and  now  is  used  in  almost  every  industry  where  rapid 
cooling  is  required.    A  number  of  refrigerants  have  been  used 


DlAGItAMMATIC  SECTIONAL  VIEW  OF  WEHTINtiHOUSE  liEBLANC  W ATE II  VAPOUIl 

RefbigebvIting  Machine. 

for  mechanically  securing  low  temperatures.  In  the  early 
days  air  was  employed,  the  approximate  adiabatic  expansion 
of  which  gave  the  desired  low  temperature.  The  air  machine, 
however,  is  bulky  and  has  a  low  efficiency,  so  that  recourse  is 
made  to  the  use  of  a  vapour  of  suitable'  boiling  temperature. 
Of  the  number  of  theoretically  possible  refrigerating  vapours 
carbon  dioxide,  sulphur  dioxide,  and  ammonia  alone  are  used . 
In  America,  ammonia  is  employed  for  about  95  per  cent,  of 
the  total  refrigeration,  whereas,  in  England,  France,  and 
Germany,  carbon  dioxide'  is  used  to  a  much  greater  extent. 

Refrigeration  on  board  ship,  in  mines,  hotels  and  other 
confined  quarters,  where  the  liberation  of  a  noxious  gas  would 
be  serious,  makes  the  problem  of  selecting  an  appropriate 
refrigerant  of  even  greater  importance.  None  of  the  tliroe 
vapours  mentioned  are  innocuous  to  man,  although  carbon 
dioxide  is  most  nearly  so.  However,  the  pressures  carried 
with  this  last,  frequently  l,0001bs.  to  1 ,2001bs.  per  square 
inch,  are  excessive  and  explosions  are  not  unknown.  This 
clanger  is  recognised  in  the  French  Navy,  which  has  limited 
the  size  of  the  units  used  in  their  ships.  The  U.S.  Navy  is 
still  using  a  dense-air  machine  which  carries  a  suction-line 
pressure  of  651bs.  gauge,  the  gas  being  used  continuously,  but 
these  machines  are  never  built  in  any  but  very  small  >-iztis 
and  trouble  due  to  freezing'  of  the  lubricating  oil  is 
encountered  daily. 

The  most  logical  medium  to  use,  the  one  costing  least  and 
tlie  one  which  wouJd  be'  perfectly  harmless,  is  water  vapour. 
The  difficult  problem  liere  is,  however,  in  caring  for  the  va-t 
increase  in  the  specific  volume  of  steam  at  low  temperatu r-ps  ； 
at  50°  it  is  1,702  cub.  ft.,  at  40。  it  is  2,438  cub.  ft.,  and  at 
32°  it  is  3,294  cub.  ft.  per  pound  of  steam.  If  a  (oi"p【、's" 'i- 
with  a  piston  were  used  for  compressing  the  vapour  the  neces- 
sary displacement  of  the  machine  per  pound  of  vapour  would 
have  to  be  absurdly  great.    Fortunately,  the  same  end  may  bo 


obtained  with  higli-«j>ee<l  rotary  apparatus,  or  its  ocjuivaknt, 
as  is  shown  in  the  design  of  the  Westinghouse-Leblanc  water- 
power  machine. 

The  accompanying  figure  shows  diagramniatically  tlie 
arrangement  of  this  machine.  At  II  are  the  refrigerating 
coils  which  may  be  arranged  to  carry  the  (x>oling  agent  witliin 
them  in  the  usual  manner,  or  to  allow  the  brine  or  cold  waUu- 
to  fall  in  the  form  of  a  spray  in  contact  with  the  air  to  be 
cooled.  In  the  latter  case  some  moisture  is  absorbed  from  the 
air,  which  part ially  n^-ul ralises  1 1"'  loss  of  vapour  iit  tlio 
evaporating  chainl>er  A.  The  warm  brine  now  passes  into  the 
reservoir  D  wliich  is  subject  to  atmospheric  pressure,  and  is 
then  siphoned  into  the  evaporator  A,  into  which  it  falls  in 
the  form  of  a  fine  spray,  after  having  passed  the  perforated 
plate  d.  The  jet-condenser  chamber  is  at  C,  t  h*-  'mi'l'  i 卜 m 乂 
water  coming  in  from  the  cold-water  supply  I  through  a  per- 
forated plate  e  at  the  top  of  C.  The  condensing  water  and 
condensate  ar©  removed  by  means  of  a  turbine-type  pump  G 
and  the  air  and  water  vapour  by  means  of  the  rotary  punij) 
with  water  pistons  at  F  and  J.  A  vacuum  of  lib.  absolute 
may  be  obtained  at  C  with  cooling  water  of  usual  temperature, 
and  in  order  to  obtain  ^lb.  absolute  in  A  f(*orres[>ondiM^ 
to  an  evaporating  temperature  of  28-30°  Fah.)  work  must  be 
done  on  the  vapour  from  A  to  compress  it  to  the  pressure  in 
C.  This  is  accomplished  by  means  of  the  ejector  cones  Q, 
through  wliich  steam  passes  at  high  velocity,  dragging  with 
it  the  vapour  evaporated  in  A.  Either  high-pressure  or 
exhaust  steam  may  be  used,  and  in  the  latter  case  the  electric 
motor  M  is  replaced  by  a  small  steam  turbine,  and  the  pipe  h 
conveys  the  exhaust  to  the  chamber  B.  As  shown,  all  the 
pump  motors  are  on  the  same'  shaft.  The  level  of  the  reservoir 
D  is  maintained  constant  by  means  of  some  kind  of  float  and 
valve,  which  admits  water  at  the  temperature  of  the  supply  I. 

Although  temperatures  of  32°  Fah.  and  lower  may  be 
obtained,  its  special  sphere  of  usefulness  is  for  temperatures  of 
from  35°  to  50。.  With  these  latter  temperatures,  the  economy 
is  high,  being  about  400  B.T.U.  of  refrigeration  per  pound  of 
steam  supplied  to  the  ejectors,  whereas  only  about  200  B.T.U  - 
is  obtained  at  a  refrigerating  temperature  of  25°  Fall.  As 
air  cooling  in  auditoriums,  banks,  hotels,  chocolate  factories, 
&c.，  seldom  requires  temperatures  lower  than  50°,  and  as  tlto 
installation  has  no  element  of  clanger  on  account  of  the  harm- 
less refrigerant,  a  field  will  probably  soon  ope"  for  it  along 
these  lines. 

So  far  little  information  is  available  about  the  &pace 
required,  but  it  will  not  be  greater  than  that  necessary  for 
the  ammonia  compressor  and  condenser.  The  design  is  so 
simple  that  the  first  cost  will  be  small  and,  for  the  uses  cited, 
no  brine  should  be  necessary  as  the  temperatures  are  safelv 
above  32°  Fah.  There  is  no  practical  limit  of  siz^  to  this 
machine,  the  largest  in  Europe  being  about  350  tons,  and  in 
America  about  200  tons  of  refrigeration. 

In  comparing  the  relative  efficiencies  of  the  water  vapour 
and  ammonia  machines,  only  approximate  values  can  be  given , 
as  too  many  specific  factors  come  in  for  a  general  statement. 
Roughly,  the  horse-power  of  the  ammonia,  compressor  per  ton 
of  refrigeration  varies  from  0'5  to  1"2  ar  more,  which  would 
correspond  to  from  15 lbs.  to  301bs.  of  steam  per  ton  cf 
refrigeration,  or  to  from  about  300B.Th.U.  to  600B.Tli.U. 
per  ton  per  minute,  a  value  wliich  is  nearly,  if  not  quite,  tlie 
economy  of  the  water-vapour  machine.  Considering  (1 )  that 
the  modern  small  impulse  steam  turbine  and  centrifugal  ]>uui|) 
may  be  run  for  days  without  attention,  the  cost  of  main- 
tenance and  operation  being  reduced  accordingly  ；  and  (2)  that 
the  element  of  danger  is  lowered  to  a  minimum,  tlien  this 
water-vapour  machine  would  seem  to  compare  favourably  in 
economy  with  older  types  of  refrigerating  inacliines. ― 
" Engineering  News." 

Submarine  Bells  for  Liners. ―  As  a  result  of  a  series  of  suc- 
cessful trials  in  submarine  signalling  from  steamers,  the 
North  Grerman  Lloycl  have  decided  to  equip  a  number 
of  their  steamers  with  submarine  bells  of  a  similar 
tvpe  to  those  fitted  to  lightships.  The  advantage  to 
be  derived  from  the  possession  of  these  bells  is  that  t lie 
steamers  so  equipped  will  not  only  receive  the  signals  from 
the  regular  warning  stations,  but  will  themselves  be  able  to 
send  out  sound  signals,  so  that  in  the  event  of  a  vessel  being 
in  distress  in  a  fog  its  position  could  be  easily  located  and  the 
vessel  found  by  any  other  ship  fitted  with  a  submarine 
receiving  apparatus. 
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A  NEW  FORM  OF  ELECTRICALLY-DRIVEN  TWO-HIGH 
TINUOUS-RyNNING  REVERSING  MILL* 


CON- 


]1Y  ANI)Ki:\\    L  \MI;i:KT()\. 


During  the  past  few  years  the  attention  of  engineers  and 
steelworks  owners  has  been  closely  directed  to  the  problem 
of  the  economical  driving  of  rolling  mills,  which  have  in  t  lio 
past  in  the  majority  of  cases  been  far  from  satisfactory  in 
this  respect,  and  although  the  subject  is  surrounded  with 
many  difficulties  very  satisfactory  progress  has  been  made 
and  the  way  cleared  for  further  advance. 

As  was  to  be  expected,  electricity  has  been  much  in 
evidence,  and  great  credit  is  due  to  those  who  have  been 
pioneers  in  this  respect  for  the  ingenuity  they  have  displayed, 
and  the  large  measure  of  success  which  has  attended  their 
efforts.  The  day,  however,  has  not  yet  arrived  when  it  can 
be  claimed  that  by  the  universal  adoption  of  electricity  as 
the  motive  power  for  driving  rolling  mills  in  iron  and  steeL- 
works  the  highest  economy  in  running  costs  can  be  attained  ； 


steelworks  in  this  country,  in  both  of  which  blastfurnaces 
； uid  coke  ovens  exist  and  an  ample  supply  of  free  gas  is 
thereby  available,  although  using  electricity  for  every  possible 
purpose,  have  not  adopted  it  for  driving  their  reversing  mills, 
which  seems  to  indicate  that  the  high  initial  cost  and  other 
considerations  have  made  it  clear  that  this  was  not  in  these 
cases  the  most  economical  when  all  the  conditions  were  fully 
considered. 

All  engineers  may  be  said  to  be  in  agreement,  that  where 
rolling  mills  can  be  driven  by  a  constant-running  motor 
associated  with  a  heavy  flywheel  to  take  the  peak  loads  of 
rolling,  electrical  driving  is  to  be  preferred,  provided,  of 
course,  that  the  cost  of  current  be  low  enough.  Look  for  a 
moment  at  some  of  the  main  considerations  that  arise  in 
connection  with  the  adoption  of  electricity  for  driving  bar, 
rail,  and  section  rolling  mills. 

For  small  mills  rolling  light  sections  and  bars,  which  can 
be  fed  to  the  mills  by  hand,  the  three-high  continuous-running 
mill  is  practically  universally  adopted,  and  in  such  cases  the 


, . 諮. 


Fig.  1.— General  Abbangement  of  Two-high  CoNTiNtioub-RUNNiNG 
Reversing  Mill. 

and  every  proposed  installation  of  such  machinery  would 
require  to  be  most  carefully  considered  in  relation  to  the 
existing  conditions,  and  decided  upon  its  true  merits. 

Speaking  generally/  where  steelworks  are  associated  with 
blastfurnaces,  and  perhaps  also  coking  ovens,  and  an  abun- 
dant supply  of  surplus  gas  is  available  for  producing  electric 
current  at  a  low  cost,  electrical  driving  of  such  mills  is  clearly 
indicated  ；  and .  the  question  before  the  engineer  then 
becomes  one  of  the  economical  design  of  such  plant,  both  as 
regards  first  cost  of  installation  and  economical  performance. 
The  greatest  difficulty  is  met  with  in  dealing  with  reversing 
mills  of  the  two-high  type,  where  the  rolls  have  to  be  reversed 
at  each  pass,  and  when  these  mills  are  of  large  sizei  the  elec- 
trical plant  is  extremely  cost】y，  the  reversing  mill  motors 
necessary  being  from  10,000  b.h.p.  to  15,000  b.h.p. ,  due  io 
their  having  to  start  from  rest  under  full  load  at  each  reversal. 

We  are  all  familiar  with  the  Ilgner  system  of  driving  such 
mills,  first  introduced  in  Germany,  and  with  which  Messrs. 
Siemens  Bros.,  of  London,  have,  in  this  country,  been  closely 
identified  ；  and  several  very  interesting  papers  have  been 
submitted  by  Mr.  Ablett,  of  that  firm,  describing  such  instal- 
lations. The  high  initial  cosi,  however,  seem s  to  militai o 
against  the  general  adoption  of  the  Ilgner  system  in  this 
country,  as  British  steel-makers  seem  very  slow  to  adopt  it  ； 
and  it  is  noteworthy  that  two  of  the  most  recently  erected 
•  Paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel  Institute,  May, 


driving  of  these  mills  by  a  continuous- running  electric 
motor  loaves  nothing  to  be  desired.    For  larger  mills 
rolling  bars  and  sections  of  heavier  type  which  camiot 
be  fod  by  hand,  and  where  live  roller  feeding  tables 
and  mechanical  manipulators  are  therefore  necessary, 
the  three-high  type  of  mill  is  not  so  popular  in  this 
country,  although  it  must  be  admitted  that  on  the 
Continent  and  in  America  this  type  of  mill  is  quite 
commonly  used  even  for  heavy  sections.      The  main 
objections,  however,  ar©  the  complicated,  live  roller 
tables  which  require  to  rise  and  fall  at  each  pass,  and 
tlie  increased  difficulty  of  manipulating  the  bars  on 
these  rising  and  falling  tables.      There  is  also  the 
further  difficulty  of  the  exact  setting  of  three  rolls  to 
give  accurate  sections,  together  with  the  multiplica- 
tion of  th-e  guides  and  guards  required  in  this  system. 
These  considerations  have  caused  steel -makers  in  tliis 
country  bo  prefer  the  two -high  type  of  reversing  mill 
for  such  heavy  bars  and  sections,  even  although  the 
driving  of  such  mills  by  reversing  steam  engines  is 
less  economical. 
This  being  so,  it  occurred  to  the  author  that  if  two-high 
section    rolling   mills  could  be  designed  so  as  to  be  capable 
of  being  driven  by  a  continuous-running  electric  motor,  and 
at  the  same  time  give  the  necessary  reversals  to  the  bar  at 
each  pass,  this  would  go  a  long  way  to  meet  the  difficulties 
referred  to,  as  the  ease  of  setting  the  rolls  in  the  two-high 
mill,  and  the  simplicity  of  the  roller  tables  being  fixed  iu stead 
of  moving,  would  be  conserved,  and  the  large  and  very  costly 
reversing  motor  rendered  unnecessary.     The  following  is  a 
short   description   of    the  method  by  which  this  is  accom- 
plished ： ~ - 

The  root  idea  of  the  new  system  is  that,  if  iu  a  mill  with 
two  rolls,  arrangements  can  be  made  to  make  the  bottom  roll 
the  top  roll,  and  vice  versa,  then  at  each  reversal  of  the 
position  of  these  rolls  there  will  be  a  pass  in  the  opposite 
direction.  If  then  a  pair  of  rolls  be  mounted  in  circular 
gables  which  are  free  to  rotate  in  fixed  frames  or  housings, 
this  will  afford  a  continuous-running  two- high  mill,  which 
gives  reversals  at  each  pass,  on  the  gables  being  rotated 
through  an  angle  of  180。 一 half  a  revolution. 

Referring  to  Fig.  1，  the  two  rolls  A  are  mouuted  in 
tlie  usual  form  of  chocks  B  contained  in  the  circular  gables 
C,  which  gables  are  free  to  rotate  iu  the  fixed  frames  or 
housings  D.  Tn  order  to  make  the  turning  of  the  gables 
easy,  these  are  carried  on  broad  revolving  anti-friction 
rollers  E  placed  immediately  under  the  gables,  and  carrying 
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the  weight  of  same.  These  anti-friction  rollers  have  part  of 
their  breadth  formed  into  a  spur  pinion  K  which  gears  with 
corresponding  teeth  in  the  rotating  gables.  By  means  of  u 
hydraulically-operated  rack  G  gearing  into  pinion  on  t  lie 
bottom  roller  shaft  H，  the  rotation  of  the  gables  is  quickly 
effect rd,  the  time  taken  being  only  3  sees,  to  5  sees.,  and  Iho 
stroke  of  the  hydraulic  rams  is  just  suHirioi"  io  bring  the 
rolls  to  tlitMr  exact  position  at  eac'h  reversal.  To  provide  for- 
th© alternate  change  in  the  position  of  the  lop  and  bottom 
roll,  tlic  driving1  spindles  J,  conveying  ihe  power  from  t lie 
mill  pinions  K  to  the  rolls  A,  are  disposed  in  the  manner 


roughly  formed  rail  ；  and  (3)  a  (inishin^  mill  to  finish  tin-  rail 
to  the  requir***!  ><-ci  tun . 

These  mills  are  all  of  the  sanic,  continuous-runnint: 
reversing  type,  the  rolls  having  fixed  draughts,  so  that  there 
is  no  screwing-down  gear  req!iire(l.  The  live  roller  t;ihl''、 
are  all  fixed  tables  of  the  simplest  form,  and  the  m;mi!)ul;it ion 
of  the  ingots  at  the  cogging1  mill,  t ho  blooms  at  the  roii^liiii^ 
mill,  and  the  rails  at  the  finishing  mill  is  of  the  simplest 
characto r.  1 1  igh-s|)"<'(l  continuous-ruiniiiig  elect  ric  m"t  or-, 
with  suitable  flywheels  are  used  to  drive  each  of  these  mills, 
and  these  motors  are  all  of  most  reliable  type  anrl  In^h^st 


；特卡 


Fig.  2.— Enlarged  View  of  Rotating  Gables  (C)  and  Fixed  Frames  (D). 


shown  on  the  drawing,  and  the  weight  of  these  spindles  is 
borne  up  in  their  centre  by  a  balanced  carrying  gear,  the 
weight  of  the  descending  spindle  balancing  that  of  the 
ascending  spindlei  at  each  TOversal .  It  will  be  noted  that  the 
mill  pinions  are  placed  side  by  eide,  and  not  superposed  as 
is  usual,  as  this  side-by-side  arrangement  reduces  the  angle 
on  the  spindles  during  reversals. 

With  regard  to  the  motor,  driving*  gear,  and  flywheel, 
these  are  so  well  understood  as  to  require  no  description, 
except  to  observe  that  by  the  employment  of  a  high-speed 
continuous-run ning  motor  the  size  and  cost  of  such  motor  is 
reduced  to  a  minimum  ；  and  as  the  flywheel  i akes  tlic  peaks 
of  the  rolling  loads,  the  highest  economy  in  operation  results. 

In  Fig.  2  the  revolving  gables  with  the  fixed  frames  aiv 
shown  to  a  larger  scale,  and  the  guides  and  guards  for  rail 
rolling  are  also  shown  in  position. 

An  interesting  point  to  ob&erve  is  that  in  rolling  rails  ;\  n<i 
sections-  in  the  ordinary  type  of  two-high  mill,  it  is  necessary 


efficiency.  The  author  ventures  to  think  that  in  such  an 
installation  a  very  high  efficiency  would  be  obtained,  with  the 
minimum  initial  cost.. 

The  first  mill  of  this  new  type  is  now  in  course  of  construc- 
tion, and  will  be  put  to  work  in  a  large  steelworks  in  England 
in  the  early  summer,  when  the  results  in  every  day  operation 
will  be  available  ；  and  the  author  will  be  glad  to  give  these 
results  in  a  subsequent  communication.  There  is,  however, 
another  side  to  this  problem  of  the  economical  rolling  of  steel 
products,  which,  although  ft  concerns  the  engineer  less  than 
the  one  just  considered,  is  of  the  utmost  importance  to  the 
steelworks  owner,  and  cannot  therefore  be  overlooked. 

It  is  well  known  that  to  obtain  the  highest  economy  from 
any  rolling  plant  the  maximum  capacity  of  such  plant  must 
be  realised,  for  if,  say,  in  a  plant  of  5,000  tons  capacity  per 
week  only  an  average  of  3,000  tons  is  actually  obtained,  the 
cost  per  ton  of  production  on  this  reduced  quantity  would  be 
much  higher  than  would  have  beeu  the  case  had  the  niaxi- 
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Fig.  3.— General  Akrangkment  of  Rail-rolling  Plant  fok  a  Production  ov  5,000  tons  per  week. 


tu  turn  the  bar  upside  down  to  prevent  the  formation  of 
fins,  but  this  is  entirely  obviated  in  this  new  design  of  mill, 
because  the  rolls  take  alternately  top  and  bottom  position, 
and  finning  is  thereby  corrected,  so  that  the  turning  of  the 
bar  upside  down  is  rendered  unnecessary  and  the  operations 
of  rolling  simplified. 

In  Fig.  3  is  shown  the  general  lay-out  of  a  rail-rolling 
mill  plant  on  this  new  system,  capable  of  an  output  of  5,000 
tons  per  week.  It  will  be  observed  that  three  distinct  mills 
are  shown  ：  (1)  A  cogging  mill  taking-  the  ingot  and  reducing 
it  to  a  bloom  ；  (2)  a  roughing  mill  to  reduce  this  bloom  to  a 


mum  output  been  serured  ；  and  it  is  to  be  feared  that  this 
condition  of  things  is  all  too  characteristic  of  the  rolling  mills 
in  this  country. 

Let  us  look  at  some  of  the  causes  which  go  to  explain  this 
shortage  in  output  ：  First,  and  probably  the  greatest,  are 
the  constant  fluctuations  in  trade,  in  sympathy  with  which 
the  demand  rises  and  falls  ；  and  second,  t  he  fact  that  the 
total  capacity  of  existing  plants  in  this  country  is  now  much 
greater  than  the  average  demand  for  their  products,  wit h  tli，、 
result  that  the  total  quantity  of  the  work  placed  is  split  up 
into  numerous  small  orders,  that  rarely  ever  afford  an  oppor- 
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tunity  for  a  lengthened  run  on  the  same  section,  by  which 
； il( 川'' ；!  ni;i ximum  output  is  possible.  This  also  results  in 
constant  changing  of  rolls  for  tlie  different  wtions  required, 
incurring  large  expense  and  very  great  loss  of  time. 

Under  such  conditions  as  these  the  output  capacity  of 
mills  cannot  possibly  be  even  approximately  reached ,  and  the 
cost  of  production  is  thereby  chronically  excessive,  and  reacts 
upon  and  checks  demand  ；  and  so  it  would  appear  that  our 
steel-makers  seem  to  be  within  a  vicious  circle,  where  limited 
demand  results  in  high  cost  of  production,  and  where  high 
cost  of  production  again  causes  limited  demand  ；  and  this  is 
a  situation  sufficiently  serious  to  claim  the  earnest  attention 
of  all  those  directly  interested.  '  Not  much  comfort  or  sal  is 
faction  is  to  be  got  from  those  who  will  tell  us  that  this  is 
clearly  a  case  of  the  survival  of  the  fittest  and  the  with- 
drawal of  the  vanquished  from  the  field.  Is  th-ere,  however, 
no  remedy  at  all  for  such  a  state  of  matters?  Remedies  have 
been  proposed,  to  which  the  author  dare  not  allude  in  this 
place,  but  there  is  one  which  is  so  safely  outside  the  pale  of 
politics  that  no  apology  is  necessary  in  referring  to  it ~ this 
is  "  specialisation." 

We  are  all  familiar  with  the  saying,  "  It  is  a  wise  farmer 
who  looks  over  his  neighbour's  fence,"  and  those  of  us  who 
have  visited  America  and  Germany  and  seen  the  steelworks 
in  these  countries  could  not  fail  to  have  been  impressed  with 
the  constant  endeavour  put  forth  to  carry  out  this  principle 
of  specialisation  to  the  fullest  extent  in  all  their  operations  ； 
and  this  for  the  sole  purpose  of  enabling  them  to  produce 
cheaply,  and  consequently  to  keep  their  plant  running  to  its 
fullest  capacity,  in  the  knowledge  that  the  more  they  produce 
the  cHeaper  they  produce 

Hence  we  see  contiguous  billet  rolling  mills  working  all 
the  time  on  billets  alone,  and  producing  these  in  quantity  far 
above,  and  at  a  cost  far  below,  what  can  be  done  in  this 
country.  The  same  principle  is  carried  through  in  all  their 
rolling  operations,  the  orders  received  at  head-quarters  being 
carefully  classified  and  sent  to  the  mills  specially  designed  for 
producing  the  sections  required,  and  large  economies  being 
thereby  effected .  Tn  Goi'tnany  i-ho  Verba nd,  controlling  a 
number  of  the  largest  woiks,  carries  out  this  same  method , 
and  years  of  experience  have  now  proved  the  great  value  of 
the  system. 

At  the  present  time  the  steelworks  all  over  the  world  are 
practically  full  of  work,  sc  that  the  British  steel-maker  is  not 
seriously  affected  by  American  and  German  competition,  but 
the  inevitable  ebb  in  the  tide  of  prosperity  is  sure  to  set  in, 
and  then  tlie  struggle  for  our  share  of  the  business  of  the 
world  will  certainly  be  keener  than  we  have  ever  yet 
experienced.  To  meet  this  our  ste-el-makers  will  have  a  very 
serious  and  difficult  problem  to  face,  as  the  conditions  in  this 
country  are  admittedly  widely  different  to  those  in  America 
and  Germany. 

In  whatever  way  the  matter  may  be  dealt  with,  the  value 
of  this  system  of  specialisation  in  design  of  mills,  and  classi- 
fication and  selection  in  the  work  rolled  in  these  mills,  which 
have  proved  beyond  doubt  so  beneficial  wherever  they  have 
been  systematically  followed,  cannot  be  ignored,  ami  every 
improvement  that  can  be  devised  tending  to  increase  tlie 
efficiency  and  simplicity  in  operation  of  such  mill  plants 
must-  constantly  engage  the  attention  of  the  engineer,  if  \vc 
are  to  hold  our  own  against  the  very  formidable  opponent s 
who  so  strenuously  assail  our  position,  and  who  enjoy  advan- 
tages in  regard  to  our  markets  here  which,  are  unfortunately 
denied  to  us  by  them. 

Should  the  new  methods  described  in  this  short  paper 
prove  in  some  degree  instrumental  in  attaining  higher 
economy  in  rolling-mill  practice,  or  be  assistant  to  others  who 
may  be  working  on  this  important  problem,  the  author  will 
feel  amply  compensated  for  any  little  trouble  he  has  under- 
taken in  this  modest  effort  towards  improvement  on  exist  in 乂 
methods. 


Oil  for  the  British  Navy.  ―  The  Admiralty  have  given 
instructions  for  another  oil-carrying  vessel  to  be  laid  down  at 
Pembroke  Dockyard,  which  will  raise  to  10  the  number  of 
such  vessels  built  or  building  for  the  Navy.  Altogether  the 
supply  of  oil  fuel  to  the  fleet  will  cost  over  a  million  sterling 
in  the  current  financial  year. 


COMBINED  WATER-TUBE  BOILER  AND  SUPERHEATER. 

The  accom panying  illustration  shows  a  design  of  water-tube 
boiler  having  superheating  tubes  arranged  in  single  rows  inter- 
meshing  with  some  of  the  water  heating  tubes.  The  arrange- 
ment, which  is  the  joint  invention  of  the  Hon.  Sir  Charles 
A.  Parsons,  Heaton  Work?,  Newcast le-o n -Ty ne,  and  Mr.  S.  S. 
Cook,  has  been  designed  with  a  view  to  avoid  the  excessive 
heating  of  the  superheater  tubes  when  for  any  reason  such  as  a 
reduction  of  power  or  the  sudden  shutting  down  of  the  engines, 
the  flow  of  steam  through  tliern  is  reduced  or  stopped 
altogether,  while  under  normal  conditions,  an  efficient  su{>er- 
heat  is  obtained.  The  boiler  is  of  usual  construction  having  a 
steam  drum  A  connected  by  means  of  water  tubes  B  to  two 
lower  water  drums  C，  between  wliich  the  fire  grate  is  arranged. 
On  the  left-hand  side  of  th-e  figure  are  shown  additional  tubes 
D  connecting  tlie  steam  drum  A  with  a  chamber  E  within  tlie 
lower  drum  C，  these  additional  tubes  being  provided  far  the 
purpose  of  preheating  the  boiler  feed  water  before  it  is  passed 
into  the  drums  C  and  evaporated  in  the  water  tubes  B.  The 
necessary  degree  of  superheat  is  imparted  to  the  steam  by 


Combtnkd  Water,  Tube  Boiler  and  Superheater. 


passing  the  same  from  the  steam  drum  A  through  a  series  of 
superheating  tube's  F  arranged  transversely  bo  the  tubes  B. 
The  superheating  tubes  F,  it  will  be  seen,  are  inter  meshed  in 
single  rows  entirely  with  the  tubes  B,  as  shown  on  the  ri^ht- 
liand  side  of  the  figure  or  partly  with  the  tubes  B， 
and  partly  with  tlie  tubes  D,  as  shown  on  the  left- 
hand  side.  The  tubes  F  are  not  only  iiitermeshed  with 
the  tubes  B  and  D,  but  are  arranged  in  close  proximity  thereto, 
and  in  this  way  the  mutual  heat  radiation  between  the  tubes 
prevents  the  superheating  tubes  F  from  attaining  an  excessive 
t-emperature  when  the  flow  of  steam  through  them  is 
diminished  or  entirely  discontinued.  Under  normal  con- 
ditions of  working  this  mutual  radiation  iu  no  way  diminishes 
the  efficiency  of  any  of  the  tubes  B,  D,  or  F，  but  on  the 
reduction  of  power  or  shutting  down  of  the  plant  which  is 
supplied  with  steam  by  the  boiler,  the  radiation  between  the 
superheating  tubes  F  and  the  water-containing  tubes  B  and  I) 
will  be  paramount,  in  determining  the  temperature  of  the 
superheating  tubes. 


Electrification  of  the  North-eastern  Line. ― The  North-east-eru 

Railway  Company  have  been  considering  the  extensive 
electrification  of  their  lines  in  the  mid-Durham  coalfield,  and 
a  20-mile  section  stretching  from  Shildon  (near  Bishop  Auck- 
land), where  there  are  very  extensive  coal  sidings,  to  Newport 
(near  Middlesbrough)  has  been  selected  for  the  start.  The 
overhead  system,  is  to  be  used  where  possible,  but  conductor 
rails  will  have  to  be  resorted  to  in  some  places.  The  loco- 
motives will  be  capable  of  drawing  1,400  tons  on  the  level  at 
an  average  speed  of  25  miles  an  hour. 
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ON  PHASE-ADVANCING.* 

BY  DR.  GISHEHT  KA1M'. 

If  the  current  sent  out  from  a  power-house  lias  a  la^Lriit^  <  (>m- 
ponent,  this  may  b&  compensated  and  the  power  ia<  t ()r 
brought  to  unity  by  coniioctin^  to  tlie  circuit  some  apparatus 
taking  a  leading  current.  A  well-known  form  of  such 
apparatus  is  an  over-excited  synchronous  motor,  and  it  has 
also  been  suggested  to  use  an  electrostatic  condenser  for  t  his 
purpose.  Whichever  apparatus  is  used  the  improvement 
takes  place  from  the  generator  up  to  the  point  of  att nclnnent, 
but  not  beyond.  Tlie  apparatus  must  therefore  not  be 
installed  in  the  power-house,  for  there  it  would  only  relieve 
the  generators  of  wattless  current,  and  not  the  line.  Apart 
from  this  imperfection,  it  can  easily  be  shown  that  litis 
method  is  wasteful  both  in  capital  outlay  and  in  riuuiiii^  cost . 
In  capital  outlay  because  the  volt-ampere  capacity  of  a 
generator  and  rotary  condenser  is  greater  than  that  of  a  gene- 
rator made  large  enough  to  give  both  components  of  t ho 
current,  and  in  running  cost  because  some  power  is  lost  in 
running  the  rotary  condenser. 

Let  E  I  be  the  output  required  from  the  generator  ；  then 
E  I  must  also  be  its  volt-ampere  capacity  if  no  phase  advancer 
is  used.  If  such  an  apparatus  is  used,  then  the  output  from 
the  generator  need  only  be  E I  cos  <p.  The  volt-ampere 
capacity  of  the  rotary  condenser  will  be  the  product  of  I  sin  <p 
and  the  voltage  to  which  it  must  be  excited.  This  is  about 
30  per  cent,  more  than  the  busbar  voltage,  so  that  the  amount 
of  dynamic  machinery  is  in  the  two  cases  respectively  E I 
and  E  I  (1'3  sin  <p  +  cos  <p)  ；  whilst  the  available  power  is 
reduced  by  the  loss  in  the  rotary  condenser,  resulting  in  a 
slight  lowering  of  the  efficiency.  The  expression ~ - 
1  '3  sin  <f>  +  cos  </> 

shows  the  proportional  increase  in  the  amount  of  electrical 
machinery  over  the  case  where  a  generator  is  large  enough  to 
give  both  components. 

The  following  table  shows  this  proportion  for  various 
power  factors,  and  also  the  loss  in  the  rotary  condenser.  The 
latter  figure  is  calculated  on  the  assumption  that  all  losses 
are  covered  by  an  allowance  of  4  per  cent,  on  the  volt-ampere 
capacity  of  the  rotary  condenser. 


Power  factor  

1 

0 

95 

0 

90 

0 

85 

0 

80 

0 

75 

0 

70 

1  •  3  sin  0  x  cos  <p  

1 

35 

1 

40 

1 

53 

1 

58 

1 

•51 

1 

62 

Loss   in   per    cent,  of 

power  generated  .... 

0 

1 

7 

2 

50 

3 

20 

3 

！ 10 

4 

30 

5 

20 

Thus,  to  compensate  for  a  power  factor  of  0'8  by  a  rotary 
condenser  the  cost  of  the  electrical  plant  will  be  increased  by 
60  per  cent,  over  a  generator  designed  large  enough  for  this 
power  factor— and  the  cost  of  the  steam  plant  and  the 
expenses  for  power  will  both  be  increased  by  about  4  per  cent. 
Obviously  it  is  a  wrong  policy  to  install  the  phase  advancer 
side  by  side  with  the  generator. 

The  same  reasoning  applies  to  an  electrostatic  condenser. 
The  losses  would  probably  be  a  little  smaller,  but  to  sav*-  '」（» 
per  cent,  of  generator  volt- ampeies  we  should  have  to  put 
in  75  per  cent,  of  condenser  volt-amperes,  obviously  the  reverse 
of  a  commercial  proposition. 

We  may  thus  dismiss  at  once  the  idea  of  installing  any 
kind  of  phase-advancing  apparatus  in  the  power-house,  and 
turn  to  the  only  practical  plan  of  putting  such  apparatus  at 
the  end  of  the  line  or  on  the  customer's  premises. 

Here  we  may  distinguish  two  cases.  First  the  reduction 
of  the  phase  angle  of  the  installation  as  a  whole  without  any 
change  in  the  power  factors  of  individual  motors  or  other 
consuming  devices  ；  and  secondly,  the  increase  of  the  power 
factor  of  individual  motors.  The  first  case  is  obviously  the 
only  possible  one  if  electrostatic  condensers  are  to  be  used, 
and  it  is  also  the  only  possible  solution  with  rotary  condensers 
if  the  existing  motors,  either  because  of  small  size  or  special 
type,  do  not  lend  themselves  to  the  application  of  individual 
phase  advancers. 

In  the  second  cas&  the  advancement  in  phase  of  the  current 
of  a  few  large  motors  may  be  carried  beyond  what  is  required 
to  bring  their  power  factors  individually  to  unity,  so  that 
these  large  motors  are  compelled  to  take  a  leading  current 
which  will  make  up  to  some  extent  for  the  lading  current 
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taken  by  the  small  motors.  It  will  be  convenient  to  treat 
the  two  cases  separately. 

I.  Phase  Advancement  of  the  Supply  System  as  a  Whole. 

At  first  sight  this  would  appear  t  In*  best  jx'liry,  herause  in  no 
way  does  it  interfere  with  the  existing"  arrangements  of  the 
customers  of  the  power  company.  A  little  consideration  of 
the  general  problem,  however,  soon  leads  to  the  convict  ion 
that  this  ])lan  is  too  expensive  for  general  adoption  and  <  an 
only  bo  justified  if  the  cost  of  tlie  line  has  a  preponderating' 
influence.  It  is  the  only  possible  method  where  the  con- 
suming devices  are  squirrel-cage  motors,  arc  lani[)H,  induction 
furnaces,  and  similar  appliances;  and  then  it  becomes  a  ques- 
tion whether  it  will  be  more  profitable  to  put  in  a  phaso 
advancer  or  to  lay  an  additional  line  and  install  additional 
generators,  if  t lie  plant  must,  be  extended. 

Each  case  must  be  studied  on  its  merits  ；  but  to  obtain  at 
least  an  approximate  view  of  the  economic  conditions  involved, 
we  may  consider  the  case  of  a  group  of  small  motors  taking 
together  at  peak  time  100  kw.  at  a  power  factor  of  0  7.  This 
is  not  too  low  an  estimate,  for  whilst  a  few  of  the  motors 
may  be  working  fully  loaded  with  something  like  0"85  power 
factor,  a  good  many  will  be  underloaded,  so  that  the  power 
factor  of  the  group  as  a  whole  cannot  be  expected  to  hav*-  a 
higher  value  than  0'7. 

Now  suppose  that  this  installation  must  be  extended  by 
the  addition  of  similar  motors.  The  line  is  loaded  to  its  full 
current  capacity.    Any  additional  power  required  for  the  new 


Fig.  3. 

motors  must  therefore  either  be  supplied  over  a  new  line  or  the 
power-carrying  capacity  of  the  old  line  must  be  increased  by 
improving  the  power  factor.  It  may  be  assumed  that  the 
steam  plant  has  the  required  margin  of  power,  and  since  the 
current  is  not  increased  the  generators  will  also  be  able  to 
give  the  additional  power.  To  fix  our  ideas,  let  us  assume 
that  the  line  loss  before  the  enlargement  of  the  installation, 
when  the  power  factor  was  0*7，  was  10  per  cent,  of  the  power 
delivered,  or  10  kw.,  and  that  this  loss  shall  not  be  exceeded 
when  a  phase  advancer  is  installed.  This  means  that  the 
output  of  the  generator,  defined  as  so  many  volt-amperes, 
will  remain  the  same.  In  our  case  this  output  is  153  k. v. a. 
The  gain  in  saleable  power  will  depend  on  the  amount  of 
phase  advancement,  but  cannot  exceed  the  value  correspond- 
ing to  unity  power  factor.  Allowing  4  per  cent,  of  the  volt- 
ampere  capacity  of  the  idle  running  motor  to  cover  its  losses, 
the  net  saleable  power  before  and  after  the  installation  of 
the  phase  advancer  is  given  in  the  following  table  ： ― 
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Since  the  phase  advancer  is  a  synchronous  motor  it  requires 
an  exciter,  starter,  and  synchroniser.  The  cost  of  such  a 
machine  with  its  adjuncts  would  hardly  be  less,  and  may  be 
more,  than  £2  per  k.v.a.  capacity,  so  that  if  new  motors  are 
inst  ailed  taking  at  peak  time  an  additional  25  kw.  at  0*7 
power  factor,  tlais  would  entail  an  expenditure  of  about  £180 
for  1  he  phase  advancer  and  a  sacrifice  of  1  per  cent,  in 
^fliciency  of  transmission  from  generator  to  motors.  If  the 
a<l'li)  ional  power  required  amounts  to  the  possible  maximum 
at  unity  power  factor,  namely,  36  kw. ,  the  additional  expen- 
diture would  be  £380  and  the  efficiency  would  be  lowered  by 
、1  j)cr  cent.  Thus  every  additional  kilowatt  set  free  for  sale 
is  obtained  at  a  capital  outlay  of  from  £7  to  £10. 

The  financial  position  is  not  improved  by  replacing  the 
dynamic  machine  by  an  electrostatic  condenser.  In  the  dis- 
cussion on  Prof.  Miles  Walker's  recent  paper*  Mr.  A.  W. 
Ashton  quoted  £2*8  per  k.v.a.  as  the  cost  of  condensers,  and 
in  a  letter  to  the  Press  this  was  afterwards  corrected  to  £1'9 
for  a  frequency  of  50.  For  power  transmission  a  lower  fre- 
quency is  desirable,  and  then  the  cost  of  condensers  is  pro- 
portionately increased.  The  static  condenser  can  therefore 
in  point  of  cost  hardly  compete  with  the  dynamic  condenser. 
The  fact  that  it  requires  no  attention  and  has  a  slightly 
lower  loss  is  more  than  counterbalanced  by  its  as  yet  experi- 
mental nature.  We  know  that  a  motor  can  run  for  any 
length  of  time  with  perfect  reliability,  but  we  do  not  as  yet 
know  how  a  condenser  will  behave  if  it  is  connected  to  the 
line  and  left  there  during  an  unlimited  period. 

In  what  follows,  the  author  limits  himself  to  the  study  of 
phase  advancement  by  dynamic  machinery. 
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Whether  the  expenditure  of  from  £7  to  £10  per  kilowatt 
of  additional  saleable  power  is  a  commercial  proposition  can- 
not be  decided  generally.  If  the  line'  were  very  long  and 
expensive  it  might  pay,  but  at  any  rate  a  less  costly  solution 
would  be  preferable.  Such  a  solution  is  provided  in  tie 
second  case,  viz. : — 

II.  Phase  Advancement  Applied  to  Individual  Motors. ― Since  in 
this  case  the  dynamic  condenser  is  not  only  used  as  a  phase 
advancer,  but  is  also  doing  useful  work  as  a  motor,  its  cost 
must  not  be  entirely  debited  to  advancing  the  phase.  Only 
so  much  of  the  cost  should  be  debited  to  phase-advancing  as 
is  represented  by  the  alteration  in  the  motor  to  make  it 
suitable  for  this  purpose.  It  must  be  wound  so  as  to  give  the 
larger  electromotive  force,  and  its  current  capacity  must  be 
greater  than  that  corresponding  to  its  mechanical  power. 

Phase-advancing  by  an  idle  running  motor  may  or  may  not 
be  a  commercial  proposition  ；  phase-advancing  by  a  loaded 
motor  certainly  is,  especially  for  the  power  company,  since 
their  share  of  the  cost  can  only  amount  to  a  part  of  what  it 
would  be  if  they  had  to  do  the  phase-advancing  by  an  idle- 
running  motor  on  their  own  account,  instead  of  getting  a 
customer  to  help  them.  At  the  same  time  they  get  the  full 
benefit  of  a  smaller  phase  angle  over  the  whole  system, 
which  enables  them  to  sell  more  power  without  having  to 
lay  down  additional  plant.  More  power  without  additional 
capital  outlay  means  a  decrease  in  the  fixed  charges  per  unit 
and  consequently  a  reduction  in  generating  and  distributing 
costs. 
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The  over-excited  synchronous  motor  has  certain  virtues, 
but  also  one  drawback.  Amongst  the  virtues  must  be  men- 
tioned constancy  of  speed  and  a  high  overload  capacity,  which 
distinguish  it  favourably  from  the  ordinary  induction  motor  ； 
hut  it  is  also  distinguished  unfavourably  from  the  induction 
motor  by  the  (liiliculty  of  starting,  or  rather  by  the  necessity 
of  starting  applknces  being  provided,  including  a  syn- 
chroniser. 

Some  types  of  synchronous  motors  have  been  developed 
which  do  not  require  synchronising  aud  in  which  the  starting 
appliance  is  fairly  simple.  Of  these  types  two  may  be  men- 
tioned ： one  has  been  perfected  by  the  Lancashire  Dynamo 
and  Motor  Company,  and  the  other  by  the  late  Mr.  Danielsen, 
of  Vesteras,  Sweden. 

The  Lancashire  Dynamo  and  Motor  Company's  arrange- 
ment is  shown  in  Fig.  1.  The  outer  circle  represents  a 
3-phase  stator  and  the  inner  circle  a  wound  rotor.  This 
rotor  may  be  excited  from  a  small  dynamo  ef  and  then  it 
becomes  the  continuous-current  field  magnet  of  a  synchronous 
motor,  the  stator  being  the  armature.  At  starting,  however, 
the  rotor  is  not  excited,  but  its  winding  is  closed  over  the 
resistance  shown,  and  then  the  rotor  winding  acts  as  the 
secondary  circuit  of  an  induction  motor.  The  machine  is 
started  in  the  usual  way  by  gradually  reducing  the  resistance 
until  the  contact  a  has  advanced  to  h  and  the  whole  of  the 
starting  resistance  is  short-circuited.  The  machine  then 
works  like  an  ordinary  induction  motor.  If  now  the  resist- 
ance is  again  inserted  and  at  the  same  time  the  exciting 
circuit  of  e  is  closed,  the  rotor  becomes  a  continuous-current 
magnet  and  jumps  into  step.  By  the  time  the  contact  a  has 
been  completely  withdrawn  from  the  starting  resistance  the 
rotor  is  over-excited,  and  the  machine,  whilst  giving  power 
mechanically,  acts  as  a  phase  advancer. 

In  the  Danielsen  arrangement  (Fig.  2)  the  three  lines,  a, 
by  r，  represent  the  phases  of  the  rotor  of  an  induction  motor. 
Phase  a  is  shown  by  a  thicker  line  to  indicate  that  it  has  twice 
the  copper  section  of  the  other  two  phases.  S  is  the  starter, 
and  the  contacts  corresponding  to  the  phases  h  and  c  are 
permanently  connected.  The  contact  corresponding  to  a  is 
connected  to  the  joined  contacts  over  a  small  continuous- 
current  series  exciting  dynamo  ey  mounted  on  the  motor  shaft. 
During  the  starting  period  the  connections  to  the  dynamo  are 
short-circuited  and  the  brushes  are  placed  on  the  axis  of  the 
field  so  that  the  machine  cannot  excite. 

The  motor  is  started  as  an  induction  motor  in  the  usual 
way,  and  when  up  to  speed,  i.e.9  when  the  whole  of  the 
starting  resistance  is  short-circuit-ed,  the  exciting  dynamo  is 
inserted  by  opening  the  switch  above  mentioned.  It  will  then 
be  traversed  by  the  rotor  current,  which  has  the  very  low 
frequency  of  the  slip.  Hence  the  self-induction  of  the  exciter 
does  not  interfere  with  the  working  of  the  machine  as  an 
induction  motor. 

If  now  the  brushes  are  shifted  into  their  working  position 
the  machine  begins  to  excite  not  only  itself  but  also  the  rotor 
of  the  motor,  transforming  it  into  a  continuous-ciirreut 
magnet.  The  current  enters  at  phase  a  and  passes  out  by  the 
other  two  phases  in  parallel.  This  is  the  reason  why  the 
copper  section  of  phase  a  is  twice  that  of  the  other  phases. 
The  machine  jumps  into  step  and  becomes  a  synchronous 
motor.  The  excitation  is  adjusted  by  shifting  the  brushes  on 
the  exciter. 

It  is  interesting"  to  enquire  what  extra  amount  of  material 
is  necessary  to  make  a  synchronous  motor  capable  of  per- 
forming the  double  duty  of  motor  and  phase  advancer.  The 
amount  of  material  and  in  some  sense  also  the  cost  of  the 
motor  may  be  expressed  on  the  basis  of  the  product  of  electro- 
motive force  and  current.  The  electromotive  force  is  that 
to  which  the  machine  must  be  excited  if  it  is  to  act  as  a  phase 
advancer  ；  and  this  electromotive  force  is  also  that  which  it 
would  give  on  open  circuit  if  power  were  supplied  to  drive 
the  machine  as  a  generator. 

It  has  been  assiuned  above  that  this  electromotive  force 
exceeds  the  line  voltage  E  by  about  30  per  cent.  If  the 
machine  is  running  as  a  phase  advancer  pure  and  simple,  i.e.9 
is  doing  no  mechanical  work,  the  resultant  electromotive  force 
which  drives  the  current  through  the  armature  will  be 
0*3  E.  The  resistance  of  the  armature  is  so  small  compared 
with  the  reactance  o>  L  that  we  may  negleot  it,  and  we  thus 
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obtain  the  following  expression  for  the  curront  (which  in  this 
case  leads  the  line  electromotive  force  by  90°)— 

T      03  E 

The  armature  winding  must  be  of  sufficient  section  to  let 
this  current  pass  without  the  pennissibU*.  "'m|"'r;it ure  i'is« 
being  exceeded,  and  the  field  must  bo  strong  enough  to  rnako 
the  induced  electromotive  force  =1*3  E.  The  rating  of  Hie 
inaclnne-  will  therefore  be  13  E  I. 

Now  let  us  enquire  what  would  be  the  rating  of  a  macliiiH' 
working  merely  as  a  motor  at  unity  power  factor  and  taking 
the  same  current  I.  It  would  have  to  be  excited  to  1  045  E， 
and  its  rating  would  therefore  be  1'045  E  I. 

A  machine  intended  to  act  purely  as  a  phase  advancer  is 
therefore  24*5  per  cent,  larger  than  a  machine  intended  to  act 
purely  as  a  motor  and  taking  the  same  current. 

How  does  the  case  stand  if  the  machine  is  to  act  both  as  a 
phase  advancer  and  as  a  motor ？  It  will  then  have  to  take  a 
watt  component  I  from  the'  line  and  to  return  a  leading  and 
wattless  component  I  to  the  line.  The  total  current  passing 
through  the  armature  will  therefore  be  Iy/2,  and  the 
armature  voltage  on  open  circuit  must  be  1*33  E，  so  that  the 
rating  becomes  1*87  E  I,  or  79  per  oent.  higher  than  th©  rating 
of  the  simple  motor.  Since  both  components  of  the  current 
are  of  the  same  magnitude  the  power  factor  of  the  over-excited 
motor  is  07,  the  current  leading. 

The  overload  capacity  of  the  combined  motor  and  phase 
advancer  is  considerable.  It  will  fall  out  of  step  at  about 
four  times  normal  load,  but  the  current  would  then  be  lagging 
by  45°.  With  the  machine  overloaded  to  a  little'  under  three 
times  its  normal  load  the  phase  angle  would  be  zero,  so  that 
up  to  this  limit  the  machine  still  acts  as  a  phase  advancer  ； 
it  should  be  remembered  that  a  motor  taking  current  at  unity 
power  factor  added  to  a  group  of  motors  taking  current  at 
0'7  power  factor  raises  thei  power  factor  of  the  whole  system. 

Fig.  3  shows  the  vector  diagram  of  the  combined  motor 
and  phasei  advancer.  O  A  is  the  line'  voltage,  A  B  the'  voltage 
to  which  the  machine  is  excited,  and  O  B  is  the  resultant 
voltage  which  produces  the  current  O  C.  In  taking  O  C  as  a 
measure  of  the  current  we  make  the  assumption  that  the 
ampere  scale  is  o>  L  times  the  volt  scale.  Then  O  B  may  aJso 
be  taken  as  the  current  vector  rotated  through  90°,  and  its 
projection  on  the  vertical  axis  O  L  becomes  a  measure  of  the 
leading  component  of  the  current,  its  projection  O  P  on  the 
horizontal  axis  being  also  a  measure  of  the  power  component. 
By  a  suitable  change  of  -scale  the  latter  projection  can  also  be 
made  a  measure  of  the  mechanical  power. 

The  circle  drawn  with  A  as  centre  and  with  a  radius  repre- 
senting the  voltage  to  which  the  motor  is  excited  gives,  there- 
fore, the  relation  between  the  mechanical  power  and  the 
magnitude  of  the  loading  current  injected.  It  will  be  seen 
that  up  to  normal  load  the  leading  component  does  not  alter 
much  ；  and  herein  lies  the  advantage  of  using  the  phase 
advancer  as  a  motor.  With  an  overload  the  decrea&e  in  the 
leading  component  is  more  marked,  and  this  component 
becomes  zero  at  about  2*9  times  normal  load. 

If  we  now  apply  this  motor  phase  advancer  to  the  case 
previously  considered,  of  a  group  of  custoiners  taking  100  kw. 
at  the  time  of  peak  load  with  a  power  factor  of  0  7，  and 
enquire  what  it  will  cost  to  add  another  25  kw.  of  saleable 
power  without  increasing  the  generating  plant  or  line,  we  find 
that  the  added  synchronous  motor  will  have  a  rating  of 
60  k.v.a.  and  will  tak-e  25  kw.  without  increasing  the  line 
current.    The'  improved  power  factor  will  be  0*9. 

The  cost  of  the  motor  is  £120,  of  which  £70  must  be 
debited  to  it  in  respect  of  its  b^ing  a  motor  and  £50  in  respect 
of  its  being  a  phase  advancer.  If  this  cost  were  borne  by  the 
power  company  it  would  mean  that  by  the  expenditure  of  £50 
it  purchases  a  market  for  an  additional  25  kw.  of  saleable 
power.  This  is  at  the  rate  of  £2  per  kilowatt.  If,  on  the 
other  hand,  the  customer  is  to  pay  the  £2  per  kilowatt  he 
will  expect  a  recompense  in  the  shape  of  a  lower  tariff  or  a 
discount  on  the  general  tariff.  This  discount  ueed  not  be 
large.  The  yearly  bill  per  kilowatt  of  peak  load  will 
naturally  vary  between  wide  limits  according  to  the  load 
factor  and  the  price  for  current  ；  it  may  be  anything  between 
£4  and  £10,  but  taking  even  the  lower  figure,  a  discount  of 
5  per  oent.  will  provide  10  per  cent,  for  interest  and  sinking 
fund  on  the  customer's  outlay. 


K  'A'  lnn''t 

Fig.  5. 

theory  of  phase  advancers  those  conclusions  which  affect  more 
directly  the  cost  and  efficiency. 

Let  the  half -circle  in  Fig.  4  be  the  locus  of  the  upper  end 
of  the  primary  current  vector,  and  assume  for  the  sake  of 
simplicity  that  the  stator  and  rotor  have  the  same  winding. 
Then  E  D  is  proportional  to  the  secondary  current,  and  E  M 
is  proportional  to  the  slip-ring  voltage  with  the  secondary 
open.  The  voltage  lost  in  the  rotor,  the  so-called  slip  voltage, 
may  be  measured  off  from  E  along  E  M，  but  for  clearness  to  a 
larger  scale.  Let  this  be  E  R,,=  I  Ro,  where  I  =  E  D,  and  I?2 
is  the  resistance  of  one  rotor  phase.  Tlie  torque  i^iveii  l>y  the 
motor  is  proportional  to  the  height  of  D  above  the  horizontal 
axis,  and  since  the  slip  is  small,  this  may  also  be  taken  as 
approximately  representing  the  power.  All  this  refers  t'> 
the  motor  working  alone. 

If  now  a  phase  advancer  be  added  and  if  its  action  is  such 
as  to  make  the  power  factor  unity,  then  the  point  D  must 
for  tlie  same  load  move  to  A,  thereby  reducing  the  primary 
current,  but  increasing  the  secondary  current,  so  that  tho 
ohmic  rotor  loss  is  increased  by  R0  R. 

The  phase  advancer  has  a  resistance  pf  and  to  overcome 
this  an  ohmic  lotis  p  I  =  R0  S  is  incurred.  The  slip  voltage 
must  therefore  have  a  power  component  E  S.  It  must  also 
have  a  wattless  component,  namely,  that  represented  by  the 
difference  of  the  electromotive  forve  introduced  minus  the 
electromotive  force  of  9elf-inductiou  lost  in  the  phase  advancer 
itself.  Let  S  L  represent  the  latter  and  L 】i  the  former,  then 
the  wattless  component  of  the  slip  voltage  is  S  B.  This  com- 
bined with  E  S  gives  the  total  slip  voltage  E  B，  which  is 

•  "  Journal  of  the  Inetitution  of  Electrical  Engineers,"  Vol.  XLII.,  p.  599,  1909 
aod  Vol.  L.,  p.  329.  1913. 

t"  Electrician,''  Vol.  LXIX.,  pi>.  22-2 and  272,  1912. 


Phase- advancing  by  a  loaded  synchronous  motor  thus 
becomes  a  commercial  proposition.  It  should  be  remembered 
that  the  power  company  has  in  supplying  the  axJditional  p',."  r 
no  other  expense  than  that  incurred  for  fuel  and  water,  and  it 
rould  therefore  well  afford  to  give  a  greater  discount  than 
5  per  cent.  ；  but  as  that  is  about  the  lowest  figure  wliich  will 
tempt  the  customer  to  incur  additional  ox|mmim-  ;umI  tlie 
somewhat  more  complicated  operation  of  the  motor  as  w"r'l、 
starting,  and  as  a  suggestion  is  made  later  in  tlii-s  pa|"'r  "'r  ； t 
method  of  metering  which  works  out  to  -,i\n>\i\  the  shjik*  dis- 
count, this  discount  of  5  per  cent,  may  be  retained  as  fair  to 
the  customer  and  very  favourable  to  the  conipa"v. 

Phase-advancing  Apparatus  Applied  to  Induction  Motors.  " 
have  so  far  only  coasidered  the  case  tliat  a  leading  cum'nt  is 
directly  injected  into  the  line  ；  but  it  is  possible  to  obtain 
j)has©  advancement  by  injecting  a  leading  electromotive  force 
into  the  secondary  of  an  induction  motor.  Tliis  must^  neces- 
sarily react  on  the  primary  and  thus  reduce  the  original  lag 
in  it;  and  if  carried  beyond  the  requirements  of  the  indi- 
vidual motor  it  may  even  produce  a  leading  component  of  the 
current  taken  by  the  motor  and  so  improve  the  power  factor 
of  the  system  as  a  whole. 

Prof.  Miles  Walker  has  read  two  papers*  descriptive  of 
phase  advancers  designed  by  him  for  tliis  purpose,  and  I  have 
published  a  general  theory  of  the  subject  in  tlie  "  Elec- 
trician." 十  It  will  therefore  not  be  necessary  to  enter  either 
into  the  description  or  the  theory  of  such  apparatus  ；  but  as 
this  paper  is  mainly  concerned  with  the  commercial  aspect  of 
phas-e^advancing  it  will  be  useful  to  draw  from  the  g^n*-r;il 


Sclierbins  Phase  Aflvancer  fitted  to  25  ^.p  Motor.' 
Synchronous  Speed  1,000  Revs,  per  mmute r 

.Frequency  =  .so  *|     \     j     j  1  I 

Primary  Line  Voltage  =  150 
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obviously  greater  than  E  R0.  This  means  that  by  using  a 
phase  advancer  the  natural  slip  is  increased. 

The  rating  of  the  phase  advancer  as  a  generator,  and 
therefore  its  cost,  is  obviously  proportional  to  its  volt-ampere 
capacity,  i.ety  to  the  product  of  E  A  and  L  B.  E  A  is  given 
by  t  he  load,  and  is  therefore  fixed,  but  L  B  is  to  a  certain 
extent  in  the  hands  of  the  designer.  If  he  designs  his  motor 
for  a  small  natural  slip  and  uses  a  phase  advancer  liaving 
small  ohmic  and  inductive  losses,  then  L  B  will  be  small,  and 
the  cost  of  the  phase  advancer  will  also  be  small.  If  the 
natural  slip  of  the  motor  is  large,  then  the  pha&e  advancer 
becomes  more  expensive. 

It  should  be  noted  that  for  the  sake  of  clearness  it  was 
necessary  to  exagge'rate  the  length  of  th<e  lines  R0  R，  R  S， 
and  S  L.  In  reality  the  ohmic  loss  in  tlie  phase  advancer 
need  not  be  more  than  one- tenth  that  in  the  rotor,  wliilst  the 


Fig.  6. 

inductive  drop  is  also  very  small,  and  in  some  cases  negligible 
for  the  same  reason  that  the  inductive  drop  in  the;  rotor  itself 
may  generally  he  neglected.  We  may  then  consider  E  S  to 
represent  the  natural  slip  voltage  augmented  by  10-20  per 
oent.?  and  S  B  the  injected  electromotive  force. 

From  these  relations  it>  fallows  that  a  small  natural  slip  is 
of  far  greater  importance  than  a  large  natural  power  factor. 
With  an  increased  po'we'r  factor  the  point  O  would  move 
slightly  nearer  to  E，  and  the  primary  current  would  lead 
？ lightly.  If,  on  the  other  hand,  the  natural  slip  could  be 
halved,  the  triangle  E  S  B  would  shrink  to  half  its  size,  so 
that  the'  electromotive  force  introduced  need  only  be  half  tlie 
former  value,  and  the  k.v.a.  output  which  must  be  given  by 
the  phase  advancer  would  be  halved. 

If,  tlien,  an  engineer  is  called  upon  to  design  a  motor  to 
work  with  a  phase  advancer,  lie  should  aim  at  a  small  natural 
slip,  even  at  the  cost  of  a  somewhat  reduced  natural  power 
factor;  he  will  thereby  get  a  che'ape'r  motor  and  also  a 
cheaper  phase  advancer,  so  that  the  cost  of  th-e  set  capable 
of  giving  uuity  power  factor  need  not  he>  greater  than  the 
cost  of  a  motor  designed  to  work  alone.  Bub  in  the  latter 
case  the  power  factor  cannot  be  much  over  0  9  ；  so  that  the 
unity  power  factor  is  practically  obtained  without  extra 
expenditure. 

This  theoretical  conclusion  is  borne  out  in  practice.  In 
my  laboratory  ati  the  Birmingham  University  is  a  Brown- 
Boveri  induction  motor  of  25  h.p.  fitted  with  a  Scherbius 
phase  advano&r.  At  full  load  the  set  has  unity  power  factor, 
and  its  efficiency  is  88  per  cent.  The  synchronous  speed  is 
1,000  revs,  per  minute,  and  the  weight  is  8001bs.  The  figures, 
1,000  revs.,  25  h.p.,  and  8001bs.，  agree  fairly  well  with  good 
English  practice  for  induction  motors  having  at  full  load  a 
power  factor  of  0'9，  so  that  in  tho  case  here  cited  the  improve- 
ment of  power  factor  is  indeed  obtained  without  any  increase 
in  material. 

In  Fig.  4  the  semi-circl-e  is  the  locus  of  the  primary  current 
of  the  motor  working  alone,  and  the  larger  circle  is  the  locus 


of  the  primary  current  if  the  phase  advancer  is  added.  This 
statement,  however,  carries  with  it  the  assumption  that  the 
magnetic  flux  in  the  phase  advancer  is  strictly  proportional 
to  the  rotor  current  ；  in  other  wards,  that  the  part  which  in 
the  phase  advancer  performs  the  function  of  a  field  magnet  is 
worked  well  below  saturation.  If,  however,  saturation  sets  in 
at  higher  loads,  then  there  is  no  longer  simple  proportionality 
between  the  injected  electromotive  force  and  the  rotor  current, 
so  that  at  heavy  load  the  line  E  B  becomes  less  inclined,  and 
the  centre  C  of  the  larger  circle  lies  lower.  This  is  rather  an 
advantage  than  otherwise,  because  it  enables  tlie  designer  to 
compensate  at,  say,  two-thirds  load  without  over-compensating 
at  full  load.  In  the  Scherbius  set  above  mentioned,  the 
designer  has  made  use  of  this  saturation  effect  in  order  to 
raise  the  power-factor  curve  at  a  reduced  load  above  what  it 
would  have  been  if  far  a  power  factor  of  unity  at  full  load 
there  had  been  strict  proportionality  between  tlie  rotor 
current  and  injected  electromotive  force. 

Fig.  5  gives  the  results  of  a  test.  The  dotted  power-factor 
curve  is  calculated  on  the  supposition  that  there  is  no  satura- 
tion. The  diagram  also  gives  the  tests  results  as  regards  the 
primary  and  second ary  currents,  injected  voltage,  and  slip. 

A  iest  was  made  with  the  same  motor  and  the  phase 
advancer  out  of  circuit.  The  results,  as  regards  power  factor, 
primary  current,  and  slip,  are  given  by  way  of  comparison  in 
the  same  diagram.  Since  the  load  of  tlie  motor  is  limited  bv 
heating,  and  this  depends  mainly  on  the  primary  current,  it  is 
obvious  that  tlie  motor  when  deprived  of  its  phase  advancer 
cannot  give  the  same  power  as  with  a  phase  advancer.  Hence 
the  curves  are  not  carried  as  far  as  with  the  phase  advancer 
in  action.  I  am  indebted  to  Mr.  G.  A.  Shearing,  M.Sc,  for 
his  assistance  in  making"  the  tests  and  plotting  the  curves. 

The  distinguishing  feature  of  the  Scherbius  phase  advancer 
is  the  absence  of  a  stator.  The  machine  merely  consists  of  an 
armature  and  commutator  ；  but  the  winding,  instead  of  lying 
on  the  circumference  of  the  drum,  is  embedded  in  a  circle  of 
holes  well  within  tlie  external  diameter  of  the  armature 
plates,  so  that  the  iron  outside  the  holes  is  available  as  an 
external  path  for  the  flux  which  passes  through  the  winding. 
This  flux  is  produced  by  the  combined  action  of  tlie  three 
rotor  currents.  It  revolves  in  space  with  the  frequency  corre- 
sponding to  the  slip. 

Let  the  total  number  of  active  wires  be  :，  then  z/3  wires 
are  allotted  to  each  of  tlie  three  phases. 

If— 

*  =  flux  in  megalines, 
2  p  =  number  of  poles  for  which  the  armature  is  wound, 
f  =  slip  frequency, 
and —— 

n  =  number  of  revolutions  per    second  at  which  the 
armature  is  driven  ； 

then  the  electromotive  force  injected  (star  value)  is  given  for  a 
wave-wound  armature  by —— 

e  =  7°'7*w(n-p)-  . 

The  term  in  brackets  represents  the  relative  speed  between  the 
slowly  revolving  flux  and  the  quickly  revolving  armature.  If 
the  armature  were  driven  at  a  speed  no  greater  than  that- 
corresponding  to  the  slip  frequency,  the  electromotive  force 
would  be  zero  ；  and  if  the  armature  were  standing  still,  tlie 
electromotive  force  would  be  negative,  namely,  that  due  to 
self-induction.  This  is  the  value  corresponding  to  the  length 
of  S  L  in  Fig.  4. 

In  the  Scherbius  phase  advancer  mentioned  above,  the 
armature  has  a  4-pole  wave  winding,  and  the  speed  n  is  fixed 
by  the  slip,  since  the  phase  advancer  is  fixed  to  the  shaft  of 
the  motor.  By  introducing  tlie  slip  cr,  and  synchronous  speed 
t?s,  the  above  formula  may  be  written  in  the  more  convenient 
form ― 

e  =  0'35*— ^"、（1  -  2'5,r). 

It  will  be  s&en  that  the  term  in  brackets  increases  slightly  as 
the  slip  is  decreased  by  reason  of  tlie  load  being  reduced. 
This  means  that  tlie  ratio  of  the  injected  electromotive  force 
to  the  flux  is  a  little  greater  at  light  load  than  at  full  load  ； 
and  this  circumstance,  together  with  the  effect  of  saturation 
already  mentioned,  is  responsible  for  the  diflFerence  between 
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the  actual  power-factor  curve  shown  by  the  full  line  in  V\^.  r) 
and  the  dotted  curve  which  has  hccn  (l('"'rmii"'《l  on  tlx*  , sup- 
position that  thero  is  no  s;il  ur;it  ion ,  and  that  is  st  rid  ly 
proportional  to  I. 

When  applied  to  large  motors  I  In*  phase  advancer  is  not 
niounted  on  the  motor  shaft,  but  is  a  weparat  p  machiii^  phircd 
by  the*  side  of  the  motor,  and  driven  from  it  either  by  belt  or 
preferably  by  a  small  3-phase  motor.  Tlie  power  necessary 
to  drive  the  phase  advancer  is  only  t       required  to  su|>])l y  i  h'' 


Fig.  7. 

irictioii,  windage,  and  iron  losses,  but  not  the  copper  losses, 
since  these  are  provided  by  the  rotor. 

The  phase  advancer  here  described,  as  well  that  which 
Prof.  Miles  Walker  has  recently  brought  to  the  notice  of  this 
Institution,  belong  to  what  may  be  called  the  rotational  type, 
becau&e  tlie  leading  electromotive  force  is  produced  by  the 
rotation  of  an  armature  in  a  magnetic  field.  There  is,  how- 
ever, another  principle  which  can  be  applied  to  phase  advance- 
ment, viz.,  the  free  oscillation  of  an  armature  iu  a  continuous 
current  field.  To  distinguish  such  a  machine  from  the  rota- 
tional type  I  call  it  a  vibrator. 

M.  Leblanc  was  the  first  engin&er  to  call  attention  to  both 
tlie  rotational  and  the  vibrating,  principles  of  phase  advance- 
ment, and  he  has  patented  an  apparatus  under  the  nam© 
" recuperator,"  in  which  the  vibrating  principle  was  used  to 
produce  phase  advance'inent.  The  "  recuperator  consists  of 
a  copper  disc  swinging  within  an  annular  unipolar  field.  The 
current  flows  through  the  disc  radially  between  a  rubbing 
contact  at  the  centre  and  a  mercury-trough  contact  at  tlie 
circumference'.  For  this  purpose  the  rim  of  the  disc  is  bent 
down  so  as  to  dip  all  round  into  the  mercury.  To  keep  the 
field  from  oscillating,  a  second  and  fixed  disc  is  placed  parallel 
io  the  oscillating  disc  within  the  polar  cavity,  and  so  con- 
nected that  the  current  flows  through  the  two  discs  in  opposite 
directions.  、 

To  avoid  the  drawback  of  a  mercury  contact  M.  Leblanc 
has  suggested  as  an  alternative  design  the  use  of  a  Derozier 
disc  armature  ；  but  in  every  case  he  has  laid  stress  on  the 
necessity  of  keeping  the  swinging  conductor  as  light  as  pos- 
sible, and  that  therefore  only  the  conductor  and  not  an  iron 
core  should  participate  in  the  motion. 

The  author  do«s  not  know  whether  tlie  recuperator  has 
found  practical  application,  but  he  thinks  it  unlikely,  because 
the  disc  form,  although  light,  has  far  too  great  a  moment  of 
inertia,  especially,  if  to  avoid  mercury  contacts,  it  is  adopted 
in  the  shape  of  a  Derozier  armature,  because  then  the  end 
connections  on  the  outer  circumference  add  materially  to  the 
moment  of  inertia  without  contributing  anything  to  the 
dynamic  effect. 


When  the  author  designed  his  vibrator  he  was  not  aware 
of  M.  Leblanc's  recuperator,  but  lie  willingly  acknowledged 
M.  Leblanc's  priority  in  having  been  the  first  to  draw  ;»tN-n 
t  ion  to  t  he  i'act  t  li;it  |)1i;ls('  ； ulvjinr-crii^nt.  ma v  l*<*  pnviurcd  In' 
making  use  of  the  pliysifji]  |)ri，"iple  that  a  loading  clwtro- 
inotive  force  is  generated  in  an  alteriifiting-current  conductor 
allowed  to  swing  freely  in  a  contiuuous-current  field. 

Any   continuous-current    armature    if    traversed   by   ； in 
alternating  current  of  low  fre<[ueiicv  will  tend  to  vibrate,  but 
with  a  machine  of  the  usual  proportions  this  UmkI^ih'v  i、 
weak  to  be  practically  utilised.    In  order  to  get  ； i  w,  i'  * 
phase  advaiKser  the  armature  must  be  bipolar,   of  nm;dl 
diameter  and  great  length,  the  air-gap  must  be  as  small 
mechanically  possible,  and  the  saturation  of  teeth  and  core 
must  be  very  higli,  not  only  hecause  a  strong  field  is  desi rahl<-( 
but  also  to  avoid  unbalanced  magnetic  attraction,  wliirli  with 
a  small  air-gap  would  be  unavoidable  if  t  lie  teetli  were  only 
moderat-ely    saturated.      The    leading    electromotive  force 
injected  by  the  vibrator  is  given  by  tlie  formula ~ 

0*1  /  <^>  V  I 


wliere  /n  —  the  mass  of  the  armature  in  units  of  9'81  kg. 
reduced  to  its  circumference, 

0  =  the  continuous-current  field  in  megalines, 
t  =  distance  from  wire  to  wire  on  the  armature, 
to  =  2  7r  /，  the  angular  speed  corresponding  to  the  slip 
frequency  /， 

and  I  tlie  current  in  amperes. 

This  formula  may  with  sufficient  approximation  be  also 
written  thus ― 


G  D- 


where  2  =  ihe  number  of  active  conductors, 
and  G  D2  =the     flywheel     effect     of     the    armature  in 
kilogram-cm.2. 

The  output  of  each  vibrator  armature  in  volt-amperes  is 
evI，  aud  this  is  given  by ― 

where  A  is  the  current  density  in  effective  amperes  per  centi- 
metre of  armature  circumference. 

It  will  be  seen  that  the  magnitude  of  tlie  injected  electro- 
motive force  is  proportional  to  the  ratio  of  current  and  slip 
frequency.  Since  this  ratio  decreases  only  slightly  as  the  load 
decreases,  tlie  injected  electromotive  force  does  not  fall  off 
proportionally  with  tlie  load,  bub  at  a  much  lower  rate,  with 
tlie  result  ihat  the  effect  of  the  phase  advancer  is  relativelv 
greater  at  low  loads,  and  this  is  just  what  is  wanted. 
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It  is  especially  at  low  loads  where  there  is  greatest  ueed 
for  improving  the  power  factor.  This  effect  will  be  seen  in 
Fig.  6,  which  represents  test  results  obtained  with  a  vibrator 
made  by  the  Sandyrroft  Foundry  Company.  (I  am  indebted 
to  Mr.  Hunt  for  these  curves.)  At  one^qiuirt-er  load  tlu* 
power  factor  is  already  0*87,  and  at  half-load  it  is  unity,  main- 
taining this  value  up  to  full  load  and  beyond. 

We  have  here  the  same  effect  as  can  be  obtained  in  tho 
rotary  phase  advancer  by  saturation,  only  in  the  case  of  the 
vibrator  this  effect  is  still  more  pronountvil.  Kitr.  ，；  i:i\  v>  also 
the  primary  and  secondary  currents  and  the  spee<l，  \hA \\  with 
and  without  the  vibrator.    It  will  be  noticed  that  the  effect 
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of  the  vibrator  is  to  decrease  the  primary  current  consider; 山 lv 
and  to  increase  the  secondary  current  slightly  ；  this  means  on 
the  whole  a  smaller  copper  loss  in  the  motor. 

A  photograph  of  this  ])li;isc  ad vanrer  is  reproduced  in 
Fig.  7.  The  three  pairs  of  field  cores  and  the  common  yoke 
frame  are  in  on©  casting  wit  lioui  any  joints.  The  only 
machining  required  is  the  boring  of  the  polar  cavities  and  t  lie 
facing  up  of  the  surfaces  to  which  the  bearing  brackets  are 
bo  1  t>ed.  The  armature  shafts  are  carried  in  ball  bearings. 
The  resistance  of  each  armature  hot  is  0"048  ohm,  and  when 
the  three  armatures-  are  mesh-coupled  they  can  deal  witli  a 
slip-ring  current  up  to  120  amperes.  The  current  in  each 
armature  is  then  70  amperes,  and  the  olunic  loss  in  the 
winding  3  35  volts,  to  which  must  be  added  the  loss  by  contact 
resistance  of  the  brushes.  This  is  small,  since  it  is  possible  to 
us©  copper-carbon  brushes.  There  is  no'  sparking.  When 
the  current  has  crest  value  the  armature  is  at  rest,  and  when 
the  armature  has  maximum  speed  and  the  frequency  of  com- 
mutation has  maximum  value'  the  current  is  zero.  At  inter- 
mediate points  there  is  some  reactance  voltage  of  commuta- 
tion, but  this  is  extremely  small — only  a  fraction  of  a  volt. 
Thei  armature'  is  4^in.  diam.  and  its  cor©  8|in.  long.  Th-e 
vibrator  was  tested  with  a  60  h.p.  Hunt  cascade  motor  having 
six  pairs  of  tappings.  As  the  vibrator  has  only  three 
armatures  it  could  only  deal  with  half  the'  secondary  circuit 
of  the  motor.  The  improvement  in  power  factor  was  never- 
tliele'ss  very  marked.  The'  power  factor  was  raised  at  half-load 
from  0*72  to  0'91，  and  at  full  load  from  D*8l  to  0*93. 

The  author  is  not  able  to  give  results  from  actual  practice 
with  a  vibrator  fitted  to  a  large'  motor,  because  the  small 
vibrator  made  by  the  Sandycroit  Foundry  Company  for  the 
60  h.p.  Hunt  cascade  motor  is  as  yet  the  only  representative 
of  this  type  of  machine  in  this  country.  A  continental  firm  is 
making  one  for  a  450  h.p.  motor,  but  it  has  not  yet  been 
finished.  The'  author  has,  however,  made  a  design  for  a 
vibrator  to  be  applied  to  the  800  h.p.  motor  of  which  particu- 
lars were  given  in  Prof.  Miles  Walker's  paper,  and  he  finds 
that  each  of  the  three  armatures  would  be  13  cm.  diam.  and 
the  length  of  core  33  cm.  The  armature  resistance  would  be 
7*2/1,000  ohms,  and  a  flux  <p  =  3  45  megalines  would  be 
obtained  with  a  magnetomotive  force  of  6,700  ampere-turns. 
At  full  load  the'  injected  electromotive  fore©  is.  23  volts.  The 
excitation  requires  an  expenditure'  of  700  watts,  and  the  losses 
in  the  copper  and  iron,  in  brush  friction,  and  in  contact 
resistance,  come  to  1,300  wafcts,  making  a  total  expenditure 
of  2  kw.  for  the  vibrator,  against  which  must  b©  set  the 
reduction  of  losses  in  the  motor  due  to  the  better  power  factor. 

Fig.  8  gives  the  predetermined  power- factor  curve.  The 
power  factor  of  the  800  h.p.  motor  would  with  this  vibrator  be 
brought  to  unity  at  one-quarter  load  ；  at  half-load  it  would 
be  0"9  with  a  leading  current ；  at  full  load  it  would  be  0"95 
with  a  leading  current  ；  and  afc  twice  full  load  it  would  again 
be  unity.  Above  this  output  the  current  lags  with  a  power 
factor  of  0  92  at  treble  load,  when  the  limit  of  stability  is 
approached.  The  weight  of  the  vibrator  is,  as  near  as  can 
be  estimated,  18  cwt.,  and  the  floor  space1  occupied  is  18in.  by 
3ft.,  the  vibrator  standing  3ft.  high. 

Wliether  a  rotary  or  a  vibrating  machine  be  used  as  a 
phase  advancer,  the  power  to  drive  it  is  in  either  case  very 
small,  and  will  generally  be  more  than  covered  by  the  rediircd 
losses  in  the  motor.  The  efficiency  of  any  given  motor, 
whether  it  works  with  or  without  a  phase  advancer,  will 
therefore  not  be  appreciably  altered.  There  may,  however, 
be  a  gain  in  the  yearly  energy  efficiency,  as  the  use  of  a 
phase  advancer  enables  one  to  do  with  a  smaller  motor,  since 
the  overload,  capacity  is  increased.  A  smaller  motor  has 
smaller  losses,  and  consequently  the  customer  of  a  power 
company  using  his  motors  with  a  phase  advancer  attached 
will  effect  a  certain  saving  in  his  bill  for  current  even  if  the 
power  company  does  not  grant  a  special  discount  for  his  taking 
current  at  a  high  power  factor. 

Now  how  does  the  case  stand  with  the  power  company? 
The  cost  for  electrical  energy  generated  and  transmitted  is 
made  up  of  several  parts,  of  which,  however,  only  two  need 
be  considered.  One  is  the  actual  cost  of  generation,  in(、ludiiig 
a  certain  percentage  of  loss  in  transmission,  and  the  other 
is  independent  of  the  amount  of  energy  generated,  but 
depends  only  on  the  cost  of  tlve  plant  wliich  must  be  installed 
to  provide  the  service.    Part  of  tlie  plant ,  sucli  as  tlie  prime 
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movers,  is  only  very  slightly  affected  by  the  power  factor  ； 
but  the  electrical  plant,  including  the  line  and  step-down 
transformers  at  the  customer's  end,  is  materially  affected  by 
it.  The  cost  of  the  electrical  plant  is  determined  not  by  the 
true  power,  but  by  the  output  defined  in  volb-amperes  ； 
consequently  it  is  only  fair  that  a  customer  who  takes  his 
power  adulterated  by  a  large  proportion  of  sin  <p  should  in  his 
payment  for  current  recompense  the  company  for  the  extra 
plant  capacity  necessary  for  the  generation  and  transmission 
of  wattless  current.  The  customer  should  therefore  not  only 
pay  for  the  true  kilowatt-hours  he  takes,  but  also  something 
for  the  k.v.a.-hours. 

This  reasoning  is  the  basis  of  a  system  of  metering  invented 
by  Prof.  R.  Arno,  of  Milan.  He  and  Signor  Conti,  the 
engineer  to  several  Italian  power  companies,  investigated 
the  cost  of  generation  and  transmission  as  affected  by  power 
factor,  and  they  found  that  the  cost  may,  with  sufficient 
accuracy  for  practical  work,  be  taken  as  proportional  to  the 
sum  of  two-thirds  of  the  watt^hours  plus  one-third  of  the 
volt-ampere-hours.  Having  settled  this  as  a  basis  for  charg- 
ing, Prof.  Arno  set  to  work  to  design  a  meter  which  will 
register  according  to  this  formula  ；  and  he  has  also  indicated 
a  way  in  which  any  meter  may  be  adapted  to  register  two- 
thirds  of  the  watt-hours  and  one-third  of  the  volt-ampere- 
hours. 

In  meters  of  the  elect rodynamic  type  where  the  moving 
system  is  a  little  armature  traversed  by  a  current  in  phase 
with  the  electromotive  force  and  the  field  is  produced  by  the 
main  current,  a  small  lag  is  given  to  the  armature  current. 
In  meters  of  the  induction  type  where  the  moving  system  is 
a  disc  revolving  under  the  combined  influence  of  a  shunt  and 
main  field,  a  small  lag  beyond  90°  is  given  to  the  shunt  field. 
The  angle  of  lag  in  either  case  is  so  chosen  that  at  the  pre- 
dominant power  factor  the  meter  registers  according  to  Prof. 
Arno's  formula.  Thus  for  installations  mainly  supplying 
light  the  lag  of  the  shunt  current  behind  the  electromotive 
force  is  5°  in  dynamometric  meters  and  95°  in  induction 
meters.  The  meter  will  then  register  with  a  negligible  error 
at  any  power  factor  between  1  and  0'85.  For  installations 
consisting  mainly  of  motors  the  lag  is  14°  for  electrodynamic 
and  104°  for  induction  meters.  The  extra  lag  of  14°  may  be 
produced  by  a  slight  alteration  in  the  compensating  coil  of 
the  shunt  field. 

Prof.  Arno  states  that  meters  so  adjusted  may  be  used  iu 
cases  where  the  power  factor  varies  from  0'5  to  0*9.  For 
large  consumers  where  great  accuracy  in  the  metering  is 
essential,  two  meters  side  by  side  may  be  installed,  one 
registering  kilowatt-hours  and  the  other  k.v.a.-hours.  The 
charge  to  be  made  to  the  consumer  can  tben  be  calculated  on 
the  two-thirds  and  one-third  basis,  or  on  any  other  basis 
which  may  more  nearly  fit  the  special  conditions  of  the  power 
company's  plant. 

It  is  of  interest,  to  enquire  what  saving  a  customer  may 
effect  in  his  current  bill  if  he  uses  a  phase  advancer.  Take 
a  large  customer  using  large  and  small  motors  with  an  aggre- 
gate power  of  1,000  kw.  and  a  power  factor  of  0  75.  Since 
only  the  large  motors  can  be  fitted  with  phase  advancers,  it 
will  scarcely  be  possible  to  raise  the  power  factor  to  unity, 
but  a  value  of  0"95  may  be  obtained  if  large  motors  aggre- 
gating 700  kw.  to  800  kw.  are  so  fitted.  With  a  load  factor 
of  34  to  35  per  cent,  the  yearly  consumption  will  be  3  million 
kilowatt-hours.  With  0*75  power  factor  the  Arno  meter 
would  register  3^  million  units  ；  but  after  fitting  phase 
advancers  the  meter  would  register  only  3*053  million  units. 
With  current  at  0'5d.  per  unit  this  makes  a  difference  of 
about  £600  in  the  bill  for  current. 

This,  or  something  approaching  this  figure,  represents  the 
saving  to  the  power  company  owing  to  their  having  to  supply 
very  little  wattless  current.  If,  then,  this  saving  is  divided 
between  the  company  and  the  consumer  the  latter  gets  £300 
as  a  return  for  his  capital  outlay  on  phase  advancers.  To 
provide  sucli  apparatus  for  motors  aggregating  800  kw.  would 
cost  between  £300  and  £400,  so  that  the  phase  advancers 
would  prove  an  excellent  investment  for  the  customer,  and 
be  still  more  profitable  to  the  company.  The  latter  not  only 
red uce  their  working  expenses  by  £300  a  year,  but  they  also 
may  increase  their  sale  of  current  by  taking  on  more  con- 
sumers to  the  extent  to  which  their  plant  has  been  liberated 
from  wattless  current. 
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INDUSTRIAL  AND  TRADE  NOTES. 

The  Factory  Act  and  Gauge  glasi  Protectors. ― A  fim、  (»f  Co  ； ind 
costs  w  ;is  rcci'iitly  imposed  on  th(、  PmIiihm-  Sliii)l>uiI(Iin^  and  Iron 
Coinpaiiy,  at  J  a  rrow,  for  a  brt"i('h  of  ""，  Kactor.v  Act,  1,、'  not 
having  li;ul  ijrotoctioii  ^tiards  on  U"、  ^au^c  glasses  o!  thoir  crano 
locomotives.  Mr.  W.  Jiiiiulcr,  II.M .  I  iisprctor  oi  l'，：i('")rit's,  s;i  nl 
that  on  two  previous  occiisions  ihv  conipany  liad  bc("i  conviclrd. 

Light  Railways.-— 'Hit'  Hoard  oi'  Trado  have  recently  (-(mlii  rnrd  t  lit- 
ii rn ItT  ntontioned  ()r(lrr  niadr  l»v  ilic  Light  l?;iil\\;iy  ('(unmissioiiors  : 
Harrington  and  liowca  Li^lit  Knilw  ny  Order,  aiithm'i.sing  U"、 

accjiiisitioii,  reconstruction,  and  working  i(>r  pnsson^M'  tinflic,  as 
a  light  railway  under  the  Light  Hailuavs  Act,  18!)0,  of  an  existing 
iniiieral  railway  i roni  the  Hai'i-in^Loii  ( 'oilicrics  at,  Low  ca  to  I  I;i  i 
rington,  in  the  county  of  Ciimlx'rland. 

The  Amalgamated  Society  of  Engineers  and  "  Down-tools  "  Policy. 一 
'I'ho  provisional  executive  of  tlur  AinalgainatfMl  Society  <>t  Engineers 
has  issued  a  \va rning  to  its  lo(i,U00  members  stating  that  iti  some 
instiuices  tlio  inemhors  liavo  a(lo]>tocl  a  down-tools  policy.  In  ('； u-h 
instance  it  has  not  been  a  success,  but  ratlu»r  a  failure.  Such  a 
policy,  .says  the  exe-cuiive,  Iia udicaps  th<、  oHi<'ials,  and,  further,  is 
c*loa rly  against  the  rules.  Therefore  in  future  any  members  who 
strike  without  permission  will  not  be  paid  ari^  benefits. 

Bridge-building  Feat. 一  A  smart  ieat  of  ongineorin^   work  w 
accomplished  on  the  Waverlcy  ruute  on  the  11th  itist.  hv  tho  ,'ivr 
tion  ot  a  new  ginlt'r  liiiii^c  across  the  railway  lines  at  E.skliaiik 
Station.     The  work  was  coninionced  just  after  midnight  on  tho 
Saturday,  large  squads  of  men  Ikmii^;  tMi^aged.      The  lu'idgo  \\ as 
brouglit  irom  tho  Kastor  l{o;ul  works  and  swun^  in  position  l>y  a 
l:i i.W  N"':im  crane.    Tlu'  work  w  as  rapidly  executed,  ami  tho  mm.ii 
ing  train  from  St.  PaiK-ras  and  Carlisle  got  a  cleur  i)ass;w. 

Employment  in  the  Engineering  1  rades. ― According  to  tho  rep  oil 
for  April  issued  by  tho  labour  clopartineiit  of  the  Board  of  Trado, 
uiioinployment  is  still  decreasing  and  wages  aro  still  rising  Com- 
pared with  a  year  ay,o,  when  oinployniont  had  not  fully  recovered 
irom  tho  effects  of  ttie  great  coal  (.lispuie,  all  the  principal  imliis- 
tcics  except  tinplate  show  an  improvctiiont.  I  n  fif^itros,  trade 
unions,  with  a  nu*mbership  of  close  upon  a  million,  roportod  only 
17  per  coni.  of  their  mem Ijors  as  uneniplo^yed,  c-onipared  with  3'(3 
per  cent,  at  the  end  of  April  last  year. 

Accidents  on  Railways  during  1912. ― Returns  of  accidents  and 
casualties  on  tho  railw  ays  of  the  United  Kingdom  during  1912,  just 
issued  i>y  tiie  Board  of  l，i、i(le，  show  that  tho  total  mi】nbei'  ot  pet- 
sons  kiiled  was  1 ,011,  while  tho  inj iire<l  numbered  8,700,  these 
figures  being  respectively  a  deciease  of  59  and  an  increase  of  355 
on  those  tor  the  previous  year.  Accidents  to  trains,  rolling-stock, 
j>ei'nianoiit  way,  tVrc . ,  accounted  for  the  deaths  of  20  passengers 
and  six  employes,  and  injuries  to  083  passengers  and  lo4  employes. 
Other  accidents  wore  responsible  for  the  deaths  of  90  passengers 
and  337  employes,  and  injuries  to  2,1  lo  passengers  and  0 ,  U !H 
employes. 

Boilermakers'  Strike  Vote.  —  The  report  of  the  Boilerinakertj' 
Society  just  issued  states  that  tho  result  of  the  ballot  on  tho 
question  of  giving  notice  to  cease  work  unless  a  special  advance  of 
per  cent,  is  given  on  piecework  riveting  rates  is  as  follow  .s  ： 
For  a  m  on  til's  notice,  4,027  ；  against,  1,550.  In  view  of  the 
decision  to  act  with  tiie  other  shipbuilding  tiados  in  pressing  for 
a  general  advance,  the  Executive  Council  oi  the  Boilermakers' 
Sonety  have  decided  to  approach  the  employers  for  a  further  con- 
teronce  in  respect  ot  the  special  advance  of  2 J  per  cent.  With 
rega rd  to  the  claini  tor  a  general  advance  of  5  per  cent.,  the 
members  a  re  asked  to  vote  not  later  than  M  ay  30th  on  the  follow- 
ing proposal :  11  That  it  he  lt>t't  in  tlie  hands  of  the  J':x'、（'uti\'e  Council 
to  meet  representatives  of  the  other  shipbuilding  trades  and  fix 
a  date  when  all  ti'ade  uiiioiiists  in  tin*  todcratcd  shipyards  will  take 
action  to  obtain  the  udvance  asked  for."  At  the  present  moment 
there  seems  every  likelihood  of  a  vote  in  favour  of  this  proposal, 
wh ich  ompowers  the  executive  to  fix  a  date  along  with  the  other 
trades  to  coase  work  to  obtain  the  advance  if  nofessary. 

The  Manufacture  of  Oxygen. ― On  Saturday  last  ;i  jtai'ty  of  】ii。m 
bers  of  the  Newcastle  and  District  Association  of  Forcniei! 
Engineers  and  Draughtsmen  visited,  by  invitation,  the  Hen  ton 
works  of  tho  British  Oxygen  Company,  Ltd.  Mr.  C.  W.  James, 
manager  of  the  works,  said  that  in  188(j  oxygen  was  sold  at  Is.  a 
foot,  but  the  processes  tor  making  it  wore  improvtMl  until  thoy 
reached  the  liquid  air  method,  which  ni;ulo  Itettoi-  aiul  clioapor 
oxygen.  He  thought  tho  British  Oxygen  (1omi)any  had  done  sonic - 
tiling  in  lowering  tiuv  price  of  oxygen  from  Is.  per  foot  to  some- 
thing less  than  a  lialf-poiiny.  Mr.  James  gave  a  fow  sim]>lo  but 
interesting  exporinients  of  the  properties  of  oxygon ,  tl"'  maim 
facture  of  which  at  the  company's  works  was  by  nu-suis  of  liquid 
air.  Tlu、  air  was  (lr;i、vu  tlirou^h  pm-ificrs,  utter  whicli  il 
passed  through  tho  air  compressors,  and  in  three  stng<\s  Ik 、； it  was 
extracted  by  cooling  tho  air  in  、、； itt、r.  Oxv^on  、、;、、、  st^paiaU'd  from 
the  other  constitiionts  of  the  liquid  iiir  and  ；、 t'"、r、v:u(ls  svut  into 
tho  gas  holders,  the  oxygen  being  at'torwards  draw  n  and  IiIUmI 
into  cyliiulors  at  a  pressure  of  al)out  1,800H>«.  to  the  sq'iarc  im-li. 
Tho  cylinders  were  subjected  to  a  hydraulic  tvat,  ami  \\  ere  inaclu 


sLro'i"  cikjuuIi  to  .staiifl  ； i  picsM]  I  c  <>!  3，:V;Oll's.     K.aU  '、li,H"'r 
ii u inhered  and  tested  evcry  ,v''ar.    Tl",  lii<>  oi  a  "ylim"'r  、、： i、  ]：>  ot 
20  years,  or  porluips  r"tl"'r  mon»  now  tliat  tl»'':v  、、,',<'   mndu  of 
thicker  metal.     Mr.  .JaiiH's  ^xplain^rl  tl"'  '  -、 tr'.ni''  "m""'  ,,i  t*-m 
peratiiro  ;it  u  hicli  the  company  、""  k' 化 and  »;u'l  that  i  anp*  、、 .卜 
soinothin^  liko  7,o00Q.    In  tho  pa.st  lour  .、'';"、  tlx-  r"i"p:m>  IwwJ 
improved  tho  apparatus  for  cutting  and  、、，'l'lmg,  ami  Ik- 
a  portable  contrivanco  wliicli,  1,.、  ;t  <oml,iii;"i"ii    oi    p<-tiol  aiul 
oxygen,  was  (-apii/blo  of  makinu  a  rU  aii  cut  in  stwl  an  inch  thick. 
The  visitors  aftcMwards  viewed  some  very  iiitoroiitiiig  (l"m',i,、ti " 
tions  in  cutting  and  welding.      Mr.  .Jam ；'、  was  coidially  tlmiilu'tl 
for  the  opportunity  he  had  afforded  tho  momberH  of  the  Associatioii 
to  seo  over  the  works. 

Annual  Report  of  the  Boilermakers'  Society.— Tho  78tli  aiuidal  r'  p'"  t 
"f  the  United  Society  of  Hoilermakors  aiul  lion  anrl  M.-.-l  mhj, 
builders  has  just  been  issued.  The  general  s'  '-r,.i " i ,、  (Mr.  John 
Hill),  in  a  prefatory  ； ""lr,'、、，  states  that  tli"  year  liil2  w  us  a 
秆 ood  one  tor  the  union.  Tl"'r"  had  l"'(，"  an  iiiipr,H',''l«'"t'''l  I.omih 
i'l  trade,  serious  disputes  had  been  averted,  und  wages  had  beon 
considerably  advanced  in  all  districts.  During  tho  12  inont)^ 
they  had  been  successful,  through  tho  Knginoering  and  Ship 
building  Trades  Federation,  in  abolishing  the  discharge  note, 
without  which  no  man  had  t'mplw'l  in  ti'l.i  ；山 <|  、i, 屮、； 

O"  the  question  of  a  national  shipyard  agr,'em""t  tin*  "i.'iiil"  r、 
ol'  tho  society  had  voted  in  various  moods  dii ri iig  tho  yuar.  A 
national  conference  of  the  members  held  in  September  r' ' ' 川 i 
mended  an  agreement  between  thr  employers  and  tl"'m 、'- lv«>. 
The  vote  was  taken  in  Novernber  and  was  favourable.  .、l'M'tin &、 
with  tho  employers  had  boon  held  on  thts  qiiw)",  but  without 
any  result  as  yet.  Another  national  agreement  considered  dm  in^; 
the  year  was  the  demarcation  agreement,  which  had  now  been 
accepted  by  all  the  engineering  and  shipbuilding  trades  und  the 
two  'big  federations  of  engineering  and  shipbuilding  eruplo.w 卜 
The  society  had  negotiated  this  question  for  noa rly  three  .\'"r、 
in  company  with  some  30  other  trades.  The  question  of  amal- 
gamation was  still  very  much  a  matter  of  talk.  During  tl"'  .、•  ，u 
the  society  made  overtures  to  the  Associated  Shipwrights  and  tho 
Amalgamated  Society  of  Engineers.  The  shipwrights  ； i、k'''i 
boilerrnakers  to  suspend  negotiations  with  the  A.S.E.  while  the v 
were  negotiating  with  the  shipwrights.  This  the  boilormakers 
agreed  to.  The  shipwrights  had  made  stipulations  which  had 
delayed  negotiations,  and  there  the  matter  rested.  The  total 
membership  of  the  society  at  the  end  of  1912  was  (31,83-5,  an 
increase  of  6,52o  compared  with  11)11.  The  income  of  tho  society 
from  members'  contributions,  entrances,  propositions,  and  levies 
amounted  to  £185,201.  4s.  8cl.，  and  the  gross  income  tor  th，'  -、'  .i! 
was  £371,873.  2s.  4ti.  The  total  expenditure  was  LI  U, 728. 
10s.  7d.}  leaving  a  balance  at  the  close  of  the  year  ot  L"2"27  1 1 1 
lis.  8d.,  or  a  sum  etjuivaloiit  to  £3.  13s.  od.  per  huad  of 
membership). 

Wailcs,  Dove,  &  Co.'s  Exhibit  at  the  Liverpool  Exhibition.  、1' 

Wailes,  Dove,  &  Co"  Ltd.,  NeAvcastle-on-Tyiie,  the  paten tt'ts  and 
solo    manufacturers    of    the    well-known  patent  "  Bitunia.^tic  * 
enamels,  coverings,  and  solution,  for  the  prevention  of  corrosion 
in  iron  and  steel  and  the  protection  and  preservation  of  、、wl, 
concrete  roofs,  walls,  &c,  have  an  attractive  display  on  Stand 
No.  271  at  the  Liverpool  Exhibition,  which  was  opencnl  vaster 
day.     On  the  stand  is  shown  a  model   of   the   midship  section 
of  a  vessel,  and  also  a  model  workshop    with   smokestacks,  iVc. 
These  are  all  coated  with  their  different  "  Bitnnia.>iic  *T  specialities. 
There  is  also  shown  a  small  model  of  ships'  stt'"l  deck  platinjr. 
flushed  up  and  levelled  with  patent  "  Bituniabtic  "  deck  covering, 
on  which  i(  Corticono "  is  laid.      Thi.s  material  is  similar  to  that 
applied  successfully  to  the  promoiuuk*,  slieltor,  upper,  main,  and 
lower  decks  of  tho  Cunard  liner  "  Mauretania  '  and  other  lim"  >. 
Tho  advantages  obtained  by  using  this  material  in  lieu  of  wood 
decks  are :  No  pitneing  of  decks,  more  head  room  in  "tweon  (li'd. 
steelwork  efficiently  protected.  '*  Corticono,''  nil 山 t'r  t""'g,  or  par 
qnetiy  easily  laid  on,  chea per  and  more  durable  tlian  u ood  and 
less  weight,  perfect  sanitation,  more  air  sj)ace,  no  acrumiilation 
of  foreign  matter  as  is  usual  under  wood  deel".    C'oiK'ln.sivo  proof 
of  tho  effectiveness  of  "  liituma^tic  "  enainol  "  mm  mi  Uv  the  con 
dition  of  iron  bolts  after  submersion  in  a  chemical  solution.  Tho 
parts  not  coated  with  "  Bitumastic  ''  ona mol  <\ re  hiully  corroded 
by  the  acid,  but  the  reruaining  portions  show  no  、igns  <>i  <k't»M  im  a 
tion,  tho  enamel  being    al>solutely    imafftxU'd.       ••  Hitiimastic '' 
enainol  \\i\s  also  selected  for  protecting  tho  hugo  lock  gato  (  hi 
pairs,  area  over  3,(XX).()0() s(|.  ft.)  on   the    Panama    (  anal.  :"t»  r 
eiuluiance  tests  against  m'(、r  3(K)  competitors.       (hh，'r    ""t; 山 1，、 
contracts  include  tlu»  coating  of  tho  ('una rd  liii，'「、  A(|iiitania," 
" Mamotaiiia,"     "  Lusitania,"    the     "  Olympic "     ( Whito  Star). 
" Alsatian     and  "  Calgaiian  "  (Allan  Lino),  '' Imp,M'ator  "  (Ham 
burg  AmtM  Lean  Lino).  Arc,  in  addition  to  a  inimht'r  of  hattlo  sliips. 
cruisers,  subma lines,  Arc*.,  for  tho  British  and  ton-i^n  A<ln，ir:ilt '•'、. 
The  firm  have  also  in  hand  contracts  for  various  kinds  of  iron 
anil  steel  structures  on  land,  "  liitumastii"  proving  tnvaliiahlo  for 
tho  protection  of  l)ri(lgos,  water  tanks,  pit  )u»;nl    p':"  s.  sinuke 
stacks,  refrigerating  plant,  t-orrugatod  iron  Ixiiklin^s  ； i，"l  roofs, 
exposed  to  acid  und  alkali  luinoi.  cxtioincs  ot  w  catlaM  ,  Ac. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  jfhasctl  /"  fmtntnl  copies  'post  free  (Hi  net  l^t  "j  If  hi.  A 山 I  ，  *  、、 
" Mrrhtntical  !1:t，tjitH'rr,"  5  J,  Nrv  Bail  ft/  Strri  /,  M(i  nt  fnshr. 

MECHANICAL,  I9I2. 


AVeiser;  and  British 
ling  hydro- 


d 


Feeding  wm'l、  im'rt's  in  jjilgcr  rolling  mills 

Maiinesman  Tul)o  ( 'ompaiiy.  2637. 
Apparatus  for  separating  gases  nnd  v;ipours 

carbons.    Arnaud.    4808  and  480J). 
Cooling  iiiternal-comlmstioii  engines.    Adams,  De  N 

Adams  iManufacturiiig  (  ■ompaiiy.    7:川 . 
Starting  iiiternal-conibustion  oiiginos.    Cocks.    71  I". 
I  ntonial  combustion  engines.    Hall.  7793. 
Steam  superheaters  for  tubular  boilers.    Hughes.  'J77:i. 
lit'H  transmission  gearing.    Bamforcl,  Luini,  <V  L(»inax.  i,781. 
Change-speed  gear.    Perrot  &  Matthew.  979G. 

Internal-combustion  engines  for   marine    purposes.       La  no  and 

Thompson.  9824. 
Aeroplanes.    Miege.  9958. 
Turbines.    Josse  &  Christlein.  [){J7o. 

TAVo-stroke    internal- combustion   engines.      Gibbons   iV  Gihl)oii8. 
10068. 

Screw-down  taps  and  valves.    Brown.  10125. 
Detachably  securing  the  heads  or  nuts  of  bolts.    Holt.  10127. 
Speed  reducing  or  multiplying  gearing.    Sturgeon.  1015G. 
C'ombu.stioii  chambers  of  interJial  combustion   engines.  C'rossley 

and  Webb.  10202. 
Steam  traps.    Goold.  10288. 

Haihvay-wagon  coupling.    Taylor  <fc  Aldrich.  10295. 
Carburetters  for  internal-combustion  engines.    Aston.  10474. 
Pinnpiiig  arrangements.    Submersible  and  J.-L.  Motors,  Ltd 

Poynder.  10653. 
Ball  bearings.    Rowing  &  Riley.  10G89. 
Flying  machines.    Dobbertin.  10714. 

Variable-speed  gear  for  motor  vehicles.    Bamt'ord.  10754. 
Feed-water  regulators  for  steam  boilers.      Mower    &  Spencer. 
10818. 

Apparatus  for  raising  and   delivering   measured  predetermined 

quantities  of  liquid.    Stutfield.  10843. 
Antifriction  roller  bearings.    Hall.  11108. 
Valve  for  internal-combustion  engines.    Hoots.  11185. 
Retarded  return  valves.    Boult.    11675.  - 

Means  foi*  indicating  the  amount  of  opening  of  valves.  Ham. 
120(55. 

Composition  of  matter  for  treating  cast  iron  and  steel.  Marsh. 
12542. 

Smoke-consuming  furnaces.    Ekl.  12997, 
Fnol-feoding  ajjparatns  for  gas  i>roducers.    Pineau.  13l-:J. 
Clutches  for  conveying  rotary  motion.    Wetherell.  14402. 
Traversers  for  overhead  runways.      Herbert   Morris,  Ltd.,  and 

Haslam.  15092. 
Carburetter  for  internal-combustion  engines.  Martin. 
Steam  generators.    Stirling  Boiler  Company.  15524. 
Method  of  hardening  iron  and  steel.    Boyd.  159(i(i. 
Governing  mechanism  for  internal-combustion  engines. 

Thomson-Houston  Company.  1G442. 
Vaporisers  of  internal- combustion   engines.      Crossley  ct  Webb. 

10748. 

Turbines.    Dunn  &  Dunn.  1G802. 

Balancing  of  rotating  masses.    Soc.  Anon,  pour  L'Exploitation  des 

Procedes  Westijighouse  Leblanc.  16809. 
Signalling  on  railways.    Blackall  cV:  Jacobs.  17035. 
Lulirieating  devices.    D idler.  18280. 

( 'oiil-riittiug  maeliinow.    Mavor  A:  C'oulsoii,  Lid.,  and  Moore.  1887C. 
Rock  drills.    Oilman.  19508. 
Internal-combustion  engines.    Weisz.  VXjo^. 
Internal-combustion  engines  using  heavy  fuely.    Pieper.  2117li. 
Meters  of  the  Veiitu ri  type  tor  JiqiiitLs.     Kennedy.  21498. 
Internal-combustion  traction  engines.    Fowler  &  Cooper.    21 032. 
Internal-combustion  engines.    Rosner.  21751. 
Furnaces.    Hill.  21923. 

Boiler  tube  cleaner  systems.    Liddle.  22493. 

Speedometeis.    Veigel.    228- 1 . 

Ships'  steering  gear.    Roystou.  23121. 

Furnaces.    Hill.  23439. 

Lathe  tool-holders.    Liebstein.  23498. 

Foundry  moulding  machines.    Bermond.  25428. 

Ball-bearing     un  a ngemenb     tor     displacealily  moiiiil  ed     sh;i  t't:、. 

Deutsche  Wnft'rn  uiul  MuiiitioTisialiriken.  2(il85. 
Means  for  adjusting  ball  bearings.    Parkes.    26271 . 
Rotary  blowers  and  pumps.    Shoplierd  tV:  Hayes.    265- fi 
Virus  or  air  propellers.    Slieplierd  &  Ha\  rs.  L'h.327. 
S\  iK-hronising  devices  for  facilitating  the  coupling    of  rotating 

shafts.    Yarrow.  27095. 


15:3(38. 


British 


Connecting  rods.    Esiiault-Pelierie.  28485. 

Rotary  pumps.    Siemens  Bros.  Dvnaino  Works.  28900. 

Dijiiblo-.sided  chuck.    Jones.  3U，)'〕:1 

1913. 

Dampers  for  use  in  connection  with  steam  su)>orheaters.  Bol- 
ton. 62. 

Lubricating  pumpa.    Robert  lioscli.  290. 
Pistons  for  revolving  cylinder  engines.    Bt'rlmcr.  221G. 
Former  devices  for  lathes.    Liobert  &  Gartsi(k».    41 17. 
J'otary  pumps.    Klingor.  5417. 

OjxMutin^  compouiid  steam   turljiiio.      Hor^iiianu  Elektricitats 

Werke  Akt.-Ges.  G265. 
Hydratilic  rams.    Blake.  6447. 

ELECTRICAL,  1912. 

Alternating-current  machinery.  Akt.-Ges.  Brown,  Boverie,  et  Cie. 
7258. 

Automatic  toll  recorder  for  telephone  svstoins.    Godtreo.  72i'j\. 
Telegraphy.    Huertley.  9733. 

Kloctric  incaiidoscence  filaments.    Hanson  A:  Mohr.  9! 川. 

Klcctrically-heated  apparatus.    Marks.  10029. 

Eloctric  impulse  transmitters.      Automatic  Telephone  Manuiac- 

turing  Company.  10120. 
Magneto  current  generators.    Podlesak.  10209. 
Tcleplione  systems.    Martin.  1037G. 

Electrodes  for  primary  or  secondary  batteries.    Hdl.    105 1 1 . 
Electric  motors.    Submersible  and  J.-L.  Motors,  Ltd..  and  ('o"!>t'r. 
10654. 

Dynamos.  Submersible  and  J.-L.  Motors,  Ltd.,  and  Povii(l('r. 
10655. 

Electric   heating   elements.      Electric  and  Ordnance  Accessories 

Company,  and  Davios.  1(J"(>j. 
Transmission  of  electric  energy  at  a  distance  without  connoL'ting 

wires.    Galletti.  10863. 
Electric  circuit- closing  devices.    Nalder  Bros,  tt  Thompson,  Ltd., 

and  Harris.  11260. 
Electric  water-heater.    Mann.  11849. 
Electric  insulators.    Meirowsky.  13365. 
Wireless  telegraphy.    Dubilier.  1401-5. 

Electric  controllers  and  starting  switches.  Siemens  Bros.  D\  naino 
Works,  Ltd.,  and  Payne.  16343. 

Apparatus  for  transforming  direct  current  intu  alttuiiating  cur- 
rent.   Hiklebrand.  17^46. 

Protective  devices  for  electric  circuits.  British  Thoinsoii-Houston 
Company.  17080. 

Arc  lamp  electrodes.    British  Tliomson-Hou.ston  (Company.  18G89. 

Controlling  devices  for  electric  lamps.    Johnson.  22127. 

Wireless  telegraphy.    Goklsclimidt.  I>:i7;34. 

Electrical  heating  units.    Marks.  247"(i. 

Ignitiou  devices  tor  iiiternal-combu4>tion  engines.   Podle.sak.  2oG4G. 

1913. 

Receiver  for  subnui  rino  signalling.    Signal  Ges.  199G. 
Telephonic  transmitters.    Grissinger.  2928. 

Protective  device  for  the  circuits  of  electric  motors.  Glenn  and 
British  Pneiunatic  Kaihvay  Signal  Company.  344G. 

Electric  motor  controlling  devices.  British  Thoiusoii-Houston 
Company,  and  Britton.  4093. 

Polyphase  current  connnutator  motors.  Bei'ginaini  Eloktrititiits 
Werke  Akt.-Ges.  4091. 


METAL  QUOTATIONS. 

TUESDAY,  MAY  2Uth. 

Aluminium  ingot   95/-  per  cwt. 

,，         wire,  according  to  sizes,  &c  from  1 12/-  " 

，,        sheetB        ，,    ，，  120/-  ，， 

Antimony  £31/-/-  to  £33/-/-  per  ton. 

Bra sa,  rolled    Hzd.  per  lb. 

"    tubes  ( brazed )    lO^d. ，， 

，，       ,,     (solid  drawn)   9d.  ，， 

，，       ,，     wire   8^d.  ，， 

Copper,  ！ Standard   £68/12/(1  per  ton. 

Iron,  Cleveland   ,, 

,， Scotch   75/6  ,, 

Lead,  English   :   £10/10/-  ，， 

，， Foreign  (soft)    £19/7/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

，,  ，,  ，,       medium   3/6  to  6/ -  ，， 

，，  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver..   £7/10/-  per  bottle. 

Silver   28^(1.  per  oz. 

Spelter    £24/ir>/-  per  tun. 

Tin,  block   £218/-/-  ，， 

Tin  plates   14/3  ,， 

Zinc  sheets  (Silesian)   £28/10/-  ，， 

,,  (Stettin  ；  Vieille  Montague)   £28/12/6  ,, 
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The  METALLURGY  of  IRON  &  STEEL 
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the  Metallurgy  of  Iron  And  Steei. 
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Office,  53，  New  Bailey  Street. 

Advirtiscments,  displayed,  for  insertion  in  current 卜、 屮' 、lio， 山 I 
reach  our  Manchester  office  not  later  than  first  post  Tu''、'1;b 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Proposed  Manchester  International  Exhibition. 

For  some  time  the  proposal  to  hold  an  inteniational  exhibition 
at  Manchester  in  tlie  near  future  has  been  under  discussion. 
When  first  mooted,  however,  there  was  more  than  a  suspi'  i',n 
that  the  idea  was  being  put  forward  by  professional  promoters, 
and  enthusiasm  therefore  in  the  commercial  section  of  the 
community  was  lacking,  for  there  has  been  a  growing  feeling 
amongst  business  firms  that  "  exhibitions  •'  such  as  have  been 
witnessed  at  various  centres  in  the  country  during  recent  years 
have  been  much  too  frequent,  and  instead  of  being  what  they 
purported  to  be  have  been  little  more  llian  co""m'r'  i"l 
ventures  run  by  advertising  contractors,  and  Die  manu- 
facturers in  several  trades  have,  in  order  to  protect  themselves 
from  what  they  had  come  to  regard  as  an  imposition,  banded 
themselves  into  associations  to  regulate  the  organisation  and 
frequency  of  such  displays.  A  committee,  however,  was 
appointed  to  enquire  into  the  matter,  and  the  report  pre- 
sented to  a  city  meeting  called  by  the  Lord  Mayor  puts  the 
proposal  ou  a  much  more  satisfactory  basis  than  was  suggested 
hi  the  first  instance.  For  many  trades,  and  especial lv 
engineering,  Manchester  is  probably  as  convenient  a  centre 
as  any  that  could  be  chosen.  But  to  be  worthy  of  the  '  u、 
the  exhibition  would  need  to  be  international  in  its  scope  ainl 
organised  on  a  public  basis,  and,  as  over  a  quarter  of  a 
century  has  elapsed  since  an  exhibition  of  this  chararter  was 
held  there,  another  one  can  hardly  be  regarded  as  premature. 
The  magnificence  of  the  display  made  in  1887,  and  whirh 
" Punch  ，，  wittily  described  as  '*  tlie  gen»  of  the  Jubilee,  was 
universally  acknowledged.  Unlike  many  exhibitions,  it 
resulted  in  a  handsome  profit  and  the  distribution  of  nearlv 
£50,000  amongst  Lancashire  charities.  At  the  meeting  held 
on  the  22nd  inst.  the  conunittee  reported  that  several  suitable 
sites  were  available,  free  from  all  liability  and  restrictions  in 
respect  to  personal  contracts  or  influence,  and  a  resolution  was 
passed  that  if  a  successful  exhibition  was  to  be  held  it  would 
be  necessary  to  have  the  active  co-operation  of  the  Lord  Mav',r 
of  Manchester,  as  well  as  tlie  leading  citizens  of  the  surround- 
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ing  towns.  This  co-operation  is  certainly  indispensable  to  a 
successful  issue  of  the  proposal,  and  we  have  no  doubt  it  could 
be  secured,  but  any  scheme  must  be  absolutely  free  from  taint 
of  the  exhibition  promoter.  We  think  the  committee  are 
somewliat  premature  in  suggesting  next  year  as  a  date,  because 
an  exliihit  ion  on  a  suitable  scale  would  require  a  good  deal  of 
thought  mikI  organisation .  The  following  year,  1915，  would, 
in  our  opinion,  be  quite  early  enough  to  permit  of  requisite 
care  in  t  in1  in  rliniinary  ； i  rr;i  ii^cnn'iil s,  while  hihjI  lier  reason 
for  that  date  is  it  is  practically  certain  the  British  Association 
will  then  hold  its  annual  meeting  in  Manchester. 


The  Use  of  Benzol  in  Motors. 

The  serious  appreciation  in  the  price  of  petrol  that  lias 
occurred  within  the  last  year  or  two  has,  as  our  readers  will 
aware,  suggested  the  use  of  other  substitutes  for  that  fuel  in 
engines  for  motor  vehicles,  and  benzol  has  been  put  forward 
as  being  cheaper  and  having  a  higher  calorific  value.  This 
is  so,  and  to  a  limited  extent  the  fuel  is  being  used, 
but  there  are  difficulties  in  its  practical  application 
that  m ay  be  easily  overlooked  and  which  it  is  desirable 
to  recognise.  In  the  first  place,  benzol  is  not  so  convenient 
for  engine- starting  purposes,  owing  to  its  tendency  to  deposit 
soot  if  tlie  cylinder  is  not  hot  and  so  clog  the  rubbing  surfaces. 
For  this  reason,  petrol  must  be  used  until  the  engine  is 
sufficiently  hot  to  prevent  this  deposition.  This  change  in  fuel 
supply  necessitates  a  readjustment  of  the  air  supply  and  hence 
of  the  carburetter.  The  change  may  not  be  difficult  with  an 
experienced  driver,  but  the  possibility  of  an  engine  going 
wrong  at  some  inopportune  moment  through  slight  carelessness 
or  lack  of  judgment  is  not  a  risk  that  the  average  motorist  cares 
to  face.  No  doubt  it  may  be  possible  by  mechanical  appliances 
to  make  the  necessary  adjustments  more  or  less  fool-proof,  but 
such  devices  can  only  be  arrived  at  after  considerable  experi- 
ence. Another  factor,  too,  that  must  not  be  overlooked  is  that 
though  benzol  is  considerably  cheaper  at  the  moment  than 
petrol,  its  supply,  as  compared  with  petrol,  is,  comparatively 
speaking,  very  limited,  while  its  chemical  composition  and  pro- 
perties are  not,  like  petrol,  reduced  to  invariable  standards, 
and  until  this  was  done  it  would  not  be  easy  to  find  a  solution 
of  the  carburetter  difficulty  ；  and,  finally,  it  must  not  be  for- 
gotten that  the  law  of  supply  and  demand  would  apply  to 
benzol  as  to  any  other  commodity,  so  that  if  an  extra  demand 
arose,  prices  would  inevitably  rise  with  it  and  rapidly  diminish 
any  economic  advantage  which  might  at  present  exist. 


Boiler   Explosion  on  ss.  "  City  of  Liverpool." ― The  formal 

investigation  ordered  by  the  Board  of  Trade  to  be  held  in  this 
matter  is  fixed  for  hearing  in  the  Grand  Jury  Room,  St. 
George's  Hall,  Liverpool,  on  Thursday,  the  fifth  day  of  June, 
1913，  at  11  a.m. 

Manchester  Steam  User*'  Association. —— The  annual  report  of 
the  Committee  of  Management  to  the  members  of  this 
association,  just  issued,  states  that  at  the  close  of  1912  the 
number  of  boilers  under  inspection  and  the  revenue  attained 
the  highest  point  hitherto  reached.  The  net  surplus  was 
£1,980.  No  boiler  under  inspection  by  the  association  has 
burst  during  the  year  and  the  committee  are  able  to  state  that  , 
at  the  end  of  58  years,  no  life  has  ever  been  lost  by  the 
explosion  of  any  boiler  which  the  association  has  inspected 
and  guaranteed  as  safe.  Experiments  have  been  conducted 
by  the  association  for  some  time  past,  for  determining  the  law 
of  fatigue  of  metals,  and  it  is  intended  shortly  to  publish  some 
of  the  results.  A  careful  survey  has  also  been  made  of  all 
experiments  bearing  on  the  question  of  the  strengths  of  flat 
plates  of  boilers  and  the  elasticity  of  steam  expansion  bends. 

rticulars  of  these  will  also  be  published. 


THE  CORROSION  OF  IRON  AND  STEEL 

In  a  paper  on  this  subject  read  before  the  Society  of  Chemical 
Industry,  New  York,  on  April  25th  last,  Mr.  W.  H.  Walker 
said  it  was  now  six  years  since  the  electrolytic  theory  in  its 
developed  form  was  offered  as  a  basis  for  the  explanation  of 
the  corrosion  of  iron  and  steel,  and  it  seemed  worth  while  at 
this  time  to  enquire  regarding  the  accuracy  of  some  of  the 
conclusions  to  which  it  had  led,  as  viewed  in  the  light  of 
present  experience.  In  the  first  place,  we  had  found  that  the 
factors  controlling  tlie  rapidity  or  extent  of  corrosion  were  by 
no  means  so  simple  as  they  were  at  first  thought  to  be.  Many 
coiulitions  which  were  considered  of  little  or  no  importance  liad 
been  found  to  exert  a  profound  influence  upon  the  reactions 
involved.  For  example,  samples  of  iron  and  steel  wliich 
exhibited  marked  difTerences  in  corrosion  exposed  in  the 
normal  condition  in  which  they  came  from  the  mill  failed  to 
show  any  difference  upon  exposure,  when  they  were  planed 
to  a  uniform  surface.  Apparently,  the  mechanical  strain  to 
wliich  the  samples  were  subjected  in  the  planer  masked  or 
neutralised  the  difference  in  corrosion  inherent  in  the  normal 
material.  It  was  not  surprising,  therefore,  that  many  con- 
flicting results  had  been  obtained  and  published  f roni  the 
investigators  now  interested  in  this  work.  Only  those  tests 
which  had  been  carried  on  under  identical  conditions  of 
surface  finish,  temperature,  access  of  oxygen  and  moisture, 
general  atmospheric  conditions,  &c.，  should  be  given  any 
weight,  and,  even  when  the  greatest  care  was  taken, 
generalisations  must  be  drawn  with  caution. 

One  of  the  conclusions  reached  by  a  consideration  of  the 
electrolytic  theory  of  corrosion  which  had  proved  misleading 
was  that  homogeneity  in  the  material  ensured  protection, 
while  heterogeneity  led  to  rapid  attack.  While  this  was  a 
corollary  which  might  be  logically  drawn  from  the  electrolytic 
theory,  and  was  doubtless  in  itself  true,  there  were  evidently 
other  factors  which  superimposed  themselves  upon  those  due 
to  differences  in  structure,  producing  a  final  effect  contrary  to 
that  predicted.  The  iron  of  the  old  chain  bridge  at  New- 
buryport,  Mass.,  had  withstood  corrosion  iu  a  truly  remarkable 
manner  for  the  last  98  years,  and  yet  it  was  conspicuous  for 
its  heterogeneous  structure.  Large  areas  of  perfectly  pure 
iron,  free  from  both  carbon  and  slag  were  mixed  up  with  areas 
showing  at  least  two  kinds  of  slag,  and  very  high  carbon  ；  yet 
all  withstood  atmospheric  corrosion. 

On  the  other  hand,  Burgess  had  shown  that  iron  free  from 
all  contaminating  elements  wliich  could  segregate  or  produce  a 
lack  of  uniformity  did  not  withstand  rusting  so  well  as  the 
same  iron  to  which  had  been  added  a  little  manganese,  or 
copper,  or  nickel .  This  behaviour  was  observed  also  iu  the 
case  of  the  so-called  pure  irons  made  iu  an  open-hearth 
furnace,  and  which  were  relatively  free  from  carbon, 
manganese,  sulphur,  and  other  constituents  prone  to  segrega- 
tion, which  had  come  to  the  writer' s  notice.  While  theoreti- 
cally a  very  pure  iron  should  withstand  rust,  there  wevv 
apparently  some  factors  present  wliich  more  than  offset  any 
advantage  inherent  in  purity.  Obviously,  conditions  affecting 
the  surface  of  the  material  so  soon  as  rusting  had  started  were 
important  causes  which  had  1  argely  been  overlooked  and  whicli 
demanded  more  thorough  investigation. 

The  most  important  advance  in  this  field  made  in  recent 
years  was  a  knowledge  of  the  effect  of  the  addition  of  small 
amounts  of  copper  to  normal  open-hearth  or  Bessemer  steel. 
The  results  of  a  series  of  tests  were  recently  made  by  D. 
M.  Buck.  While  these  tests  did  not  show  that  any  steel, 
however  poorly  made,  would  with  the  addition  of  copper 
withstand  atmospheric  corrosion,  they  proved  that  it  was  the 
copper  and  not  the  absence  of  manganese  and  other 
" impurities  ，，  which  was  the  controlling  factor.  Several 
hypotheses  had  suggested  themselves  as  explaining  this  marked 
effect  of  copper  in  causing  steel  to  resist  atmospheric  corrosion, 
but  as  yet  none  was  sufficiently  tangible  to  afford  a  working 
theory. 

Rapid  progress  had  been  made  in  acquiring  that  knowledge 
of  the  relation  of  pigments  and  finished  paints  to  corrosion 
which  was  necessary  to  a  better  protection  of  iron  and  steel. 
Predictions  founded  on  tlie  theory  that  a  basir  paint,  or  one 
containing  a  chroniate  pigment,  would  inhibit  rusting,  while 
one  made  up  from  lamp-black  or  graphite  would  accelerate 
rusting  have,  in  tlie  main,  been  found  correct.  The  effect  of 
the  pigment  upon  the  character  of  the  oil  film  making  up  the 
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paint,  however,  had  sliown  itself  also  to  be  very  im])orf  anl  - 
Many  basic  pigments,  such  as  basic  lead  carbonate  or  zinc 
oxide,  vvliicli  in  themselves  inhibit,  did  not  withstand  the 
w ('； it'lior  ;  lump  black  and  ^rapliite,  on  t-lie  ("'lier  hand,  m:"lr 
a  very  impervious  and  highly  resistant  paint  film.  Tlie  logical 
conclusion  in  protecting  iron  was,  therefore,  to  use  a  basic 
priming  coat,  a  second  (•();"'  of  ； i  mixim'c  of  u  l>;isic  pigment 
and  a  little  lamp-black,  an(l，  wlien  well  dried  out,  to  apply  a 
lam |)-l)lack  or  graphite  (inisliin^  coat .  Kxpericiire  had  sliown 
also  i  l"'  import-uiice  of  hrushin^  the  paint  well  on  tlie  iron  ；  a 
good  paint  miglit  fail  011  account  of  poor  application. 

Careful  tests  with  galvanised  work  showed  that  an  *'v''ii 
coating  of  zinc  was  the  all-imp()rt';u",  factor.  The  common 
practice  of  clean  wiping  galvanised  ware  was  fatal  to 
durability,  since  the  protecting  layer  was  not  metallic  zinc  hut 
a  tliiii  deposit  of  a  zinc-iron  alloy.  While,  therefore,  lmirli 
had  been  a('t'on】plishe(l  in  the  way  of  making  a  more  resist  ； m( 
base,  there  was  still  a  necessity  Cor  a  uiiif'orm  substantial 
(•out in^  of  s]>e]ter  over  1  he  surface. 


BOOK  REVIEWS. 

Wannan's  Marine  Engineer's  Arithmetic  for  Board  of  Trade 
Examinations,  by  A.  C.  Wannan  and  D.  Lindsay  ；  two 
vols.,  Part  I.  Arithmetic,  Part  II.  Elementary  Verbals. 
London  :  Crosby,  Lockwood,  &  Son.  8in.  l)y  fj.Un. ； 
280  pp.  Price  (each)  6s.  net. 
These  two  volumes  are  a  type  of  book  which  we  should 
have  thought  by  this  time  was  extinct.  It  was  to  some  extent 
popular  some  40  years  ago  amongst  working  engineers  whose 
early  scliooliug  in  the  absence  of  an  Education  Act  was  very 
defective  and  who  desired  to  acquire  a  knowledge  of  elemen- 
tary mechanics,  but  a  fourth-standard  schoolboy  would 
nowadays  regard  the  ignorance  of  arithmetical  principles 
here  presumed  on  the  part  of  the  reader  almost  as  an  insult. 
The  professed  object  of  the  work  is  to  prepare  candidates  for 
Board  of  Trade  examinations  for  certificates  of  competency, 
and  one  of  the  authors,  we  note,  is  connected  with  an  academy 
devoted  specially  to  this  class  of  teaching.  He  must,  we 
suppose,  therefore  have  some  experience  of  the  type  of  men 
who  present  themselves  for  this  qualification,  but  we  should 
not  like  to  think  the  mental  calibre  of  the  type  of  material 
from  which  the  general  run  of  certificated  marine  engineers 
is  recruited  is  so  low  as  t'hese  books  imply,  for  the  examples 
worked  out ~~ all  right  in  their  way,  since  they  are  taken  from 
Board  of  Trade  examination  papers — are  treated  as  if  the 
reader  had  only  the  most  rudimentary  knowledge  of  arith- 
metic, and  with  an  elaboration  of  detail  which  would  be 
wearisome  to  any  first-year  engineer  apprentice  of  average 
intelligence.  Part  I.  is  intended  as  a  preparatory  course, 
and  begins  with  simple  addition,  which  the  reader  is  informed 
" is  the  method  of  adding  two  or  more  sums  together  to  make 
one  sum,  as  the  sum  of  2  and  2  is  4  and  the  sum  of  4  and  3 
is  7，"  and  that  "  any  number  of  sums  may  be  added  together 
to  make  one  sum."  Similarly  he  is  informed  that  subtraction 
" is  the  method  of  taking  one  sum  from  another.  Example  ： 
Take  2  from  4  and  2  remains. M  After  this  follows  instruction 
in  multiplication,  with  respect  to  which  the  reader  is 
informed  "  no  one  can  make  any  "headway  in  working  out 
arithmetical  questions  unless  he  learns  the  multiplication 
table,  more  especially  the  6，  7，  8，  and  9  times,"  which  portion, 
we  may  add,  is  reproduced  for  his  benefit.  After  a  few 
pages  of  this  sort  of  stuff  the  reader  is  introduced  to  the  actual 
questions  relating  to  the  strength  of  boilers,  ship  displace- 
ment,, horse-power,  expansion,  evaporation,  and  the  goneral 
run  of  matters  arising  out  of  Board  of  Trade  rules.  Few 
persons,  however,  so  woefully  ignorant  of  elementary  arith- 
metic as  the  early  stages  of  Volume  I.  imply  are  likely,  in 
our  opinion,  to  derive  much  real  benefit  or  comprehension  of 
the  calculations  associated  with  the  working  of  boilers  ami 
engines  on  board  ship,  from  the  working  out  of  examination 
questions  which  follow,  notwithstanding  the  elaborate  details 
of  figuring  with  which  they  are  accompanied.  With  a 
" coach  "  alongside  him  to  explain  and  correct  mistakes  of 
reasoning,  the  class  of  reader  presumed  may  perhaps  make 
some  progress,  but  to  the  general  reader  they  would,  we  are 
sure,  be  useless,  while  we  are  equally  certain  that  no  sound 
knowledge  of  engine  or  boiler  working  is  possible  with  such 
rudimentary  knowledge  of  arithmetic,  and,  of  course,  still 
ruder  acquaintance  with  scientific  principles. 


Introductory    Electricity   and   Magnetism,         ( '.n  I    \V  II 

B.Sc.  London  :  W.  IlfMiiernann.  T.lin.  l»v  r>{ in.  ；  ；*7：5  pp. 
Price  2s.  6d.  net. 

The  literature  of  elemcnl ;u\*  mat/iift  isrn  and  t ri<  "  v  is 
plentiful,  and  withal  so  good  and  '  t  liat  we  imagine  t  ho 

struggle  for  existence  among  text-books  must  be  pretty  keen. 
Certainly  no  special  want  can  1"，  said  to  exist  for  addition^ 
i"  this  field,  and  it  would  he  im)>ossil)le  to  .single  tliis  out 
for  special  praise.  This,  l"jwf'、'er，  is  in  do  way  deroga- 
tory to  the  quality  of  the  matter  in  the  volume  before  us, 
wliidi  is  well  written,  clearly  il  lust  rated,  and  amply  <:overs 
tlie  ground  indicated  by  its  title,  and  wliirli  is  liounded  at 
its  upper  limit  by  the  Lower  Certificate  Examination  of  tlie 
Board  of  Education,  and ,  Merciless  to  s;i  v,  '"'fm'l  for  class 
work,  of  wliicli  the  author  has  liad  good  practical  exj>erii*m  *\ 
formerly  as  Demonstrator  of  Physics  in  tlie  I"i|,('ri:tl  College 
of  Science  and  latterly  as  Lecturer  on  Electrical  Engineering 
at  t  he  Hedt'ord  I  nsl  it  ut  ion . 


A   Text-book   of  Thermodynamics,  wit  li    !' "  i  ： ！    !  .  ,  ,  ,  .  \t) 

chemistry,  by  J.  R.  Partington,  M.Sc.  (Vic),  with  93 

diagrams.  London :  Constable  &  Co.,  Ltd  s  :m.  |,v 
6in.  ；  544  pp.    Price  14s.  net. 

The  range  of  matters  dealt  with,  as  well  as  the  methods  of 
treatment,  under  the  head  of  thermof_!  \  namirs  lias  'luring 
recent  years  been  considerably  extended,  while  thoir  pract  if.il 
bearing  on  heat-engine  problems  is  recognised  by  a  iimk  Ii 
wider  circle  in  the  engineering  cornn.iuiit v.  Its  value,  \<h)}  hi 
many  questions  relating  to  physics  and  clieinist  ry  is  evidenced 
by  the  volume  before  us,  wliich  pertains  more  partirulai.lv  ，'， 
t  his  aspect  of  the  subject.  To  the  average  engineer  it  pro- 
bably will  not  appeal,  as  tlie  matters  dealt  witli  aro  ratlior 
outside  liis  working  sphere  aiui  bcvoml  liis  mat  liornat  ir-il 
abilities,  though  to  a  select  few  the  subject  is  an  absorbing 
one,  and  studied  for  its  abstract  scientific  side  alone.  To  t  h*'、《' 
the  application  of  thermodynamics  to  the  molecular  relat  i«  >n 
ships  existing  in  what  is  termed  li  electro-chemist  ry  "  will  no 
doubt  prove  extremely  interesting,  since  it  deals  with  nun  lt 
that  lies  on  the  outskirts  of  our  present  scientific  knowledge 
and  concerns  many  questions  that  lie  at  the  root  of  human 
conceptions  of  the  ultimate  constitution  of  matter.  Tlie 
number  of  readers  armed  with  the  necessary  mathemat iral 
ability  to  appreciate  much  that  is  here  treated  of  must  neces- 
sarily be  few,  but  we  trust  they  may  be  sufficientlv  m，m('r"i 卜 
to  bring  some  measure  of  commercial  success  to  the  aut  li«»r 
for  the  pains  and  erudition  lie  has  here  focussed  for  tln'ir 
benefit. 


Tests  of  Reinforced  Concrete"  Buildings  Under  Load,  hv  Arthur 
N.  Talbot  and  Willis  A.  Slater.  Bulletin  No.  64  of  the 
Engineering  Experiment  Station  of  the  University  of 
Illinois. 

Besides  giving  the  results  of  tests,  this  bulletin  presents  a 
detailed  discussion  of  the  methods  and  apparatus  developed  at 
the  University  of  Illinois  for  measuring  the  stresses  caused  by 
floor  loads  in  reinforced  concrete  buildings.  It  is  sliuwn 
that  these  stresses  may  be  determined  with  a  considei  ahle 
degree  of  accuracy  if  care  is  used  in  making  tlie  test -  Tlie 
bulletin  furnishes  valuahle  int'oniiat  ion  on  t  lie  art  ion  ■  ' ' ' 
huilding  floors  under  load,  and  will  be  useful  to  desiirn^rs  uf 
reinforced  concrete  structures.  Copies  inav  be  obtaineil  from 
the  European  sales  agent :  Chapman  A*  Hall,  IJ'I.,  I-uih1<hi 
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HEAT  ACCUMULATORS  AND  THEIR  USE  IN  EXHAUST  STEAM 
TURBINE  PLANTS.* 

BY  A.  ALISON. 

Thi:  success  of  most  industrial  enterprise  depends  largely  upon 
efficiency  of  organisation,  and  the  keenness  of  modern  com- 
petition renders  it  imperative  that  every  step  should  be  taken 
to  eliminate  as  far  as  possible  all  sources  of  waste.  For  many 
years  attention  has  been  drawn  to  the  vast  resources  of  the 
exhaust  steam  which  is  continually  discharged  uselessly  into 
t  lie  atmosphere  from  most  large  steel  works  and  collieries. 
The  utilisation  of  this  waste  energy  is  the  problem,  the  solu- 
tion of  which  has  been  rendered  possible  by  the  invention  of 
the  heat  accumulator  and  low-pressure  turbine. 

Before  proceeding  to  describe  the  heat  accumulator  in 
detail,  it  may  be  of  interest  to  examine,  by  means  of  the 
entropy  chart  (Fig.  1),  the  theoretical  extent  to  which  the 
recovery  of  power  could  be  carried  under  ideal  conditions. 
This  provides  the  standard  for  the  measurement  of  the 
efficiency  of  the  means  adopted  in  practice.  On  the  diagram 
has  been  represented  the  useful  work  obtained  per  pound  of 


Table  I.,  showing  the  number  of  B.Th.U.  available  for  Conver- 
sion into  Work  per  Pound  of  Steam.    Pressure  of  Admission, 
175lbs.  per  Square  Inch  absolute. 


〕/  ^ 


Fig. 


ENTROPY 

-Entrovy  Chart. 


steam  on  various  assumptions.  In  all  cases  the  initial  pressure 
is  the  same,  viz.,  1751bs.  per  square  inch  absolute,  but  the 
amount  of  expansion  varies. 

Case  I. ― The  steam  is  used  nou- expansively,  and  exhausts 
against  a  back  pressure  of  171bs.  absolute.  The  heat  available 
for  conversion  into  useful  work  is  represented  by  the  area 
D  E  F  G,  and  is  equal  to  75*7  B.Th.U.  per  pound  of  steam 
expended. 

Case  II. ― The  steam  is  expanded  to  a  pressure  of  171bs. 
absolute  before  release,  advantage  being  taken  of  the  work 
done  during  expansion.  The  heat  available  in  this  case  is 
represented  by  the  area  D  E  F  H，  and  is  equal  to  169  B.Th.U., 
giving  an  increase  due  to  expansion  of  122  per  cent. 

Case  III. ― Expansion  is  carried  to  a  pressure  of  21bs. 
absolute.  The  heat  available  is  represented  by  the  area 
C  E  F  K,  and  is  equal  to  290  B.Th.U.,  being  a  further  increase 
of  71  per  cent,  on  the  amount  available  on  Case  II. 

B  L  and  A  M  are  the  base  lines  when  expansion  is  carried 
to  a  pressure  of  lib.  absolute  and  Mb.  absolute  respectively, 
correspondino;  approximately  to  vacua  of  28in.  and  29in .  The 
results  have  been  suiinnarised  in  Table  I. 


PreBsure  to  which  Expansion  is 
Continued. 

Number  of  B.Th.U. 

Percentage, 
taking  Case  II. 
as  100. 

1 .        Without  expansion 

75  •  7 

45 

11.        1  Tibs,  absolute 

】G9 

100 

III.          -2W>s.  absolutr 

290 

171 

IV.         lib.  absolute 

324 

192 

V.          ^lb.  ahwolutc 

35(i 

211 

Abstract  of  paper  read  before  the  Junior  Institution  of  Kngineevs,  May  '21.  1913. 


It  will  be  noticed  that  the  number  of  British  Thermal 
Units  withdrawn  from  the  steam  whilst  expanding  from 
1751bs.  to  171bs.  absolute  is  only  about  one-half  of  the  number 
withdrawn  if  expansion  be  continued  to  lib.  absolute. 
Unfortunately,  many  practical  difficulties  arise  if  it  be 
attempted  to  work  a  reciprocating  engine  with  a  very  high 
vacuum,  and  experience  has  shown  that  very  little  gain  arises 
from  the  use  of  vacua  higher  than  25in.  or  2 Gin.  in  the  con- 
denser, and  even  then  it  is  usually  found  that  the  effective 
vacuum  in  the  cylinders  is  several  inches  lower.  These 
practical  difficulties  occur  owing  to  the  large  volume  occupied 
by  steam  at  low  pressures  and  the  rapid  fall  in  temperature 
which  accompanies  the  expansion.  Briefly,  the  objections  to 
the  use  of  a  reciprocating  engine  at  low  pressures  are : 
(i.)  Impracticably  large  cylinders  required  ；  (ii.)  throttling  of 
the  steam  in  the  ports  ；  (iii.)  excessive  condensation. 

Turbines,  on  the  other  hand,  show  a  somewhat  greater 
efficiency  at  low  than  at  high  pressures,  and  the  limit  to  which 
expansion  can  profitably  be  carried  is  determined  more  by  the 
condensing  plant  than  by  the  turbine  itself.  Numerous  other 
advantages  are  attached  to  this  type  of  machine,  namely,  com- 
pactness, lew  cost  of  installation,  ease  of  erection,  working,  and 
maintenance,  and  finally  the  facilities  for  direct  coupling  to 
generators.  These  advantages  become  more  apparent  when 
it  is  remembered  that  in  exhaust-steam  utilisation  schemes  the 
entire  turbine  plant  has  to  be  erected  in  works  already 
existing. 

In  1894  the  Hou.  C.  A.  Parsons  pointed  out  the  merits  of 
the  turbine  at  low  pressures,  and  suggested  that  considerable 
gain  would  result  if  a  turbine  were  substituted  for  the  low- 
pressure  cylinder  of  a  reciprocating  engine.  This  idea  has 
found  practical  application  in  marine  engineering,  and  the 
combination  system  is  now  employed  in  several  of  the  modern 
liners,  in  which  the  wing  shafts  are  driven  by  reciprocating 
engines  exhausting  into  a  low-pressure  turbine  operating  the 
centre  shaft- 
Intermittently  Working  Engines. 一  Several  types  of  engine, 
however,  by  the  nature  of  the  work  they  are  required  to 
perform ,  cannot  directly  take  advantage  of  the  economy  and 
increased  efficiency  obtained  by  compounding  and  condensa- 
tion. Such  engines  are  those  which  work  intermittently,  and 
illustrations  of  this  type  are  afforded  by  reversing  rolling  mill 
engines  at  steel  works,  and  colliery  winding  engines. 

A  consideration  of  the  working  of  a  winding  engine  will 
reveal  the  difficulties  of  utilising  to  the  fullest  extent  the 
energy  of  the  steam.  The  engine  only  uses  steam  during  a 
part  of  each  cycle,  and,  in  order  to  rapidly  accelerate  tlie  tubs, 
it  is  usual  to  admit  steam  to  the  cylinders  throughout  the  whole 
stroke  for  the  first  few  revolutions,  after  \vhirh  the  cutoff 
occurs  earlier  and  earlier  as  the  winding  proceeds.  Towards 
the  completion  of  the  wind,  steam  is  completely  cut  off,  and 
the  engine  gradually  comes  to  rest.  An  interval  of  several 
seconds  then  elapses  whilst  the  tubs  are  changed,  and  the  cycle 
is  then  repeated.  These  stages  can  be  traced  on  the  indicator 
diagram  reproduced  in  Fig.  2.  It  may  be  mentioned  that  the 
diagram  was  obtained  from  a  continuous  indicator,  and  in 
order  to  avoid  confusion  and  reduce  the  length  of  tlie  fiw, 
several  of  the  individual  diagrams  have  been  omitted.  This 
diagram  may  be  regarded  as  beiug  typical  of  each  cylinder,  and 
the  wind  is  accomplished  as  follows  ： ― 

Five  revolutions  are  made  in  the  first  20  seconds  with 
steam  full  stroke,  followed  by  24  revolutions  in  30  seconds, 
with  the  cut-off  varying  from  '45  to  2  of  the  stroke.  The 
supply  of  steam  then  ceases,  and  the  engine  comes  to  rest  in 
five  seconds.  Thirty  seconds  then  elapse  before  the  comnience- 
meiit  of  tlie  next  wind. 
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The  effect  of  this  intermittent  working  upon  the  r;"''  (； f 
steam  consumpt  ion  of  1-1  ie  engine  at  any  insi  an(  is  illu-l  ！'; it  cd 
in  Fig.  3.     It  will  )>e  observed  that,  the  rale  of  slt'ani  ((山 
surnption    fluctuates   hct  ween  the  max i  tiunii    and    miii iimim 
values  of  105,0001 1 >s.  per  hour  aiul  zero. 

Were  a  coiideiisiii^  plant  insi  ailed  it  would  \h*  i c<| uircd  "> 
work  under  very  disadvantageous  condii  ions,  and  only  iii'  lli 
cient  results  could  be  anticipated.  Tlie  plant  would  need  to  I"' 
designed  for  the  maximum  duty,  and  would  therefore  be  <lis 
proportionately  large  for  tlie  normal  i-t'(|uii-<'in(!iits.  It  would 
be  expected  from  purely  theoretical  coiisiderations  tliat  tlie 


Fig.  2.— Typk  a r,  Winiu>g  Engink  Indicator  Diagham. 

addition  of  a  condenser  to  a  non-condensing  engine  would 
reduce  the  steam  consumption  by  at  least  45  per  cent.  In 
practice,  owing  to  various  causes,  15  to  20  per  cent,  appear  to 
be  the  best  results  obtainable.  Under  the  very  difficult  con- 
ditions existing  in  steel  works  and  collieries,  however,  cases 
have  occurred  in  which  no  gain  whatever  has  arisen  from  t  lie 
installation  of  a  condensing  plant. 

In  these  circumstances,  it  is  common  to  find  engines  of  this 
class  exhausting  vast  quantities  of  steam  uselessly  to  tlie 
atmosphere,  and  the  magnitude  of  this  loss  is  best  realised 
by  a  consideration  of  the  average  steam  consumptions  of  Uio 
various  types  of  engine. 

Per  hour. 

Winding  engines    20,0001bs.  to  30，0001bs. 

Cogging-mill  engines    15,0001bs.  to  20,0001bs. 

Rail-mill  engines    25,0001bs.  to  30，0001bs. 

Plate-mill  engines    40,0001bs.  to  60,0001bs. 

The  problem  of  utilising  this  waste  heat  was  solved  in  the 
year  1901  by  Prof.  Rateau,  of  Paris,  and  at  the  present  time 
no  less  than  400,000  b.h.p.  is  being  recovered  from  exhaust 
steam . 

The  Accumulator.  ― The  object  of  the  system  introduced  by 
Prof.  Rateau  is  to  obtain  a  regular  supply  of  steam  in  place  of 
the  steam  interniittently  ejected  from  the  primary  engine. 
This  aim  is  attained  by  passing  the  exhaust  steam  into  a 
suitable  heat  accumulator,  whence  a  continuous  supply  of 
steam  is  withdrawn  to  operate  a  low-pressure  turbine.  Experi- 
ment shows  that  if  water  be  enclosed  in  a  vessel,  any  space 
existing  above  the  surface  of  the  water  will  become  filled  with 
vapour,  in  quantities  depending  upon  the  temperature  of  the 
water.  A  state  of  equilibrium  will  finally  be  reached  when 
the  space  is  saturated  with  vapour,  and  any  decrease  in  tempe- 
rature will  cause  a  resultant  condensation  of  a  portion  of  the 
vapour,  whilst  any  increase  will  cause  further  evaporation  to 
take  place.    For  every  temperature  there  is  a  corresponding 
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Fig.  3.— Steam  Consumption  Diagkam. 

maximum  vapour  pressure,  and  vice  versa.  These  relation- 
ships are  tabulated  in  the  saturated  steam  tables.  This  is  tho 
principle  upon  which  the  heat  accumulator  is  based. 

The  water-type  accumulator  consists  essentially  of  a  vessel 
partially  filled  with  water,  into  which  the  exhaust  steam  from 
th^  engines  is  passed .  The  steam  is  condensed  and  t  lie  tempe- 
rature of  the  water  raised,  with  a  resultant  increase  of  1  lu' 
vapour  pressure  in  tlie  steam  space  above  the  surface  of  the 
water.  The  supply  of  steam  to  the  exhaust-steam  turbine  is 
drawn  from  the  steam  space,  and  it  follows  that,  whilst  t he 
main  engines  are  at  rest,  a  continuous  quantity  ot'  steam  can 
l>e  delivered  to  the  turbine  at  a  gradually  (liniinisliin^  pres- 


sure. The  extent  of  the  reduction  in  pressure  within  tlie 
accumulator  depends  upon  the  amount  of  steam  supplied  to 
tlie  turbine  during  the  interval  wln;n  mo  further  supplv  ''I' 
steam  is  i'orthcoinin^  from  the  engineH.  This  interval  i- 
leriMed  the  stop,''  and  is  UHiially  about  30  seconds  in  rolling 
"•ill  、v("k，  and  60  seconds  in  colliery  work,  altliou^h 
accumulators  have  been  deHigned,  when  necessary,  to  bridge 
considerably  longer  periods  than  this.  It  -om.-t iiiM-s  Ii;i[>[mmi^ 
that  the  main  engines  stop  working  for  longer  periodH  tliau 
tlie  a<*<  uinulator  has  been  desigiied  to  ； u'"miii""la"'.  I  n  oi  'i.-r 
to  render  tlie  turbine  indf'|"'ii(l*'nt  oi  tlie  (Mi^iiM-s  in  these 
circumstances,  a  supply  of  live  steam  is  arlrnit  t<-<l  to  it  t  Ihoiumi 
a  reducing  valve.  The  reducing  valve  is  automatic  in  action, 
;m<l  only  comes  into  operation  when  the  pressure  in  tlie 
accumulator  falls  below  some  predetermined  point.  Economi- 
cal results,  however,  cannot  be  obtained  in  this  way,  and  wlieu 
the  main  engines  are  liable  to  have  periods  of  abnormal 
stoppage,  a  mixed-pressure  turbine  should  be  installed.  The 
steam  consumption  is  about  5  per  cent,  better  when  working 
on  reduced  live  steam  than  when  on  exhaust  steam  ；  this  gain 
arises  from  the  slight  superheat  caused  by  wire-drawing  at  ，l"' 
reducing  valve. 

Referring  once  more  to  Fig.  3，  the  horizoutal  line  A  A 
represents  the  mean  steam  consumption  of  the  engine,  and  is 
the  amount  available,  neglecting  losses,  for  use  in  the  turbine. 
The  function  of  the  accumulator  is  to  absorb  the  surplus  steam 
represented  by  the  shaded  area  above  the  line  A  A  whilst  the 
engines  are  working,  and  to  restore  it  to  the  turbine  、、- li'  ii 
the  engines  are  stopped.  In  this  way  a  uniform  supply  of 
steam  is  maintained  to  the  turbine. 

The  variation  in  pressure  that  occurs  within  the  acounm 
lator  can  be  recorded  by  means  of  a  gauge  connected  to  tlie 
steam  pipe  of  the  turbine.    A  chart  obtained  in  tliis  manner 
is  reproduced  (Fig.  4),  and  it  will  be  observed  that  the  pressure 
fluctuates  between  151fcs.  and  171bs.  absolute.      It  must  be 
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Pig.  4.~AccuMur. ator  Pressure  Diagram. 

borne  in  mind,  however,  that  both  the  pressure  range  and 
maximum  and  minimum  values  of  the  pressure  within  the 
accumulator  can  be  arbitrarily  fixed  and  given  any  assigned 
values.  The  pressure  in  the  pipe  line  from  the  main  engines 
seldom  exceeds  ilb.  per  square  inch  above  the  pressure  in  t lie 
steam  space,  and  can  be  regulated  by  means  of  adjustable 
relief  valves  fitted  in  the  pipe  line  and  upon  the  accumulator 
shell.  These  valves  can  be  set  to  ensure  the  pressure  never 
exceeding  some  predetermined  amount,  and  the  whole  plant 
can  therefore  be  designed  to  work  at  pressures  below  at  mo 
plieric.  Such  conditions  should  onlv  be  resorted  to  in  circum- 
stances where  the  main  engines  are  normally  overloaded,  a 
state  when  any  increase  of  back  pressure  would  be  detrimental. 
On  the  other  hand,  if  greater  power  be  required  from  tlie 
turbine  plant,  it  can  be  obtained  by  deliberately  raising  the 
initial  and  final  pressures  in  tlie  primary  engine.  The  st«am 
consumptions  of  a  turbo-generator  per  electrical  horse-power 
hour  at  three  different  initial  pressures  are  tabulated  in 
Table  II. 

Table  II. 


Vacunni  at  Outlet  of 
Turbine. 

Pre c sure  at  Admission  ！ 
Ponnds  i>er  Si  mare  i 
Ini'li  ahsolnW 

29-4  1  14-7  7-1 

Surface  oondenscr   

2 了 /Wii. 

j  20-5    26-5  36*4 

Consumptiiui 

Jet  conth-nser  

31  S  47-.'» 

per  e.h.p. 

2n>in. 

2".  二     ：t".  t  '小、 

h'"ir. 

It  will  be  noticed  that  with  a  pressure  in  the  ； "vumulator 
of  slightly  over  71bs.  absolute,  the  steam  coiLsiunption  of  tlie 
t urhine  is  only  ^(Vilhs.  per  electrical  horse-power  liour  when 
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the  vacuum  in  the  condenser  is  27*5in.  The  data  also 
emphasize  the  importance  of  maintaining  a  good  vacuum,  and 
to  do  this  it  is  necessary  to  reduce  air  leakage  into  the  system 
as  much  as  possible.  This  is,  naturally,  more  difficult  to  do 
when  the  whole  plant  is  working  at  pressures  below 
atmospheric. 

Accumulator  Capacity.  —  The  conditions  within  an  accumu- 
lator do  not  correspond  to  a  state  of  exact  thermal  equilibrium, 
and  it  would  be  difficult  to  obtain  an  accurate  expression  for 
the  capacity  required.  Viewed  from  a  practical  standpoint,  it 
is  ample  to  formulate  an  approximate  expression,  and  the 
following  calculations  must  be  regarded  in  tliat  light.  The 
weight  of  steam  to  be  stored  by  the  accumulator  is  equal  to 
the  weight  of  steam  from  the  main  engines  after  deducting  the 


 c  
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Fig.  5. ― Rateau  Heat  Accumdt>atok. 

weight  simultaneously  passing  to  the  turbine,  and  can  be 
obtained  from  a  knowledge  of  the  hourly  steam  consumption 
of  the  turbine  and  the  duration  of  the  interval  for  which  the 
steam  supply  from  the  main  engine  ceases. 

If  Wl  ―  Steam  consumption  of  the  turbine  in  pounds  per 
hour, 

S  =  duration  of  the  "  stop  "  in  seconds, 
then  the  weight  of  steam  to  be  stored  by  the  accumulator  in 
one  cycle  of  operations  is  equal  to 

3600  …  ' … 
The  capacity  of  an  accumulator  can  only  be  defined  with 
reference  to  the  greatest  back  pressure  which  may  be  imposed 
on  the  main  engines.  It  will  be  in  accordance  with  current 
practice  if  the  accumulator  be  designed  so  that  the  pressure 
within  it  shall  fluctuate  between  the  limits  of  21bs.  above  to 
lib.  below  atmospheric  pressure,  this  giving  a  range  in  tempe- 
rature of  about  10°  Fall.  If,  therefore,  W  be  the  weight  of 
water  required  in  the  accumulator  in  order  that  the  quantity 
of  steam  (Ws)  found  by  equation  (i.)  above,  may  be  stored 
without  exceeding  these  limits,  the  following  equation  must 
hold:  — 

"t      WSL  ,.. , 

W  =  (T^t1) … （11') 

where  L  is  the  latent  heat  per  pound  and  (t2  ―  tt)  is  the  tempe- 
rature range.  L  may  be  considered  to  have  a  mean  value  of 
966  B.Th.U.，  and  (t2  — 1々 has  been  fixed  at  10。  Fah.  Insert- 
ing these  values  in  equation  (ii.),  and  substituting  for  W  the 
expression  found  in  equation  (i.),  the  final  result  is  obtained 
that 

W-'027  WxxS    (iii.) 

From  this  relationship  it  would  appear  that  the  size  of  the 
accumulator  is  independent  of  the  time  for  which  the  main 
engines  are  working,  but  is  directly  proportional  to  the  time 
for  which  they  are  stopped.  In  practice,  however,  this  is  not 
the  case.  These  calculations  have  been  made  on  the  assump- 
tion that  the  steam  is  instantaneously  absorbed  on  entering 
the  accumulator,  but  it  is  clear  that  if  the  "  stop  "  is  at  all 
large,  compared  with  the  time  during  which  steam  enters  the 
accumulator,  the  rate  of  absorption  will  require  to  be  very 
considerable.  Owing  to  the  low  conductivity  of  the  water,  it 
is  probable,  in  these  circumstances,  that  the  pressure  would 
tend  to  rise  above  the  permissible  limit,  thus  involving  con- 
siderable loss  of  steam  at  the  relief  valves.  This  would  not  be 
because  the  water  in  the  accumulator  was  insufficient  to 
ultimately  absorb  the  steam ，  but  because  some  time  must 
elapse  before  a  state  of  thermal  equilibrium  could  be  estab- 
lished.   It  is  therefore  imperative  to  provide  some  agitating 


agency  in  order  to  produce  a  thorough  circulation  of  the  con- 
tents of  the  accumulator  and  to  ensure  that  the  water  and 
steam  are  rapidly  and  intimately  mixed.  Except  when 
working  under  the  most  favourable  conditions,  it  is  probable 
that  a  considerable  proportion  of  the  water  does  not  take  part 
in  the  storage  operation,  and  it  is  advisable  to  allow  for  this 
by  designing  the  accumulator  to  contain  a  greater  bulk  of 
water  than  the  weight  theoretically  required  (equation  (iii.) ). 

In  tlie  majority  of  works  there  is  generally  a  certain  pro- 
portion of  the  machinery  which  works  continuously,  whilst 
other  sections  work  intermittently.  In  these  circumstances  it 
is  not  uncommon  to  find  the  combined  exhausts  of  the  engines 
conveyed  to  the  accumulators,  and  this  practice  often  proves 
more  economical  than  installing  separate  condensing  plants  for 
the  continuous,  and  accumulators  for  the  intermittent, 
sections.  It  follows  that  where  numerous  exhausts  are  com- 
bined in  this  manner  there  may  be  periods  when  the  rate  of 
steam  supply  to  the  accumulators  will  be  very  high.  This 
will  arise  f rom  the  fact  that  many  engines  working  inter- 
mittently may  be  simultaneously  exhausting  steam  to  the 
accumulators,  necessitating  a  greater  storage  capacity  than 
would  otherwise  be  required.  To  arrive  at  a  decision  as  to 
the  weight  of  water  actually  required  in  the  accumulator 
involves,  therefore,  a  consideration  of  various  practical  points, 
and  is  in  a  measure  indeterminate.  In  practice  it  seems  that 
2001bs.  to  2501bs.  of  water  are  often  allowed  per  pound  of 
steam . 

Types  of  Accumulator. ― The  earliest  form  of  Rateau 
accumulator  consisted  of  a  vertical  cylindrical  vessel,  in  which 
shallow  cast-iron  trays  containing  water  were  arranged.  The 
trays  were  placed  one  above  the  other,  and  tlie  exhaust  steam, 
which  entered  at  the  bottom  of  the  vessel,  was  forced  by  means 
of  suitable  baffles  to  pass  repeatedly  to  and  fro  over  the  surface 
of  the  water.  A  considerable  bulk  of  metal  and  water  was 
contained  in  the  accumulator,  and  the  arrangemeut  adopted 
allowed  a  very  great  cooling  surface  to  be  exposed  to  the 
incoming  steam  without  rendering  the  apparatus  unduly  large. 
Where  floor  space  is  limited,  this  type  of  accumulator  has  some 
advantages,  by  reason  of  its  compactness,  but,  nevertheless,  it 
appears  to  be  superseded  by  the  more  recent  design  of  water 
accumulator. 

Water-type  Accumulators.  —The  Rateau  water-type  accunni- 
lator  (Fig.  5)  consists  of  a  mild  steel  shell  partially  filled  with 
water,  and  its  action  is  extremely  simple.  Steam  enters  at  A, 
whence  it  passes  into  the  central  distributing  chamber  B,  to 
each  side  of  which  are  connected  two  pairs  of  tubes  C.  These 
tubes  are  perforated  with  three  or  more  rows  of  holes  along 
their  adjacent  sides  only.    The  water  level  within  the  accumu- 
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Fig.  6.— Double  Compartment  Accumulator. 

lator  is  normally  from  1 5in .  to  18in.  above  the  topmost  row, 
and  is  maintained  constant  by  a  water-level  regulator  G.  On 
the  admission  of  steam,  the  water  within  the  tubes  is  depressed 
until  some  of  the  holes  are  uncovered,  thereby  allowing  steam 
to  escape  into  the  surrounding  water.  The  steam  in  its  ascent 
induces  a  circulation,  as  indicated  by  the  arrows  in  the  cross- 
sectional  view,  and  after  a  very  brief  interval  the  whole  mass 
of  water  witliin  the  accumulator  is  in  a  state  of  motion.  This 
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ensures  a  thorough  intermixing  of  the  steam  and  water,  ； m'l 
gives  a  resultant  high  absorption  capacity  to  the  arcuinuhii or. 
The  steam  outlet  dome  is  at  E，  and  I)  is  a  senii-circular 
arranged  to  intercept  any  moisture  suspended  in  t  he  s"';im 
Mountings  tor  rHit't'  \;ilv''s;u'e  ；"'  K.    Scum  ('； im  he  periodirally 
wit  lidrawn  at  ，J.    II  is  a  washout  valve.    A  design  such  ；] s  is 
shown  would  be  suitable  for  a  shell  8 ft.  Gin.  to  9ft.  6in.  (li:'m 
； uid  30ft.  to  45ft.  long. 

Double-compartment  Accumulator.  ―  In  cases  where  i\w 
accumulator  is  required  to  contain  ；)  very  large  quantity  of 
water,  the  difficulty  of  rapidly  proinoting  a  thorough  circul;,- 


Fki.  7.—Kateau  R【oiiison  Heat  Accumulator 

tion  of  the  entire  contents  becomes  greater  and  necessi i(  cs 
some  modifications  to  the  interior  (Fig.  6).  The  shell  is 
divided  longitudinally  by  a  diaphragm,  and  in  each  of  the  two 
compartments  so  formed  four  oval  tubes  D  are  arranged. 
These  tubes  are  perforated,  as  in  the  previous  design,  along 
one  side  only,  and  the  relative  water  level  in  each  comparlinenl 
is  maintained  the  same.  Steam  enters  at  A,  and  passes  into 
the  bus-pipes  B，  C，  connected  to  the  tubes  D,  in  each  com- 
partment. The  steam  spaces  of  the  upper  and  lower  com- 
partments are  connected  by  the  flues  E，  through  which  the 
steam  from  the  lower  ascends.  Two  baffles  H  extend  along 
the  length  of  the  shell,  and  intercept  any  water  that  may  be 
sprayed  into  the  steam  space.  The  outlet  dome  is  at  G.  F  is 
a  non-return  valve,  and  prevents  the  reflux  of  water  should  the 
main  engine  coast  or  be  stopped  for  a  considerable  time,  and  a 
vacuum  thus  be  formed  in  the  pipes.  L,  L  are  mountings  for 
relief  valves.  Each  compartment  can  be  emptied  by  the 
washout  valves  J.  This  design  of  accumulator  is  suitable  for 
a  shell  lift.  6in.  diam.  by  45ft.  long,  and  would  be  capable  of 
maintaining  a  supply  of  steam  at  the  rate  of  70,0001bs.  per 
hour  when  the  interval  to  be  bridged  is  one  minute. 

It  may  be  mentioned  here  that  the  condensation  losses  due 
to  radiation,  &c.，  iu  an  efficiently  lagged  accumulator  do  not 
exceed  1  per  cent,  of  the  total  steam.  The  losses  in  pipe  lines 
several  hundred  feet  long  may  amount  to  10  per  cent,  but 
this  figure  includes  any  water  that  may  pass  from  the  high- 
pressure  steam  pipes  through  the  engine,  and  also  any  con- 
densation that  occurs  in  the  main  engine  itself. 

The  Rateau-Morison  Accumulator. 一 The  accumulator  patented 
by  Mr.  D.  B.  Morison  possesses  many  distinctive  features 
(Fig.  7).  The  perforated  steam  tubes  of  the  Rateau  type  are 
replaced  by  a  number  of  specially  designed  nozzles  D,  capable 
of  promoting  and  maintaining  a  most  efficient  circulation  of 
the  water  within  the  accumulator.  To  ensure  efficiency,  the 
conditions  to  be  fulfilled  by  a  nozzle  are  two-fold  :  (a)  That  it 
shall  promote  a  thorough  circulation  of  the  water  in  the 
accumulator  ；  (b)  that  the  intermixing  of  the  steam  and  water 
shall  be  accomplished  with  the  minimum  resistance  to  the 
passage  of  the  steam. 

These  conditions  are  satisfied  by  the  design  of  nozzle  illus- 
trated diagrammatically  in  Fig.  8.  The  nozzle  proper  is  at 
N，  and  is  surrounded  by  a  guide  tube  D，  and  when  submerged 
is  about  9in.  below  the  surface  of  the  water.  Steam  emerges 
in  thin  films  from  the  narrow  slot  in  the  upper  portion  of 
each  radial  arm,  and  induces  an  upward  flow  of  water  within 
the  guide  tube,  meanwhile  exposing  a  large  surface  in  contact 
with  the  water.  A  considerable  velocity  is  attained  by  the 
ascending  column  of  water,  and  very  little  variation  is  found 
to  exist  between  the  temperature  of  the  water  at  different 
places  in  the  accumulator  after  a  normal  period  of  absorption. 
Each  nozzle  is  designed  to  give  a  maximum  efficiency  when 
passing  a  definite  quantity  of  steam ,  and  if  this  quantity  be 
exceeded,  the  back  pressure  on  the  main  engines  will  he 
increased  and  the  action  of  the  nozzle  rendered  less  efficient . 
The  amount  of  steam  from  the  engines  varies  from  time  to 
time,  and,  in  order  to  ensure  that  the  nozzles  are  always 


working  under  the  most  favourable  ronditions,  tl"'  st^arn  tliat 
is  in  excess  of  tliat  for  which  tliey  are  rlesigned  is  automatic  all v 
by^passed  to  the  turbine  or  into  tlje  Btearn  space  of  the  accumu- 
lator. The  normal  resistance  of  the  nozzles  when  submerged 
is  about  ^lb.  per  square  inr  li. 

Referring  to  Fig.  7,  steam  enters  at  A,  and  is  sirnu 卜 
taneously  passed  to  all  the  nozzles  through  the  central  dis- 
tributing pipe  C,  and  by-passed  through  the  by-pass  valve  B 
into  t  he  stearri  spaco.  This  valv,'  is  o|'  .s|)*'ci;i'l  i-on-<l  ru.  t  ion, 
and  comes  into  operation  when  the  |，r''ss，'r'.  in  tl".  mam、  t'  n'ls 
to  rise  above  that  for  which  the  nozzles  are  constructed. 

Absorption  is  greatly  improved  it'  during  tlx*  interval  for 
wliidi  it  takes  place  the  pressure  in  i\w  stoarn  s|,;"''  I"'  main 
taineel  slightly  higher  than  the  saturated  vapour  pressure, 
corresponding  to  the  temperature  of  tlu*  water  in  山 
lator.  In  this  way  ebullition  is  retarded  and  the  whole  energy 
of  the  steam  is  applied  to  raising  the  temperature  of  the  water, 
and  not  to  simultaneously  heating  and  evaporating  it.  This 
relative  difference  in  pressure  can  be  obtained  by  constructing 
th?  by-pass  valve  so  that  it  is  never  completely  closed.  By 
this  means  the  pressure  in  the  steam  space  is  always  equal  to 
tl;at  in  the  main  engine  exhaust  pipes,  and  is  therefore  sliglitly 
higher  than  it  would  otherwise  be. 

Oil  Separation. ― It  is  of  |>n『i"ir)  im"(，rt;m''*'  thai  no  oil 
present  in  the  accumulator,  as  both  experiment  and  practice 
prove  that  the  presence  of  even  relatively  minute  quantities 
on  the  surface  of  the  water  h;is  a  mark"(i  ret  ； h  'Iihl'  a' m\ 
the  regenerative  process.  Oil  is  always  suspended  in  t  h.- 
exhausfc  sieam  from  the  main  engines,  and  to  eliminate  it  as 
far  as  possible  an  oil  separator  should  be  fitted  in  the  pipe  line 
between  the  accumulator  and  (Migiiies.  flic  steani,  however, 
which  enters  the  accumulator  is  condensed  and  re-evaporated, 
causing  the  accumulator  itself  to  become  a  most  efficient  oil 
separator.  It  follows  that  any  traces  of  oil  that  are  not 
removed  by  the  separator  will  by  a  cumulative  process 
ultimately  form  a  scum  on  the  surface  of  the  water  and  pre- 
judicially affect  the  rate  of  regeneration.  Until  the  introduc- 
tion of  the  Morison  accumulator  it  was  customary  to 
periodically  draw  off  this  floating  matter  by  means  of  a  scum 
trough  and  cock  fitted  at  each  end  of  the  shell.  The  latest 
design  of  Rateau- Morison  accumulator,  however,  embodies  a 
device  which  renders  scumming  continuous  and  automatic. 
The  top  of  each  guide  tube  is  formed  into  a  cowl  in  order  to 
cause  the  discharge  from  each  tube  to  be  in  the  direction  of  the 
length  of  the  shell.  The  effect-  of  this  is  to  set  up  a  ripple  on 
the  surface  of  the  water,  which  washes  any  floating  impurities 
into  a  collecting  chamber  at  one  end  of  the  shell,  whence  they 
are  removed.  This  chamber  has  been  omitted  in  the  illustra- 
tion. Another  noteworthy  feature  of  this  type  of  accumulator 
is  the  design  of  shell  employed.    The  shell  consists  entirely  of 
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Fig.  8. —Circulating  Unit. 

cast  iron,  and  is  constructed  of  curved  sections  bolted  together 
—— a  form  of  construction  which  affords  many  farilities  tor 
transport  and  erection.  The  remaining:  fittings  mui  arcessories 
consist  of  an  outlet  dome  E,  relief  valve  and  manhole  mount- 
ings at  F,  a  water-gauge  glass,  water-level  regulator,  and  a 
washout. 

Scrap  Iron  Type  —  An  accumulator  of  this  construction 
consists  of  a  disused  boiler  shell  or  anv  cylindrical  vessel 
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lil led  with  old  rails  closely  stacked  together.  The  exhaust 
steam  is  passed  through  tlie  numerous  interstices  and  is  con- 
densed by  contact  with  the  rails.  On  the  cessation  of  steam 
from  the  main  engines  a  regenerative  process  occurs.  Satis- 
factory results  have  been  obtained  in  this  way,  and  it  is 
interesting  to  note  that  this  type  was  adopted  in  the  first 
exhaust  steam  utilisation  plant  installed  in  Great  Britain. 

Gasholder  Type. —  For  relatively  small  plants  it  has  been 
found  possible  to  use  an  accumulator  similar  in  design  to  t  he 
familiar  gasometer.  In  these  circumstances  the  steam  is  not 
absorbed  and  regenerated,  but  is  stored  in  a  receiver.  The 
volume  of  the  holder  would  of  necessity  require  to  be  very 
great  for  an  installation  of  any  magnitude,  and  it  is  doubtful 
if  satisfactory  results  could  be  obtained  on  a  large  scale. 
Moreover,  considerable  loss  must  occur  due  to  radiation,  and 
it  does  not  appear  improbable  that  the  wear  due  to  the 
rapidity  of  action  and  the  inevitable  corrosion  would  render 
the  cost  of  maintenance  high. 

Existing  Installations.  ―  As  a  matter  of  general  interest, 
particulars  of  several  existing  installations  are  inserted,  and 
illustrate  the  application  of  the  Rateau  system  of  exhaust 
steam  utilisation  to  (a)  steel  works  ；  (b)  collieries.  In  all 
cases  the  heat  accumulator  forms  an  essential  feature  of  the 
plant. 

Steel  Company  of  Scotland ― Hallside  Works.— Installation  by 
Mr.  P.  J.  Mitchell.  The  primary  engines  consist  of: 
One  cogging  engine,  two  cylinders,  40iu.  diam.  by  5ft.  stroke. 
One  finishing  engine,  cylinders  42in.  diam.  by  5ft.  stroke. 
Two  mill  engines  working  14in.  and  18in.  mills.  One  10-ton 
and  one  4-ton  steam  hammer. 

The  available  supply  of  steam  after  allowing  for  losses  due 
to  condensation,  &c.，  was  estimated  to  amount  to  41 ,0001bs. 
]>er  hour.  It  was  therefore  decided  to  install  two  450  kw.  low- 
pressure  turbo- generators  with  a  voltage  of  230.  The  turbine 
has  an  output  of  700  b.h.p.  at  1,500  revs,  per  minute  wlien 
supplied  with  steam  at  atmospheric  pressure  and  exhausting  to 
a  vacuum  of  27in.  Under  these  conditions  the  output  of  the 
turbine  is  65  per  cent,  of  that  theoretically  possible  with  steam 
expanded  between  these  limits  of  pressure.  The  space 
occupied  by  the  turbo-generator  is  22ft.  by  6ft. 

The  exhaust  steam  from  the  main  engines  is  passed  into  a 
receiver  prior  to  entering  the  accumulator,  and  this  reduces 
the  violent  shocks  that  would  otherwise  occur.  A  water-type 
accumulator,  lift.  6in.  diam.  by  35ft.  long,  is  used,  and  is 
designed  to  give  full  load  when  bridging  stops  of  40  seconds' 
duration.  The  main  engines,  however,  are  sometimes  standing 
for  roll  changing,  &c,  for  considerably  longer  periods  than 
this,  and  tliis  necessitated  the  fitting  of  a  live  steam  supply 
to  the  turbine  to  furnisli  steam  at  reduced  pressure  at  these 
times. 

It  was  found  that  on  stopping  the  main  engines  one  turbine 
could  be  run  for  six  minutes  independently  of  the  live  steam 
supply,  at  a  load  of  1 ,700  amperes,  and  at  the  end  of  9  minutes 
an  output  of  500  amperes  was  still  given,  although  the  pressure 
in  the  accumulator  was  reduced  to  a  lOin.  vacuum . 

Dominion  Iron  and  Steel  Company,  Sydney,  Cape  Breton. ― At 
this  works  there  are  at  present  four  accumulators,  9ft.  Gin. 
diam.,  and  40ft.  long,  and  each  is  designed  to  receive  75,0001bs. 
of  steam  per  hour  and  to  bridge  periods  of  30  seconds.  The 
combined  capacity  of  the  accumulators  is  therefore  300，0001bs. 
of  steam  per  hour,  and  this  steam  is  utilised  to  generate 
8 , 000  kw.  of  electrical  power.  At  the  present  time  two 
additional  accumulators  are  in  course  of  erection.  Tliese  are 
each  9ft.  6in.  diam.,  and  30ft.  long,  and  together  are  capable 
of  dealing  with  280,0001bs.  of  steam  per  hour  when  bridging 
engine  stops  of  10  seconds. 

Pcnrikybcr  Colliery. ―  The  exhaust  steam  at  this  colliery  is 
obtained  from  one  winding  engine,  one  fan  engine,  and  one 
engine  driving  an  air  compressor.  The  steam  is  conveyed  to 
four  accumulators,  each  7ft.  diam.  and  30ft.  long.  The 
turbine  installation  consists  of  two  Rateau  turbo-alternators, 
one  being  a  500  kw.  low-pressure  set,  aiul  t  he  other  a  1,250  kw. 
mixed-pressui'e  set.  Tli"  laUci'  nwu'liiiie  is  ca]>;il)le  of  giving 
the  full  out) »ut  on  lii^li-pressiue  steam  alone,  and  7:—")  kw.  on 
low-pressure  steam .  When  working  iimlcr  iioiiual  coiulit ions 
on  i'ull  load,  3U,(H)01l>s.  of  steam  at  1  Glhs.  p*'r  square  incli 
absol ute  are  usrd  ">  supply  7f)0  kw. ,  ； uul  the  hiilancc  .")00  k w . 
is  obtained  by  the  use  of  high-pressure  superheated  steam  at  a 
pressure  of  1401bs.  per  square  inch.  The  over-all  steam  con- 
sumption  under  these  conditions  is  about  331bs.  per  kilowatt- 
hour. 


The  foregoing  illustrations  refer  to  installations  in  which 
the  exhaust  steam  is  utilised  for  obtaining  electrical  power. 
The  turbine,  however,  is  equally  well  adapted  for  the  direct 
driving  of  rotary  air  compressors  and  blowers,  and  is  exten- 
sively applied  for  this  purpose  in  collieries  and  steel  works. 

Conclusion.  ―  Reviewing  the  subject  briefly,  the  introdu*- 
tion  of  the  heat  accumulator  has  rendered  it  commercial lv 
possible  to  recover  a  considerable  amount  of  power  that  would 
otherwise  be  wasted.  This  power  is  obtained  without  any 
increase  in  the  steam  and  fuel  consumption,  and,  in  the  case 
of  a  non-condensing  engine,  practically  without  any  alteration 
to  the  existing  plant.  Even  in  the  case  of  an  engine  already 
working  with  a  condenser,  considerable  gain  may  be  antici- 
pated by  the  addition  of  a  low-pressure  turbine.  The  turbine 
is  at  present  unrivalled  as  an  agent  in  the  conversion  of  the 
energy  of  steam  into  work,  and,  when  used  in  combination  with 
a  reciprocating  engine,  the  results  obtained  for  a  given  steam 
consumption  are  unequalled  by  any  other  system  of  compound- 
ing. Moreover,  there  appears  to  be  a  marked  objection 
amongst  colliery  engineers  to  the  introduction  of  any  complica- 
tions to  the  winding  machinery  itself,  and  this  fact  alone 
renders  it  improbable  that  all  winding  engines  will  be  fitted 
with  condensers  in  future,  aside  from  considerations  of  the 
relative  inefficiency  of  such  an  arrangement.  On  the  other 
hand,  the  addition  of  an  exhaust  steam  plant,  whilst  affording 
a  great  source  of  gain,  does  not  in  any  way  complicate  tlie 
existing  machinery,  nor  is  the  operation  of  tlie  primary  engine 
suspended  in  the  event  of  a  breakdown  occurring  in  the 
secondary  motor. 

Against  these  advantages  must  be  set  off  the  capital  cost 
of  the  turbine  installation,  and  the  cost  of  maintenance  and 
repairs.  A  good  vacuum  is  necessary  if  tlie  best  results  are 
to  be  realised,  and  this  can  only  be  obtained  if  a  cojnous 
natural  supply  of  cooling  water  is  available,  or  by  incurring 
the  additional  expense  of  a  cooling  plant.  Even  if  it  be 
necessary  to  adopt  this  latter  alternative  the  results  obtained 
in  practice  amply  justify  the  outlay,  and  tlie  manifold 
advantages  of  the  system  of  exhaust  steam  utilisation  invented 
by  Prof.  Rateau,  quite  outweigh  any  of  the  foregoing 
objections. 

In  conclusion,  the  writer  wishes  to  express  his  thauks  to 
Mr.  P.  J.  Mitchell,  the  introducer  of  the  system  into  this 
country,  and  to  Mr.  D.  B.  Morison,  the  patentee  of  the 
M orison  accumulator,  for  permission  to  publish  the  informa- 
tion contained  in  this  paper  and  for  the  loan  of  some  of  the 
illustrations. 


Institution  of  Electrical   Engineers'  Awards. ― The  (.'ouncil  of 

the  Institution  of  Electrical  Engineers  have  awarded  two 
Salomons  Scholarships  of  the  value  of  £50  each,  one  to  Mr. 
Grahame  George  Dawson,  of  University  College,  London  ；  and 
one  to  Mr.  Robert  Burleigh,  of  the  City  and  Guilds  (Engineer- 
ing) College,  South  Kensington  ；  and  a  David  Hughes 
Scliolarship  of  the  value  of  £50  to  Mr.  John  Harsant  Lee,  of 
King's  College,  London.  The  following  premiums  for  papers 
have  been  awarded  by  the  Council  this  year.  The  Institution 
Premium,  value  £25,  to  Mr.  A.  E.  Hadley,  for  his  paper, 
'' Power  Supply  on  the  Rand."  The  Ayrton  Premium,  value 
£10，  to  Mr.  F.  H.  Whysall,  for  his  paper.  "  The  Use  of  a  Large 
Lighting  Battery  in  connection  with  Central  Station  Supply.'' 
The  Fahie  Premium,  value  £10，  to  Mr.  A,  J.  Aldridge,  for  his 
paper.  "  Practical  Application  of  Telephone  Transmission 
Calculations.'*  The  John  Hopkinson  Premium,  value  £10，  to 
Dr.  E.  Rosenberg,  for  his  paper,  "  Self-synchronising 
Macliines.'*  The  Kelvin  Premium,  value  for  this  year  £21,  lo 
Messrs.  C.  C.  Paterson,  E.  H.  Rayner,  and  A.  Kinues,  for 
their  paper  on  "  The  Use  of  the  Electrostatic  System  for  the 
Measurement  of  Power."  The  Paris  Premium,  value  £10,  to 
Mr.  J.  S.  Peck,  for  his  paper,  •'  Earthed  r.  Unearthed 
Neutrals  on  Alternating-current  Systems.'*  An  extra 
premiiuti,  value  £10，  to  Mr.  M.  Solomon,  for  】iis 
paper,  "  Yellow  Flame  Arcs."  An  extra  i)m"iuni， 
value  £5,  to  Dr.  A.  C  Michie,  for  liis  paper,  "  The  Forma- 
tion of  Deposits  in  Oil-cooled  Transformers."  Students" 
premiums,  value  i!H)，  to  Mr.  II.  K.  Coiistantine,  foi*  his  paper, 
"Time  Limits,"  and  to  Mr.  J.  Hacking,  for  his  paper, 
•'  Phasing  Out  of  Alternating-current  Apparatus. Students" 
value  £5,  to  Mr.  C.  H.  Goulden,  Mr.  S.  N.  C.  K. 
Whitehead,  Mr.  P.  Grice,  and  Mr.  A.  T.  Robertson,  for  their 
papers. 
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VAPORISERS  AND  COMBUSTION  CHAMBERS  OF  OIL  ENGINES. 

Two  patents  have  just  been  granted  to  Messrs.  ('rossley  Bros., 
Ltd.,  Openshaw,  Manchester,  and  Mr.  W.  Webb,  for  improve- 
ments in  the  vaporisers  and  combustion  cli;Hnbers  of  nil 
engines.  The  vaporiser  is  sliown  in  Ki^.  1，  and  is  scpar;ilc<l 
from  but  is  always  in  open  conimunication  wit li  ryliiulcr 
of  the  engine  by  means  of  a  cont racted  neck .  \\  is 
sometimes  arranged  with  the  air  inlet  and  exliaust  valves  in 
the  water-jacketed  portion  of  the  vaporiser,  and  the  impi'ov 
ment  consists  of  so  arranging  the  various  i>arts  of  sucli  ； i 
vaporiser  that  the  unwater-jacketed  portion  of  the  vaporiser 
and  the  oil  injector  are  at  two  opposite  sides  of  the  water- 
jacketed  portion  of*  tlie  vaporiser,  the  air  admission  valve  being 
placed  opposite  the  contracted  neck  so  that  the  air  on  entering 

sweeps  across  the  whole  vapori- 
ser on  its  way  to  the  cylinder. 
In  some  cases,  and  particularly 
in  vertical  engines,  the  air 
admission  valve  and  the  exhaust 
valve  are  arranged  side  by  side 
in  the  water-jacketed  portion  of 
the  vaporiser  opposite  to  the 
contracted  neck.  Referring  to 
the  illustration,  the  cylinder  of 
the  engine  is  shown  at  A，  the 
piston  at  B，  the  water-jacketed 
portion  of  the  vaporiser  at  C,the 
unwater-jackeied  portion  of  the 
vaporiser  at  D，  the  contracted 
neck  at  E,  the  oil  injector  at 
F，  the  air  admission  valve  at 
G,  and  the  exhaust  valve  at  II. 

The  combustion  chamber 
is  shown  in  Fig.  2  and  is 
applicable  to  horizontal  engines 
working  on  the  4-stroke  cycle 
and  in  which  the  oil  is  only 
introduced  into  a  combustion 
chamber  or  vaporiser  and  com- 
bustion chamber  separated  from 
but  communicating  with  the 
working  cylinder  at  all  times  by 
means  of  a  contracted  neck.  The  oil  is  introduced  on  the  com- 
pression stroke.  The  contracted  neck  is  arranged  at  the  lowest 
part  of  the  cylinder  and  the  exliaust  valve  placed  at  the  lowest 
part  of  the  combustion  chamber,  so  that  any  lubricating  oil  or 
fuel  oil  tending  to  lie  in  the  working  cylinder  or  in  the  com- 
bustion chamber  will  be  swept  out  through  the  exhaust  before 
it  can  accumulate  to  any  material  extent.  With  the  same 
object  in  view  the  restricted  passage  and  the  exhaust  valve 
may  be  placed  even  slightly  lower  than  the  bottom  of  the 
cylinder  and  of  the  combustion  chamber  so  as  to  further  pre- 
vent any  accumulation  of  oil.  The  exhaust  valve  is  arranged 
with  its  spindle  in  a  vertical  position  and  the  valve  is  placed 
in  such  a  position  that  the  contracted  neck  is  between  it  and 
the  cylinder.  In  the  same  part  of  the  combustion  chamber 
immediately  above  and  on  the  same  vertical  axis  as  the  exhaust 
valve  is  placed  the  air  inlet  valve,  which  is  a  separate  valve  and 
opens  independently  into  the  combustion  chamber.  This 
chamber  is  water  jacketed.  Referring  to  the  illustration,  the 
combustion  chamber  is  shown  at  A,  the  vaporiser  cap  at  B， 
the  contracted  neck  at  C,  the  piston  at  D，  the  working  cylinder 
at  E，  the  exliaust  valve  at  F，  and  the  air  admission  valve  at  G. 
In  this  illustration  the  contracted  neck  C  is  shown  at  the 
lowest  part  of  the  engine  cylinder  and  so  also  is  the  exhaust 
valve  F.  The  vaporiser  cap  B  is  shown  opposite  the  con- 
tracted neck  C，  but  it  may  be  arranged  at  any  other  convenient 
part  of  the  combustion  chamber.  The  oil  fuel  injector  (not 
shown)  is  arranged  at  any  convenient  part  of  the  combustion 
chamber  or  vaporiser. 


-CltOKSLEY'S  VAPOKIHEit  FOB 

Oil  Engines. 


chemical  and  pliysical  research.  By  the  middle  of  that  year 
tlie  force  employed  had  reached  the  number  of  five  and  this 
soou  was  increased  to  a  dozen,  but  it  was  three  years  before 
Prof.  Whitney  left  tlie  Institute  and  devoted  his  entire  timo 
to  this  project. 

The  first  laboratory  was  iu  one  small  room  in  an  old 
building,  but  at  tlie  end  of  the  first  year  it  was  neoeesary  to 
remove  to  larger  quarters.  About  the  time  Prof.  Wliitm'v 
took  complete  personal  charge  of  the  work,  the  number  of 
assistants  had  reached  35  and  it  was  necessary  to  move  again. 
Then  the  present  quarters  were  secured,  consisting  of  some 
40  rooms,  each  about  20ft.  by  20ft.  These  all  have  good 
natural  and  artificial  illumination  and  are  piped  for  water, 
illuminating  gas  and  hydrogen,  with  nitrogen,  oxy^f-n, 小 '"m. 
suction  and  compressed  air  in  a  few  rooms.  A  complete 
system  of  wiring  makes  electrical  energy  available  iu  each 
room  with  potentials  up  to  6,600  volte,  currents  up  to 
200  amperes,  and  power  up  to  150  kw.  For  funiisliiug  this 
-supply  one  room  is  equipped  with  some  15  motor-generator 
sets  of  up  to  200  h.p.  variously  arranged  to  secure  the  neces- 
sary range  of  voltages  and  frequencies.  Of  course,  a  ma(  lmi' 
siiop  and  supply  room  are  adjuncts,  and  there  is  a  special 
library  (distinct  from  the  main  beciinical  library  of  the  com- 
pany in  another  building). 

The  department  will  move  again  shortly,  for  tlio 
company  is  erecting  a  seven-storey  brick  building,  at 
a  cost  of  about  £60,000,  exclusively  for  housing  this 
department  and  the  standardisation  laboratory.  One  of 
the  features  of  this  building  will  be  an  assembly  room  for 
the  accommodation  of  general  staff  discussions  which  are  held 
for  an  hour  and  a  lialf  on  each  Saturday  morning.  Among 
the  hundreds  of  investigations  which  have  been  brought  to 
successful  conclusions,  some  have  stood  out  because  of  magni- 
tude and  importance  of  commercial  results.  Among  thesr 
there  should  be  mentionefl  first,  perhaps,  the  prorluction  nf 


GROWTH  OF  A  COMMERCIAL  RESEARCH  LABORATORY. 

The  development  of  the  physical  and  chemical  research 
laboratory  of  the  General  Elecl-ric  Company  in  the  12  odd 
years  of  its  existence  shows  many  features  of  general  interest. 
In  1901，  Prof.  W.  R.  Whitney,  of  the  Massachusetts  Insti- 
tute of  Technology,  was  eugaged  to  organise  a  department  of 


Fig.  42.— Cuossley's  Combustion  Chamkeb  foii  Oil  Kngines. 

ductile  tungsten  for  incandescent-la  in  p  filaments.  After  that 
in  close  order  come  the  development  of  the  metallised-carbon 
lamp  filament,  the  mercury-arc  rectifier,  the  raaguetic-arc 
lamp,  silicon  steel  for  transformer  cores,  special-alloy 
resistance  wires,  new  electric  furnaces  and  innumerable  fur- 
nace products,  the  improvement  of  insulating  materials  and 
metallurgical  operations,  &c. 

It  is  believed  by  the  enthusiastic  workers  in  this  laboratory 
that  the  conditions  here  for  successful  investigation  are 
ideal  ；  each  man  is  one  of  a  group  marked  by  its  training  and 
enthusiasm  for  chemical  and  physical  study.  The  resources 
of  the  company  back  of  the  laboratory  are  varied  and  great, 
and  it  is  assumed  tbat,  if  the  probable  results  of  an  investiga- 
tion are  sufficient  to  warrant  its  pursuit,  then  time  and  "mm'v 
are  little  considered.  Some  £40,000  is  now  spent  annually 
on  the  laboratory.  One  factor  which  has  contributed  much 
to  the  satisfaction  with  which  men  have  pursued  important 
investigations  is  the  willingness  of  the  company  to  publish 
his  results  at  the  proper  time.  This  is  done  through  papers 
before  various  technical  societies  by  the  principal  investigators 
themselves.  Instances  of  this  are  seen  in  the  announcernents 
whirh  liave  been  made  from  time  to  time  of  the  use  of  boron 
for  producing  homogeneous  copper  castings,  the  production  of 
ductile  tungsten,  the  derivation  of  laws  for  conduction  and 
convection  transfer  of  heat  from  solids  to  fluids. -― "  Engineer- 
ing News." 
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APPLICATION  AND  PRODUCTION  OF  DIE  CASTINGS  FOR 
AUTOMOBILES.* 

BY  WALTEB  BETTEKTON. 

The  great  development  of  the  automobile  industry  in  recent 
years  has  naturally  stimulated  the  production  of  component 
parts  in  such  a  manner  that  they  shall  be  cheap  in  cost  and 
accurate  in  finish  to  ensure  economical  assembling  and  rapid 
intercliangeability.  We  thus  find  a  great  increase  in  the 
il'-maiid  for  such  tools  as  mult  iplc  spindle  drilling,  boring, 
milling,  bar  automatics,  and  semi-automatic  turning  machines. 
Therefore,  it  is  but  natural  that  attention  should  be  directed 
to  the  production  of  die-r;ist  in^s  tor  U"、  jmrpose  of  eliminating 
machine  work  wherever  possible.  Even  in  these  days  of  great 
chajiges  it  may  seem  a  little  startling  to  suggest  that  parts 
wlin'h  are  now  generally  made  in  cast  iron  and  brass  may  one 
day  be  die-cast.  For  my  own  pai  t，  while  I  do  not  suggest  that 
there  is  to  be  an  immediate  revolution  in  this  respect,  I  do  say 
that  rapid  improvements  in  this  direction  are  even  now  taking 
place,  which  must  be  taken  into  consideration  by  automobile 
engineers  nud  tnatiufacturers  of  machine  tools,  as  there  can 
be  no  doubt  that  die-casting  will  in  future  take  an  increasingly 
important  part  in  the  motor  industry.  It  is  a  little  singular, 
in  view  of  the  great  strides  that  have  been  made  in  America  in 
methods  of  die- casting,  that  so  little  should  have  been  done  in 
this  country.  I  propose,  therefore,  to  consider  this  evening 
the  present  stage  of  development  of  this  interesting  method  of 
production,  to  deal  with  the  problems  that  have  been  and  yet 
remain  to  be  overcome  in  making  it  a  commercial  success,  and 
to  indicate  its  scope  and  possibilities  for  the  future. 

The  origin  of  die-casting  is  obscure,  although  probably  the 
first  machine  involving  the  general  principle  was  that  invented 


Fig.  i. 

by  Bruce  in  1838  for  casting  type,  and  of  which  the  linotype 
machine  is  the  lineal  descendant.  It  is  also  probable  that  the 
phenomenal  success  of  the  linotype  machine  directed  attention 
to  the  possibilities  of  this  method  for  other  purposes.  Die- 
casting,  as  we  are  considering  it,  seems  to  have  been  com- 
menced by  the  Franklin  Manufacturing  Company,  of  New 
York,  about  20  years  ago,  but  when  this  firm  entered  the 
automobile  industry  about  1904，  they  found  by  experiment 
that  the  only  parts  for  which  the  process  could  then  be 
profitably  employed  were  connecting-rod  bearings,  for  which, 
however,  it  was  found  to  be  ideal.  Since  then,  great  strides 
have  been  made  in  America,  but  in  England,  except  for  «oil 
pump  bodies,  and  one  or  two  other  minor  parts,  the  process 
seems  to  have  been  neglected,  and  in  some  instances  actually 
dropped,  because  of  the  peculiar  difficulties  of  the  process  and 
the  limitations  in  the  matter  of  the  metals  and  alloys  which  it 
has  hitherto  been  possible  to  subject  to  this  process. 

The  method  of  making  a  casting  is,  generally  speaking,  as 
follows  ：  A  suitable  steel  die  or  mould  is  made,  which  is  built 
up  in  segments.  The  shape  of  the  article  is  first  of  all 
engraved  in  the  segments  which  form  practically  indestructible 
steel  dies  capable  of  producing  an  almost  unlimited  number  of 
accurately-finished  castings.  The  die  is  held  firmly  together 
in  the  machine,  and  molten  metal  is  forced  into  the  die,  the 
pressure  being  provided  either  by  a  pump,  which  acts  directly 
upon  the  metal,  or  by  air  pressure  applied  to  the  top  of  it,  or 
by  a  head  of  molten  metal.  When  the  casting  has  cooled 
down  to  a  certain  point,  the  mould  is  opened  and  the  casting 
ejected.  If  the  die  is  too  hot,  it  must  be  cooled  by  air  blast  or 
other  means  in  readiness  for  the  next  operation.  The  tempe- 
rature of  the  die  is  very  important  and  should  be  maintained 
constant,  or  the  expansion  of  the  die  will  prevent  uniformity  in 
the  finished  castings.  This  operation  is  generally  carried  out 
in  "  hand  ，，  machines,  that  is,  machines  operated  manually. 

*  Paper  read  before  the  Graduates'  section  of  the  Birmiuiiham  Branch  oi  the 
Institution  of  Automobile  Engineers,  April  8th,  1913. 


There  are,  of  course,  automatic  machines  in  use  which  are  far 
superior  for  the  production  of  uniform  castings,  because  it  is 
not  then  possible  for  the  operator  to  vary  the  conditions. 

The  greatest  advantage  of  die-casting  is  that  the  castings 
produced  are  completely  and  accurately  finished  when  taken 
from  the  dies.  By  the  word  "  completely,"  I  mean  tliat 
al)soluiely  no  machining  is  required  after  the  piece  has  been 
cast  ；  and  when  I  say  "  accurately,"  I  mean  that  all  the  pieces 
will  come  out  of  the  die  exactly  alike,  aiul  if  the  dies  are  care- 
fully made,  there  should  be  no  difficulty  in  producing  castings 
accurate  to  within  one-thousandth  of  an  inch  of  all  dimensions, 
whether  outside  dimensions  or  diameters  of  holes.  All  holes 
are  included  when  casting  and  come  out  as  smooth,  if  not 
smoother  than  if  they  were  reamed.  Threads  external  and 
internal  and  of  any  desired  pitch  above  24  to  the  inch  may  be 
cast ；  if  smaller,  it  is  not  desirable  to  cast  them.  In  the 
case  of  tapped  holes  below  diam.,  only  the  tapping  size 

hole  should  be  cast.  Oil  grooves  may  also  be  cast  in  bearings. 
A  special  feature  of  this  process  is  that  where  necessary,  brass, 
steel,  or  other  metal,  pins,  bushes,  tubes,  &c.，  can  be  cast  in,  so 
saving  the  trouble  and  expense  of  fitting. 

Without  overlooking  the  fact  that  1  have  said  that  die- 
castings  require  no  fitting  or  machining,  and  are  ready  for 
immediate  assembling,  I  think  that  in  the  case  of  gear  centres, 
where  extreme  accuracy  is  required,  it  would  be  an  advantage 
to  hand  ream  the  holes  in  a  jig.  This^  would  be  quite  an 
inexpensive  operation.  It  might  also  be  advisable  to  machine 
tiie  joint  faces  of  such  parts  as  motor-cycle  crank  cases.  At 
the  same  time,  if  the  castings  are  good  ones,  this  should  not  be 
necessary. 

Manufacturers  of  accessories  have  found  that  die-casting, 
especially  of  the  harder  alloys,  is  well  adapted  to  such  parts  as 
timer  bodies,  the  framework  of  magnetos,  lighting  systems, 
and  taximeter  bodies.  In  addition  to  bearings,  which  are  now 
so  commonly  die-cast,  the  following  parts  used  in  automobile 
construction  are  suitable  for  the  process,  and  indeed,  are 
already  so  made  in  America  more  so  than  in  this  country  : 
Oil  and  water  pump  bodies,  hub  caps,  carburetter  parts,  petrol 
filters  and  float  chambers,  motor-cycle  crank  cases,  petrol 
filters,  and  carburetter  parts  and  so  on. 

Generally  speaking,  a  part  should  not  be  considered  for 
die-casting  if  only  few  pieces  are  required,  as  the  cost  of  the 
die  would  be  prohibitive.  It  may  sometimes  occur,  however, 
that  because  of  the  large  amount  of  accurate  work  to  be  per- 
formed oil  the  part,  it  would  be  economical  to  make  a  die  for  a 
comparatively  small  number  of  parts  and  die-cast  them.  A 
rough  part  that  would  require  little  or  no  machining  should 
not  be  die-cast,  because,  weight  for  weight,  die-casting  metals 
cost  more  than  cast  iron  or  steel.  Furthermore,  die-casting 
machines  cannot  produce  parts  as  rapidly  or  of  such  liard 
metals  as  the  press  or  the  automatic  screw  machines.  For 
this  reason  a  part  that  must  necessarily  be  made  of  brass  or 
steel  cannot  be  die-cast,  although  mixtures  approximately 
equal  in  strength  to  iron  and  brass  are  readily  die-cast. 

It  should  be  clearly  understood  that  die-castings  are  not 
made  in  competition  with  screw  machine  work,  presswork,  or 
cheap  stampings  which  require  only  a  small  amount  of 
machinery.  Roughly  speaking,  the  drawbacks  to  the 
process  are  the  cost  of  the  dies  aud  the  cost  of 
metals.  The  latter  runs  directly  proportional  to  the 
number  of  parts,  while  in  the  former  is  inversely  propor- 
tional to  the  number,  becoming  so  small  for  a  large 
number  as  to  be  insignificant.  The  metal  cost  of  small  parts, 
however,  is  low,  if  account  is  taken  of  the  high  cost  of 
machining  cheaper  metals  that  canuot  be  die-cast.  From 
what  has  already  been  said,  it  is  clear  that  there  are  three 
questions  to  be  considered  before  deciding  to  die-cast  any 
particular  part.  First,  can  the  piece  be  made  in  brass  or  cast 
iron,  and  if  so,  can  a  die-casting  metal  be  substituted  ？ 
Secondly,  does  the  quantity  justify  the  expense  of  making 
dies ？  Thirdly,  would  the  saving  by  eliminatiug  machining 
make  it  desirable  to  cast  the  part  in  question  ？ 

It  is  essential  that  designers  should  have  sufficient  know- 
ledge of  the  process  of  die-<*asting  to  enable  them  to  prepare 
designs  which  can  be  cast  in  the  simplest  and  most  easily 
operated  dies,  with  the  view  of  course  to  cheapness.  Although 
die-casting  machines  vary  greatly  in  their  construction  and 
mode  of  operation,  the  design  of  the  various  dies  involve  tlie 
same  principle  ；  therefore  it  is  only  the  die  which  need  enter 
iuto  one  s  calculations  wheu  designing  parts  to  be  die-cast. 
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Bearing  in  mind  that  all  die-castings  are  made  by  for(  in"r 
molten  metal  into  the  mould,  or  die,  tlie  first  point  to  he  not  <-< I 
is  that  complications  usually  arise  from  the  necessity  of  remov- 
ing the  casting  when  finished  from  the  die.  Uie  case  of  a 
casting  containing  cores,  it  cannot  be  removed  as  when  s;unl 
casting,  nor  can  outside  cores  be  used  in  order  to  take  care  of 
projecting  or  undercut  parts.  This  should  be  done  with 
sliding  pieces,  pulls,  &c.，  in  the  die  itself,  and  naturally  this 
introduces  further  complications  and  adds  to  the  expense.  In 
dealing  with  steel  cores,  which  it  is  necessary  to  do  in  a  process 
for  the  production  of  I'mished  parts,  undercuts  or  recesses  in 
the  casting  should  be  avoided  as  far  as  possible.  In  inan v 
cases,  of  course,  collapsible  cores  may  be  employed,  but  iliis 
again  is  apt  to  lead  to  further  difficulties,  to  say  nothing  of 
increasing  the  cost  of  both  the  die  and  the  finished  casting.  A 
slight  amount  of  draught  is  desirable  in  many  parts,  but  it  is 
not  absolutely  necessary. 

In  order  to  give  strength  to  certain  parts,  pins,  rings,  and 
bushes  made  from  brass,  bronze,  or  steel  may  be  inserted  in  the 
casting.  When  hard  metal  is  used ,  the  walls  of  the  casting 
should  be  at  least  ^in.  thick,  but  if  softer  metals  are  used, 
they  can  be  somewhat  thinner.  Although  parts  as  lieavy  as 
51bs.  or  Gibs,  may  be  die-cast,  the  hest  results  are  obtained  with 
those  weighing  under  3 lbs.  Tlie  fact  that  they  can  be  made 
so  thin  should  appeal  to  designers  of  such  parts  as  float 
chambers,  carburetter  and  petrol  filters,  &c.  These,  by  exist- 
ing methods,  are  sometimes  made  heavier  than  necessary 
because  of  the  difficulties  of  casting  and  machining. 

The  ideal  design  for  a  part,  therefore,  is  one  wherein  none 
of  these  accessories  to  the  die  are  needed  and  in  which,  when 
the  die  is  opened,  the  casting  is  ready  to  be  ejected.  In  many 
cases  this  ideal  cannot  be  realised,  but  it  should  be  the 
endeavour  of  the  designer  to  reach  it  as  near  as  possible. 
The  result  of  overlooking  this  point  can  best  be  shown  by  an 
example  reproduced  from  the  "  American  Machinist. n  Fig.  1 
shows  the  design  of  a  bearing  submitted  for  die-casting.  The 
rircum ferential  groove  was  put  in  solely  to  lighten  the  piece, 
but  the  effect  was  an  increase  in  cost  that  outweighed  the 
value  of  the  metal  saved.  In  Fig.  1  is  shown  tlie  die,  com- 
posed of  four  parts,  which  was  necessary  for  the  design  in 
question  ；  and  Fig.  2  shows  a  die  in  two  parts  as  it  could  and 
should  have  been  made.  Furthermore,  as  the  latter  is  solid,  it 
would  have  been  much  better  if  extreme  accuracy  on  the 
outside  diameter  had  been  essential. 

A  feature  in  die-casting  that  will  appeal  to  manufacturers 
is  tlie  remarkable  degree  of  accuracy  obtainable.  So  long  as 
the  dies  are  in  good  condition,  tlie  castings  should  be  perfectly 
true  and  uniform,  both  in  shape  and  size.  This  obviates  the 
necessity  for  gauging,  and  renders  it  possible  to  use  the 
castings  without  recourse  to  handv/ork  fitting.  Interchange- 
ability  is  thus  secured  with  much  more  certainty  than  by 
machining.  Cast  parts  are  usually  alike,  and,  being 
absolutely  accurate,  the  time  saved  in  assembling  is  consider- 
able. Another  important  point  which  should  attract  manu- 
facturers, is  the  saving  in  machining  in  several  ways.  Not 
only  is  all  machine  work  eliminated,  but  also  the  need  for 
machine  tools,  the  workmen  necessary  to  operate  them,  and 
the  cost  of  their  upkeep.  The  expense  of  building  jigs  and 
fixtures  is  also  avoided;  no  cutters,  reamers,  taps,  or  drills 
are  required  for  this  branch  of  production  ；  and  in  addition, 
the  labour  required  for  operating  the  casting  machines  may  be 
classed  as  unskilled.  No  matter  how  intricate  or  exacting 
the  macliine  work  on  each  piece  may  be,  or  how  skilful  a 
workman  is  required  to  produce  the  work  when  machine  made, 
the  same  results  may  be  gained  by  die-casting.  Usuallv  the 
finished  article  is  superior,  and,  with  the  exception  of  the 
die-making,  only  unskilled  men  are  required.  For  repetition 
work  the  cost  is  very  much  lower  than  that  of  existing 
methods,  and  the  more  roni])licate(l  the  piece,  the  greater  the 
economy.  In  the  case  of  apparatus  which  is  now  made  in 
several  parts  because  of  the  need  for  machine  finisliins  them . 
these  parts  can  generally  be  combined  into  one  casting,  thus 
considerably  cheapening  the  work  ami  giving  it  a  much  neater 
appearance.  A  further  considerable  saving  may  be  effected 
in  overhead  charges  by  using  a  hand-operated  machine,  as  no 
power  is  then  required.  After  the  dies  are  made,  the  only 
thing  required  is  gas  for  melting  the  metal,  and  then  the 
castings  can  be  turned  out  by  the  thousand.  Many  parts 
which  it  has  hitherto  been  impossible  to  manufacture  satis- 
factorily, owing  to  machining  difficulties,  can  be  made  by  this 


process.  Inventions  which  otherwise  would  have  to  ^li*-lve<i 
as  impracticable,  or  too  costly ~~ owin^  for  instaiir*-  to  t  In-  limits 
of  accuracy  required  being  too  close  to  be  conim**r<-i;i]! v 
practicable— become  marketable.  Thin  I"" ；山 *';"1、'  Ixmmi 
！) roved  in  the  case  of  several  inventions  outside  the  au ，'山 
industry. 

The  strength  of  die-castings  is,  of  course,  largely  dependent 
on  the  nature  of  the  alloy,  and  also  。"•  "•••，  li'，'ls  .  ;t«,t 
Unless  precautions  are  taken  to  ensure  sound nees,  rnucli 
trouble  may  be  encountered  from  八 v  lml,'，，  t  lu-  m 卜 ,,i 
which  I  will  enumerate  later.  Exact  figures  as  to  the  n\  n-n»/l  li 
of  die-castings  would  be  quite  "lisleacliiig  unless  the  f*\;u  i 
composition  and  treatment  of  the  castings  were  also  noted,  so 
that  general  figures  only  can  be  given.  They  compare  very 
favourably  with  cast  iron  in  tensile  strength,  hut  in  roni 
pressive  strength,  wliich  latter  is  usually  very  little  gr''at*'r 
than,  say,  one-third  of  the  tensile  strength.  Ah  tl"'  i"; 山 ri;,l 
is  not  so  brittle  as  cast  iron,  it  can  withstand  slujrks  "  hi'  li 
cast  iron  would  not.  Most  die-castings  are  much  more  ductile 
than  cast  iron,  and  this  greater  ductility  is  an  advantage  for 
threaded  and  tapped  work.  The  castings  do  not  chip  "i" 
when  tapped  close  to  the  edge,  and  a  fine  thread  »:,av  t  li*'r'  i''r'' 
be  used. 

For  die-casting  many  different  alloys  are  compounded. 
They  must  be  of  fine  close  grain,  free  from  porosity,  and  low 
in  shrinkage.  Castings  intended  for  certain  uses  must  have 
high  tensile  strength  and  great  hardness,  and  these  properties 
can  only  be  obtained  at  the  expense  of  rluctility.  On  tl"'  ,,ili,'r 
hand,  castings  of  high  ductility  can  easily  be  made,  but  in  tliis 
case  tensile  strength  and  hardness  have  to  be  sacrificed ― a 
general  rule  wliicli  applies  to  the  manufacture  and  |'r','lu'  t  ""i 
of  alloys  and  metals  for  other  purposes.      Tlie  mr-tals  ( li;it 
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produce  the  best  die-castings  are  alloys  of  lead,  tin,  zinc, 
antimony,  aluminium,  and  copper,  and  it  is  from  t  lies*',  ;n nn-.l  - 
ing  to  the  best  authorities,  that  most  die-castings  aie  ni;i«lr-  at 
tlie  present  time.  So  far  as  my  own  knowledge  goes,  no  one 
up  to  the  present  has  marketed  die-castings  of  yellow  inetaN  <>r 
has  successfully  made  tliem  on  a  cominercial  scale  from  alloys 
or  metals  that  have  a  melting  point  higher  than  that  of 
aluminium,  that  is,  about  1,200°  Fall.  Ahuniniuin  in  small 
percentages  is  used  in  many  die-casting  alloys.  It  acts  as  a 
purifier  and  causes  the  metal  to  flow  mi  ore  freely  into  the  die. 
The  reason  so  little  success  has  yet  been  achieved  with  alloys 
of  higher  lrieltin^  point,  is  that  the  oxidisation  wliicli  takes 
place  on  the  casting  surface  of  the  steel  die,  when  the  tempe- 
rature is  raised  by  the  molten  metal  coining  in  roiitm  t  with  it, 
causes  the  mould  to  change  in  size  and  shape,  thus  tlestnivin^ 
the  accuracy  of  the  finislied  work.  Furthermore,  it  is  only  hv 
producing  castings  accurate  in  size  aiul  shape,  so  savin  1：  all 
machining,  that  tlie  process  can  be  conuncn  iall v  si，r, 卜、 lul 
Naturally,  this  would  be  a  very  expensive  method  of  |m"lu*  "i 乂 
castings  if  they  required  inacluning  afterwards.  Tal>Ie  I . 
gives  the  analyses,  gleaned  from  various  soun  cs,  ，"•  l  ho  cast  iiiLr^ 
produced  by  some  of  the  leading  makers. 

In  the  case  of  No.  5,  the  sum  of  the  percentages  is  100  1。 
This  anom<aly  is  explained  by  tlie  fact  tliat  after  meltintr 
the  other  metals  the  ahuniniuni  was  aildetl  ； is  ； i  ilwxi'lis," 
In  No.  3，  the  percentage  of  iron  is  an  im purity. 

While  zinc  and  ahuniniuin  in  certain  proportions,  aiul 
under  special  conditions,  niiglit  make  ^ooil  die  r.ist im:^,  tlio 
proportion  of  ahniiinium  must  not  bo  very  hi^h,  or  tlio 
will  show  a  tendency  to  disintegrate.  An  alloy  c()!i]|H>se«l  oi 
50  per  cent,  zinc  and  50  per  cent,  ahuniniuin,  acrordini:  to 
some  authorities,  would  disintegrate  into  a  granular  ma、s  in 
one  year.  Such  a  mixture,  even  though  possessing  consider- 
able strength  at  the  time  of  castinir,  would  very  soon  lose  it 
and  ci'umble  up.  As  a  matter  of  fact,  some  of  the  ilie  castings 
now  made  do  disintegrate  and  therefore  their  strength  bec*»nies 
greatly  impaired  in  the  course  of  two  or  three  years.  This, 
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however,  is  entirely  due  to  improper  mixing  of  the  constituent 
metals  in  the  alloy,  and  there  should  be  no  difficulty  in  pre- 
paring it  in  such  a  way  that  there  will  be  practically  no 
disintegration.  Zinc  and  tin  mixtures  also  show  an  inclination 
to  disintegrate,  hence  some  other  material  has  to  be  mixed 
with  them  as  a  binder.  They  are  also  inclined  to  be  brittle 
unless  copper  is  added,  which  has  the  advantage  in  addition  of 
making  tliem  good  for  wearing  parts.  Antimony  and  bismuth 
have  been  frequently  used  in  combination  with  lead  to  give  it 
a  greater  hardness,  and  where  no  great  strength  is  required, 
such  an  alloy  may  be  used. 

Table  I. ― Composition  of  Metals  used  for  Die  Castin/js. 


No.   Zn    8n    Cu    Al    Sb    Pb  Fe 


Description. 


CRUCIBLE  FURNACE  FOR  METALS. 

The  accompanying  illustrations  show  a  construction  of  furnace 
(hieflv  designed  for  metallurgical  operations,  wherein 
volatilisation  of  the  metals  under  treatment  takes  place,  such 
volatilised  metals  or  gases,  driven  off  from  the  metals  or  sub- 
stances treated  being  condensed  and  collected.  Heretofore  it 
has  been  usual  to  employ  either  one  or  several  crucibles, 
arranged  separately  or  together  in  melting  chambers  of  the 
fixed  or  tilting  description,  and  before  or  when  the  fumes 
begin  to  come  off,  to  arrange  covers  over  the  open  vessels,  so 
as  to  make  them  into  retorts,  and  to  connect  the  vessels  by  a 
conduit  to  a  condenser  placed  by  the  furnace  ；  also  it  has  been 
proposed  to  make  use  of  a  bottle-shaped  retort  in  a  furnace 
mounted  upon  trunnions  In  either  case,  however,  the  joints 
between  the  connecting  device  and  the  retort,  or  between  the 
crucible  with  its  cover,  and  the  condenser  have  to  be  luted  to 


Ciuktble  Fdrnack  roit  Metai.s. 

render  them  gas  tight,  which  operation  is  attended  with  con- 
siderable difficulty  and  uncertainty,  as  the  luting  of  the  joints 
has  to  be  effected  on  liot  surfaces. 

In  the  furnace  under  notice,  the  invention  of  the  Morgan 
Crucible  Company,  Ltd.,  of  Battersea  Works,  Battersea, 
London,  H.  Davison,  and  L.  C.  Harvey,  there  is  arranged 
between  the  retort  or  crucible  and  the  condenser  an  inter- 
mediate piece  through  which  the  fumes  pass  and  which  at  one 
end  is  permanently  luted  to  tlie  retort  and  at  the  other  end 
provided  with  a  surface  against  which  the  condenser  will 
directly  joint,  without  the  necessity  for  the  luting  of  tlie  joint. 
Referring  to  the  illustrations,  A  indicates  the  retort  or 
crucible,  so  arranged  that  the  opening  B  for  the  charging  and 
discliarging  of  the  retort  is  at  one  end  of  the  latter  in  the  usual 
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^No  great  strength  required. 

Slightly  harder  than  Nos.  1  and  2. 
Very  hard  castings. 


― >High  zinc  base  alloys. 

一      Shon berg's  patented  alloy. 
Lead  base  alloy. 

>  Bearing  alloy. 
-Tin  base ― Carburetter  parts. 


It  may  now  be  advisable  to  say  a  few  words  concerning 
bearing  metals.  Some  very  exhaustive  experimental  tests 
upon  white  metal,  or  anti-friction  alloys,  have  been  made  by 
the  Royal  Italian  Navy  (which  are  given  in  the  Proceedings  of 
the  International  Association  for  Testing  Material,  1912).  It, 
was  proved  that,  in  order  to  get  good  results  from  anti-friction 
alloys,  not  only  must  the  greatest  care  be  exercised  in  com- 
pounding and  preparing  the  constituent  metals,  but  no  less 
care  is  necessary  in  determining  the  temperature  at  which  they 
are  fused  before  being  encased.  The  following  are  the  deduc- 
tions taken  from  the  results  of  the  above-mentioned  tests  ： 
(a)  The  temperature  of  fusion  exercised  a  notable  influence 
upon  the  capacity  of  the  alloy  to  diminish  friction,  (b)  For 
each  alloy  there  is  probably  a  fusing  temperature  which  should 
be  applied  in  order  to  secure  the  best  practical  results. 

These  statements  sufficiently  prove  that  importance  must 
be  attached  to  the  use  of  reliable  pyrometers  when  pouring 
white  metal  into  the  bearing,  for  the  purpose  of  ensuring  that 
the  metal  is  fused  at  the  correct  temperature.  This  emphasizes 
the  importance  of  maintaining  a  constant  and  correct  tempe- 
rature when  die-casting  bearings. 

Another  great  difficulty  encountered  in  making  die- 
castings  is  their  liability  to  be  porous,  or  full  of  blow-holes 
at  a  place  where  it  is  least  desirable.  Blow-holes  result  from 
one  or  more  of  the  following  causes  :  (1)  Air  confined  in  the 
mould  or  die  when  the  metal  is  forced  into  it.  (2)  The  form 
of  the  casting.  (3)  The  tendency  of  the  metal  to  hold  minute 
bubbles  of  air,  or  other  gases,  which  are  carried  into  the  die, 
and  do  not  escape  before  the  casting  sets. 

In  order  to  overcome  the  trouble  of  air  in  the  die  itself, 
the  general  practice  has  been  to  exhaust  the  air  as  much  as 
possible  from  the  die  just  previous  to  letting  in  the  】iiolten 
】netal  ；  but  the  vacuum  created  in  the  die  lias  been  found  to 
cause  some  of  the  metal  to  spray  up  into  the  die  from  the 
melting  pot,  and  this  metal,  when  cool,  more  or  less  sealed  up 
the  air  vents  in  the  die.  Thus,  when  the  metal  was  forced 
in,  there  was  air  in  the  mould  which  had  no  means  of  escape  ； 
or,  if  there  was  an  opening,  it  was  too  small  to  let  out  the  air 
fast  enough,  and  blow-holes  inevitably  occurred.  In  fact, 
considering  the  speed  at  which  the  metal  for  casting  is  forced 
in,  an  opening  almost  as  large  as  the  gate  itself  would  be 
needed  to  let  the  air  escape  fast  enough  to  avoid  blow-holes. 
In  this  event,  no  vacuum  of  any  description  could  be  obtained. 
In  order  to  overcome  this  difficulty,  Mr.  C.  M.  Grey,  of  the 
C.  M.  Grey  Manufacturing  Company,  of  New  Jersey,  invented 
a  macliine  some  time  ago  in  which  a  double  vacuum  is  used, 
that  is,  a  vacuum  in  the  die  and  another  at  the  back  of  the 
metal.  T  will  give  a  description  of  this  macliine  a  little 
later  on. 

( To  he.  von  thi  Ufd . ) 
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way,  and  C  is  the  condenser  whicli  constitutes  a  kind  of  hood 
and  which  is  designed  to  joint  against,  the  intermediate  pif'r"  I) 
which  is  in  the  form  of  a  ring  pt"'niai""iUy  lutefl  1  o  t  he  ！ mmt  h 
of  the  retort,  so  that  the  operation  of  luting  or  |>u^^i I  In- 
joint  aromi'l  ilic  coiidcnsci'  v;w\\  I  inui  t  lie  l;il  "'r  is  a[>|»lir(l  is 
rendered  u" necessary.  In  practice  the  retort  is  m(mi"wl  in  a 
melting  chninher  of  metal  cotisl ruction  having  ； i  brick  lining 
and  made  in  two  sections  io  allow  for  the  iit(  roduct  ion  (>r 
renewal  of  the  retort.  The  upper  |>;irl  of  llic  m"lt  iiig  rli;m 山 ('r 
is  provided  with  a  flue  opening 卜， tor  tJie  esc;i|)e  of  t  he  product  s 
of  combustion  from  the  furnace,  and  with  openings  K  wlm  h 
serve  for  charging  fuel  into  the  furnace  and  for  affording 
access  to  the  interior  of  the  chamber.  The  lower  part  of  tl"' 
melting  cliamber  contains  the  grate  on  wliich  the  retort  is 
suitably  supported.  Below  the  melting  cliamber  is  formed  an 
ash  pit,  in  the  bottom  of  which  a  tray  is  placed  for  collect  iml' 
the  contents  of  the  retort  should  the  latter  crack  or  become 
broken.  The  furnace  is  provided  at  the  lower  part  with 
rockers  H  mounted  upon  bearing  rollers  and  attached  to  or 
formed  integral  with  these  rockers  are  toothed  quadrants  J, 
with  which  worms  controlled  by  gearing  and  operated  by  a 
hand  wheel  G  engage  in  such  a  manner  that  the  melting 
chamber  and  ash  pit  with  the  retort  can  be  rocked  to  tilt  t  lie 
latter,  either  to  discharge  the  contents  of  the  retort,  or  to 
incline  or  place  the  retort  with  its  mouth  uppermost  so  that  it 
can  be  quickly  charged  ；  also,  by  this  means  the  level  of  tl"' 
molten  charge  can  be  maintained  at  any  desired  point  during 
the  melting  process,  or  when  the  volatilisation  and  distillation 
of  the  metals  or  substances  takes  place. 

The  air  supply  of  the  furnace  is  provided  for  by  arranging, 
in  conjunction  with  an  air  supply  pipe  K，  air  boxes  whicli 
bear  against  the  external  surface  of  the  ash  pit,  and  are  con- 
nected with  tlie  latter  through  holes  M  formed  therein.  Tliese 
air  boxes  are  elongated  or  made  of  such  dimensions  and  shape 
that  the  openings  in  the  ash  pit  will  remain  in  communication 
with  them  notwithstanding  the  backward  tilting  of  the  furnace 
when  placed  so  that  the  mouth  of  the  retort  is  inclined 
upwards  for  charging  or  other  purposes.  A  series  of  tuyere 
holes  L  is  also  formed  round  the  furnace  through  which  holes 
air  from  below  the  grate  passes  through  ducts  and  controlled 
by  dampers  to  the  melting  chamber.  The  condenser  C  is 
hinged  to  the  metal  casing  of  the  melting  chamber,  so  that  it 
can  be  readily  swung  into  position  over  the  mouth  of  the  retort 
A  and  removed  therefrom  when  required,  the  condenser  being 
adapted  to  joint  against  the  intermediate  piece  or  ring  D  and 
to  be  fixed  by  a  pin.  Around  the  condenser  C  a  metal  shield 
N，  lined  with  a  non-conductor  of  heat,  is  arranged  and  fixed  in 
position  by  nuts  and  bolts,  so  that  it  can  be  easily  removed, 
this  shield  also  extending  over  an  opening  O  in  the  wall  of  the 
melting  chamber,  through  whicli  the  gases  from  the  funia'v 
can  pass  into  the  space  between  the  shield  and  condenser,  so  as 
to  warm  the  latter,  an  opening  being  formed  at  the  top  of  the 
shield  for  the  escape  of  the  gases  into  a  flue  which  communi- 
cates by  openings  with  the  flue  opening  F.  The  condenser  is 
also  provided  with  a  tap  hole  P  for  discharging  from  time  to 
time  the  materials  that  may  accumulate  therein,  and  is  so 
constructed  that,  if  necessary,  a  bath  of  the  condensed  metal 
or  substance  can  be  maintained  therein'  to  assist  the  rate  of 
distillation.  The  shield  and  condenser  are  provided  with  a 
sight  hole  Q  normally  closed  by  a  plug. 

For  such  processes  as  do  not  necessitate  the  removal  of 
slags  after  the  completion  of  each  heat,  and  where  a  continuous 
process  is  desirable,  the  retort  A  can  be  provided  with  an 
additional  mouth  or  opening  in  any  desired  position  and  the 
furnace  so  arranged  that  it  is  possible  to  leave  the  condenser 
described  fixed  in  position  and  undisturbed,  this  second  open- 
ing serving  as  the  charging  and  pouring  aperture,  which  can 
be  closed  by  a  plug,  stopper,  second  condenser  box,  or  similarly 
arranged  air-tight  door  when  charging  is  complete  and 
volatilisation  is  to  take  place.  Although  the  furnace  descril"'" 
is  particularly  adapted  for  coke  or  other  solid  fuel,  it  ran  be 
equally  well  constructed  for  liquid  or  gaseous  fuel. 


ROLLING  MILL  PRACTICE  IN  THE  UNITED  STATES 

( Concluded  from  jxt'/r.  %i'>0.) 
Plate  Koi 丄 in (； -Mills  (Table  V.、. 
For   rolling   heavy   plates,  mills,  especially   of  the 

Lauth  type,  are  more  often  used  in  t  Ih-  l.'niied  Slates  than 
any  other  type,  whereas  both  in  Ormaiiv  and  England  the 
reversing  2 -high  mill  is  preferred,  especially  for  tliicrker  plates, 
and  when  the  length  of  roll  exceeds  6ft.  Gin.  It  is  diflfi'  i 山 
to  account  for  the  origin  of  tlie  use  of  trios,  witli  their  heaw 
lit'tirtg  tables  and  complicated  gear,  and  thf  reason  r;"i  hanil v 
be  sought  in  the  simpler  method  of  driving,  ronsidering  that 
the  steam  reversing  engine  has  reached  a  stage  of  hign  per- 
fection, and  tliat  electric  driving  is  also  available.  Moreover, 
in  the  case  of  universal  rolling  mills  the  reversing  duo  tvpf* 
predominates.  In  the  matter  of  out  put  the  two  tvj>^s  of  mill 
are  also  about  equal,  and  the  only  reason  to  account  for  the 
retention  of  the  trio  is  that  it  has  long  been  a  favourite  type 
in  America. 

A  departure  from  the  ordinary  kind  of  construction  tti 
a  3-high  plate  mill  is  exhibited  in  the  lieavy  plate  mill  oi  t  lu* 
Carnegie  Steel  Company,  an  example  of  which  is  prohablv  not 
to  be  found  in  Europe.  In  this  mill  the  middle  roll  is 
stationary  and  the  upper  and  lower  rolls  are  alternately  raised 
and  lowered.  At  the  works  of  the  Illinois  Steel  Company  are 
two  trio  stands  working  in  connection  with  earli  <,,li*'r,  t  lu- 
second  of  which  lias  rolls  of  a  larger  diameter,  on  account  of 
the  necessary  acceleration  during  the  rolling  process.  This 
arrangement  of  two  stands  for  roughing  and  finishing  increases 


Manchester  and  the  British  Association. ― At  the  meeting  of  the 
British  Association  in  Birmingham  in  September  next  ； hi 
invitation  will  be  submitted  to  the  association  to  hold  its 
annual  meeting  at  Manchester  in  1915.  Tlie  "Lm'(l  、！； i\'('r 
(Mr.  S.  W.  Royse)  will  be  the  hearer  of  the  invitation. 


TIMES  O^lGlHAL 

Fig.  3.— Steam  Consumption  of  Coogin (；  Mn,i,  Kngines.   (St'，'  Tabl*-  VIII.) 

the  capacity  of  the  mills  and  also  improves  the  aj)]>oarance  of 
the  plates,  since  the  work  of  rolling  is  distributed  between  tlie 
two  stands  in  such  a  manner  that  the  finishing  rolls  are  sub- 
jected to  less  wear  and  tear  than  the  rolls  of  the  first  stand. 
This  method  of  work  and  arrangement  has  lately  been 
increasingly  adopted  in  England  for  structural  and  ship  plates, 
the  usual  arrangement  being  to  place  the  two  stands  one 
behind  the  other,  with  the  object  of  saving  as  much  space  as 
possible.  The  roll  diameters  are  often  remarkably  small  com- 
pared with  those  usual  in  European  practice.  For  a  roll 
length  of  10ft.  8in.，  German  jnactire  would  require  a 
diameter  of  at  least  39in.,  and  probably  one  of  43. Un.  would 
be  considered  desirable,  whereas  iti  America  34iin.  is  con- 
sidered sufficient.  It  would  appear,  therefore,  that  the  risk 
of  breakdown  does  not  weigh  so  much  as  the  ability  to  work 
with  a  less  power  consumption  and  obtain  to  a  higher  pro- 
duction, a  necessary  condition  being,  of  course,  that  the  ingots 
or  slabs  should  be  well  and  uniformly  heated,  a  matter  wl»ich 
presents  no  difficulty  in  view  of  the  unlimited  supplv  of  cheap 
fuel. 

Sheet  Mills  (Table  VI.). 
One  of  the  most  recent  industries  of  the  United  States  is 
the  sheet  and  tinplate  industry,  which  owes  its  rise  largely  to 
the  increased  protective  tariff  introduced  in  189 1  aiul  t，>  the 
enormous  demand  for  tinplate  in  the  country.  Prior  to  that 
date  the  high  price  of  raw  materials,  high  wa^*s.  and  in- 
ability to  dispense  with  manual  labour  in  the  manufacture  of 
tinplate  had  presented  great  obstacles  to  the  establishment  of 
a  home  industry  :  but  after  1891  tinplate  mills  rapid lv  sprang 
up  in  many  places,  an  additional  impetus  hein»;  iriv,'ii  \w  ,\ 
lowerincr  of  the  price  of  raw  materials,  due  to  a  depression  in 
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the  iron  trade  about  that  period  and  a  simultaneous  fall  in 
wages.  Some  idea  of  the  growth  of  the  industry  can  be 
gathered  from  the  statistics  of  production,  which  show  that 
the  quantity  of  tinplate  manufactured  in  America  increased 
from  999  tons  in  1891  to  74,260  tons  in  1894,  and  thence- 
forward rose  steadily  to  712,147  tons  in  1911. 


Strip  Mills  (Table  VII.) 
Tube  strip  is  the  intermediate  product  in  the  manufacture 
of  welded  tubes,  and  the  strips  in  some  respects  resemble  flat 
bars.  But  as  they  are  thinner,  and  as  much  greater  accuracy 
in  width  is  required,  the  method  of  rolling  differs.  The  stands 
of  the  continuous  mills  are  not   all  arranged  behind  one 


Table  Y.—Phte  Mills. 


No. 

Name  of  Company 
and  Place. 

Type. 

Particulars  of  Drive. 

Rolls. 

Yearly 
Output 
(Tons). 

Type. 

Dimensions 
(mm.). 

Revolu- 
tions. 

Steam 
Pressure. 

Capacity 
(h.p.). 

Diameter 
(mm.). 

Length 
(mm. ). 

1 

Carnegie  Steel  Company 
(Homestead) 

Trio 
1st  stand 
(Lauth) 

Tandem 
compound 
direct 
coupled 

813/1270 x 
1524 

85 

1441bs. 

1300 

762 

】H40 

45,000 

2 

Carnegie  Steel  Company 
(Homestead) 

Trio 
1st  stand 
(Lauth) 

Tandem 
compound 

889/1372  x 
1524 

1441bs. 

2550 

2140 

100,000 

3 

Carnegie  Steel  Company 
(Homestead) 

(Lauth) 

Flywheel 
steam-engine 
direct 
coupled 

1168x1524 

78 

1301bs. 

2000 

864 
niiddle  roll 
533 

3250 

170,000 

4 

Carnegie  Steel  Company 
(Homestead) 

Trio 
with  rolls  of 
equal 
diameter 

Tandem 
compound 
direct 
coupled 

1007/1676 
X1524 

1441bs. 

3000 

965 

3560 

178,000 

5 

Trio 
1st  stand 
(Lauth) 
Trio 
2nd  stand 
(Lauth) 

Flywheel 
steam-engine 
for  both 
stands 

1370x1925 

60 

863  (460) 
915  (530) 

2300 
3350 

135,000 

The  construction  of  sheet  mills  and  rolling  practice  differ 
very  little  from  current  practice  in  Germany,  except  that  the 
stands  of  the  mills  are  set  very  wide  apart,  necessitating  long 
driving  shafts.  An  attempt  has  been  made  to  introduce 
continuous  mills,  with  the  object  of  manufacturing  on  a  large 
scale  and  dispensing  with  manual  labour.    A  sheet  mill  on 


another  at  regular  intervals,  but  are  set  in  groups  which  are 
driven  separately  for  the  most  part.  The  grouping  is  not 
uniform,  but  differs  in  different  mills.  By  dividing  a  mill 
into  separate  groups  in  this  way,  a  uniform  width  can  be 
more  accurately  kept,  it  being  impossible  to  use  guides  here, 
as  is  done  in  the  bar  mills,  on  account  of  the  much  higlier 


Table  Ml.— Sheet  Mills. 


No. 

Name  of  Company  and 
Place. 

Number  of  Stands. 

Particulars  of  Drive. 

Number 
of  Stands 
driven  by 
an  Engine. 

Rolls. 

Rough- 
ing. 

Hot 
rolls. 

Cold 
rolls. 

Type. 

No. 

Dimensions 
(mm. ). 

Revolu- 
tions. 

Capacity 

(h.P.). 

Diameter 
(mm.). 

Length  of 
Roll. 

Jones  &  Laughlin  Steel  Co. 
Hot  rolling  mill 

24 

Tandem 
compound 

2 

叫 lO 
》— 

00 

28 

3000 

12 

710 

760-915 

2 

Jones  &  Laughlin  Steel  Co. 
Cold  rolling  mill 

18 

Flywheel 
compound 

1 

762/1524 x 
1524 

40 
41 
42 

768 

18 

610 

815-915 

3 

American  Sheet  and  Tinplate 
Co.  (Vandergrift) 

16 

24 

8 

Flywheel 
steam-engine 
with  counter 
shaft 

3 

75 

1600 

each 

2  engines 
each  driving 
20  stands, 
1  engine 
driving 
8  stands 

Hot  rolls 
610 

Cold  rolls 
610-660 

1016-1420 
965-1420 

4 

Youngsto^vn  Sheet  and  Tube 
Co.,  New  mill 

4 

8 

4 

Tandem 
compound 

1 

^ 寸 
① 。， 

30 

2000 

16 

Hot  rolls 
865-142', 
Cold  rolls 
1015~14:V> 

5 

Youngstown  Sheet  and  Tube 
Co"  Old  mill 

3 

6 

3 

Tandem 
compound 
smaller 
engine. 

1 

330/365 x 
915 

the  Bray  system  was  installed  in  1906  by  the  American  Sheet 
and  Tinplate  Company  at  South  Sharon,  but  this  is  not  a 
continuous  mill  in  the  true  sense  of  the  term,  as  a  plate  is 
never  being  rolled  in  two  or  more  stands  at  the  same  time. 
Moreover,  the  plates,  after  rolling  down  in  nine  successive 
stands,  are  finished  in  sheet  mills  of  the  ordinary  type. 


speed  of  rolling,  which  is  about  twice  that  used  in  rolling  bars. 
One  of  the  final  stands  is  provided  with  a  pair  of  vertical 
rolls,  which  are  intended  to  remove  any  inequalities  in  width  ； 
in  one  instance  these  vertical  rolls  were  placed  in  frout  of 
the  first,  stand,  with  the  idea  of  removing  any  unevenness  in 
the  section  of  the  billet  at  the  start.     The  arrangement  of 
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tlie  strip  rnill  of  the  American  St' 屮 1  and  Win'  CompHii v  at 
Cuyalioga  coiisisl^ui  ol'  six  cont-muous  siaiuls  us  ； i  rou^liin^ 
train,  following  which  were  three  double  duo  stands.  In 
these  the  bar  is  automat  ically  guided  from  t  he  lower  to  t  In- 
upper  pair  of  rolls.  1 11  Lli('  last'  t  Iiree  linisliin^  st  aixls  ； i 
limited  adjustment  of  the  rolls  is  possible  for  strips  of  different 
thicknesses,  and  a  pair  of  vertical  rolls  is  combined  with  on*' 
of  the  stands. 

The  roll  diameter  is  very  small  in  proportion  to  the  large 
width  and  thinness  of  the  strips,  and  does  not  admit  of  any 
great  length  of  roll  body  ；  also,  since  the  strips  cannot  ('on 
veniently  be  rolled  in  smooth  or  stepped  rolls,  the  rolls  must 
he  grooved,  and  it  is  not  possible  to  have  many  grooves  in  so 
short  a  length  of  roll  body.  In  Germany  tube  strips  are  not 
yet  rolled  in  continuous  mills,  though  as  a  special  product  in 
large  demand  there  is  no  reason  why  they  should  not. 

The  rolling  operation  is  very  rapid.  At  the  National  Tube 
Company's  mill,  strips  7in.  by  -^6in.  were  rolled  and  finished 
from  4in.  by  Gin.  billets  in  nine  passes  through   the  nine 


not  yet  been  attempted  to  drive  the  rnill»  with  gas  eng""'、 
whereas  in  Germany  gas  engines  are  already  in  use  in  rnanv 
cases  with  considerable  success.  In  the  Am''i";ui  works 
inspectfui  it  \v;is  not  t  liat  milts  of  di(T<  n*nt  size  and  of 

various  rapacit ies  were  driven  by  Ht^arn  engines  of  equal 
power,  t  lie  reason  being  that,  owing  to  the  demand  for  qii"  k 
delivery,  engines  of  a  standard  size  and  type  can  be  supplied 
at  shorter  notice  than  is  the  case  when  flesi^nin^  an  ''iij/m"  to 
meet  particular  r<*r|uin-in**iit  s. 

From  trials  for  ("'"，!* 川 i"i，ig  i\w  pf>wcr  rer|uinMiientH,  it 
was  found  that  the  steam  coiisutiii>t  ion  in  non  (-oii(]*Misiii</ 
engines  averaged  270  kg..  and  in  rond^i\H\n^  engines  ahout 
180  kg.  per  ton  of  material  rolled  to  eight  times  the  original 
length  (see  diagram,   Fig.  In  Table  VIII.  the 

consurnption  of  engines  in  American  mills  is  given. 

Electric  driving  for  rolling  mills  was  comparatively  late  in 
being  adopted  in  the  United  States,  although  electric  auxiliary 
machinery  was  first  used  in  American  ironworks.  As  soon  ； is 
the  success  of  the  first  installations  had  been  fairlv  proved. 


No. 


Name  of  Com- 
pany and  Place. 


No.  of 
Stands. 


'1，、  |"'  <»f  Kngi"" 


Table  Nil.— Strip  Mills. 


Particulars  of  Drive. 

Boll  I      Class  of  Initial 

F>iarn.  Mat(  r"tl  Kolled.  Section 

Dimensions  Revolu-  Capacity  (mm.)  fmm.). 


No.  of 
Engines. 


I'r'^liKtion. 


(mm. 


tions. 


National  Tube  Co. 


Con- 
tinuous 


5 
4+1 
finishing 


Flywht'cl 
steam-engine 


} 


n      Tube   strip  102-l*i0 
152-355  mm. 
wide 


National  TiiIk' 


Con- 
t'inumis 


Flywheel 
steam-on^iiH1 


:i  National  frul)('  Co. 
(Lorain) 


11 

(stand  2 
with 
vi'rti'al 
rolls)  3 


A.C.  motors 
0000  volts 
25  cycles 


2400  \.m.  Up  to  300 隱. 
麵     f  wide 


-IS7T. 


2500 


一      570  ton.s  in  12 
hoiirH 


40ti 


一  J 


American      Steel  Half  con- 
and  Wire  Co.    I  tinuous 
(CuyalioLr-0 


6  duo 
ontinuous 
3  trio 
1  duo 
finishing 
duo 
thiish- 
J  ing 


A.C.  induction 
motor 
2080  volts 


Fly\\  heel  trans- 
former "it'll 
I >•('.  motors 


volt's 


5  Voungstowii  ShootJ  Gotl- 
and Tube  Co.  tinuous 


Flywheel 
steam-engine 


A.C.  indiK- 

l  inn  inotoi' 
U(H»  h.|>. 
2080  volt.s 
and  D.C. 
dynamo 
I(HH>  kilo- 

w  atts, 
10  poles 


214 


210  ：!!：> 


1 誦 


800 


290  360  800 


Hoop:iron  102-H.o  ！ mi  tons  in  10 
H.V17H  mm.  hours  (aver- 

wide  by  age  kilowatt 

1  10  thick  consumption 
per  hour,  7<M»- 


2^  |Tuhe  strip  up  to 
125  mm.  w  idc 


6  Youn<<st(i\\'ii  Sheet.  Half  con 


and  'Ywhv  Co. 


tinuous 


1  trio  Tandem 
roughing    cunipuvuid  direct 
stand  with  coupled 
2  vertical 

rolls,  3  con-  Tandem 
tinuous       compound  geared 


1       510/ 10  Hi 
1220 


.">1(»  loin  - 
ski 


stands  in  38  sees.  The  average  reduction  per  pass  is  27  per 
cent.,  which  is  to  some  extent  facilitated  by  corrugating  the 
bottom  of  the  first  few  grooves 

To  save  planing  the  edges  of  strips  intended  for  lap  weld- 
ing, the  last  roll  is  so  grooved  that  strips  with  bevelled  edges 
are  obtained,  thus  avoiding  the  necessity  of  further  machining. 
Only  in  the  case  of  strips  for  tubes  over  14in.  diam.  are  the 
edges  bevelled  on  the  planing  machine,  everything  below  that 
size  being  bevelled  in  the  mill.  The  proportion  of  rejections 
of  such  strip  is,  however,  fairly  high,  the  loss  6i  material 
between  the  ingot  and  the  finished  tube  being  12  to  13 
per  cent. 

Method  of  Driving;. 

In  general,  in  the  United  States  the  steam  engine  has  until 
lately  been  preferred  for  supplying  the  motive  power  to  rolling 
mills,  and  at  the  present  day  the  majority  of  mills  are  still 
driven  by  steam .  Lately,  however,  electricity,  which  has  long 
been  used  for  driving  the  auxiliary  machinery,  has  made  great 
headway  as  an  agent  for  driving  tlie  mills  themselves.    It  has 


the  change  to  electric  driving  proceeded  rapidly  and  with 
characteristic  energy.  By  the  end  of  1911,  about  52  elertrir 
motors  for  driving  rolling  mills  had  altogether  been  built 
and  installed.  At  the  new  Gary  Works  elect ric  driving  was 
adopted  throughout,  and  the  simplicity  of  tlie  mill  arrange- 
ment facilitated  its  introduction. 

In  general,  alternating  current  is  used  for  driving  th,' 
larger  motors  and  direct  current  for  the  smaller  auxiliary 
motors.  The  direct-current  motors  receive  their  supplies  from 
a  motor  generator  driven  by  an  alternating-current  motor 
supplied  from  the  central  power  station.  AVhere  two  speeds 
are  required  in  rolling,  as  in  the  Garv  universal  mill,  a  dire*  t 
coupled  alternating-cuirrent  induction  motor  with  comnui- 
tating  poles  is  used,  the  commutation  being  effected  by  an 
auxiliary  motor  without  interruption  of  the  current.  Bv  tli" 
means  it  is  possible  in  a  total  of  19  passes  to  double  tlie 
speed  between  the  9th  and  the  10th  pass,  and  to  drop  again 
to  the  original  speed  between  the  19th  and  the  1st  pass.  The 
speed  variation  is  from  40  to  80  revs,  per  minute,  but  no 
data  are  available  as  to  the  durability  of  this  arrangfeinent. 
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In  some  cases  the  waste  steam  of  rolling-mill  engines  is 
used  for  driving  turbines  for  the  generation  of  electric  energy. 
At  the  Illinois  Steel  Company's  works  a  turbine  using  both 
live  and  waste  steam  has  lately  been  installed.  It  is  supplied 
with  waste  steam  from  two  reversing  and  two  twin  tainlem 
engines.  When  driven  with  waste  steam  alone  it  develops 
3,000  kw.，  and  with  live  steam  4,000  kw. 

At  the  works  of  the  American  Sheet  and  Tinplate  Com- 
pany, the  cogging-mill  engine  has  attached  to  it  a  mixed 
steam  turbine  with  a  Rateau  generator.  The  turbine  is 
coupled  direct  to  an  8-pole  1,500  h.p.  direct-current  dynamo 
of  250  volts,  and  with  an  output  of  500  kw.  it  uses  less  than 
18  kg.  of  steam  per  kilowatt-hour  at  atmospheric  pressure. 

A  Curtis  exhaust  steam  turbine  at  the  works  of  the 
National  Tube  Company,  which  was  attached  to  the  engine  of 
the  36in.  reversing  2-higli  cogging  rolls,  drove  a  3,000  kw. 
dynamo  generating  alternating  current  at  6,600  volts,  35 
cycles,  running  at  1,500  revs,  per  minute,  but  it  burst  in 
consequence  of  the  high  speed  and  the  failure  of  the  valve. 
Another  Curtis  mixed-steam  turbine  of  7,000  kw.  capacity, 
connected  to  rolling-mill  engines,  was  lately  installed  at  the 
works  of  the  Tennessee  Coal,  Iron,  and  Railroad  Company. 


that  a  13J  per  ceut.  higher  efficiency  would  be  gained  bv 
direct  driving  than  by  interpolating  an  electric  dynamo  and 
motor.  The  anticipated  results  have  been  fully  realised,  and 
it  appears  that  a  turbine  is  well  adapted  for  driving  rolling 
mills,  on  account  of  its  comparatively  high  capacity  for  over- 
loading. In  the  ease  of  mixed  steam  turbines,  however,  the 
question  of  regulating  presents  some  difficulties,  、vh it'll  at 
Calderbank  Steelworks  have  been  overcome  by  using  a  he  aw 
flywheel,  which  lessens  the  effect  of  the  fluctuations  in  the 
load.  This  method  of  driving  is  likelv  to  find  adoption  iu 
Europe,  especially  in  view  of  the  economy  in  fi rst  cost  by  dis- 
pensing with  the  electric  engines.  The  necessary  train  of 
gear  wheels  between  the  turbine  and  the  rolls  would  present 
no  technical  difficulties  at  the  present  da  v. 

Reviewing  the  rolling-mill  practice  in  Anierioa,  and  the 
peculiar  characteristics  of  construction  and  arrangement  which 
have  been  made  with  a  view  to  obtaining  the  greatest  possible 
output,  it  is  unquestionable  that  the  results  aimed  at  have 
been  fully  achieved  and  must  oominand  the  adniiraf ion  of  all 
practical  iron  manufacturers.  But  the  creation  of  an  iron 
industry  on  such  a  scale  as  that  which  has  been  achieved  by 
the  skill  and  foresight  of  the  Americans  is  only  possible  given 
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The  principal  dimensions  and  weights  of  the  parts  of  this 
motor  are  as  follows  : — 

Eotor  (20ft.  2in.  diam.)，  weight  about  95  tons 

Stator   ,，  79  „ 

Shaft   ,,        ，，    23  ，， 

Bearing  supports  …  ,，  ，， 63  " 
Bed  plate  (32ft.  9in.  by  21ft.)  M         ，，    84  ，， 

The  motors  are  almost  exclusively  alternating-current  slip- 
ring  motors  ；  in  a  few  instances  they  are  arranged  in  cascade 
or  with  commutating  poles  or  with  short- circuit  rotors.  Short- 
circuit  motors  with  additional  rotor  resistance  are  used  for 
the  finishing  stands  of  the  strip  mill  at  Cuyahoga,  and  are 
supplied  from  generators  driven  by  three  steam  turbines. 
The  consumption  of  power  is  said  to  amount  to  50  kw. -hours 
per  ton,  though  these  figures  do  not  appear  to  be  very  trust- 
worthy. The  average  consumption  per  hour  is  given  as  700  kw. 
to  800  kw. 

The  size  of  the  alternating-current  motors  is  20  per  cent, 
larger  than  that  of  the  corresponding  direct-current  motors, 
and  latterly  they  have  been  so  constructed  that  the  stator 
can  be  moved  sideways  along  the  main  shaft  so  as  to  clear  the 
rotor  for  repairs. 


The  turbine  is  intended  to  work  with  live  steam  at  1451bs. 
pressure  or  exhaust  steam  at  161bs.  pressure.  It  may  be 
assumed  that  exhaust-steam  turbines  for  the  generation  of 
electric  energy  have  not  found  any  greater  favour  in  the 
United  States  than  in  Germany,  and  that  results  are  being 
awaited  before  they  are  likely  to  become  more  widely  adopted, 
especially  as  an  adjunct  to  rolling-mill  engines.  On  account 
of  the  intermittent  load  the  amount  of  waste  steam  fluctuates 
considerably,  so  that  the  output  of  the  exhaust  steam  turbine 
can  only  be  constantly  maintained  by  using  live  steam,  and 
it  is  questionable  whether  the  economy  of  such  an  installation 
is  greater  than  an  ordinary  condensing  plant.  Where,  how- 
ever, an  exhaust  turbine  is  connected  to  several  rolling-mill 
engines,  especially  to  the  non-reversing  flywheel  engines 
driving  3-high  mills,  as  at  the  works  of  the  Illinois  Steel 
Company  and  at  the  Tennessee  Coal,  Iron,  and  Railroad 
Company,  some  economy  might  be  achieved  on  account  of  the 
considerably  lower  consumption  of  live  steam . 

Since  the  end  of  1910  the  new  plate-rolling  mill  of  the 
Calderbank  Steelworks  has  been  driven  direct  with  a  mixed 
steam  turbine.  This  method  of  driving  direct  with  a  turl>iiie 
was  adopted  after  careful  trials  and  calculations,  which  showed 


Table  VIII. ― Tests  of  Steam  Consumption  in  Cogging-mill  Engines, 
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certain  economic  condii  ions.  T\w  organisaiion  necessary  \o 
enable  manual  labour  to  be  dispensed  with  must  be  thorough 
and  complete,  and  is  depeiideni  upon  the  condition  of  hcin^ 
able  to  manufacture  on  a  large  scale.  Tins  a^;iin  is  only 
possible  where  the  market  conditions  are  favourable.  It  is 
dear  that  special  mills  cannot  be  worked  at  a  profit  unless 
they  can  be  run  at  their  full  cap.'tcity,  ； is  tli,'  ex pci-icnrt*  of  t  h(、 
past  two  or  three  years  has  shown,  in  the  case  of  the  Gary 
rail  mill.  In  comparing  German  practice  with  American,  and 
taking  into  consideration  tJic  dinVrence  in  (lie  economic  cnn 
ditions  in  the  two  countries,  there  is  no  reason  io  1"'  dissat  isiicd 
with  tlie  present  state  of  development  of  rolling-niill  pracl  i<T 
in  Germany. 

Tlie  only  IVatairc  which  might ,  witJi  ad vaiiiag**,  \ni  adojtt  *'d 
in  Europe  is  the  continuous  rolling  mill,  either  in  1  In-  t'onn  of 
the  entirely  continuous  mill  or  of  the  continuous  rougliin^ 
mill.  Tlu1  enl  irel v  continuous  mill  can  only  be  used  tor  ilic 
same  purpose  as  in  America,  iliat  is,  for  rolling  ； i  very  limit'''l 
class  of  ^oods,  such  ?is  billets,  bars,  wire  rod,  or  tube  st  rip. 
They  would  t  lioref'oro  l>o  special  mills,  ami  t  licir  prolit; 山 1(' 
use  would  be  governed  entirely  by  the  market  conditions  and 
]nir|>oses  for  wliicli  the  iinished  product  was  required.  Such 
mills  a vv  quite  suitable  for  German  conditions,  mihI  s"m,'  ；' r  ' 
al read y  in  operation,  but  they  are  quite  impracticable  for 
small  si'ciioiis  which  may  be  required  in  many  slin pes. 

The  economy  of  continuous  mills  as  roughing  trains  for 
small  and  medium-sized  sections  depends  upon  market  con- 
ditions only,  that  is,  upon  the  class  of  goods  rolled.  Tins 
ex[>lains  why  certain  mills  built  here  in  accordance  wit  li 
American  practice  have  failed  to  fulfil  the  expectations  of 
tlieir  builders,  until  the  class  of  goods  rolled  was  strictly 
limited  to  a  few  sections  most  in  demand,  thereby  avoiding 
the  frequent  changing  of  rolls.  Even  then  the  advantages  ar,' 
only  apparent,  as  the  other  trains  become  overloaded  with  the 
sections  which  the  continuous  roughing  train  cannot  take. 

From  what  has  been  said,  it  is  apparent  that  it  would  be 
out  of  the  question  to  adapt  American  systems  of  rolling  mills 
and  rolling  methods  to  European  conditions,  notwithstanding, 
of  course,  that  many  valuable  object  lessons  may  be  learned 
from  tlieni.  The  lowering  of  the  co  ； t  of  production  by 
allotting  orders  for  certain  classes  of  product  to  certain  mills 
is  a  great  advantage,  since,  under  these  circumstances,  a  whole 
works  can  be  equipped  for  one  or  two  particular  classes  of 
product.  The  founding  of  the  United  States  Steel  Corpora- 
tion greatly  facilitated  this  subdivision  of  rolling-mill  work, 
and  it  would  undoubtedly  be  of  great  advantage  to  copy  this 
practice  in  Europe. 

In  conclusion,  the  author  has  to  express  his  most  cordial 
thanks  for  the  kind  reception  accorded  to  him  and  his  friends 
everywhere  in  the  United  States.  The  utmost  readiness  was 
displayed  in  permitting  liim  to  visit  and  inspect  the  works, 
and  all  kinds  of  information  and  data  were  unreservedly  placed 
at  his  disposal.  The  unfailing  courtesy  and  kindness  which 
he  met  with  on  the  part  of  all  concerned  demand  the  author' s 
grateful  acknowledgment. 


AIR  AS  A  STIMULATOR  OF  CORROSION  IN  REFRIGERATING 

SYSTEMS. 

In  our  issue  of  February  28th  last  (see  page  223  ante)  we 
reproduced  from  our  American  contemporary  "  Engineering 
News"  an  interesting  article  by  Mr.  F.  N.  Speller  on  "The 
Design  of  Hot-water  Supply  Systems  to  Minimise  Corrosion, " 
in  which  attention  was  directed  to  the  influence  which  dis- 
solved gases  (oxygen  and  carbonic  acid)  in  water  have  on  the 
corrosion  of  hot-water  supply  systems,  and  suggestions  made 
for  rendering  the  water  practically  harmless  by  removing  as 
much  of  tlie  air  as  possible  after  heating. 

Mr.  M.  B.  Smith,  in  the  following  article  from  tlie  same 
journal,  states  that  the  suggestions  contained  in  Mr.  Speller's 
paper  are  equally  applicable  to  the  design  of  refrigerating 
systems,  especially  to  those  parts  of  the  apparatus  wliich 
contain  or  transmit  brine  or  ammonia,  in  either  gaseous  or 
liquid  form. 

As  early  as  1905  the  danger  due  to  the  acceleration  of 
corrosion  by  the  action  of  air,  either  entrained  as  gaseous 
particles  or  in  solution  in  t'he  brine,  was  pointed  out  by  the 
writer  after  a  very  thorough  investigation  of  a  severe  case  of 
corrosion  throughout  the  refrigerating  system  in  one  of 
large  office  buildings  at  Pittsburg.    The  system  iu  this  build- 


ing furnislietJ  nd'rigeration  io  a  ralV-  on  t  In-  ^i  ouimJ  lloor,  t  n  a 
rostaurant  and  io  a  club  on  the;  top  floor,  22  storeyH  above 
ground.  There  was  also  coM  *h  iukint:  u  at*  r  runtun^  on  every 
ll')(,r. 

All  of  this  large  system  was  more  or  less  afTccied  by  corro- 
sion, the  corrosion  appearing  ahnoHt  witlxnit  'x''  |，, ion  at 
(ittin^s,  valves,  and  pumpH.  The  corroHion  whh  more  or  less 
localised  at  tliese  places  ； ； 1 1  ways  ;q'|"';ir''d  wit  liin  t  hf  piping 
or  littin^s  and  at  the  top.  All  山， ions,  ，'x'  ''|'t  iii"'  ,,iilv  th^ 
electrical  flifTerences  of  potential  fouii'l  on  ""'asm  i'mi''ii， ， 
pointed  io  the  presence  of  air  either  ent  in  tlu»  ； i|.|<ai  at  u  - 

or  in  solut  ion  in  l\w  brine  itself.  Kx|"'riii"'i"s  w«'r"  tlicn 
started  to  determine  whether  or  nr)t  air  was  r;iiii''(l  in  tlu; 
apparatus,  the  first  step  to  lora"，  t  lie  lii"'li''sf   point  or 

the  apparatus.  This  Ixmii^  doiu;,  holes  "  '  n- 山 ill'-'i  tlm'，i 二' li 
the  piping  ； i nd  ]>oi  cocks  wen*  plawl  at  tl"'s''  points.  WIh-m 
the  d rills  broke  through  the  piping  tliorc  was  iiivai  iaf»l v  a  i  m  ii 
of  air  from  wiMiin.  It  was  provfii  U'von'l  ； i  山， ，li;"  1  Im* 
apparatus  had  never  since  its  installation  I"，im，  (i  I  Iff  I  r',m|,l'l'lv 
witli  brine.  The  system  tlien  was  filled  rompl("el  v  wit  li  1, rim- 
after  placing  pet  cocks  at  all  j)f>inis  (linui^tif)iit  t  In-  '  iiiir' 
refrigerating  system .  Tli's"  cocks  were  ihcii  rlwl,  \>\ii 
remained  in  readiness  io  vent  tlu*  ap]>;ir;it  us  |"'ri'"li'.;illv,  ； i ikJ 
to  make  it  possible  thoroughly  to  fill  the  briiie-carrviri^  parts 
of  the  installat  ion . 

It  is  a  very  significant  fact  that  the  worst  corrosion  I'v  far 
was  manifest  at  the  very  topmost  part  of  tlie  system,  showing 
that  air,  when  entrained  as  such,  works  along  to  hi^h  pfiints 
and  that  it  is  perfectly  feasible  to  vent  such  apparatus  and 


Results  of  Corrosion  Tests  of  Single  anu  Two-metal  Test  Vn  > 卜 
in  Orpinahy  and  Air-saturated  Bkine. 


prevent  accelerated  corrosion  at  such  places.  In  this  case 
there  is  absolutely  no  doubt  that  corrosion  was  greatly 
diminished  by  remedying  this  fault. 

There  was  still  another  phase  of  tliis  question  of  air  in  tliis 
particular  system ,  namely,  that  held  in  solution  in  the  brine. 
Examination  of  the  brine-carrying  parts,  especially  tlie  return- 
brine  lines,  showed  that  there  was  au  excellent  opportunit  v 
afTordecl  for  the  liquid  to  become  thoroughly  saturated  with 
air.  The  brine  returning  to  the  main  supply  tank  in  the 
lowest  basement  fell  through  air  a  distance  of  some  5ft  .  to  6ft., 
churning  up  tlie  brine  in  the  tank  and  being  itself  more  or  less 
sprayed  during  its  fall.  Examination  of  the  brine  showed 
that  it  carried  an  abnormal  content  of  dissolved  air  and 
si  lowed  plainly  that  something  must  be  dode  at  once  to 
minimise  this  absorption.  Accordingly  the  return  pipe  was 
lengthened  so  that  the  brine  discharged  about  8in.  below  the 
surface  of  the  liquid  in  the  tank.  This  did  not  put  sufficient 
back  pressure  on  the  system  to  be  noticed  at  all  in  the  opera- 
tion .  Examination  of  the  brine  after  some  weeks  of  operation 
showed  a  content  of  air  not  over  a  tenth  of  that  before  making 
the  above  change  in  the  piping.  The  thought  came  at  once 
that  experiments  along  this  line  should  develop  data  of  value 
as  confirmatory  evidence  of  the  facts  noted  in  practice. 

Experiments  were  started  in  wliich  single  metals  and  com- 
binations of  dissimilar  metals  were  partially  immersed  only) 
in  a  commercial  brine,  consisting  of  calcium  chloride,  of  a 
strength  equivalent  to  12  specific  gravity.  The  temj>erat  \u  r 
of  the  tests  was  from  20°  to  25°  (room  temperature).  Tlie 
duration  of  the  tests  was  150  days,  sufficiently  t''  '-、 i:iblish 
the  general  behaviour  of  the  metals.  One  set  of  test  pieces 
were  placed  in  normal  brine  :  the  second  set  being  placed  in 
the  same  brine  after  saturating  it  with  air. 
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Tlie  writer  believes  that  ilie  results  are  typical  for  the 
conditions  maintained  ；  lie  realises  that  such  results  are  purely 
comparative,  not  absolute,  for  a  change  in  the  metals  used 
would  undoubtedly  alter  the  results,  and  other  factors  are  to 
be  considered,  such  as  auto-electrolysis,  &c.,  which  would  have 
their  effect  in  experiments  of  this  sort.  The  fact  is  estab- 
lished, however,  that  air-saturated  brine  is  relatively  much 
more  corrosive  than  brine  carrying  only  a  normal  amount  of 
air  in  solution.  It  is,  therefore,  highly  probable  that  if 
refrigerating  apparatus  were  designed  to  remove  air  from  the 
system ,  just  as  far  as  is  practicable,  one  of  the  rnost  higlilv 
corrosive  agents  known  will  have  been  eliminated  and  corro- 
sion undoubtedly  minimised. 

The  experiments  were  carried  out  with  various  metals 
partially  immersed  in  brine.  Test  pieces  were  6in.  long,  3in . 
wide,  and  -|in.  thick.  These  were  polished  smooth  at  the  start 
before  weighing.  At  certain  intervals  the  test  pieces  were 
removed  from  the  brine,  rubbed  in  hot  water  with  a  soft  brush 
to  remove  any  easily-loosened  oxide  and  weighed  after  drying 
in  alcohol.  The  pieces  were  only  ^^rtially  immersed,  since 
this  simulates  a  condition  always  found  in  practice.  It  is 
also  more  severe  than  complete  immersion  would  be  under 
identical  conditions.  The  results  are  tabulated  below  and 
plotted  in  the  accompanying  diagrams.  Losses  are  expressed 
in  milligrams  per  square  metre  of  surface  immersed. 

Besults  of  Experiments  on  the  Action  of  Brines  on  Metals. 
(Loss  in  Milligrams  per  Square  Metre.) 
Single  Metals. 


Normal  Brine. 

Air-satuvated  ]5rine 

Days  

30 

K0 

90 

120 

150 

30 

60 

90 

V20 

150 

100 

150 

280 

330 

47(1 

130 

360 

(iOu 

905 

127(1 

Iron  (cast ) ... 

200 

300 

420 

575 

760 

310 

700 

1000 

1420 

1(>8() 

Brass   

80 

130 

198 

230 

340 

100 

260 

500 

765 

1080 

lion  (galv.)... 

400 

860 

1000 

1150 

1220 

700 

1200 

1605 

1 秦 

2210 

Combinations  of  Dissimilar  Metals . 


30 

Normal  Brine. 
60       iX)  120 

150 

30 

Ah'-saturated  Brine. 
60       90  120 

150 

! 

360 

430 

520 

860 

1090 

78(5 

902 

1110 

1636 

1980 

Brass   

Iron   

\ 
/ 

300 

365 

465 

(；95 

960 

710 

925 

1090 

1492 

1785 

Wight,  iron 
<  Jalv.  iron .. 

\ 
j 

(300 

760 

970 

1200 

1410 

1410 

1625 

1810 

2130 

2(i()5 

( 'oppcr  

( Jalv.  iron  .. 

^ 

780 

1000 

1310 

1500 

1700 

1700 

1980 

400 

2650 

2810 

The  increased  rate  of  corrosion,  due  to  air-saturation  of 
brine,  is  marked  in  both  single  metals  and  in  combinations 
of  dissimilar  metals.  The  figures  for  the  combinations  of 
dissimilar  metals  cover  the  loss  of  both  metals,  but  it  is 
probable  that  this  was  very  largely  confined  to  the  iron  or 
galvanising  (zinc)  on  account  of  active  local  electrolytic  action . 

In  so  far  as  was  possible  conditions  were  maintained  alike 
in  all  experiments  excepting  only  the  amount  of  air  in  solution 
in  the  brine.  The  widely  different  results  in  the  case  of 
normal  and  of  air-saturated  brine  may  be  laid  to  the  different 
amounts  of  air  in  solution  in  the  brine.  The  writer  is  of  the 
opinion  that  the  designers  of  refrigerating  apparatus  should 
make  an  earnest  effort  to  so  design  their  apparatus  that  the 
amount  of  air  entrained  in  the  apparatus  or  in  solution  in  the 
brine  may  be  kept  at  a  minimum  constantly.  In  bringing  the 
results  of  this  investigation  forward,  the  writer  hopes  that  the 
data  contained  therein  may  be  of  practical  value  to  those 
engaged  in  the  design  of  operation  of  refrigerating  apparatus. 


Launch  of  the  Destroyer  "  Mid_ge." ―  The  London  and  Glasgow 
Engineering  and  Shipbuilding  Company,  Govan,  launched,  on 
the  22nd  inst.，  the  torpedo-boat  destroyer  "  Midge,"  the  second 
to  be  launched  of  three  destroyers  which  are  in  course  of 
construction  by  this  company  for  tlie  British  Navy.  Tlie 
dimensions  of  tlie  vessel  are  :  Length  between  perpeiuliculars, 
260ft.  ；  aud  breadth,  27ft.  She  is  fitted  with  Parsons 
turbines  designed  to  develop  25,000  s.h.p. ,  and  has  water-tube 
oil-fired  boilers  of  the  Yarrow  type,  constructed  by  the 
builders.  The  armament  will  consist  of  three  4in.  guns  and 
two  torpedo  tubes. 


CASE-HARDENING.^ 

HV  DAVID  KEACHIE. 
The  process  of  case-hardening  is  a  very  old  one.  It  is  full  of 
interesting  problems,  and  is  now  one  of  the  fine  arts  in 
engineering  practice.  For  many  years  the  methods  employed 
to  case-harden  steel  were  crude  and  erratic,  a  good  deal  of 
guess  work  and  mysterious  manipulation  being  employed  to 
get  results  at  the  best  not  very  consistent,  and  which  often 
led  to  difficulties  and  failures.  These  difficulties  aud  uncer- 
tainties have  now  been  almost  removed,  and  the  process  can 
be  carried  through  with  a  considerable  amount  of  success 
provided  ordinary  care  is  taken. 

Carbon  and  steel  capable  of  combination  have  a  strong 
kindred  relationship  to  each  other,  and  the  process  of  case- 
hardening  is  founded  upon  this  fact.  When  a  piece  of  mild 
steel  is  heated  to  a  certain  temperature,  in  contact  with  caihon 
in  a  certain  form,  a  combination  takes  place  on  the  surface 
of  the  steel  whereby  the  absorption  of  carbon  converts  it  from 
a  steel  of  soft  character  into  that  of  a  hard  one,  the  depth  of 
case  depending  on  the  size  of  the  article,  the  temperature  of 
the  furnace,  the  form  of  carbonaceous  material  used,  and  the 
length  of  time  the  process  is  continued.  Afterwards  tlie 
articles  are  reheated  and  quenched  in  oil  or  water.  This,  as 
tlie  term  implies,  is  case-hardening,  and  when  a  piece  of 
carbon  steel  suitable  for  case-hardening  is  prepared  for  this 
process  we  are  confronted  with  the  problem  of  having  to  pro- 
duce from  it  an  article  composed  of  two  distinct  steels,  the 
carbon  content  of  the  core  being  about  15，  and  that  of  the 
case  about  90.  We  require  this  core  to  be  of  soft  fibrous 
structure  of  great  strength ?  and  the  case  to  be  dead  hard,  free 
from  soft  spots,  and  capable  of  resisting  successfully  the 
application  of  a  new  file  or  other  edge  tool. 

The  carbonising  furnace,  which  may  be  heated  with  coal 
or  oil,  should  be  of  a  type  that  permits  the  boxes  in  which  tlie 
articles  to  be  carbonised  are  contained  being  heated  uniformly 
to  a  temperature  of  1,000°  C.  and  should  be  capable  of  main- 
taining this  temperature  without  forcing.  It  should  be  made 
so  that  all  cold  air  is  excluded  from  it,  so  far  as  the  outer 
atmosphere  is  concerned,  and  should  be  so  constructed  tliat 
neither  the  fuel  or  the  flame  comes  in  contact  v/ith  tlie  boxes, 
the  flame  impinging  on  the  sides  aud  roof  of  the  muffle  so  as 
to  raise  the  temperature  by  radiation  and  not  by  direct 
contact.  The  muffle  chamber  and  the  flues,  also  the  door, 
should  be  lined  with  firebrick,  and,  if  necessary,  the  sides  of 
the  door  should  be  luted  with  fireclay  to  ensure  an  effectual 
seal  from  the  atmosphere.  A  very  important  detail  is  the 
peep  hole  in  the  door  of  the  furnace.  This  hole  is  usually 
fitted  with  a  plug  or  flap,  and  provides  a  means  for  observing 
the  temperature  or  applying  a  pyrometer  to  register  the 
temperature,  if  it  is  of  the  heat  radiation  type.  By  means  ot 
this  hole  observations  or  readings  can  be  taken  without  tlie 
necessity  of  opening  the  door.  If  the  heat  measuring 
appliance  is  of  the  thermo-couple  type,  tubes  should  be  pro- 
vided for  inserting  the  thermo-couple.  A  furnace  constructed 
on  the  above  lines  will  give  satisfactory  carbonising  results. 

The  hardening  pots  are  usually  made  of  cast  iron  or  boiler 
plate.  Cast-irou  pots  are  cheaper,  and  can  be  cast  with  a 
foot  at  each  corner.  Boxes  cast  with  feet  allow  a  free  passage 
between  the  bottom  of  the  box  and  the  furnace,  thus  ensuring 
a  more  even  heating  up  of  the  places  to  be  carbonised,  but 
they  are  not  so  easily  handled,  as  the  feet  tend  to  sink  into 
the  bottom  of  the  furnace  with  the  weight  of  the  box,  and 
shorten  the  life  of  the  furnace  bottom.  Cast-iron  boxes  go 
very  much  out  of  shape,  and  unless  made  of  very  suitable 
metal  are  liable  to  crack  and  distort  long  before  they  have 
fulfilled  their  mission.  The  walls  of  the  boxes  being  thicker 
than  mild  steel ,  it  takes  longer  for  tlie  heat  to  penetrate  to 
the  centre  of  the  box.  On  the  whole,  cast-iron  boxes  are 
considered  unsatisfactory,  as  they  do  not  stand  up  to  rough 
handling,  and  generally  give  out  long  before  tliey  have  per- 
formed a  reasonable  amount  of  work. 

Boiler-plate  l)oxes,  though  more  expensive,  are  in  the  long 
run  ！ niu'li  more  economical,  and  more  satisfactorv  to  handle. 
These  boxes  are  usuallv  made  from  Uoiler  plaio  '^in.  or  .lin. 
t hick,  the  sides  and  ends  turned  up  at  right  angles  to  the 
base  and  gas  welded  in  at  the  four  corners.  Those  boxes  ran 
be  used  over  and  over  again  until  they  are  reduced  to  a  mere 

•  Abstract  of  paper  road  before  the  Scientific  Society  of  the  Koyal  Technical 
College,  Glasgow,  November  *23rd,  191-2. 
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sliell,  it  only  being  necessary  after  each  heating  to  knock  oil" 
the  scale  which  the  previous  lieating  lias  formed.  C) \\r i n ^  1 «» 
their  malleable  nature  tliey  are  very  inucli  less  liable  to  crack , 
and  seldom  i'racture  under  the  fairly  rough  t rcat  niciil  rrm  vi-«J 
in  the  hardening  shop.  When  distortion  takes  i'l;i(  t'  1  hcv  <-;i n 
be  heated  and  easily  straightened  into  sliape  a^ain  wil  li  a 
luuniner.  Tn  practice  mild-sieel  or  hoiler-plale  boxes  are 
found  to  do  the  work  much  more  elHcicnt  and  can  1"'  rt'<  '>m 
ineudecl  in  place  of  cast  iron  for  this  purpose. 

The  sealing  of  the  box  is  an  im jxnl ant  point  in  successful 
carbonising,  and  can  best  be  done  by  a  simple  niikl-steel  lid 
made  to  fit  loosely  into  the  box.  Tlie  box  is  packed  to  allow 
of  the  lid  coming  flush  with  the  sides,  so  that  a  luting  of  clay 
can  be  easily  applied  round  the  edge  to  keep  I  lie  contrnts 
air  tight.  A  lid  let  into  the  box  in  t  his  fashion  lias  t  lu* 
advantage  of  keeping  tlie  contents  more  (_'oni|)act  in  1  lie  pro ("卜 s 
of  carbonising,  and  is  better  tlian  any  sliding  or  dovet. ailed 
joint.,  whicli  will  quickly  give  trouble  owing  to  Hie  difTerent 
leniperatures  to  whicli  the  boxes  are  subjected. 

At  no  point  in  the  process  are  we  confronted  with  so  niiin v 
possibilities  as  in  the  selection  of  a  suitable  carbonaceous 
mixture.  The  best  carbonisers  in  general  use  to-day  are 
bones,  good  charred  leather,  or  other  simple  form  of  animal 
cliarcoal.  M any  people  make  up  mixtures  for  t  lieuiselves,  but 
the  best  results  can  perhaps  be  obtained  it'  the  mixture  is 
purchased  from  a  firm  of  repute  who  have  made  a  special  study 
of  the  subject,  and  who  produce  a  simple  form  of  pure  animal 
cliarcoal  free  from  impurities.  Care  should  be  exercised  in 
adopting  any  complex  or  mysterious  compound,  abnormally 
quirk  in  action  and  a  supposed  saver  of  time,  for  while  some 
mixtures  are  quick  in  biting,  and  many  of  them  are  good 
enough,  the  speed  is  often  obtained  at  the  expense  of  the 
】》ietaT，  where  the  presence  of  saltpetre  or  other  fusible  salt 
may  develop  soft  spots  which  ultimately  leads  to  scrapping 
the  piece.  In  the  selection  of  a  compound  it  is  well  to  keej)  in 
mind  the  work  expected  to  be  done  by  the  material  on  the 
steel  under  treatment,  and  to  remember  that  when  the  whole 
is  heated  to  a  certain  temperature  the  desired  results  are 
siniply  to  convert  the  outer  skin  of  the  steel  from  a  mild  steel 
to  a  hard  one  by  the  absorption  of  carbon,  and  experience 
proves  that  simplicity  at  this  point  makes  for  the  best  and 
most  reliable  results. 

In  packing  the  box,  the  mixture  should  first  of  all  be 
thoroughly  dried  and  reduced  to  a  very  fine  powder,  for  if  tlie 
particles  are  large  it  allows  a  lodgment  of  air  between  the 
pai'ticles,  and  as  the  presence  of  air  is  deleterious  to  the  pro- 
cess, it  is  also  evident  that  the  larger  the  particles  the  more 
liability  there  will  be  for  presence  of  air  in  the  box.  Having 
reduced  the  material  to  a  fine  powder,  a  layer  of  not  less  than 
1  Mn.  or  2in.  is  placed  in  the  hardening  pot  and  well  pressed 
down.  The  articles  to  be  cased  are  placed  on  the  top  of  this 
at  least  liin.  free  from  the  sides,  and  having  a  similar  amount 
of  spacing  between  each  article.  Another  layer  of  carboniser 
is  placed  on  the  top  of  the  articles,  about  l^in.  deep,  and  the 
whole  is  pressed  firmly  down,  care  being  taken  in  pressing 
down  the  carboniser  not  to  displace  any  of  the  articles  to  be 
treated.  This  process  is  continued  until  the  box  is  nearly  full, 
the  final  layer  of  mixture  being  at  least  1  J, in .  deep,  and 
coming  almost  flush  with  the  top  of  tlie  sides.  The  object  of 
packing  the  box  in  this  manner  is  to  make  the  contents  as 
compact  as  possible,  consistent  with  a  sufficiency  of  carboniser, 
and  it  follows  that  the  more  solidly  a  box  is  packed  the  less 
liability  there  will  be  for  a  lodgment  of  air  around  tlie  pieces 
to  be  cased,  or  amongst  the  particles  of  carboniser.  The  lid 
is  now  placed  loosely  on  the  top,  free  from  the  sides  of  the  box 
and  tapped  down  until  it  is  flush  with  the  sides,  a  luting  of 
clay  round  the  lid  as  an  effectual  seal  completes  the  operation 
of  packing,  the  box  being  now  ready  for  the  carl>oiiisin<r 
furnace. 

Sometimes  a  piece  requires  to  lirwe  a  portion  left  soi  l . 
This  is  usually  done  either  by  covering  t  he  portion  with  <-lav , 
painting  it  with  a  roinj)osition  able  to  witb stand  the  action  of 
the  carbon,  or  copper-])lating  the  part  to  be  left  sol't .  Tt'  clay 
is  the  stoppiiig-oft'  incdiuni  it  slioiild  he  careful lv  prosscJ 
iound  the  pari  to  lie  left  sol't,  caro  Ihmu^  tak(Mi  to  sot'  1  lial  it 
iulheres  to  the  met al,  ； tud  that  it  is  (|uite  (Irv  lictort'  l)eing 
1 山"、 e(l  into  the  box.  The  use  of  a  (i re  paint  enauiel  is  anot her 
method,  whicli,  if  carefully  applied  and  bal<ed  before  being 
packed  in  the  box,  will  keep  the  carbonaceous  gas  from 
touching  the  part  requiring  to  be  left  soft.  The  drawbacks 
to  fire  paint  are  principally  the  care  thai  must  be  exercised 


to  keep  the  articles  free  i'roin  rust  or  oxide  before  ； ipplvm;' 
tlie  paint,  and  the  difficulty  of  its  removal  after  carbouisiug. 
The  third  method  consists  of  a  fine  coating  of  copper  about 
two  one-thousandths  of  an  incli  tliick,  electrically  <le\>on\ted  on 
the  parts  not  to  be  carbonise*!.  'IMiis  alTords  a  protection, 
provided  the  copper  is  free  from  porr»sity  ； iikJ  a  sufli'  i'-i"  tlm  k 
ness  is  deposited.  The  danger  here  is  the  tendency  for  the 
(-■opper  to  be  ]>orous  and  to  allow  minute  surlarcs  u»  1化 *-x|)Oh*-<i 
to  the  gases.  This  can  be  aucrcsHt'ullv  ovcrconie  bv  kei-j»in^ 
the  piece  in  constant  niotioii  、vliil'*  \n-n\^  chM-trirallv  tr''; 山 ''i 
As  will  be  seen,  the  foregoing  rnetliods,  if  carefully  carried 
out,  will  eliminate  the  expensive  i,r«"','<lm  r> ！'  turning  off  t  li'， 
casing  before  hardening,  tlius  allowing  the  piece  to  1"' 
hardened  direct  without  going  back  to  the  macliine  sIiojk 

It  is  essential  that  all  case-hardened  articles  be  relieuted 
before  quenching.  The  reheating  tm  'ia'v  sliould  be  a  munif* 
heated  by  gas,  as  gas  can  he  regulated  with  exact im-s>  to  within 
a  few  degrees  of  the  temperature  rcrjuir*-*!.  It  is  not  ；" Ivisabl'' 
to  reheat  in  the  casing  furnace,  as  the  two  operations  r'*'，i"n' 
different  temperatures,  and  inucli  more  satisfartorv  aiwi 
accurate  work  can  be  obtained  by  liaving  tlie  reh^r  tiii^  furnace 
constantly  engaged  in  this  operation,  ； is  it  can  with  more  ease 
be  kept  at  the  temperature  necessary  lor  n-licat  in^.  Further 
more,  as  reheating  and  quenching  are  the  most  (  riti'-al  parts  of 
the  process,  it  is  much  safer  to  have  a  furnace  laid  of!  for 
reheating,  for  besides  the  even  teiriperatur**  i"''  f'";ir 、-  lli»-rc 
is  less  chance  of  an  excess  of  air  in  tlie  gas  mixture,  a  iiiiniinum 
of  regulating  being  necessary  after  tlie  inufHe  lias  reached  the 
proper  temperature.  The  question  of  excess  of  air  is  a  very 
important  one,  as  in  the  reheating  process  it  tends  to 
decarbonise  the  article,  and  instead  of  giving  a  glass-hard 
surface  it  would  give  a  soft  one. 

Oil  and  water  are  the  common  quenching  liquids  employed, 
but  in  some  cases,  where  the  pieces  are  required  to  be  spe<*i;il!v 
hard,  a  brine  solution  is  used.  If  oil  is  the  medium  einplov'-'l 
it  should  be  contained  in  as  large  a  tank  as  possible,  and  if 
the  operation  of  quenching  is  of  such  constancy  as  to  appreci- 
ably raise  the  temperature  of  the  liquid,  special  means  should 
be  taken  to  keep  the  oil  at  normal  temperature.  A  very 
efficient  way  of  keeping  the  oil  cool  is  to  circulate  it  by  force 
pump  through  a  coil  of  pipe  immersed  in  cold  running  water. 
This  method  of  cooling  has  the  advantage  of  keeping  the  oil 
in  constant  circulation,  and  is  better  than  a  stagnant  liquid, 
which  is  slow  to  give  up  its  heat,  and  depends  on  circulat  ion 
mainly  from  the  movement  of  the  articles  being  quenched.  If 
a  circulating  coil  is  not  available,  the  tank  should  be  tit t «•(! 
with  an  outer  shell  in  which  cold  water  is  circulated.  A  water 
inlet  pipe  fitted  at  the  base,  and  an  outlet  pipe  fitted  at  a 
point  extreme  from  the  inlet,  will  ensure  a  fair  extraction  of 
heat.  If  the  oil  is  allowed  to  become  unduly  hot  the  pieces 
will  take  longer  to  cool,  and  will  vary  in  hardness  according 
to  the  temperature  of  the  bath.  Where  water  is  the  quench- 
ing medium  the  containing  tank  should  also  be  large,  and 
should  have  a  good  supply  of  clean  cold  water  constautlv 
running  into  the  tank  while  work  is  being  done.  The  inlet 
pipe  should  be  at  the  bottom  of  the  tank,  as  by  this  means 
natural  circulation  assists  the  hot  water  to  reach  the  outlet, 
which  sliould  be  near  the  surface  of  the  quenching  water.  As 
pure  water  is  an  added  security  to  the  success  of  quem'liin;'. 
care  should  be  exercised  to  see  that  the  tanks  are  cleaned  out 
periodically. 

Some  form  of  apparatus  for  registering  the  temperat  uw  nt 
the  furnace  is  a  most  valuable  addition  to  the  plant,  and  for 
consistent  hardening  is  almost  essential.  One  method  of 
determining  the  temperature  is  by  the  use  of  fusible  salts  made 
up  into  cones  to  fuse  at  various  temperatures.  These  oones 
at  best  give  only  a  rough  idea  of  the  temperature,  and  tlie 
trouble  associated  with  their  use  makes  their  adoption  undesir- 
able. Where  anvtliing  like  accurate  results  are  required,  the 
use  of  a  pyrometer  is  essential.  This  point  will  be  appreciated 
when  one  considers  tlie  consistency  of  the  results  which  follow 
the  adoption  of  a  pyrometer. 

A  metliod  of  testing  the  hartlness  of  the  metal  after  case- 
liardeniug  is  very  useful.  Tlie  onlinary  metluul  "t  t^st ini:  a 
piece  after  hanleniu^  is  wiili  a  file,  ami  wliile  this  is  a  liandy 
enough  moans  to  detenniiie  if  the  ； ut it-It*  is  hanl  eiu"i"'l，，  it 
gives  no  ])ositifv*e  way  of  liudin^  out  if  the  is  t"，>  hanl  or 

overheated.    There  are  four  or  five  excellent  methods  ot  t,'、t 
ing  hardness  bv  inechanioal  means.      The  better  known  ami 
most  in  use  are  the  Brinell  ball  test  and  tlie  scleroscope.  The 
former  is  considered  to  be  the  most  accurate  hardness  test,  and 
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its  value  is  evident  from  the  fact  that  it  is  largely  used  for 
laboratory  work.  For  factory  purposes,  however,  the  sclero- 
scope  seems  to  be  a  very  suitable  tool,  ； is  it  is  simple  to 
uinJerst  ； iinl,  ； ind  can  he  easily  o]m'];iI(mI  with  ； ii'。m;n'v  wit  liout 
any  sci^nt  i  lie  knowledge.  The  consl  jint  use  of  tlic  srlt'rusrf'i"', 
or  other  hardness  measuring  instrument,  will  at  once  appeal  to 
those  who  strive  for  consistent  results,  as  it  provides  an  easy 
method  of  knowing  positively  i\w  st  ； i  nd;i  rd  to  wliich  the 
W'ral  work  in  the  hardening  shop  is  bein^  hrouylit  to. 

Tlie  foregoing  being  a  short  synopsis  ()f  tlic  (Mjuijuncnt  of  ； i 
case-hardenitig  [tlant  from  start  to  linish ,  wv  cun  now  proceed 
to  discuss  the  subject  on  more  general  lines.  Tlir  <jucslion  of 
the  steel  to  be  used  is  not  within  the  province  of  iliis  p。"（>r， 
though  a  passing  word  on  the  subject  ini^lit  not  be  out  of 
place.  The  steel  should  be  purchased  from  a  reputable  maker 
of  case-liardening  steel.  It  should  l)e  freo  I'rom  impin  it  ics 
and  of  uniform  composition,  capable  of  absorbing  an  e(ju;il 
amount  of  carbon  in  the  case,  while  retaining  a  maximum 
amount  of  tenacity  in  the  core.  If  the  process  is  followed 
through  with  reasonable  accuracy,  and  the  steel  is  of  reputable 
quality,  very  good  results  should  accrue.  A  very  common 
practice  in  case-hardening,  which  is  luckily  dying  out,  is  to 
carbonise  and  quench  on  the  one  heat,  the 川 etliod  employed 
being  to  remove  the  boxes  after  the  carbonising  period  is 
finished,  and  empty  the  contents  into  a  bath  of  water.  Some, 
a  little  more  careful,  take  out  the  articles  singly  and  quencli. 
While  the  latter  practice  is  a  little  better  than  t he  first,  both 
are  bad,  and  lead  to  very  grave  irregularities,  tlie  case  being 
quenched  at  too  high  a  temperature,  and  the  core  robbed  of  all 
the  inherent  qualities  of  the  original  steel.  The  surfaces  of 
articles  treated  thus  are  liable  to  chip  or  flake,  and  to  have 
crystallised  cores  of  little  or  no  resistance.  In  no  section  of 
engineering  has  there  been  so  much  time  and  money  lost  than 
in  case-hardening,  this  being  largely  due  to  the  lack  of  definite 
data  regarding  the  process,  and  the  temptingly  easy  way  out 
of  the  difficulty  by  shouldering  the  weakness  on  the  steelmaker. 

In  case-hardening  we  have  two  steels  to  contend  with, 
inseparably  connected  but  different  in  composition.  I  mean 
the  hard  case  and  the  soft  core.  We  should  endeavour  to  get 
the  case  to  yield  a  glass-hard  surface,  with  the  core  extremely 
tough  and  of  silky  fibre.  The  article  should  be  capable  of 
taking  a  severe  bend  without  breaking.  It  has  been  found 
that  a  temperature  of  950°  to  1,000°  C,  if  continued  until  the 
case  is  about  -^in.  deep,  will  give  a  case  containing  about  '85 
or  "90  per  cent,  carbon.  When  quenched  after  reheating  this 
will  give  a  scleroscope  test  of  '90  or  "95  hard,  which  is  satis- 
factory. It  has  also  been  found  that  at  a  temperature  not 
exceeding  1,000°  C.  the  core  retains  a  certain  amount  of  tough- 
ness，  which  is  lost  if  the  temperature  reaches  1,300°  or  higher, 
therefore  a  temperature  between  950°  and  1,000°  C.  has  been 
adopted  as  a  safe  standard  to  carbonise  at,  it  being  quick 
enough  for  reasonable  absorption  and  not  high  enough  to 
destroy  any  of  the  properties  of  the  steel. 

Having  a  knowledge  of  the  right  temperature  for  carbonis- 
ing, it  remains  now  to  fix  the  time  requisite  to  yield  a  sufficient 
depth  of  case.  It  is  difficult  to  give  a  determined  time  for 
this,  so  much  depends  on  the  size  of  the  box,  the  depth  of 
penetration  required,  the  size  of  the  articles,  and  the 
carbonaceous  mixture  in  use，  but  we  might  roughly  say  that  a 
box  12in.  by  12in.  by  Gin.  containing  shafts  liiu.  diam.  would 
yield  a  depth  of  ^in,  case  in  six  hours,  counting  from  the 
time  the  box  is  placed  cold  into  therfurnace,  which  has  been 
heated  to  the  required  temperature.  Of  course  it  is  evident 
that  the  larger  the  articles,  the  longer  it  takes  to  reach  the 
stage  of  absorption,  which  usually  commences  when  the  tempe- 
rature reaches  700°  C.，  and  as  a  large  part  of  the  time  is  taken 
up  in  heating  the  box  and  material  to  the  requisite  tempera- 
ture, it  is  sometimes  useful  to  know  approximately  when  the 
reaction  actually  takes  place.  A  mistake  is  often  made  in 
taking  for  granted  that  the  heat  has  penetrated  through  the 
box  when  the  sides  and  top  are  similar  in  colour  to  the 
surrounding  brickwork,  but  we  can  safely  say  that  the  heat 
has  not  penetrated  through  the  contents  until  the  bottom  of  the 
furnace  under  the  box  is  as  hot  and  of  the  same  colour  as  the 
sides  and  top  of  the  furnace.  As  there  has  been  an  effort  in  some 
directions  to  tabulate  the  time  taken  to  heat  up  boxes  of 
various  sizes,  we  might  say  the  safest  way  to  approximate  the 
time  taken  to  bring  the  contents  to  the  same  temperature  as 
the  furnace,  is  by  opening  the  furnace  periodically  and  care- 
fully tilting  the  box  with  a  bar  to  observe  the  colour  of  the 
furnace-  floor  under  the  box.    Wheu  the  floor  is  of  the  same 


colour  as  the  surrounding  brickwork  it  can  be  taken  that  the 
heat  lias  penetrated  through  the  box,  and  it  is  reasonable  to 
suppose  a  similar  box  will  take  a  similar  time.  This  operation, 
of  course,  could  only  be  permissible  for  experiment,  as  it  is 
not  judicious  to  open  the  furnace  or  move  the  box  during  the 
carbojii.sing  period. 

As  a  means  of  observing  the  depth  of  case  and  judging 
fractures,  it  is  very  good  practice  to  place  a  piece  of  the 
original  steel  in  the  box,  to  be  carbonised  along  with  the 
work,  care  being  taken  to  place  it  in  some  average  position, 
preferably  towards  the  centre  of  the  box.  This  piece  could, 
after  the  process,  be  broken,  and  would  give  a  good  indication 
of  the  depth  of  case  on  the  articles.  It  is  rather  an  important 
point  to  place  the  test  piece  near  the  centre  of  the  box,  or  in 
a  good  average  position,  for  if  the  article  to  be  cased  is  large, 
and  the  test  piece  is  placed  near  the  walls  of  the  box,  it  follows 
that  the  test  piece,  reaching  the  absorbent  stage  sooner  than 
tlie  larger  and  more  remote  part,  will  show  a  much  deeper  case 
and  lead  to  inaccurate  conclusions. 

At  the  end  of  the  carbonising  period  the  boxes  are  with- 
drawn and  placed  on  the  floor  in  a  dry  place,  where  thev  fire 
allowed  to  lie  till  perfectly  cold  without  the  articles  in  any 
way  being  disturbed.  They  are  then  taken  from  the  box  and 
dusted  clean.  If  the  box  has  been  properly  packed  the  surface 
of  each  article  will  show  a  rich  grey  or  a  bluish  grey  colour. 

The  pieces  are  now  ready  for  reheating  and  quenclun*:. 
Up  to  this  stage  the  process  can  be  successfully  carried  through 
without  the  aid  of  an  instrument  for  recording  the  tempe- 
rature, but,  as  the  reheating  is  an  operation  deinandiii^ 
accurate  temperatures  within  very  close  limits,  the  use  of  a 
pyrometer  at  this  stage  is  a  necessity  for  good  and  consistent 
results.  It  is  very  difficult  to  judge  a  critical  temperature 
with  the  eye,  and  even  after  years  of  experience  mistakes  can 
be  easily  made.  The  best  practice  is  to  fit  a  pyrometer  to  each 
furnace,  and  in  some  cases,  where  a  number  of  muffles  are  in 
operation,  this  is  realised  to  the  extent  of  liaviug  an  operator 
constantly  observing  the  recorded  temperatures  in  a  room  laid 
out  for  this  purpose.  Communication  with  the  man  at  the 
furnace  is  made  usually  through  the  medium  of  coloured 
electric  lights  controlled  by  the  observer,  each  furnace  being 
fitted  with  a  white,  a  green,  and  a  red  light,  within  easy  sight 
of  the  operator  at  the  furnace.  When  the  heating  is  correct  a 
white  light  shows  over  the  furnace.  Immediately  the  tempe- 
rature tends  to  rise  the  observer  switches  ou  the  red  light,  and 
when  the  temperature  tends  to  fall  a  green  light  is  shown. 
By  this  means  the  operator  at  the  furnace  can  regulate  the 
temperature,  and  the  chance  of  his  getting  away  from  the 
critical  temperature  is  reduced  to  a  minimum. 

In  reheating  care  should  be  taken  to  render  the  muffle 
practically  airtight,  as  oue  of  the  drawbacks  to  case-hardening 
is  the  liability  to  decarbonise  the  articles  in  reheating  through 
an  excess  of  air  either  in  the  gas  mixture  or  through  the  door 
of  the  furnace,  thus  producing  a  soft  instead  of  a  hard  surface 
after  queuching.  The  exclusion  of  air  is  a  very  important 
factor  to  watch  in  this  operation,  and  to  get  over  the  trouble 
of  decarbonising  a  method  has  been  adopted  with  success 
whereby  the  medium  of  heating  is  through  lead  raised  to  the 
necessary  temperature  with  gas  or  oil,  and  contained  in  deep 
pots  round  which  the  hot  flames  play，  and  in  which  a  thermo- 
couple is  immersed  to  record  the  temperature  of  the  bath.  In 
this  liquid  the  articles  are  immersed  until  they  reach  the 
temperature  of  the  lead,  and  then  queuched. 

This  method  of  reheating  is  very  efficient,  as  the  presence 
of  air  is  excluded  entirely  in  the  process  of  heating,  and  the 
danger  of  decarbonising  eliminated  provided  the  articles  are 
smartly  quenched  immediately  they  are  taken  from  the  bath. 
To  ensure  the  success  of  this  method  the  lead  must  be 
absolutely  pure,  as  the  presence  of  sulphur  or  other  impurities 
will  lead  to  faulty  hardening  aud  produces  a  scum  on  the 
surface  of  the  liquid  wliich  adheres  to  the  articles  and  is 
difficult  to  remove  after  quenching.  A  barium  chloride  solu- 
tion can  be  used  in  the  bath  as  a  substitute  for  lead. 

We  may  now  consider  the  temperature  required  to  obtain 
consistent  results  in  reheating,  aud  attempt  to  show  the 
absolute  necessity  of  keeping  the  operations  of  carbonising  and 
hardening  separate  and  distinct.  It  is  a  well-known  fact  that 
steel,  whetlior  cooled  slowly  or  quickly,  contains  in  its  structure 
a  definite  condition  peculiar  to  the  highest  temperature  to 
which  it  was  last  subjected,  and  a  realisation  of  this  important 
factor  in  the  treatment  of  steel  at  once  suggests  to  us  the 
fallacy  of  attempting  to  queuch  at  any  time  but  when  the 
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temperature  is  rising,  and  the  temperature  within  the  critical 
zone.  We  must  remember  that  in  the  process  of  carbonising, 
the  steel  has  been  raised  to ― and  maintained  at ― a  high 
temperature,  and  that  at  this  stage  it  will  bear  evidciicc  ('「 
overheating.  If  broken,  it  will  show  a  very  coarse  crystallise  I 
fracture,  *breaking  off  short  and  brittle  with  little  or  no 
cohesion.  Wlien  a  piece  of  cased  steel  is  slowly  heated  a  cer- 
tain critical  point  is  reached,  wliere  a  great  molecular  cliaii^c 
takes  place  in  the  structure  of  the  metal,  and  if  the  piece  is 
quenched  within  reasonable  limits  of  this  temperature  the  steel 
will  be  restored  to  its  original  strength  and  tenacity.  It  has 
been  found  by  experiment  that  a  piece  of  ordinary  carbon  steel 
containing  '15  carbon  reaches  this  critical  stage  when  1 1 h* 
temperature  is  about  845°  C,  and  if  we  quench  immediately 
after  the  molecular  change  has  taken  place  we  can  reasonably 
expect  the  steel  to  be  restored  to  its  original  condition -  As  it 
is  safer  always  to  go  about  30°  higher  than  tlie  rec;ilescciit 
stage  to  ensure  having  passed  the  danger  limit,  the  best 
temperature  to  quench  at  would  therefore  be  870°  C.，  this 
would  give  us  the  core  restored  and  able  to  wit  list  and  a  bend- 
ing force  without  breaking.  The  case,  however,  has  a  carbon 
content  of  '90  carbon,  the  critical  temperature  of  which  is 
about  720。  C.，  and  to  ensure  a  glass-hard  surface  of  "95  liard 
on  the  scleroscope  the  article  would  require  to  be  quenched  at 
tliis  temperature. 

Wft  are  now  confronted  with  the  problem  of  attempt, ing  to 
get  a  satisfactory  case  in  conjuiK'tion  with  a  fibrous  core,  the 
critical  temperatures  of  the  two  showing  a  cliirerence  of  125°  C. 
It  follows  therefore  that  the  ideal  method  of  procedure  is  in 
treat  the  article  to  the  critical  temperature  of  the  core, 
namely,  875°  C,  and  quench.  This  will  give  a  silky  fibrous 
core  of  great  tenacity.  The  piece  should  again  be  reheated 
to  the  critical  temperature  of  the  case,  which  is  720°  C.，  and 
quenched.  A  very  hard  surface  will  now  be  imparted  to  the 
case,  and  if  the  piece  is  broken  it  will  show  a  close  grey  case, 
clearly  defined  from  the  soft  fibrous  core.  It  will  be  noted 
that  the  second  quenching  temperature  being  lower  than  the 
first,  the  molecular  structure  of  the  core  remains  undisturbed. 
We  are  indebted  to  Mr.  David  Flather,  of  Sheffield,  for  his 
research  work,  which  evolved  the  double-heating  process. 

While  it  is  not  essential  to  double  heat  all  pieces,  this 
method  is  recommended  where  tlie  articles  are  required  to  be 
dead  hard  and  are  subjected  to  hard  work  when  put  into  com- 
mission. For  ordinary  purposes,  however,  satisfactory  results 
can  be  obtained  by  compromising  between  the  two  critical 
temperatures.  This  can  be  arrived  at  best  by  finding  out 
which  of  the  two  will  result  in  least  risk,  and  adopting  the 
resultant  temperature  as  best  and  safest  for  the  work,  if  single 
quenching  is  to  be  adopted.  If  we  heat  to  the  critical  point 
of  the  case,  we  obtain  a  glass-hard  surface  with  a  coarse 
crystalline  core,  the  steel  not  having  readied  the  temperature 
where  the  molecular  change  takes  place  in  the  core.  If  we 
heat  to  the  critical  temperature  of  the  core,  we  have  over- 
heated the  case,  but  we  obtain  the  proper  texture  in  the  centre 
of  the  metal.  Bearing  in  mind  the  fact  t lint  we  wish  to  obtain 
a  combination  of  hardness  and  strength,  and  as  the  strength 
lies  almost  entirely  in  the  core,  it  follows  that  the  best  results 
will  be  arrived  at  by  heating  and  quenching  at  875°  C.，  which 
ensures  the  core  being  of  maxinnnn  strength,  and  though  we 
lose  a  little  strength  and  hardness  in  the  case,  it  is  very  little, 
and  will  not  interfere  with  good  practical  working  results, 
showing  a  scleroscope  test  of  close  on  '90  hard.  While  we  can 
get  satisfactory  results  from  one  reheating  and  quenching,  we 
trust  it  has  been  made  plain  from  the  foregoing  that  nothing 
but  difficulties  and  failures  will  accrue  from  dipping  direct 
from  the  casing  pot,  as  no  piece  treated  in  this  way  can  be 
rendered  sufficiently  hard  in  the  case  or  tough  in  the  core. 

It  will  be  evident  from  tlie  figures  given  that  the  quest  ion 
of  temperature  depends  entirely  on  the  percentage  of  carbon 
contained  in  the  steel  and  the  endeavour  has  been,  in  giving 
definite  temperatures,  to  choose  an  ordinarv  conimercial 
carbon  steel  as  a  guide  in  this  important  operation,  U»ere  hein^ 
no  doubt  that  the  steel  used  has  a  very  great  deal  to  do  w i 1 1 1 
the  ultimate  results  obtained  in  hardening. 

Regarding  the  question  of  distortion,  a  great  deal  depends 
cm  tlie  size  and  shape  of  tlie  articles  under  treatment  and  on 
the  direction  in  which  the  immersion  takes  place.  Heating  tu 
a  temperature  of  750°  before  any  work  is  put  on  the  ])iece  ami 
allowing  it  to  slowly  cool  is  a  very  good  method  of  relieving 
any  hammer  or  stamping  strains,  especially  in  the  case  of  drop 


forgings.  In  accurate  work,  such  as  bevel  wheels,  it  is  good 
practice  to  heat  the  wheels  after  the  gashing  cut  has  Ixmmi 
performed  on  the  teeth,  which  ensures  tlie  finiHlied  wli»*»*U 
being  very  true  after  lianlcning. 

Some  very  good  jigs  are  in  use  for  keeping  bevel  wli*  <  N 
and  similar  parts  from  distorting  in  li;"' 山' iii""'.  Tlw  ji" 
are  made  to  grip  the  wheel  at  the  teeth,  the  portion  '  <,i,ma'  in 
contact  with  the  back  of  tlie  wlieel  heiiig  ra、t I; 山'' I  t',  allow 
of  free  circulation  of  the  liquid  round  the  piece.  The  binding 
medium  is  usually  a  large  taper  cotter,  wliidi  ran  qui'  klv 
locate  and  lock  the  wheel  for  quick  im'm'i'sio".  A  、'  rv 
effectual  method  of  accelerating  the  cooling  is  la  lix  。"'  wheel 
jig  to  a  plate,  whicli  is  reciprocated  up  ； in(i  down  in  t  lu* 
liquid  by  means  of  a  pneumatic  piston,  tlie  operation  Ij'-iw 
very  quick  indeed. 

A  good  deal  of  discussion  lias  taken  |>l;u-t*  ；! s  to  tl"'  pnjpt-r 
Tiiethod  of  immersing  shafts  to  prevent  their  bending  during 
Iiardening,  and  while  common  sense  and  experience  very 
quickly  suggest  the  best  methods  of  clipping,  there  is  alwavs 
more  or  less  a  tendency  for  shafts  to  depart  from  a  strai^iit 
line.  If  the  cores  are  brittle  many  will  be  broken  in 
process  of  straightening,  which  is  another  reason  "for  con- 
denniing  the  practice  of  quenching  direct  from  tlie  r;i、mi_' 
hut  if  the  shafts  have  been  reheated  and  tlie  cores  restored  to 
tlieir  original  toughness,  little  difficulty  will  be  experienced  in 
straightening,  and  very  few  will  be  scrapped.  A  fair  wa、iir' 
of  success  in  judging  fractures  can  be  gained  by  remernherin^ 
that  the  steel  under  treatment  contains  a  record  of  at  least 
the  last  temperature  to  which  it  was  subjected,  and  \i  a  'I 
quality  of  steel  is  used  the  fracture  will  show  in  good  me.iMir  »* 
whether  the  piece  under  observation  has  been  treated  properlv 
or  not.  Thus,  if  the  case  shows  a  clearly  defined  wliitf  \sv,m\ 
and  the  core  is  grey  and  fibrous,  the  inference  can 
that  the  quenching  temperature  is  right.  If  the  case  is  white 
and  the  core  coarse  crystalline,  breaking  wit  h  a  short  t'rart  ur»*. 
it  can  be  taken  that  the  reheating  has  been  to  too  low  a  tempe- 
rature, and  under  the  temperature  where  the  molecular  oliaiiL''* 
takes  place  in  the  core.  A  piece  quenched  direct  from  the 
casing  pot  will  usually  show  a  very  coarse  crystalline  core  with 
an  ill-defined  case,  the  metal  being  more  or  less  ruined.  These 
three  instances  are  perhaps  the  most  frequently  found  in 
practice  ；  the  use  of  test  pieces,  however,  will  soon  make  one 
familiar  with  the  most  vital  evidences  to  look  for  regarding 
good  or  bad  work,  and  if  it  leads  to  classifying  the  variuus 
fractures  an  invaluable  service  for  subsequent  accuracy  will  he 
rendered  to  the  liardening  shop. 

In  conclusion,  we  might  say  that  the  study  of  case- 
hardening,  while  presenting  minor  difficulties,  can  be  satis- 
factorily carried  througli  if  entered  into  in  a  proper  spirit - 
The  process  is  full  of  interesting  problems,  which  a  ^ood 
equipment  makes  easy  of  solution.  When  once  a  pr''!  ' r 
system  has  been  definitely  established,  nothing  but  success  will 
follow  if  regularity  is  observed  in  carrying  out  the  various 
operations  from  the  heating  of  the  carbonising  furnace  to  the 
final  quenching  of  the  piece. 


Power  from  Waste  Heat. ― West  Hart]e]>ool,  wliicii  Hair' 
be  the  first  municipal  authority  to  produce  electricitv  bv  means 
of  waste  heat,  will  shortly  open  its  new  generating  station. 
This  station  will  possess  twice  the  capacity  of  the  old,  and  its 
two  turbo-generators,  each  of  1,500  kw.,  will  be  driven  by 
exhaust  steam  from  the  furnace  blowiiiLT  t'n^im's  of  the  Sea  ton 
Carew  Iron  Company,  adjacent  to  whose  works  it  is  built.  In 
return  for  their  exhaust  steam,  which  lias  liit licrto  been  blow- 
ing to  waste,  the  Seaton  Carew  Iron  Company  will  receive  tlie 
supply  of  electric  current  they  need  at  their  works.  Tlie  new 
turbines  can  work  witli  either  exhaust  or  high-pressure  steam. 
Should  the  supply  of  exliaust  steam  not  he  available,  eit  lu-r 
througli  a  breakdown  of  the  blowing  engines  or  through  the 
ironworks  being  idle,  a  supply  of  high-pressure  steam  will  lie 
obtainable  from  tlie  boilers  at  the  works  of  tlie  Seaton  Carew 
Iron  Company.  The  exhaust  steam,  after  leaving  the 
turbines,  will  be  condensed,  and  tlie  water  will  pass  through  a 
Lea  recorder  back  to  the  boilers  of  the  ironworks.  To  supply 
the  condensers  with  cold  water  three  cooling  towers  have  been 
erected,  each  capable  of  cooling  1 15,000  galls,  of  water  an 
hour.  The  total  expenditure  involved  in  coniiei-tion  with  the 
new  scheme  is  £38,795,  the  plant  alone  having  cost  £30,000. 
The  old  generating  st  at  ion  will  he  maintaiiUMl  ； is  ； i  staiul-hv. 
and  also  as  a  town  sub-station. 
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A  NEW  LOCOMOTIVE  TESTING  PLANT* 

BY  PKOK.    Kl)\\  AKD  C.  SCHMIDT. 

The  locomotive  testing  plant  has  placed  at  our  disposal  a 
means  for  studying  the  locomotive  which  has  made  good  the 
deficiencies  of  road  testing.  The  first  locomotive  testing  plant 
was  built  21  years  ago  at  Purdue  University.  It  was  designed 
by  Dr.  W.  F.  M.  Goss,  who  was  at  that  time  in  charge  of  the 
schools  of  engineering  at  that  institution.  Not  the  least  of  the 
good  influences  of  this  plant  is  the  encouragement  which  its 
success  has  offered  to  other  experimenters  to  establish  similar 
laboratories.  At  present  there  are  four  such  testing  plants  in 
this  country  and  two  in  Europe. 十  An  addition  to  the  small 
number  of  existing  plants  is  of  interest,  and  the  present  article 
describes  the  new  plant  of  the  University  of  Illinois,  which 
has  recently  been  completed.  The  Illinois  legislature  at 
its  last  session  included  among  its  appropriations  for  the 
university  £40,000  for  new  buildings  for  the  College  of 
Engineering,  and  it  was  decided  to  use  this  for  a  transportation 
building  and  a  locomotive  laboratory  for  the  department  of 
railway  engineering.    The  plant  has  been  designed  with  the 


Fia. 


-Sectional  Plan*  and  Elevation  of  New  Locomotive  Testing  Plant  at  University  of  Illinois 


intention  of  making  it  suitable  to  test  new  designs  of  loco- 
motives as  they  appear,  in  the  confidence  that  the  railways 
and  builders  would  be  willing  to  keep  upon  the  plant  loco- 
motives of  recent  design,  concerning  whose  performance 
information  is  desired.  Figs.  1  and  2  show  the  general 
arrangement  of  the  plant. 

Supporting  Wheels  and  Hydraulic  Brakes. ― Any  locomotive 
testing  laboratory  consists  essentially  of  (1)  a  means  for  so  sup- 
porting the  locomotive  that  its  wheels  may  be  rotated  and  that 
the  power  developed  may  be  absorbed  and  either  dissipated  or 
transferred  ；  (2)  a  means  for  anchoring  the  locomotive  when 
so  mounted  and  for  measuring  the  tractive  effort  developed  ； 

(3)  means  for  supplying  and  measuring  coal  and  water  ；  and 

(4)  means  for  disposing  of  the  gases  and  exhaust  steam.  The 
supporting  mechanism  in  this  plant  (as  in  all  others)  consists 
of  wheels  whose  position  may  be  varied  to  conform  to  the 
spacing  of  the  locomotive's  driving  wheels.  The  supporting 
wheels   are  52in.    diam.，   provided    with   plain   tyres,  and 

Paper  read  before  the  Western  Railway  Club,  Chicago,  March  38th,  1913 
and  reproduced  from  "  Engineering  News." 

t  Tlie  Purdxie  plant,  erected  in  lftfll,  was  followed  in  1891  by  a  temporary 
plant,  at  South  Kaukauua,  Wis.,  on  the  Chicago  &  North-western  Ry.,  designed 
under  the  direction  of  Mi'  Quayle  This  was  succeeded  in  1895  by  a  permanent 
plant,  designed  by  Mr.  Quayle  and  erected  at  tlie  C.  &  N.  W-  Ry.  shops  in 
Chicago.  In  1899,  Columbia  TJnivevsity  having  been  given  a  locomotive  by  the 
Baldwin  Locomotive  Works,  provided  for  a  testing  plant  which  is  erected  in  the 
inpfhanical  entiineerin^  laboratory.  In  1904,  the  Pennsylvania  R.R.  installed  at 
the  St.  Louis  Exhibition  wbat  was  at  that  time  the  largest  and  most  elaborate 
plant  yet  built.  This  later  was  removed  to  Altoona,  Penn.,  where  it  has  l)tH*n  in 
almost  constant  operation  since.  In  1904  there  was  also  erected  in  the  Putiloff 
Works  at  St.  Petersburg,  Russia,  a  similar  plant  designed  V>y  M.  V.  ColobolotV 
and  S.  T.  Smirnoff.  The  following  year  there  was  erected  in  Knsland  a  plant 
under  the  direction  of  Mr.  Churchward,  of  the  Great  ^'e stern  Ry.,  at  the 
Swindon  works  of  that  coin]mn> . 


mounted  on  1  l|in.  axles,  tlie  axles  and  tyres  being  of  heat- 
treated  carbon  steel. 

The  use  of  52in.  supporting  wheels  involves  rotating  speeds 
as  higli  as  500  revs,  per  minute  in  testing  high-speed  loco- 
motives. Such  speeds  may  give  rise  to  difficrulty  in  the 
operation  of  the  bearings,  although  they  have  been  designed 
with  regard  to  these  conditions.  However,  provision  has  been 
made  (in  the  design  of  the  bearing  pedestal)  for  using  72in. 
wheels,  if  it  proves  desirable.  The  axles  are  supported  at  each 
end  just  beyond  the  wheels,  in  bearings  9iin.  by  20in.,  wliicli 
are  provided  on  the  under  side  of  the  journal  only.  These 
bearings  are  carried  in  self-aligning  shells  which  are  supported 
in  pedestals  of  exceedingly  heavy  construction.  Oil  is  pro- 
vided at  two  points  in  the  bearing  cap,  where  it  is  supplied 
under  head  from  an  elevated  supply  tank.  The  bearing 
pedestals  rest  on  massive  cast-iron  bedplates  which  run  the 
entire  length  of  the  testing  pit,  and  as  the  bolt  heads  are  held 
in  slots  running  the  length  of  the  bed,  the  pedestals  mav  be 
sliifted  to  any  desired  position  on  the  bed. 

Hydraulic  brakes  on  the  axles  provide  means  for  absorbing 
tlie  power  developed  at  the  driving-wheel  rim,  as  shown  by  the 
cross-section  in  Fig.  2.    These  are  of  tlie  type  used  in  all  other 

American  testing  plants,  and 
were  designed  by  Prof.  G.  I. 
Aklen,  of  Worcester,  Mass.,  under 
general  specifications  prepared  bv 
the  designer  of  the  plant.  One  of 
tliese  brakes  is  mounted  on  each 
end  of  each  supporting  axle. 
Each  brake  (Fig.  3)  consists 
essentially  of  three  cast-iron  discs 
A,  which  are  keyed  to  the  sup- 
porting axle,  and  which  rotate 
between  water-cooled  copper 
diaphragms  B  carried  in  a 
stationary  casing  C.  The  cast 
hub  1)  and  the  three  discs  form 
an  integral  rotating  element 
whicli  is  keyed  to  the  axle  and 
turns  with  it.  The  casing  and 
its  diaphragms  are  prevented 
from  rotating  by  means  of  links 
attached  to  the  bedplates.  The 
diaphragms  form  within  the 
casing  three  compartments  within 
wliich  the  cast-iron  discs  rotate. 
The  surfaces  of  the  discs  and  of 
the  diaphragms  are  lubricated  by 
oil  fed  in  at  the  periphery  of  the 
discs  and  taken  off  at  the 
hub.  The  diaphragms  form  also 
within  the  casing  four  water  compartments  which  have  no 
communication  with  those  within  which  the  discs  rotate. 
Water  is  fed  into  these  water  compartments  at  E，  and  is  taken 
off  at  F.  The  pressure  existing  in  these  water  spaces  mav  be 
varied  at  will  by  means  of  suitable  valves  in  tlie  brake  piping. 

The  operation  of  the  brakes  is  as  follows.  Power  received 
from  the  driving  wheels  of  the  locomotive  is  transmitted 
through  the  supporting  wheels  and  axle  to  the  cast-iron  brake 
discs  ；  these  in  turn  transmit  it  by  friction  to  the  surfaces  of 
the  copper  diaphragms  against  which  they  rub.  By  varying 
the  water  pressure,  the  friction  between  the  discs  and  the 
diaphragms  may  be  varied  in  accordance  with  the  amount  of 
power  to  be  absorbed.  The  entire  power  of  the  locomotive  is 
thus  dissipated  at  the  surface  of  the  diaphragms  and  carried 
away  as  heat  in  the  water  which  circulates  through  the  brakes. 
Each  brake  is  designed  to  develop  a  resisting  torque  of 
18，0001bs.  ft"  which  is  more  than  is  likely  to  be  transmitted 
to  it  by  the  most  heavily  loaded  locomotive  driver. 

The  above  macliinerv.  wliich  serves  to  support  the  loco- 
motive and  to  absorb  its  power,  is  all  carried  on 
reinforced  concrete  93ft.  long  and  12ft .  wide 
thickness  from  3Aft.  at  the  front  to  5ft.  at  the  rear.  It  is 
surmounted  at  the  rear  end  by  a  pyramidal  pedestal  which 
serves  as  the  anchorage  for  the  dynamometer. 

Traction  Dynamometer. ― The  locomotive  is  anchored  bv  a 
massive  drawbar  to  a  dynamometer  of  the  Emery  tvpe,  whicli 
consists  essentially  of  a  weighing  liead  and  a  weighing  scale. 
Within  the  head  is  an  oil  chamber  with  a  flexible  wall,  、vi"(、li 
receives  and  balances  anv  force  transmitted  from  the  loco- 
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Fig.  3.— Aldkn  HYimAui.ic  Absokption  Brakk  for  Lot -omotivk  Tf.stiny;  Plants. 

pro-rating  the  loss  of  solid  fuel  thus  determined  over  the  entire 
stream  section.  This  method  is  not  always  convenient,  and 
under  certain  conditions  its  results  are  open  to  doubt. 

A  spark  trap  or  cinder  collector  which  would  pass  t \\v 
total  volume  of  gas  and  exhaust  steam  from  the  largest  modern 
locomotive  wlien  working  at  high  power  would  be  too  large  to 
be  located  conveniently  within  the  building.    A  second  fuiida- 

*  The  maxiuiuiu  capacity  of  the  dyuamometer  used  iu  tbe  IVnnsvlvHnia 
H  R.  plant  at  Altoona  is  SU.OOOlbs. 


mental  consideration  in  designing  the  exhaust  system  wa-s  t  lit* 
nec(issity  of  providing  a  s( ack  of  suf!ici*Mit  l"'i"'li，  to  'mi  m that 
ilie  gases  would  ho  <lischarge«l  at  surli  a  Iiffi^hi  as  to  prov*- 
i  iH)MViisiv(»  t  ()  o<'c»i|>;lii(  s  <il'  "''ij/lil,''m'iiiL'  n'si'"'iir''H  and 
university  buildings.  It  was  (Incidcd  t  hat  this  would  require  a 
stack  about  8ft.  cliam.  and  at,  l^asl  S("t .  lii^h .  Further  study 
made  it  a])[>arent  that  t,l"'s'，  iwo  teat ur«-s  <         I,'-  山 》m1  in 

one  structure.  Tliis  has  been  accomplished  by  the  combined 
cinder  separator  and  smoke  stack  which  is  shown  in  Fi^,  4 
and  is  located  outside  of  the  laboratory. 

The  exhaust  gases  as  they  emerge  from  the  locomotive  st  m  k 
are  discharged  into  a  steel  exhaust  elbow  which  carries  the 
gases  up  and  over  to  a  horizontal  duct  running  through  tlie 
roof  trusses.  The  gases  are  drawn  through  this  elbow  and 
duct  by  an  exhaust  fan.  Probably  the  heaviest  cinders  will  l>e 
dropped  in  this  duct  but  the  velocity  within  it  is  such  that  all 
but  the  heaviest  particles  will  be  carried  through  tlie  fan. 
Whatever  does  accumulate  here  may  be  removed  through  traps 
provided  in  tlie  bottom  of  tlie  duct,  and  weighed. 

The  gases  and  solid  matter  passing  through  the  fan  are 
delivered  by  a  breeching  or  flue  to  the  separator.  They  enter 
this  at  A，  and  in  order  to  leave 
tliey  must  pass  downward  and 
around  the  sleeve  B.  In  so  doing 
they  are  given  a  whirling  motion 
which  causes  the  cinders  to  move 
toward  the  wall,  along  which  tliey 
drop  to  the  hopper  C,  while  the 
gases  pass  downward  and  out  i ') 
the  stack  through  the  mouth  of 
the  sleeve.  The  cinders  collecting; 
at  the  bottom  of  the  hopper  ai  *- 
drawn  off  and  weighed.  Tliis 
separator  is  surmounted  by  a 
45ft.  radial-brick  stack. 

The  corrosive  nature  of  the 
mixture  'of  exhaust  gas  and  steam 
has  made  it  necessary  to  avoid  the 
use  of  metal.  The  exhaust  e】bo、v 
within  the  building  necessarily 
has  been  made  of  steel,  and  will 
need  occasionally  to  be  renewed. 
The  duct  and  fan  breeching,  how- 
ever, are  of  asbestos  board  whicli 
will  resist  corrosion.  The  duct  is 
7ft.  diam .  ，  and  made  up  of 
separate  sections  so  that  its  length 
may  be  varied.  The  fan  has  a 
runner  6ft.  diam.,  and  will  pass, 
at  maximum  speed,  140,000  cub. 
ft.  of  gas  per  minute.  The 
breeching  has  a  minimum  cross- 
sectional  area  of  about  24  sq.  ft. 

The  outer  shell  of  the  sepa- 
rator is  built  of  reinforced  con- 
crete, lined  with  hard-burned  red 
brick  (as  is  the  hopper).  Between 
the  lining  and  the  shell  is  a  2in. 

air  space  to  protect  the  shell  from         Half  sectional  Plan 
undue  heating.      Any  leakage  of       Fig.  4.— Stack  and  Cin，>， " 
gas  into  this  space  is  vented  to  the         CoLLECTING  ChaM11' " 
outside  air  through  openings  in  the  shell,  which  serve  also  to 
circulate  cool  air  through  the  air  space.    The  inside  sleeve  and 
liopper  are  of  reinforced  concrete.    The  stack  is  unlined.  Init 
is  laid  up  in  acid-proof  cement. 

Institution  of  Mining  Engineers. — The  f)8 1 It  general  mewii、Lr 
of  the  Institution  of  Mining  Engineers  will  be  lield  in  tin* 
rooms  of  the  Geological  Society,  Burlington  House,  ou  June 
5th,  when  the  following  papers  will  be  read  or  taken  as  read  ： 
'' Recent  Methods  of  the  Application  of  Stone  Dust  in  Mines, 
by  Dr.  W.  E.  Garforth  ；  "  The  Re-opening  of  Norton  Colliery 
witli  Self-contained  Breatliing  Apparatus  after  an  Explosion," 
by  Mr.  J.  R.  L.  Allott  ；  "The  Heat  Produced  in  the  Slow 
Oxidation  of  Coal  at  Ordinary  Temperatures,  l>v  Mr  F  E.  K 
Lamplough  and  Miss  Hill  ；     and      Insulated  and  Bare 

Copper   and   Aluminium    Cables    for    the    Transmission  of 
Electrical  Energy,  with  Special  li etVivn^e  to  Mining  \Vork. 
hv  Mr.  B.  Wei  bourn. 


motive.  The  pressure  of  the  oil  in  this  chamber  varies  with 
the  load  and  is  transmitted  through  a  copper  tube  of  sin;ill 
bore  to  a  similar  smaller  oil  chamber,  the  pressure  williin 
whicli  】n()ves  the  beam  of  a  suhs(anii;i!  I>ui-  v(，ry  s"iisi"ve  s(';il". 
The  force  transmitted  to  tlie  dvnainoinoi cr  is  thus  wcii^licd. 
In  design  this  instrurneiii  is  very  similar  io  that  of  tJie  original 
dynamometer  furnished  for  the  Purdue  University  plant.  Its 
capacity,  however,  is  about  four  times  as  great,  namely, 
I25,0001bs.*  Up  to  this  limit  it  will  measure  with  great 
accuracy  any  force  transmit  ted   t'()  it'   from  t  he  l()r"mol  i  、',' ■ 


Fig.  2.— Cboss  Section  of  Locomotivk  Testing  Plant. 

One  feature  of  special  interest  is  that  the  adjustment  of  the 
poise  weight  on  the  scale  beam  is  accomplished  automatically- 
This  has  permitted  (for  the  first  time  in  this  type  of  instru- 
ment) the  development  of  a  device  whereby  the  amount  of  the 
force  weighed  on  the  scale  is  autographically  recorded. 

The  capacity  of  this  instrument  is  about  15,0001bs.  in 
excess  of  the  greatest  tractive  effort  whicli  could  be  imposed 
upon  it  by  even  the  most  powerful  Mallet  locomotive  now  in 
existence.  The  plant  can  test  the  largest  of  these  Mallet 
engines  ；  and  at  the  same  time  all  the  equipment  and  the 
building  itself  have  sufficient  margin  in  size  and  capacity  to 
allow  for  a  very  considerable  increase  in  size,  weight,  and 
power  of  locomotives. 

Determining  Exhaust  Gases  and  Cinders. ―  In  providing  means 
for  disposing  of  the  exhaust  gases,  new  problems  were  pre- 
sented and  new  solutions  have  been  reached.  In  view  of  the 
importance  of  determining  accurately  the  total  fuel  lost  in  the 
exhaust  gases,  it  was  decided  to  try  to  incorporate  some  means 
for  entrapping  all  of  the  solid  matter  contained  in  the  gases 
passing  from  the  smoke  stack .  This  purpose  has  been  served 
previously  by  collecting  in  a  sampling  tube  the  solid  matter 
which  passes  a  small  section  of  the  exhaust-gas  stream,  and 
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DETERMINATION  OF  MOISTURE  IN  COAL 

At  a  meeting  of  the  Institution  of  Mining  and  Metallurgy 
held  on  May  22nd,  Mr.  P.  L.  Teed,  in  a  paper  on  "The 
Determination  of  Water  in  Coal,"  pointed  out  tliai  in  1  he 
simple  drying  method  universally  employed  for  determining 
the  percentage  of  moisture  in  a  fuel,  reactions  other  t  han  t  lie 
simple  volatilisation  of  the  water  take  place,  which  may 
materially  affect  the  accuracy  of  the  result',  and  (les<"'U,''(l 
an  accurate  and  rapid  though  more  complex  process  for 
determining  the  percentage  of  moisture  in  i'u''l. 

The  method  universally  employed  is  that  of  taking  a 
weighed  quantity  of  80-mesh  coal,  drying  the  same  in  a 
steam  oven,  and  recording  the  loss  in  weight,  but  sources  of 
inaccuracy  exist  due  to  the  following  reactions  ：  (a)  Oxidation 
of  pyrites  making  the  result  too  low  ；  (/>)  volatilisation  of 
matter  contained  in  the  coal  making  the  result  too  high  ；  and 
(r)  oxidation  of  the  coal  itself  making  the  result  too  high. 

The  following  method  has  been  evolved  :  The  apparatus 
illustrated  herewith  consists  of  a  100-cc.  pressure  ftask,  a 
" U  "  tube  of  about  Mn.  bore,  and  a  sulphuric-acid  drying 
tube,  all  of  which  must  be  capable  of  withstanding  atmo- 
spheric pressure  ；  besides  these,  sound  rubber  corks  and  some 
form  of  vacuum  pump  are  necessary.  With  regard  to  the 
latter,  the  Sprengel  water  vacuum  pump  worked  off  the  main 
supply  has  been  found  to  give  a  reduction  in  pressure  equal 
to  about  725  mm.,  and  to  be  in  every  way  satisfactory. 

The  employment  of  the  apparatus  is  as  follows :  In  the 
dry  weighed  flask  a  quantity  of  the  finely  divided  coal 
(80-mesh)  is  placed,  and  the  weight  of  the  same  determined 
by  difference  ；  this  flask  is  connected  to  the  weighed  "  U  ，， 


Apparatus  for  Determining  Moisture  in  Coal. 


tube,  whose  limb  nearest  the  flask  is  filled  with  lump  quick- 
lime, while  that  more  remote  is  filled  with  finely-ground 
quicklime  ；  this  "  U  "  tube  is  connected  to  the  sulphuric  arid 
drying  tube,  which  is  itself  joined  up  to  the  Sprengel  pump 
with  an  intervening  tap.  The  pump  is  started  and  a  vacuum 
gradually  created  (the  speed  of  the  outcomiug  gas  being 
shown  by  the  bubbles  in  the  sulphuric  acid  drying  tube) ； 
the  flow  of  water  through  the  pump  is  gradually  increased, 
until  a  vacuum  of  about  700  mm.  is  created  ；  then  boiling 
water  is  poured  into  the  beaker  in  which  the  flask  containing 
the  coal  is  standing,  while  to  the  beaker  in  which  the  lime 
tube  is  situated  a  boiling  aqueous  solution  of  either  sodium 
chloride  or  calcium  chloride  is  added,  care  being  taken  that 
the  corks  of  the  tube  are  not  wetted  with  the  solution. 

The  reactions  taking  place  are  as  follows :  Under  the 
reduction  of  pressure  and  at  a  temperature  of  the  boiling 
water  surrounding  the  flask  containing  the  coal,  the  watoi'  in 
the  coal,  together  with  volatile  matter  varying  with  the 
nature  of  the  coal,  distils  off  and  passes  into  the  lime  tube, 
where,  in  accordance  with  the  following  equation — 

CaO  +  H20  =  (Ca，OH)" 
the  water  originally  in  the  coal  is  chemically  retained,  while 
the  other  volatile  matter  from  the  coal,  owing  to  the  absence 
of  any  chemical  affinity  for  the  lime,  and  the  higher  tem- 
perature of  the  lime  tube  (due  to  its  being  surrounded  by  a 
boiling  aqueous  solution  of  sodium  chloride  or  calcium  clilo- 
ride),  passes  through  to  the  sulphuric  acid  drying  tube,  where 
some  of  it  is  retained,  discolouring  the  sulphuric  acid,  while 
other  portions  pass  through  to  the  pump. 

At  the  end  of  about  half  an  hour,  the  whole  of  the  water 
having  passed  from  the  coal  to  the  lime  tube,  the  tap  adjoin- 
ing the  vacuum  pump  is  turned  off,  the  beaker  of  boiling 
water  surrounding  the  coal  flask  is  removed,  and   the  air 


gradually  let  back  through  the  sulphuric  acid  drying  tube 
into  the  apparatus  ；  then  the  apparatus  is  taken  to  piece3, 
the  lime  tube  washed,  wiped,  placed  in  a  desiccator  to  cool, 
then  weighed,  the  increase  in  weight  noted  (this  increase  is 
solely  due  to  water  from  the  coal)  and  the  percentage  of 
water  in  tlie  coal  calculated. 

In  the  new  method  the  two  errors  due  to  oxidation  no 
longer  exist,  because  the  water  is  distilled  from  the  coal  in  the 
absence  of  air,  and  consequently  no  oxidation  can  take  place  ； 
with  regard  to  the  error  due  to  volatilisation  of  matter  in  the 
coal,  something  more  must  be  said,  for  the  volatilisation  still 
takes  place,  but  since  the  temperature  of  the  quicklime  tube 
is  higher  than  tlie  coal  itself,  no  condensation  can  take  place 
in  this  tube  unless  chemical  action  takes  place. 

When  determining  the  percentage  of  moisture  in  an  an- 
thracite, it  was  found  that  the  increase  in  weight  of  tlie  dry- 
ing tube  was  greater  than  the  loss  in  weight  of  the  anthracite 
in  the  coal  flask,  by  an  amount  far  greater  than  would  be 
accounted  for  by  the  fact  that  the  aqueous  vapour  in  the  air 
originally  in  the  apparatus  would  be  absorbed  by  the  drying 
tube  ；  naturally  it  was  at  first  supposed  that  there  must  be 
some  leak  in  the  apparatus  between  the  coal  flask  and  the 
drying  tube,  but  this,  on  performing  a  blank  experiment,  was 
not  found  to  be  the  case.  The  experiment  was  repeated,  using 
anthracite  in  the  coal  flask,  and  it  was  found  that  while  the 
increase  in  weight  of  the  drying  tube  was  equal  to  2  78  per 
cent,  of  the  anthracite  employed,  the  decrease  in  the  weight 
of  the  anthracite  in  the  flask  was  equal  to  2*52  per  cent.  This 
curious  fact  having  been  undoubtedly  established,  the  autlior 
sought  for  some  explanation  of  it,  and  could  but  conclude  that 
when  the  water  left  the  coal  under  the  influence  of  the  re- 
duced pressure  and  heat,  it  left  it  in  the  physical  condition 
of  charcoal,  capable,  like  charcoal,  of  absorbing  many  times  its 
own  volume  of  gas. 


THE  SEASON-CRACKING  OF  BRASS. 

The  season-cracking  of  brass  is  far  more  prevalent  than  the 
majority  of  people  believe.  It  is  not  difficult  to  find  good 
examples  of  it,  although  the  majority  of  people  are  quite 
unfamiliar  with  the  appearance  or  the  fact  that  there  is  any 
such  plienonienon.  It  is  one  of  the  "  diseases  '  of  brass  and  is 
not  a  new  ailment,  but  has  been  in  existence  ever  since  objects 
have  been  made  of  brass  sheet. 

The  season-cracking  of  brass,  so  far  as  known,  occurs  only 
on  brass  or  other  alloy  that  has  had  some  work  clone  upon  it. 
The  metal  must  have  been  rolled,  drawn,  spun,  or  treated  bv 
some  other  mechanical  process.  Tlie  cast  metal  which  has  not 
been  worked  at  all,  is  apparently  free  from  it.  It  is  sheet 
brass  articles  that  give  the  most  trouble,  perhaps,  because  tliey 
are  more  extensive  than  other  forms  of  this  metal,  and  it  is 
on  such  articles  that  season-cracks  may  be  found  more  than  on 
any  other  form  of  brass. 

Brass  is  not  the  only  copper  alloy  whicli  season-cracks,  as 
the  tin  bronzes  and  aluminium  bronzes  are  likewise  subject  to 
it.  The  yellow  brasses,  】iowever，  are  the  ones  which  are 
subject  to  it  the  most  and  this  alloy  seems  to  be  more  apt  to 
crack  under  the  rig] it  conditions  than  any  other  copper  alloy. 
The  fact  tliat  other  copper  alloys  are  subject  to  season-cracking 
indicates  that  the  phenomenon  is  a  physical  and  not  a 
chemical  one. 

It  is  believed  that  the  chemical  composition  of  the  brass 
or  other  alloy  is  not  in  any  way  responsible  for  its  season - 
cracking,  but  that  the  whole  question  resolves  itself  into  a 
matter  of  influences  beyond  the  mixture  itself.  Tt  may  be 
outside  influences,  or  it  may  be  strains  in  the  metal.  Tn  the 
majority  of  instances  strains  are  the  cause  of  the  cracking  but 
ammonia  and  other  chemicals  evolving  it  will  produce  it. 

Season-cracks  in  metals  are  those  which  form  after  the 
article  has  been  in  use  for  some  time  or  "  seasoned.  '  The 
cracks  form  spontaneously  without  any  apparent  reason  and 
this  vei'y  fact  renders  the  phenomenon  so  mysterious  and  per- 
plexing. It  has  often  been  said  that  season-cracks  are  tlie 
most  exasperating  and  perplexing  of  all  the  ills  to  which  brass 
is  subject,  for  the  reason  that  they  occur  without  any  apparent 
cause  and  after  the  brass  lias  been  in  use  for  some  time.  Were 
it  to  occur  right  away  after  the  goods  had  been  made,  the 
matter  would  not  be  as  bad,  but  to  take  place  after  tliey  have 
been  in  use  and  no  outside  influence  brought  to  bear  on  tlie 
brass,  renders  the  subject  more  perplexing  and  mysterious  to 
the  user. 
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When  sea.soii-ci'iu^kin^  lias  found  on  ；'  l)i  ;iss  arl  irle, 

the  owner  may  take  i(  kirk  to  the  dealer  from  wlioin  I"'  Ixmi^IiI 
it,  who  in  turn  sends  it  lo  the  tnaimCaci  urfM'  tor  ； i  n  m;i 
lion.  Tlie  maker,  of  course,  brings  the  mai  ler  to  I  he  atten- 
tion of  the  brass  rolling  mill  which  iurncd  oul  i  lie  l)r;i.ss  sln-cl 
or  other  form .  lie  frequeiiUy  Hi i"cat ens  to  hring  sail  a^;iinsl 
the  mill  for  damages  caused  by  tlie  cracking  of  the  hr;iss,  ； j ikJ 
it  seems  xuiquostioiied  Umt,  the  Fault  Hes  in  the  brass.  Tlir 
rolling  mill  proprietor  is  naturally  i)(，r! 山' and  lia r<ll v  k mows 
wliat  to  say  or  what-  to  do.  Here  is  Ihc  rase  his  brass  whidi 
cracked  optMi  and  the  evidence  is  against  him .  II(、  mav  ； id  just, 
the  matter  with  the  maker  of  t  he  goods  who  used  liis  l"':iss,  l>ut 
lie  should  not  have  done  so,  as  the  difliculty  is  one  for  which 
is  never  to  blame. 

Up  to  the  present  time,  our  knowledge  of  the  causes  (>l 
yeason-crat^king  indicates  that  there  are  two  wliicli  iiia v 
recognised  as  producing  it:  (1)  Strains  in  tlie  metal  of  which 
the  article  is  composed  ；     (2)  ammonia  or  com})ouiids  gene- 
rating it. 

The  first,  or  strains  in  the  metal  is,  by  far,  the  mnsl 
common  cause  and  it  is  the  one  that  is  responsible  for  nearly 
all  the  season-cracking  encountered.  Ammonia,  however,  will 
produce  it  and  is  often  the  cause  of  it. 

Strains  in  the  Metal.  ―  Cold-worked  metals  always  have 
.sli-aitis  in  them,  of  course,  and  if  these  strains  are 
uneven,  then  cracking  is  apt  to  result.  This  crack- 
ing may  result  immediately  or  after  a  time,  depending 
upon  conditions.  Fire-cracking  is  only  a  modification  of 
season-cracking  and  is  caused  by  the  strains  set  up  in  the  metal 
by  the  heat.  It  occurs,  for  example,  on  German-silver  sheet 
that,  has  not  been  "  broken-down  "  sufficiently,  or,  in  other 
words,  by  using  too  light  a  "  pinch  "  in  rolling  it.  The 
outside  is  worked  and  the  inside  is  not  to  any  extent.  The 
metal,  therefore,  when  annealed  has  iiiieveii  strains  set  up  in  it 
ami  cracks  result.  In  season-cracking,  too,  the  same  thing 
follows,  although  not  immediately.  There  are  uneven  strains 
in  the  metal  and  it  takes  time  for  them  to  act.  It  has  been 
found  that  drawn  metal  that  is  evenly  worked  will  not  season- 
crack  unless  by  means  of  ammonia. 

As  the  majority  of  season-cracking  is  caused  by  strains  in 
the  metal,  let  it  be  explained  how  this  can  happen.  It  will  be 
found  that  drawn  sheet  brass  shells  are  a  very  frequent  source 
of  this  difficulty.  The  shell  is  drawn  up  in  a  press  by  means 
of  a  punch  and  die.  The  relation  of  the  punch  to  the  die  may 
be  such  that  the  brass  sheet  is  drawn  more  on  one  portion 
than  the  other  and  results  in  an  uneven  strain  in  the  drawn 
shell.  This  presence  of  uneven  strains  is  the  cause  of  the 
season-cracking.  Strains  may  exist  in  the  drawn  shell ，  and  if 
they  are  uniform  no  harm  results  ；  but  if  they  are  uneven, 
then  season-cracking  may  follow. 

The  presence  of  the  uneven  strains  in  drawn  brass  shells  is 
the  common  source  of  season- cracks  and  nearly  always,  if  not 
entirely,  results  from  imperfect  die  work  in  the  press.  There 
are  two  methods,  one  might  say,  of  making  a  shell  in  a  press. 
One  is  by  the  simple  forming  by  means  of  the  punch  and  die, 
and  the  other  is  by  actually  drawing  the  shell  and  stretch  in 
the  metal.  It  is  the  forming  of  the  shell  and  not  stretching 
the  metal  that  is  the  dangerous  kind  of  press  work .  It  always 
results  in  an  uneven  strain  being  set  up  in  the  drawn  shell. 
If,  however,  the  shell  is  actually  stretched  and  the  metal 
worked  as  much  as  possible  in  the  press,  the  strains  produced 
are  even  and  season-cracking  is  not  apt  to  follow. 

Effect  of  Ammonia. ~  It  has  now  been  well  established  that 
ammonia  or  compounds  evolving  it  will  cause  brass  to  season- 
crack.  Impure  calcium  carbide,  such  as  now  sold  for  gene- 
rating acetylene  gas,  gives  off  ammonia  when  water  comes  in 
contact  with  it  and  at  the  same  time  that  tlie  acetylene  gas  is 
generated.  This  is  the  cause  of  the  season-cracking  of 
acetylene  generators.  It  is  not  difficult  to  find  very  many 
instances  of  these  acetylene  generators  which  have  cracked, 
and  it  is  believed  that  the  ammonia  generated  from  the  calcium 
carbide  is  the  cause.  Ammonia  gas  will  also  cause  brass  to 
season-crack,  and  compounds  which  generate  ammonia  upon 
standing  likewise  produce  it.  One  of  the  frequent  causes  of 
the  cracking  is  the  excretions  of  animals  (whicli,  of  course, 
generate  animonia).  When  tliey  couie  in  rontact  with  t lie 
brass,  season-cracking  will  usually  result.  Many  cases  of  tins 
kind  are  on  record  in  which  animal  excretions  have  been  tlu* 
cause  of  the  season-cracking  of  brass.  Why  cininionia  shoul<l 
cause  it  is  unknown,  and  it  is  one  of  the  mysteries  of  season- 
cracking.      It  may  be  said  that  crystallisation  and  season- 


cracking,  in  the  case  of  brass,  seem  to  be  the  same  as  tlie 
； i])|)(';ir;inc*>  of  (he  t'nirUir"  is  tlie  same  in  each  case.  Win  n 
brass  season-cracks,  the  fractu  re  is  always  coarse  aiul 
crystalline. 

Summary.  ― The  various  f-auscs  ol  I  In*  soasoii-crackiiig  of 
brass  may  bo  Hiniirned  u【） as  follows  ： ― 

(1)  Til  at  the  (:lit'mi('al  coiii|iosition  of  t  In;  brass  lias  no 山 r''  t 
l)cariiig  on  t lie  season-cracking. 

(2)  Tliat  uneven  strains  are  t  he  usual  cause  mid  t  h''v 
are  produced  l>y  imperfect  press  work  on         hrass  article. 

(3)  That  all  copper  alloys  are  subject  to  it. 

(4)  That  ammonia  or  any  compound  evolving  animotiia 
upon  decomposition  will  produce  it. 

(5)  That  season-cracks  are  more  apt  to  appear  in  yellow 
brass  than  in  any  oilier  (topper  alloy. 

(6)  That  the  brass  rolling  mill  is  rarely  at  fault  for  the 
season-cracks  and  the  maker  of  Hie  brass  article  in  tlio  j'r' 

is  the  oihj  who  should  be  blamed,  except  in  the  case  of 
ammonia  wlien,  of  course,  the  user  of  the  brass  arti'  le  is 
responsible. 

In  conclusion,  let  it  be  said  that  the  principal  cause  of 
season-cracking  is  imperfect  die  work,  so  thai  internal  and 
uneven  strains  are  set  up  in  the  article  itself.  As  one  expert 
manufacturer  of  brass  goods  lias  expressed  it  ，  t  he  lir;iss  .should 
be  "  stretched  "  in  the  drawing  operation  mxi  not  merely 
" ironed  out  "  or  formed.  He  states  that  before  this  was 
known,  many  barrels  of  drawn  hrass  shells  were  made  by 
simple  (i  forming,"  so  to  speak,  and  t  hev  all  season  crarkfj 
within  a  few  days  on  standing  in  the  barrels  after  niakin 乂 
The  dies  were  then  made  over,  so  tliat  1  lie  metal  wa.s  st  r"t'  li'-'j 
in  the  press  operation  and  no  season-cracking  of  the  shells 
followed. — "The  Brass  World/' 


THE  LATE  DR.  J.  T.  NICOLSON. 

It  is  with  deep  regret  we  have  to  announce  the  cleat  ii.  ； it  ln> 
residence  at  Macclesfield,  on  Tuesday  last,  of  Dr.  .1  T 
Nicolson,  Professor  of  Mechanical  Engineering  in  the  Mmii 
chester  University.  He  suffered  a  serious  breakdown  in 
health  some  12  months  ago  and  it  was  hoped  that  a  length v 
holiday  would  restore  it.  He  did  recuperate  sufficiently  to 
resume  his  duties  to  some  extent,  but  it  was  evident  to  his 
friends  that  he  was  seriously  stricken,  though  few  expected  the 
end  so  suddenly  and  so  soon.  Dr.  Nicolson  commenced  liis 
engineering  career  in  some  engineering  shops  on  the  Tvneside 
and  then  went  to  the  Edinburgh  University,  where  he  took  his 
degree  of  Doctor  of  Science.  Subsequently  lie  studied  at 
Munich,  and  afterwards  received  a  teaching  appointment  at 
Cambridge  University.  This  he  relinquished  to  take  up  a 
lectureship  in  the  McGill  University,  Montreal.  I  n  卜： M),  at 
the  request  of  tlie  aut  lioi'ities  of  t  lie  Manchester  School  r»] 
Technology,  he  was  appointed  Professor  of  Mechanical  Engi- 
neering, and  it  was  in  connection  with  this  position  tliat  he 
will  probably  be  best  known  to  many  of  our  readers.  As  first 
professor  he  was  responsible  for  the  design  of  the  magnificent 
laboratories  with  which  this  well-known  institution ― now  a 
component  part  of  the  Manchester  University — is  equipped. 
During  the  last  year  or  so  of  his  life  he  was  deeply  interest*  *! 
in  the  special  development  of  this  laboratory  for  research 
work  in  connection  with  internal-combustion  engineering,  aii'l 
made  some  extensive  enquiries  on  the  Continent,  chiefly  in 
Germany,  with  this  object.  He  strongly  urged  that  Man- 
chester should  be  made  the  centre  of  research  work  in  this 
particular  field,  and  it  may  be  added  that  preparations  for  a 
new  laboratory  for  this  purpose  are  in  a'  ti\、>  progress. 

The  first  work  which  brought  Dr.  Nicolson's  name  before 
the  engineering  profession  was  a  joint  investigation  conducted 
by  him  and  Prof.  H.  L.  Callender  on  cylinder  condensation, 
and  which  was  embodied  in  a  paper  contributed  to  the  Institu- 
tion of  Civil  Engineers.  There  was  a  considerable  difTereiu  e 
of  opinion  as  to  the  actual  physical  changes  which  took  place 
in  the  steam  admitted  to  the  cvliiuler  and  of  the  precise  way 
in  which  a  certain  portion  of  t lie  lieat  passed  to  t he  ('，、iKlt、，i"'r, 
but  it  was  generally  assumed  tliat  it  was  coiul*Mised  in  t lie  lirst 
instance  on  the  cool  walls  of  the  cylinder.  The  research  is  a 
classical  one,  and  exci^d  universal  admiration  for  the  |»aiii>- 
taking  care  with  wlucli  the  details  of  the  investigation  were 
worked  out.    The  authors  claimed  to  have  proved  by  their 
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exhaustive  experiments  that  only  a  portion  of  the  missing 
steam  was  condensed  on  the  cylinder  walls  and  that  much  of 
it  leaked  past  the  valves  direct  to  the  condenser  without  doing 
useful  work.  Although  this  conclusion  is  not  universally 
accepted,  it  is  generally  agreed  that  serious  leakage  may  occur 
in  this  way,  and  the  attention  given  to  the  fact  has  no  doubt 
contributed  largely  to  improved  steam-engine  economy. 

A  few  years  ago  it  may  be  remembered  that  the  question 
of  high-speed  cutting  tools  came  prominently  forward  in  con- 
nection with  the  demonstrations  of  the  American  engineers, 
Messrs.  Taylor  and  White,  of  the  extraordinary  performances 
possible  with  their  special  steel,  which  formed  such  a 
prominent  feature  at  the  last  Paris  Exhibition.  The  secret 
of  the  composition  of  the  steel  was  revealed  by  their  patent, 
but  there  was  a  complete  absence  of  reliable  data  necessary  for 
the  practical  design  of  machine  tools  capable  of  using  it.  The 
u  Verein  Deutsche  Ingenieure  '7  made  a  series  of  experiments 
in  1901  which  threw  some  light  on  the  subject,  but  it  is  to  the 
classical  investigations  of  Prof.  Nicolson，  commenced  in  the 
following  year  at  the  Manchester  School  of  Technology  under 
the  auspices  of  the  Manchester  Association  of  Engineers,  that 
engineers  are  indebted  for  the  detailed  information  which  they 
now  possess.  These  were  embodied  in  a  paper  presented  to 
that  association,  and  their  practical  bearing  on  the  design  of 
lathes  was  subsequently  published  in  a  joint  work  by  him  and 
Mr.  D.  Smith. 

About  six  years  ago  Dr.  Nicolson  created  somewhat  of  a 
sensation  in  boiler  engineering  circles  by  bringing  into 
prominence  a  principle  first  enunciated  by  the  late  Prof. 
Osborne  Reynolds  regarding  the  question  of  heat  transmission 
between  the  furnace  gases  and  the  water  inside  the  boiler. 
Without  going  into  details,  it  may  be  stated  that  Reynolds 
showed  that  the  rate  of  transmission  after  a  certain  velocity 
was  reached  was  proportional  to  the  velocity.  Practical  con- 
siderations in  respect  to  access  and  inspection  had,  however, 
deterred  boiler  designers  and  makers  from  applying  this 
principle  in  actual  work,  and,  in  the  opinion  of  Dr.  Nicolson, 
wedded  them  to  conservative  forms  and  prevented  them  from 
realising  the  economy  which  was  available.  To  demonstrate 
his  views  he  constructed  several  experimental  boilers  and  made 
a  series  of  tests  which  fully  corroborated  what  he  described  as 
Reynolds'  law.  The  records  of  these  tests  and  his 
opinions  with  respect  to  them  led  to  a  good  deal 
of  discussion,  though  the  practical  difficulties  in  the 
way  of  applying  Reynolds7  law  have  up  to  the  present 
proved  too  serious  to  induce  boilermakers  to  depart  from  estab- 
lished designs,  though  the  future  may  perhaps  reveal  some  way 
of  surmounting  them .  Everyone,  however,  testifies  to  the 
originality  and  courage  of  Dr.  Nicolson  in  demonstrating  his 
ideas,  and  the  engineering  profession,  as— well  as  the  Man- 
chester University,  is  the  poorer  for  his  loss. 


Strike  of  Staffordshire  Tubcmakers. —— During  the  gast  few  days 
the  strike  of  operators  engaged  in  the  tube  trade  at  Walsall  and 
Wednesbury  has  extended  until  now  there  are  some  6,000  men 
out.  At  Wednesbury  twelve  works  are  shut  down  employing 
4,500  hands,  and  at  Walsall  four  works  employing  2,000.  The 
men  are  striking  for  a  23s.  minimum,  and  10  per  cent,  increase 
to  piece  workers. 

Launch  of  the  Cruiser  "  Birmingham.1' ― There  was  recently 
launched  from  tb©  Elswick  Yard  of  Messrs.  Armstrong, 
Whitworth,  &  Co'.，  Ltd.,  the  light  cruiser  "  Birmingham/' 
built  for  the  British  Navy.  She  is  the  third  vessel  of  hear 
type  to  be  launched  from  bhe>  Elswick  yard.  The  "  New- 
castle " was  the  first  of  the  Town  or  City  type  of  cruiser  ；  she 
was  launched  in  1910，  and  in  the  following  year  the  "Wey- 
mouth " was  built.  The  "  Birmingham  ，，  is  the  largest  of  the 
three.  She  is  430ft.  long,  with  a  beam  of  50ft. ，  and  a  draught 
of  about  16ft.  Her  displacement  tonnage  is  54,400.  She  is 
fitted  with  Parsons  turbines,  giving  her  25,000  h.p.,  and  a 
speed  of  at  least  26  knots.  The  "  Birmingham's  "  armament 
consists  of  nine  Gin.  quick-firing  guns  of  the  latest  pattern. 
There  will  be  numerous  other  smaller  guns,  and  a  full  torpedo 
equipment,  including  two  21in.  submerged  tubes.  Along  the 
water-line  runs  a  3in.  belt  of  armour.  The'  vital  parts  of  the 
ship,  such  as  th-e  boilers,  powder  magazines,  and  engine®,  will 
be  protected  by  a  2in.  steel  deck.  Her  cost  is  put  at 
■£351,415，  the  cost  of  her  guns  alone  being  estimated  at  over 
£20,000. 


INDUSTRIAL  AND  TRADE  NOTES. 

Closing  of  a  Scottish  Ironworks. ― On  Friday  ni'n  jiing  last  w  wk 
oi^erations  ceased  at  the  Clifton  Ironworks,  Coatbridge,.  Ijclon^in" 
to  the  Scottish  Iron  and  Steel  Company,  and  a.s  a  result  tullv 
300  men  have  been  throw n  idle.  Xo  definite  iniormatioii  \\  as 
given  to  the  men  as  to  when  the  works  would  be  restarted,  but 
owing  to  the  apparent  scarcity  of  orders  among  the  works  ； is'so- 
ciatod  with  the  above  firm,  it  is  feared  that  the  Clifton  Works 
may  be  closed  down  for  an  indefinite  period.  The  Clifton  is  the 
second  works  which  has  been  clo&ed. 

Mine  Inspection  Changes. ― On  the  retirement,  at  the  ond  oi  this 
month,  of  Mr.  J.  D.  Atkinson,  his  Majesty's  inspector  of  mines, 
the  present  Newcastle  and  Durham  mines  inspection  districts  "ill 
be  amalgamated  to  form  the  northern  mines  inspection  division. 
Mr.  J.  R.  R.  Wilson ?  inspector  now  in  charge  of  the  Liverpool 
and  North  Wales  district,  has  been  appointed  to  be  divisional 
inspector  in  charge  of  the  new  division  ；  and  Mr.  A.  D.  Nicholson, 
now  in  charge  of  the  Durham  district,  has  been  appointed  to  take 
charge  of  the  Liverpool  and  North  Wales  district,  in  place  of 
Mr.  Wilson. 

The  Rating  of  Watches. ― J  n  the  report  for  the  past  year  oi  th' 
National  Physical  丁 jalioratory,  reference  is  made  to  the  rating  of 
watches.  This  interesting  work  was  previously  carried  on  at 
Kew，  but  was  transferred  to  Teddington  in  November  last.  Accord- 
ing to  the  report  the  number  of  watches  entered  tor  test  was 
47»'i.  The  liumU'r  reaching  tlit' dass  A  "  especially  good  ，，  standard 
was  87，  and  24  obtained  90  marks  or  more  out  of  a  possible  100. 
Out  of  the  24  watches  only  two  were  by  London  makers,  the 
majority  coming  from  Geneva.  The  first  place  was  taken  b.y  a 
keyless,  double-roller,  going-barrel,  bar-movement,  lever  watch 
with  Guillaume  balance  sent  by  Paul  Ditisheim,  La  Chaux-de- 
Fonds.  This  watch  obtained  the  remarkable  total  of  96*1  marks, 
or  1*2  marks  more  than  were  awarded  to  a  watcli  submitted  by 
the  same  maker  in  1903，  which  has  hitherto  held  the  record. 

Proposed  Egyptian  Hydro-Electric  Power  Plant.  ―  The  Egj'ptian 
Government  is，  we  learn,  considering  the  development  on  a  large 
scale  of  the  power  at  present  running  to  waste  through  the  Assuan 
Dam.  The  scheme  under  consideration  provides  that  the  pr>w ci 
afforded  by  the  head  of  water  maintained  in  the  dam  should  We 
utilised  to  drive  turbines,  which  in  turn  would  enable  dynamos 
to  develop  electric  power.  The  amount  of  power  thus  afforded 
would  be  immense,  but  it  is  stated  that  the  Government  、、ill 
probably  only  set  up  a  comparatively  small  installation  in  the 
first  instance,  as  a  scheme  so  large  as  to  take  advantage  of  all  the 
water  passing  through  the  dam  would  naturally  require  the  ex- 
penditure of  a  very  large  capital  sum  of  money.  The  electrical 
power  thus  obtained  will  be  utilised  by  the  Government  in  the 
manufacture  of  chemical  manure,  in  a  similar  manner  to  the 
processes  adopted  in  Norway. 

The  Shipbuilding  Ballot. ― There  is  every  .prospect  of  a  nation;il 
shipyard  strike,  judging  from  the  results  of  the  ballot  retu rns. 
These  show  that  the  strike  majority  in  the  large  unions  is  now 
so  heavy  that  the  figures  of  all  the  other  unions  put  to^Uii'i' 
will  be  powerless  to  prevent  a  strike  majority  when  the  votes  are 
pooled.  Even  more  ominous  than  this  news  is  the  information 
that  the  metal-working  trades,  which,  with  the  exception  of  the 
boilermakers  and  blacksmiths,  were  standing  aloof  from  the  agita- 
tion, are  now  falling  into  line,  and  negotiations  will  be  opened 
up  with  a  view  to  promoting  joint  action  between  all  the  unions 
concerned  in  the  shipbuilding  industry.  The  metal- working 
section  of  the  industry  will  concentrate  on  the  eight  hours  day 
demand  rather  than  an  wages.  The  only  hopeful  feature  of  the 
situation  is  that  the  combined  unions  will  ask  the  employers  for 
another  conference  before  putting  the  strike  mandate  into  opera- 
tion. 

Cost  of  Producing  Steel  and  Pig  Iron  in  the  United  States. 一  Mr.  J.  A. 

Farrellj  president  of  the  United  States  Steel  Corporation,  giving 
evidence  in  the  suit  by  the  Government  for  the  dissolution  of  the 
corporation,  stated  that  the  cost  of  steel  production  in  America 
was  greater  than  in  European  countries.  The  wages  paid  abroad 
were  37  to  38  per  cent,  less  than  those  i>aid  in  America,  wliilo 
freight  rates  were  lower  and  shipping  facilities  better.  M  r. 
Farrell  stated  that  pig  iron  could  be  maimfactiired  in  India  and 
laid  clown  in  Calcutta  at  23s.  4d.  per  ton.  There  was  now  under 
way  from  Calcutta  to  San  Francisco  tho  first  cargo  of  Indian 
pig  iron  ever  brought  into  tlio  Unitod  States.  The  freight  rate 
was  22s.  lid.  per  ton.  :m<l  under  tho  now  tariff  tho  duty  would 
ho  5Ul.  per  ton.  Thus  this  pi<£  iron  could  l>o  laid  down  in  S;ni 
Francisco  at  a  cost  of  about  47s.  lid.  per  ton.  a nd  Chinese  pig 
iron  could  be  similarlv  -supplied  at  44s.  lid.  per  ton,  while  the 
present  market  price  of  pig  iron  on  the  Pacific  coa^t  was  89s.  7d. 

The  Trade  of  India. ― A  return  has  r^vently  1>tHM\  i、mu'、1  ironi 
the  India  Office  slunving  the  total  exports  from  India  to  each  of 
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the  |)riiici|>;il  countries  of  till"  workl.  ;md  tlic  lot;il  inipoits  tn>ni 
tli,'  'same  places  for  tho  ■、' (、； ir  1911  12.  The  total  exports  ior 
year  amounted  to  £158,908,091,  of  which  £70,604,753  went  to  the 
United  Kingdom  and  British  possessions,  and  USK,;j( YA,:Y.\x  to 
foreign  countries.  The  United  Kingdom  is  l>v  inv  the  l"'st  cms 
toincr  of  Tiulia,  tho  exports  to  this  country  totalling  L  l"2,:i;tl  ,7'h;. 
while  those  to  Germany,  the  next  l"'st  cusIoiiht,  、、'("•<'  oi  the  total 
value  of  only  l;l.—>，105,"5(i.  Japan  is  tin-  tliird  l"、st  (  'isto"""',  tli<> 
cx]>orts  to  that  counirv  amounting  to  €1  \,\(>：1：2()4  :  and  ihr  r"U,'(l 
Stnt.vs  ;uv  tourtli  u  itli  exports  to  tho  valu.-  of  1：  1 0. 1  I  I  Tln- 
t«>t;tl  imports. for  11)11  12  amounted  to  £131,684,190.  Hy  far  tl"' 
jj;icater  proportion  of  tin*  imports  came  i'rom  the  I'nitcd  K  i 
doiii  and  British  possessions,  the  total  In-ing  €0r),07H. !()(>,  and  o 1 1 1 \ 
£:r>.7()(),()H4  ('； un»>  I'rom  imviyi  rmmtr">s.  Tho  slnirc  of  the 
Unitod  Kingdom  in  tho  imports  w jis  £7f),770.8(Jl . 

Walsall  Electricity  Undertaking  ~ rrho  roport  of  Mr.  K.  M.  1"",'.、， 
who  u  as  called  in  l»y  Walsall  T(>、、  ii  C'onncil  to  report  upon  tlu*ir 
electricity  undertaking,  has  just  been  issued.  In  a  .summ;i  r  y 
M  ]'.  Ijacev  cxprt'sst'd  re<j;i  ot  that  ho  li;i<l  1hi(mi  imahlo  to  frame  ;i 
scIhmih1  to  afford  a  roasoii;i  lilo  prospect  of  tlio  rxisting  j)ow  or 
station  an<l  system  so  iar  iiuxh'tn iscd  ； m  1  hroii^lit   up  to 

elate  as  to  secure  (M'ononii(':il  |>r<)dii('timi.  He  、v:is  s;itis(i<'d  t t 
the  only  way  to  make  tho  elect  ricity  uiHi(irt;ikiii^  a  ('("mm'rcia I 
success,  and  to  provide  power  users  with  ;i  "heap  and  (kffici<M»t 
sti])ply  of  oloctricitv,  would  Ix*  to  ioi  tliw  itli  iiiitiiitc  :  n(l  push  ior 
ward  a  scheme  for  a  i"、、v  and  pfticicnt  po\\ cr  station  ;i n<I  sv -、 t*  m 
of  supply.  The  only  way  to  provid(、  for  the  future  <h'm;m'l  in 
Walsall  would  be  to  erect  a  power  station  of  sonic  ； i.OOO  1、、、  . 
c;i])acity.  An  estimate  of  tlie  cost  fixes  tho  total  ('xpeiuliture 
w  liicli  would  l>e  involved  at  ahout  £3S,()()0,  but  it  is  pointed  out 
that,  in  addition,  the  Corporation  would  have  to  u  scrap"  tho 
existing  direct  curront  plant,  Avhich  、v()ul'l  represent  writing  oft' 
capital  to  the  amount  of  over  £34,000.  Th(、  roport  will  come 
before  the  Council  at  tlioir  next  mooting. 

Reinforced  Concrete  in  Mines. ― In  the  cour.so  oi'  a  paper  mid 
before  the  Concrete  Institute,  Prof.  S. 丄、 I.  Dixon  said  that  rein- 
forced coiKictt^  was  at  present  very  little  eniploytMl  iindor 
ground,  but  its  use  was  growing  ；  it  was  becoming  general  for 
pit-head  works,  such  as  hunkers  and  hoppers,  and  in  u  1V\v  mines 
in  Great  Britain  it  was  used  on  a  large  scale  below  ground,  some  of 
the  principal  pits  being  Baggeridge,  near  Dudley  ；  Sneyd,  nea r 
Stoke-on-Trent  ；  and  Tunnel  Pit,  Hauncbford,  near  Nuneaton.  The 
ingenious  methods  of  using  timl)er  had  been  so  successful  in  the 
past  that  it  might  need  a  good  deal  of  argument  to  convince  the 
mining  engineer  generally  that  even  in  £yome  cases  a  comparatively 
new  material  like  reinforced  concrete  might  be  an  economic  and 
useful  substitute.  To  the  miner  the  use  of  timber  was  now  in 
stinctive,  and  the  many  changes  in  liis  work,  necessitated  !)>•  tlic 
adoption  of  concrete  and  reinforced  concrete,,  seemed  irksome 
to  the  greatest  degree.  The  engineer  was  also  to  blame  in  some 
cas(\s  because,  without  studying  the  special  conditions,  he  merely 
aimed  at  substituting  one  material  for  another,  which,  owing  to 
years  of  experience,  was  being  used  in  the  forms  to  which  it  was 
most  adapted. 

A  New  Design  of  Testing  Machine  for  Metals. ~  A  demonstration  was 
given  on  Friday  last  week  in  the  laboratories  of  Messrs.  Jonas 
an<l  Colver,  Ltd.,  Sheffield,  on  the  possibility  of  showing  iu  cine- 
matograph form  the  crystalline  changes  that  take  place  during 
the  pulling  of  a  test  piece  in  the  testing  machine.  The  testing 
machine  used  has  been  designed  and  patented  by  Mr.  B.  W. 
Winder,  M.I.Mech.E -，  and  consists  of  a  specially  oonstructtKl 
machine,  to  which  a  microscope  is  fixed,  connected  with  a  camera, 
so  that  not  only  can  the  whole  oi  the  changes  that 
take  place  be  noted,  but  photographs  can  be  taken  at 
any  time  during  the  process.  The  microscope,  which 
is  a  specially  constructed  one,  however,  can  easily  be 
afl&xod  to  any  ordinary  testing  machine.  The  machine  is 
worked  liydranlically,  the  readings  being  taken  on  a  pressure 
gauge.  The  hydraulic  power  is  derived  from  a  new  system  of 
accumulator  worked  by  a  hand  pump.  The  whole  apparatus,  in 
eluding  the  pump,  testing  machine,  and  accumulator,  tuv  "11  on 
a  small  bench,  6ft.  by  3ft.,  and  although  the  machine  itself  is 
only  a  little  over  lft.  long,  a  te&t  piece  requiring  2o  tons  to  ru]> 
ture  can  be  broken  with  the  greatest  i':t、t' 


power  is  snpplic<l  l,v  two  s'.ts  <>\  ti  ij'l''  expansion  Mir);irc 
(lcnsiii^  on^incs.  Steam  is  wi"'rat"'l  I'.v  i«iur  l;w  mii^Ii*  «'iidrfl 
horizontal  miiliitiil>ular  boilers  foii.stru<tf'!  ior  a  w orkin^  j,n'、 
sure  of  lB()ll>s.  The  pumping  outfit.  pla<  "  1  forw  ； u<l  o!  tin-  hn\t\i*-t 
in  a m  indcpiMidt'iit  cn^i im*  room,  consists  oi  w，t 
oi'     triple   x])ansioii  w  itli     in(l''p''i"l<'iit  rondfiihin^ 

plant  and  oirculatiii^  pumps.  < oinjiletc  u  itli  m'"l'  ni  fittiiigh. 
Tho  pump  engines  ； m'  <ouplwl  ,liiv,  t  to  a  (i*iitrif H^al  fsand  pump 
specially  <l"sigi"»(l  to  raise  and  dischai  ^i*  al>ont  ."),IHH)  Ums  oi  、m'l 
and  silt  per  hour.  The  pump  is  "»m"'<twl  to  a  Miction  pip«* 
placed  in  a  wo II  ;ii  tl"'  "m'  (  ixl  o\  tin-  \  css.-l  Tlit-  su<-tioii 
this  pipo  is  fitted  with  a  specially  no/zl^  to  suit  tin* 

character  of  tlio  maioiial  to  l>o  <lr«'(lu<-cl  Tli"  Kiiction  pipe  i、 
(oiiti'olled  l,、  a  s  tea  in  winch  placwl  mi  tin*  (1,'ck.  Tin'  rliwliar^c 
pipe  from  U"'  s:m(l  pump  is  (:irri,'(l  ;tl t  ot  t)i<*  liopju-r 

Trade  Circulars  and  Catalogues.  W'c  )i.t  \  »•  r*-f<-i  \  li''m  \l  - 
David  Bridge  &  Co.,  Cast!ct<»n,  :i  copy  oi'  a  '"•、、  （；it;ilou，"，  th*-y 
(>  issuod  of  friction  clutches,  mill  ^carinn,  ； m*l  li;ml;ig©8.  A 
special  t'oatun^  oi  this  cutalomu;  is  tl">  mimU'r  n\  small  i 山'' t" 
illustrations  of  various  clutoh  ； wul  ^eariuu  iiiNtallations  tl"'.v 
have  constructo<l.  aurl  w  liich  sliould  prov  e  ("  ui  cat  :i.、、i":ii"','  to 
tliose  who  have  to  (leal  u  itli  the  :i rr:m wi'-iit  (liHi。"k  (lriv''、 
The  firm  state  th(\v  will  \w  pl'  :i、'  fl  to  torw  ； ii  fl  a  copv  oi  the  <  ata 
lo<rno  to  any  ;kI(1ih»ss  on  :ippli('atimi  -  l'、'"m  -、 ，'、m、  Si'  m'-'i、  Hm>  . 
38  and  M9,  Upper  Thanuvs  Street,  London.  ，•:（'•  we  \iam~  r''r,'i、(''l 
a  copy  of  two  now  price  lists  ot  vWrt rical  heating  ； ij)jia rat ms. 
-Messrs.  Kvcu-shcd  &  Vignolos,  iA(l.，  A(  t' 川  l"m"  Works, 
whiswick,  London,  W.,  send  us  a  copy  of  some  r"(,'"il,v  j)ul»li、li'"l 
lists  dealing  witii  Evershed's  j>ortal)le  ammeters  and  volt 
meters  of  the  indicating  type.  The  conibiiuid  iiininctor  and  volt 
meter  sets  are  interesting,  :us  they  oiiablo  tl"»  engineer  to  (m"r  ;i 
very  wide  range  of  measurements  with  out*  instrument.  Al、'>  " 
copy  of  the  price  list  of  their  "Megger"  testing  s*'ts;  u  liich  in 
eludes  one  for  use  in  cases  where  prolonged  te&ting  is  "w  ,  、、，ii  、 
and  a  now  high  range  insulation  testing  set  for  values  of  resist- 
ance up  to  5,000  megohms. ― Mr.  O.  N.  Beck,  11，  Queen  Victoria 
Street,  sends  a  circular  of  a  raUn*r  ingenious  four-way  valve  Um  i"im1 
the  "Triplex."  The  valvo  lias  iouv  v;ih"  seats  arranged  in  pairs 
with  a  valve  intorposed  ； uul  .so  connected  to  tl"'  iiil，'t  and  outlet 
junctions  as  to  enable  three  alternative  (-onnoctions  and  two 
alternative  closings  to  be  effected.  The  steam  admitted  《•:"， 
therefore  be  diverted  in  several  directioiiSj  and  one  or  the  other 
of  the  passages  from  the  junctions  can  be  closed.  The  valve  par 
ticularly  lends  itself  to  boiler  and  superheating  arrangemonts 
where  one  or  more  comniu nications  require  to  be  comUiiM'fl  or  cut 
out— The  London  Balata  and  Ka、v  Hide  Manufacturing  Coin 
pany,  Willesden  Junction,  send  us  price  lists  und  particulars  "1 
their  various  specialities. ― Tho  Car  and  GentTal  J"sur:m(''  (  "r 
poration  send  us  an  interesting  illustrated  booklet  showing  that 
the  motor  vehicle  is  by  no  means  the  modern  invention  it  is 
usually  supposed  to  be.  As  ；，  matter  of  fact  it  dates  bark  as  t ;i i* 
a&  1770.  There  is  no  doubt  that  the  opposition  of  the  railways 
in  the  early  "thirties"  prevented  the  development  ot  tho  rail 
less  motor  vehicle  in  this  country  for  over  60  voa rs.  that  is.  until 
the  passing  of  the  "  Locomotives  on  Highways  Act  "  iu  卜' "i 
called  at  the  time  the  *'  Emancipation  Bill/'  ('； m、,'  it  i"mm"l 
the  legal  roquirement  that  a  man  should  walk  in  trout  of  c\  cry 
motor  car  on  the  highways  waving  a  red  flag.  The  company  inti 
mate  they  will  be  plea&cd  to  forward  a  copy  of  the  booklet  to 
any  one  on  application. 


A  Large  Clyde-built  Dredger.— The  dredger  "  Balari,"  which  was 
launched  on  tho  22nd  inst.  hy  Mossns.  "William  Simons  it  Co., 
Renfrew,  to  the  or  dor  of  tho  Comniissioiu'r.s  toi-  ilie  ]>ort  ot 
ctittiij  is  tho  largest  dredger  yet  huilt  on  tho  Clvdo.  Tho  dred^t'i . 
which  is  333ft.  in  length,  54ft,  (iiii.  in  hiv.ulth',  and  L>l>tt.  .'iin.  in 
depth,  has  a  hopper  caparitv  of  71,600  cub.  ft.，  and  lias  Itoen 
specially  designed  for  the  unique  character  of  the  (hedging  w liich 
has  to  be  done  on  the  Hooghly.  The  proi)elliii^;  and  pumping 
engines  are  in  two  independent  oompartnionts.    The  propollin^ 


METAL  QUOTATIONS. 

TUESDAY,  MAY  27th. 

Aluminium  ingot   95/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  1 12/-  ，, 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £31/-/-  to  £33/-/-  per  ton. 

Brass,  rolled    8\d.  per  lb. 

，, tubes  (brazed)   10^d. ,， 

,，       ,'     (solid  drawn)   9Ad.  ，, 

,，  wire   8Jd-  ,, 

Copper,  Standard   £*>.S/lo/-  per  ton- 
Iron,  Cleveland   "0/»>  ,, 

,, Scotch   76/"  ', 

Lead,  English    £2"/,'，/-  ,, 

，， Foreign  (soft)    J^o/— /—  " 

Mica  (in  original  cases),  small   to  3/ -  per  lb. 

，，  ，,  ,，       medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- " 

Quicksilver   £7/ 10/-  per  bottle. 

Silver   27  Jid.  per  ot. 

Spelter    £2V'V-  p«r  ton 

Tin,  block   £221/10/- ,. 

Tin  plates   14/1  i  ，， 

Zinc  sheets  (Silesian)   £28/10/-  .. 

(St«ttin  ；  VieUle  MonUgne)   £28/12,  6  ，， 
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NEW  PATENTS. 

Sperifii  (i  f  mns  of  the  following  are  now  publish  fd,  and  we  shall 
fx  phased  to  forwarti  copies  pnsf  /,-' ,  <>j  W'L    ,'1 '/'/,' ■、■、 

、' -1/' './'a/'/''//  Kiiijiin  t  /  /'  S  t  >r  lifnh  if  St  n  I  i  y  M  ti  n  rh  r.sf  t  r . 

MECHANICAL  1912. 

FerruK\s  lor  thn  nids  o("  U'ilrr  t iiIk-s.    I'^'cinka.  2776. 
Manufacture  of  har  ； »nd  tuho  sluiptnl  uriiclrs  tVoin  nioltcn  nn'tal. 

Pehrson.    f  1. 
Multiple  spindle  drilliiifj;  in;icl)iiies.    Sniit li.    5  1,>丄 
Thrust  hca rin^s.     I'ar.so.is.  8266. 

Construction  of  ships.    Mackintosh  &  Mowatt,  10201. 
Mva  ns  tor  rendering  navigable  vessels  uiisinkahh1.  Kcinp. 
Hailw ay  and  tramway  systems.    Hayward.  10417. 
Clutching  and  braking  devices  for  lii^h  spoe<l  macliines.  Lee.  ]01'」G 
Bayoin't  joint  itiiions  for  tulx's.     M(M  rvnian.  10440. 
Propelling  mechanism  for  aerial  machines.    Boughtoii.  10556. 
Carlturetters  for  internal  ooml)ustion  engines.    Claudel.  10638. 
Valves  for  intern  a  l-coml)iistion  ci)<i;iiies.    Jirodie  tVT  Bmflit'. 
Portable  apparatus  for  lifting  or  discharging  liquids.    J.  Stone 

and  Co.,  and  Parsons.  10960. 
Construction  of  ships.    Scotfc.  K)!)!Ml. 
Deep  boring  rock  drills.    Harker  &  Allcock.  11174. 
Motor,    Meek  &  Derry.  11243. 

Air  gas  plant.    Archiltald  Bruce  &  Co.,  and  Bruce.  11294. 
Grates  and  firebars  for  boiler  furnaces.    Carnegie  &  Milliken. 
11318. 

Lubricating  systems.    Maranville.  11321. 
Mrocrss  n\'  liiiriuii^  fuel  in  i'urtiMct's.     G rio\  e.     V2-">  \  i 
Valve  operating  gear.    Russell.  12942. 

ltock  drills.    l\ ud  Meyer  Akt.-Ges.  fu r  IMascliinen  und  Ber^fiau. 
13246. 

Reversing  gear  for  four-stroke  cycle  internal-comlmstion  engines. 

Eisenhuth.  13269. 
、'； ilv'、  nu-cliaiiisin  for  interna I-conilmstioit  engines.  Glar'iirr.  . 
Testing  of  engines.    Electric  and  Ordnance  Accessories  Company, 

and  Etchells.  13982. 
Steam  traps.    Maurer.  14259. 

Tools  for  scaling  condenser  tubes.    Gilman  &  Clements.  14294. 
Calcining  or  roasting  furnat'os.     Pru^oi1.    1  4464. 
Steam  traps.    Ogden.  15748. 

Vaporisers  of  internal-combustion  engines.      Crossley  &  Webb. 
15814. 

Variable-speed  gearing.    Lake.  15945. 
Vice.    S.  Allcock  &  Co.，  and  Powell.  1639S. 

Propellers  for  aerial  machines  and  marine  vessels.  Clarkson.  16402 
Internal- combustion  engines.    Hamilton.  16912. 
Water  circulator  for  boilers.    Mackenzie.  17047. 
I^otary  tool  holders.    Pieper.  17268. 

Controlling  gear  for  winding  and  hauling  engines.  Melling.  17888. 
Starters  for  explosion  engines.    Kelley.  18069. 
Preparation  for  rendering  coal  dust  non-explosive.    Arnott  and 
Goodall.  18801. 

J  mlia-rubber  diaphragms  for  pressure-controlling  valves.  Auld. 
19220. 

Multi:cylinder    internal-comlmstion    engines    with    rotary  valve 

mechanism.    Schaar.  19342. 
Semi-automatic  cutroff  valves.    Thomas  <fe  Jeffries.  19420. 
M  (X'hanical  stokers.    Wood.  19660. 

Radiator  systems  for  the  cooling  of  motor  cylintlers  Daimler 

Moteren  Ges.  19753. 
Ovov  wiiulin^:  and  speed-controlling  gear  for  winding  and  haula^o 

( ' 1 1    lies.    Ben  nett.  19833. 
Reducing  valves.    Dewrance.  20008. 
Variable  mould  for  casting  metals.    Coleman.  20246. 
Automatic  controller  for  winding  engines.    Har  bottle.  20310. 
Oil-gas  generators.    Kuenzel.  20709. 

Controlling  mechanisms  for  preventing  overwinding  or  running 

at  excessive  speeds  in  winding  gears.    Black.  20752. 
Chain  grates  for  furnaces.    Pregardion  &  Konrad.  21541. 
Machine  for  welding  tubes.    Spranger.  21587. 
Viilve  gear  for  internal-combustion  engines.    Prestwich.  22135. 
Apparatus  for  welding  the  seams  of  tubes.    Vogel.  22315. 
Cylindrical  face  milling  tools.  Sclimalzriod. 

Means  for  economising  steam  and  regulating  the  pressure  and 

temperature  in  steam-heating  plants.  Koliler. 
Chucks  for  rock  drills.    Vaught.  24120. 
Die  stocks.    Hart.  24610. 

】）, 'vices  for  ensuring  a  noiseless   running  of  explosion  motors. 

Tecklenburg.  24644. 
Compressors  for  oil  engines.    Fornaca.  24673. 

Fixing  of  water  .jackets  on  to  the  cylinders  ot  revolvinfj;  cvlinder 

engines.    Windhoff.  25872. 
Starting  devices  for  internal-combustion  engines.      Grouse  and 

Eidson.  25889. 


distance.  Siemens 


Speed-regulating  devices.    Peterton.  25901. 
Aeroplanes.    Jirasek.    25961  - 

Tilting  arrangement  for   metallurgical   furnaces.      Jossingf jord 

.Miinuf'acturin^  Company  A  ,/S.    20 166. 
I  ntrrnal  comlmstioii  <Mi<iinos  having  slide  valvt's.    Laycock.  26505. 
Air  pumps.    Mackintosh.  27532. 
Steam  generators.    Robinson.  27655. 
Calorifers.    Miles.  27800. 
Nui^locking  devices.    Church.  27804. 
Hatchet  spanner's.    Earl.  28455. 

St'am  separating  and  purifying  apparatus.    Caird.  29166. 
Cooling  rotary  cylinder  internal  combustion  engines.  Windhoff. 
29691. 

1913. 

Furnaces.    James.  277. 
Apparatus    for   ('(""rolling  motion  from 

Schuckertwerke  Ges.  1047. 
Expanding  screw  sockets.    Wagner.  2420. 
Kaihvay  sigiialliiig  or  indicating  systems.  Stuart. 
Portahk'  railway  crane.    De  Bruyne  cV*  Schrader. 

ELECTRICAL,  1912. 

Electric  railway  systems.    Stuart.  2957. 
Electric  lamp-holders.    Halo.  7oo2 

H emulation  of  the  frequency  produced    by    polyphase  induction 

generators.    Siemens-Schuckertwerke  Ges.  8070. 
Electric  resistances  and  heaters.    Gualtierotti.  10657. 
Est;il)lishing  electrical  communication  between    ships    and  the 

shore.    Possolo.  10701. 
Electric  incandescent  lamps  and  lamp  holders.    J.  Stone  &  Co.. 

and  Myers.  10959. 
Electric  switches.    Perl.  11051. 
Electric  arc  welding.    Strohniei^or.    1  K»7!j. 
Graded  service  automatic  telephone  system.    Baron.  11261. 
Electrical    measuring    apparatus    of    the    moving    coil  type. 

Apthorpe  and  Cambridge   Scientific   Instrument  Company. 

11279. 

Remote  control  for  eloctricallv  operated  apparatus.  Tiiompson. 
11537. 

Arrangement  of  receiving  stations  for  wireless  telegraphy.  Zaharia 

and  Rothlander.  12444. 
The  production  of  alternating  currents  of  high  frequency.  Sefton- 

Jones.  14390. 

Means  for  obtaining  two  separate  and  opposite  drives  from  a 
single  electric  motor.    Holmes  &  Kemp  Wel^h.  14560. 

Holders  for  electric  incandescent  lamps.    Wa nkmuller.  14750. 

Leading-in  conductors  for  sealing  into  electrical  apparatus. 
British  Thomson-Hou&ton  Company.  15342. 

Selector  switching  device  for  automatic  telephone  systems.  Tele- 
phon  Apparat  Fahrik  E.  Zwietusch  &  Co.  Ges.  16151. 

Electrolytes  for  use  in  electro-metallurgy.    Dekker.  17836. 

Incandescent  electric  lamps.    Joly.  20361. 

Dynamos.    Polkey,  and  George  Polkey,  Ltd.  22500. 

Electric  electrode  furnaces.  Jossingf jord  Manufacturing  Com- 
pany A/S.  26165. 

Klectric  inciuideseent  lamps.    Sidon.  l_，r、l:i 

Non-shunt  electric  arc  lamps.    Rogers  &  Rowe.  28627. 

1913. 

Electric  furnaces  for  fixing  nitrogen  from  the  air.  Harker  and 
Scott.  866. 

Field  magnets  for  dynamos.    Siemens  Schuckertwerke  Ges.  3627. 
Electric  regulating  liquid  resistances.    Boutard.  3855. 
Transmitters  for  use  in  wireless  telegraphy.    Sahulka.  6479. 


Specifications  for  Babbitt  Metals. ― A  sub-committee  of  the 
American  Society  for  Testing  Materials  has  been  appointed 
to  evolve  standard  specifications  for  Babbitt  metals.  There 
are  at  present  a  large  number  of  Babbitt  metal  mixtures  in 
use,  the  majority  of  which  differ  only  slightly  in  the  ingre- 
dients. It  is  proposed  to  reduce  these  to  five,  a  number  which 
the  committee  think  will  be  ample  for  every  class  of  work. 
The  following  table  gives  the  composition  of  the  series  which 
it  is  believed  cover  the  range  for  all  requirements  ： — 


No. 

Tin. 

Antimony. 

Copper. 

Lead 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent- 

1 

83.33 

8.33 

8-33 

2 

89.00 

7.00 

4.00 

3 

50-00 

15.00 

2-00 

33.00 

. 4 

5.00 

15.00 

80-00 

5 

12.00 

90-00 
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FLEXIBLE 


METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Section  op  the  Company's  Celebrated  Interlocked 
Bronze  No.  2  Tubing. 


Works  :   Ponder's  End,  Middlesex.  {2 

Head  Office:  112，  Queen  Victoria  St"  LONDON,  E.G. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Tw»b  there  we  found  him  Rwearing,  when  we  took  him  underliaud, 
Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  staud. 


WHY   NOT  WEAR  A 

NflNL PAK  Jointing 

I^Uni-tMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 

BRITISH  HAKE  ！       FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  1 
T 駕 8TIWG  BA1CPLBS.  WILL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

J.  E.  TURNER  &  CO.,  Ltd.,        Makers.  b^^^RD,1  YorUs. 


JUST  PUBLISHED. 


Second  and  Enlarged  Edition. 


The  METALLURGY  of  IRON  &  STEEL 

This  work  has  been  prepared  to  mert  a  need  for  a  book  which 
in  one  volume  of  m  ^derate  size  shatl  cover  the  whole  field  of 
the  Metallurgy  of  Iron  and  Steel. 

By  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.,  and 
J.  S.  G.  PRIMROSE,  A.G.T.C.,  A.I.M.M.,  M.I.M. 

Price  12  11  post  free. 

Contents— Sources  of  Iron 一 Pig  Iron-~rreparation  of  Materials  for  the 
Smelter— Chemistry  of  the  Blast  Furnace ― Thermal  Phenomena  of  the  Blast 
Furnace— The  Blast  Furnace— Blast  Furnace  Accessories ― The  Air  Supply— The 
Hot  Blast ~ Blast  Furnace  Slag—Calculating  Charges— Blast  Furnace  Practice- 
Utilisation  of  By-ProductK—  History  of  Pig  Iron— The  Foundry— Malleable  Iron- 
Puddling— Other  Methods  of  Preparing  Malleable  Iron — The  Forge  and  the  Mill- 
Steel— Production  of  Steel  direct  from  tbe  Ore  and  from  Malleable  Iron— Preparing 
Steel  by  rartial  Decarburisation  of  Pig  Iron  —The  Bessemer  Process—Chemistry  of 
the  Bessemer  Process— Thermal  Conditions  of  the  Bessemer  Blow— Working  tlu' 
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Process :  Plant ~ The  Basic  Open  Hearth  Process— Modifications  of  tin-  Stt-nien^ 
Process— App] iances  Applicable  to  all  Processes ― Working  Mild  Steel  -  Casting 
Steel ― After  Treament  of  Iron  and  Steel  -Alloy  Steels ~ Structure  of  Iron  and 
Steel— Testing  Iron  and  Steel— Rusting  and  Protection  of  Iron  and  Steel,  &c.t  &c. 
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The  Relative  Merits  of  Acid  and  Basic  Steel. 

The  generally-accepted  opinion  amongst  engineers  is  that  acid 
steel  is  inucli  better  than  basic  steel  for  all  engineering 
structures  in  which  reliability  and  safety  are  factors  of  prime 
importance,  and  a  reference  to  failures  in  practice  with  the 
latter  material  would  110  doubt  furnish  strong  evidence  to 
support  this  opinion  ；  but  while  this  should  carry  due  weight, 
it  ought  not  to  unduly  exalt  the  merits  of  the  one  material 
or  depreciate  those  of  the  other.  "  Give  a  dog  a  bad  name 
and  hang  it  •，  is  a  trite  adage  of  wide  application,  and  we 
oannot  avoid  thinking  that  basic  steel  has  to  some  extent 
suffered  in  this  way,  though,  of  course,  a  user  would  say, 
" Once  bitten,  twice  shy/'  Certainly  the  views  of 
engineers,  which  are  of  course  mainly  confined  to  the 
practical  application  of  steel,  do  not  altogether  accord  witli 
those  of  steel  makers  who  have,  it  must  be  conceded,  a  wider 
experience  of  the  factors  which  go  to  make  either  a  good  or  bad 
product  with  either  class  of  material.  In  the  inaiiut'acture  of 
acid  steel  the  maker  is  obliged  by  the  process  to  exercise  a 
degree  of  care  in  selecting  his  stock  which  is  not  necessary  in 
the  basic  process,  aud  to  this  extent  a  degree  of  compulsion  is 
exerted  over  the  quality  of  the  final  product,  aud  it  is  con- 
tended that  if  the  same  precautions  were  exercised  in  the 
choice  of  stock  and  control  of  manufacture  the  basic  would 
not  fall  short  of  the  acid  steel  when  measured  by  the  usual 
chemical  and  physical  tests. 

Both  processes  have  their  points  of  superiority  and 
inferiority.  With  acid  steel  the  factors  whirh  may  learl  to 
inferiority  a  re  hi^li  phosphorus,  high  snl]>lnir,  oxide  of  iron — 
which,  on  account  of  the  slow  reaction  of  the  bath,  lias  to  be 
added  to  hasten  the  removal  of  carbon  and  other  elements ~ 
manganese,  which  burns  out  completely  so  that  sulphur  has 
to  be  neutralised  by  the  ferro-inanganese  almost  at  the  last 
inoinent  before  tapping,  while  silicon  is  usually  present  in  such 
(juantitv  that  not  enongli  cau  be  added  at  the  finish  to  have  a 
good  deoxidising  effect.  011  t lie  metal.  With  basic  steel 
occluded  slag  is  very  likely  to  be  present  in  larger  quantity 
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than  in  acid  steel,  as  also  is  oxide  of  iron,  wliicli  has  a  greater 
tendency  to  form  on  ac-count  oi'  the  basicity  of  the  sla^, 
although  partly  eliminated  by  the  manganese  which  is  always 
present.  On  the  other  hand,  the  factors  which  may  lead  to 
superiority  are  in  the  case  of  acid  steel,  first,  tliai  oxide  of  iron 
is  not  so  likely  to  form,  and  secondly,  tliai  a  small  amount  of 
slag  is  necessary  in  tlie  bath  and  there  is  thus  less  probability 
of  its  getting  into  tlie  steel.  Against  tliis  we  have  the  fact 
that  with  basic  steel  the  phosphorus  and  sulphur  cont enls  arc 
low,  while  manganese  is  always  present  and  thus  has  pliMit y 
of  time  to  react  with  the  sulphur,  while  silicon  burns  out  and 
a  large  amount  may  be  added  in  the  ladle  to  act  as  a  deoxidiser. 
A  consideration  of  these  facts  shows  there  are  two  sides  to  the 
question  of  relative  merits  if  we  exclude  the  compulsory 
selection  of  stock  imposed  on  the  maker  of  acid  steel,  and  it 
is  not  surprising  differences  of  opinion  should  exist  even 
amongst  metallurgistSi  A  good  defence  of  basic  steel  can 
certainly  be  made,  as  was  pertinently  shown  by  Mr.  W.  H. 
Keen*  in  a  discussion  of  the  matter  in  "  The  Iron  Age  "  some 
time  ago. 

Engineers  rely  largely  for  their  opinions  of  the  two  steels 
on  the  results  of  tensile  tests,  but  experience  has  shown  that 
such  tests  alone  are  inadequate  for  a  sound  judgment.  Per- 
centage of  elongation,  reduction  of  area,  resistance  to  shock, 
as  well  as  chemical  and  microscopical  tests  have  all  to  be 
taken  into  account  in  forming  a  judgment,  while  it  has  to  be 
borne  in  mind  that  even  with  similar  treatment  samples  from 
the  same  heat  will  occasionally  give  discordant  results.  Mr. 
Keen  quotes  one  case  where  two  tests  of  samples  from  a  3ft. 
length  of  a  lin.  round  bar  tested  at  the  United  States  Bureau 
of  Standards  showed  a  difference  of  over  7,0001bs.  in  the 
tensile  strength.  The  more,  in  fact,  one  knows  of  steel  the 
more  difficult  it  seems  to  devise  any  single  figure  which 
measures  relative  merits.  Several  formulae  have  been  pro- 
posed, based  on  a  combination  of  tenacity  and  elongation,  but 
wliile  none  can  be  regarded  as  quite  satisfactory,  Mr.  Keen 
states  that  the  following  formula  adopted  by  his  company 
sometimes  proved  a  useful  guide. 

T  (E  +  20) 


M 


100,000 


where  M  ―  figure  of  merit,  T  =  tenacity  in  pounds  per  square 
inch,  and  E  — percentage  of  elongation. 

It  is  well  known  that  it  is  possible  by  heat  treatment  to 
reduce  the  elongation  and  simultaneously  improve  the  tenacity 
and  elastic  limit  or  vice  versa,  and  the  chief  value  of  such  a 
merit  formula  is  in  estimating  within  about  what 
limits  it  is  possible  to  vary  these  conditions  on 
any  one  steel  and  in  showing  the  relation  between 
two  bars  irrespective  of  differences  in  strain  and 
stress.  This  is  strikingly  shown  by  a  table  of  tests  taken  from 
Howe's  "  Metallurgy  of  Steel,"  in  which  the  author  gives  the 
usual  upper  and  lower  tensile  strengths  for  any  given  elonga- 
tion, with  the  corresponding  figures  of  merit.  The  latter 
exhibit  a  remarkable  uniformity  for  the  upper  limit  and  also 
for  the  lower  limit,  and  suggest  the  possibility  of  meeting  a 
specification  by  heat  treatment  with  any  given  steel  of  which 
the  tensile  properties  are  already  known.  This  merit  formula, 
it  will  be  observed,  only  correlates  tenacity  and  elongation. 
There  seems  as  yet  no  very  exact  way  of  correlating  elonga- 
tion with  reduction  of  area,  though  in  general  for  carbon  steels 
it  may  be  noted  the  percentage  reduction  is  about  twice 
the  percentage  elongaiion,  wliile  with  alloy  steels  the  teiulencv 
is  to  increase  this  ratio  to  nearly  three  times.  Tlie  ratio,  how- 
ever, in  either  case  is  far  from  luiiforin,  and  various  conditions 
of  manufacture  influence  the  ratio.     Generally  a  forged  bar 

*  Head  of  tl"  rrsfnic'h  <!e]>artmeiit,  Washington  Steel  and  Ordnance  C'ompHny 


gives  a  greater  reduction  of  area  than  a  casting,  and  the 
reduction  is  also  greater  with  the  refinement  of  the  grain  by 
heat  treatment.  The  elastic  limit  is  undoubtedly  an  important 
factor  in  materials  subject  to  vibration,  though  a  measure  of 
this  alone  seems  of  no  great  assistance  in  determining  qualilv, 
since  it  varies  a  good  deal  with  different  heat  treatments.  For 
example,  by  water  annealing  it  is  possible  to  increase  elonga- 
tion materially,  whereas  annealing  by  heat  followed  by  slow 
cooling  invariably  reduces  it,  and  it  is  of  course  greatly 
increased  by  hardening  processes. 


THE  NEW  RESERVOIRS  AT  CHINGFORD. 

On  Saturday,  May  24th,  a  large  party  assembled  at  the  new 
Chingford  Reservoirs  and  Pumping  Station  of  the  Metro- 
politan Water  Board  on  the  occasion  of  a  combined  visit  of 
three  societies,  the  Institute  of  Marine  Engineers,  the  Junior 
Institution  of  Engineers,  and  the  Association  of  Engineers  in 
Charge.  The  chief  objects  of  interest  were  the  five  large  Hum- 
phrey pumps  on  the  internal-combustion  principle,  the  fir-t  oi 
their  kind  which  have  been  recently  installed,  and  the  visitors 
were  favoured  with  the  presence  of  Mr.  H.  A.  Humphrev,  t  1h» 
designer  of  tlie  pumps,  who,  in  the  course  of  the  afternoon, 
gave  a  brief  description  of  them  to  a  large  audience  in  the 
pump  house.  The  whole  series  of  pumps  will  only  be 
required  to  work  when  there  is  sufficient  surplus  water  in  the 
River  Lea  available,  and  on  the  occasion  of  the  visit  only  one 
of  the  pumps  was  shown  at  work.  The  combined  capacity  of 
the  pumps  is  180  million  gallons  per  day,  four  of  tliem  h#vintr 
a  capacity  of  40  million  gallons  per  day  each,  and  one  of 
20  million  gallons.  The  type  of  pump  used  at  Chingford  " 
designed  to  work  advantageously  with  a  low  lift,  the  lift  in 
this  instance  being  about  25ft.  to  30ft.  The  pumps  work  on 
the  4-cycle  principle.  On  the  mixture  of  gas  and  air  being 
exploded  in  the  combustion  chamber,  the  column  of  water  in 
the  pipe  is  forced  along,  with  the  result  that  the  air  is 
expanded  and  the  pressure  falls  to  below  that  of  tlie  atmos- 
phere, and  a  further  supply  of  water  is  automatically  admitted 
to  the  pump.  The  exhaust  gases  are  driven  out'  on  the  return 
stroke.  A  second  outstroke  follows,  in  which  a  fresh  charge 
is  admitted  and  the  cycle  is  completed  with  a  return  stroke 
wliich  compresses  and  fires  this  charge.  Tlie  cylinders  of  the 
larger  pumps  are  7ft.  diam.  and  develop  250  h.p.  to  350  h.p. 
The  explosion  chamber  heads  are  composed  of  cast  steel  ； 
below  these  are  the  water  suction  valve  boxes,  connected  bv  a 
bend  and  a  6ft.  pipe  to  vertical  steel  towers  in  an  adjoining 
building.  From  these  water  towers  4ft.  pipes  convev  t  he 
water  to  the  reservoir,  into  which  it  flows  in  a  steady  con- 
tinuous stream  over  a  granite  terrace.  The  water  towers 
receive  15  to  20  tons  at  a  time  from  each  pipe  at  each  explo- 
sion, and  the  rise  and  fall  of  water  in  the  towers  enables  the 
intermittent  delivery  to  be  converted  to  a  continuous  delivery. 
The  enormous  reservoir,  which  has  a  capacity  of  3,000  million 
gallons  of  water,  and  an  area  of  416  acres,  impressed  tlie 
visitors  with  its  magnitude. 

A  cordial  vote  of  thanks  was  accorded  to  Mr.  Humphrey, 
on  the  proposal  of  ilr.  、V.  A.  Tookey  (Junior  Institution  of 
Engineers).  The  thanks  of  the  party  were  also  accorded  to 
Mr.  W.  E.  Bryan,  M.Inst.C.E.,  chief  engineer  to  the  board, 
through  whose  courtesy  the  visit  was  arranged,  and  to  Mr. 
Deveral,  the  resident  engineer,  on  the  proposal  of  Mr.  A.  H. 
Mather  (Institute  of  Marine  Engineers),  seconded  by  Mr.  A. 
E.  Penn  (Association  of  Engineers  in  Charge). 


BOARD  OF  TRADE  REGULATIONS  FOR  OVERHEAD  LINES. 

The  following  regulations  have  been  issued  for  pressures  excfrdin^ 
mediuni-pressure  continuous  curront  and  low-pressure  alternating 
current  : — 

Su pphf.-  \ .  Tli''  s»i|)])ly  will  ho  transmitted  at  a  mininuim 
pn'ssinv  of  —  volts. 

Conductors. — 2.  Tho  conductors  will  be  of  hard-drawn  copptM- 
wiiv  or 


3.  Hard-drawn  ro]>per  wire  conductors  will  have  a  breaking 
load  of  not  less  than  24  tons  per  square  inclis  aud  on  breaking  the 
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(*lon<;iiti(H)  will  not  l»c  less  t  han  2  ])(*r  cent,  it)  a  leii^t  li  (,l  l。m 
Aluminium  (-(Kxluclois  will  have  ； i  hrrakin^  Iu;hI  of  nnt  less  t  li;in 
1 2  Ions  |)，'r  s* jua re  i ncli,  and  un  l,r ('； il、'iiig  f  lu1  cloiiujit  ion  w  ill  not 
he  less  f  lian  :i  pel-  cent .  in  a         li  <d  Win. 

I.  The  miMimmn  sm^  ol  I  lie  「'>mli"'f"r  will  he  i<',!_'iihil c«|  I u  vr 
； i  stress  (""'  to  its  weiiilii  ； nxl  to  w  ind  (hut  c.xcludin^  i(s  elasticity) 
of  not  imm'  tlian  one-lift li  of  t  lie  l)icakii)*i  load,  at  a  f cinpcraturc 
of  22u  Kali.  Wind  |>r('ssim'  will  taken  at  lull's.  p''r  s'|i"u'r  foot, 
and  the  effective  area  of  the  ('(m(lu('"»r  will  f  ;il、*"i  as  of  t  Im- 
(liaiuctcr  inultiplied  into  t he  len^tli. 

r).  Tli"  minimi  m  lici^lit  of  any  part  ot"  any  conductoi  innn  Tin* 
m'(HUl<l  will  not  be  less  I  hat)  'Jdl't.,  except  wit  h  the  r"iis,'iit  ul  the 
Bo;ml  of  Trade. 

6.  Conductors  will  not  (toss  any  building  otlicr  than  a  sub- 
stntion  or  he  ； icccssihlc  t"  any  [xmsoii  IVom  any  building  "r  "'('(' 
without  the  use  of  a  l;"ld('r  or  othor  special  appliance.  Wlwn  tli'' 
('(Hiductofs  arc  so  pluccd  thai  a  tm'，  if  uprooted,  could  conw  m 
contact  with  a  conductor,  an  earth  cradle  ('"('losing  them,  ur  some 
ot  Imt  precaution  approved  by  the  Board  of  Trade,  will  ho  provided 
to  j)i'oveiit  all  clanger  of  any  shock. 

7.  Conductors  will  not  be  carried  by  tlie  undertakers  across  the 
premises  of  a  consumer,  except  with  the  consent  of  the  Board  of 
Trade  and  subject  to  such  conditions  as  the  Board  may  prescribe. 

Poles.— 8.  The  conductors  will  be  carried  on  poles,  either  (") 
wooden  polos,  or  (b)  poles  or  structures  of  iron  or  steel,  lioroinal'tcr 
called  steel  poles. 

9.  Kach  j)olc  will  Ik*  cleiirly  aiul  permanently  inarlml  with  a 
mimbci". 

10.  Danger  notices  will  be  fixed  on  at  least  out'  pole  in  live  aiul 
on  each  pole  at  tlie  crossing  of  a  nnul. 

I I .  Provision  will  be  made  to  pivvent  climbing  b\'  harl"'(l  wire 
bcin*>'  coiled  round  the  pole,  in  one  or  more  coils  of  an  auwu;"'' 
l<Miofh  not  less  than  2ft.,  the  lowest  coil  being  at  least  8ft.  from 
the  ground. 

12.  Where  ouys  or  stays  are  used  they  will  be  securely  anchored 
and  earthed. 

\:\.  A  continuous  earth  wire  will  be  carried  from  pole  to  polo, 
juid  will  he  well  connected  to  substiintial  oarth-plates  at  intei  vals 
of  not  more  tlian  five  spans  ；  or  the  ironwork  on  eacli  pole  will  bo 
connected  to  a  substantial  earth-piate. 

Wooden  Poles.— H.  Tlie  poles  will  be  sound  wiiitcr-IVlIod  red 
!ir,  five  from  large  knots  or  other  delects,  with  tht*  uatunil  butt, 
and  will  be  well  injected  with  ('m)sutt1,  or  they  will  be  of  a 山' s('rip- 
tion  approved  by  the  Board  of  Trade. 

I  ~>.  Single  poles,  or  A  poles,  will  be  used  for  tlie  ordiiuu  y  run  of 
the  line.  Stouter  poles,  H  poles,  or  built  up  or  strutted  poles,  pro- 
vided if  necessary  with  stays,  will  be  used  for  terminals,  for  inter- 
mediate anclior  poles,  for  important  differences  of  span,  and  for 
corner  poles  where  there  is  considerable  change  of  direction. 

Ordinary  poles  provided  with  stays  will  be  used  avIutc  t  Ik* 
(lircction  makes  a  small  change. 

I  (>.  Poles  of  ordinary  】engths，  unless  in  rock  foundation,  will  be 
set  in  tlie  ground  to  a  depth  of  (:ft.  Tlie  earth  will  be  well  punncil 
into  the  holes.    Where  neccssarv,  tlicv  will  be  set  in  ((mcretc. 

17.  The  factor  of  safety  for  the  poles  will  he  calculated  at 
10，  for  a  wind  pressure  of  251bs.  per  square  foot  ；  tlu*  ertertivc 
area  of  a  round  pole  being  taken  at  OMi  of  the  mean  dianu'tor  of 
the  exposed  part  into  the  length  of  that  part. 

Steel  Poh's. ― 18.  Poles  of  tubular  type  will  be  painted  with  oil 
paint  not  less  than  once  every  five  years,  and  poles  of  the  lattice 
type  not  less  than  once  in  every  three  years. 

19.  Each  pole  will  be  set  in  concrete . 

20.  The  concrete  below  the  pole  will  be  droppoil  on  to  a 
substantia]  cast-iron  eai'th  plate  bonded  to  the  pt)le  by  a  win' 
or  rod. 

IM.  The  factor  of  safety  for  the  poles  will  be  not  1,'ss  than  ii. 
taking  the  maximum  wind  prrssun*  at  Us.  per  square  foot.  In 
the  case  of  lattice  poles,  the  pressure  on  the  lee  side  will  be  taken 
as  one-lialf  of  the  pressure  on  tlu1  windward  side. 

Arms. ― 22.  The  conductors  will  hv  carrietl  on  insulators 
mounted  singly  or  in  pairs  on  steel  channel  arms,  or  singly  upon 
iron  brackets  fastened  to  tlie  poh's  ；  or  if  wooden  arms  arc  used, 
an  earthinu  ship  or  stout  wire  will  be  fastened  on  the  upper  side  of 
eaoli  arm. 


Jtoad  ( '/o.v.v //〃/.、'.  When-  I  Ik*  I""'  crossi-s  ',、'••，'  a  |'ul'l"'  nnul, 

canal,  or  mil  way,  the  aii^N*  bet  w  c«-m  tin-  Iiih-  ；" i'I  fli''  itin-<  tion 
of  ( \\v  road,  caiiiil,  or  railwav  ； it  t  Im-  pi;"  ''  of  noHsin^  will  not  1," 
less  tlian  *iO°,  himI  the  li'.iglif  of  tlu*  \\w  not  Irss  tlian  2">ft. 

'21.  W'Imm  i-  I  In*  li  lie  crosses  "v''r  :i  |'iil'hr  road,  canal,  or  rail"  .i  \ 
or  runs  parallel  to  ii  ； it  ,\  <list;m'  ''  Irss  t lian  oih*  himI  a  half  tmi'、 
t In*  lioiylit  of  t  In*  lii^licst  wire  frum  t  In*  wui"l，  it  w  ill  1".  ，'r''r，,  'l 
ill  a  maiim'r  appiovrd  l»v  t  In-  B'',ir'l  uf  '|，r;i'l'' 

WIhm<»  for  the  protect  ion  ot  liis  r|*-rt  l  ie  lim's  or  w<jrkn  t  In*  1'"、 卜 
iiiast*»r-( Jciicial  inakcs  liMiiiiiciin-nts.  wliirh,  in  addif ion  to  pro- 
tecting those  lines  or  works,  a  Hon  I  ampl<-  |m,vi、i '山 for  K**cuiiii<: 
the  safety  of  tlx*  public,  further  protect i(*n  iu-wI  not  he  pr('vi(l''d. 

25.  Provision  will  be  iiKt<if  l»y  t-artlijn<;  brackets,  or  wins,  or 
otlier  dovice,  to  ensun*  that  in  the  «'V<*nt  of  a  f;"lm.''  of  a  roii 山 
of  a  pole,  tin*  tine  will  Im*  put  to  earth. 

General. ― 26.  Galvanised  iron  wire  used  for  stays,  cradles,  or 
otlier  inecliauical  |Hirposcs  ;  ^alvanisi'd  iron  hindinff  win*  ；  .inn 
bolts,  nuts  and  washers  ;  stay  swivels  ；  truss  atnl  hrac**  rod 8  and 
truss  tie,  tic,  and  brace  bolts  ；  stay  rod  ti^htiMicis  ；  and  t«-st 
pieces,  will  conform  witli  the  British  standard  specitir-ation  for  mi'  I! 
material  (British  standard  specification  of  t<'l'';'r;i!'li  materia])  so 
far  as  that  specification  is  applicable. 

27.  The  work  will  be  carried  out  so  far  as  circumstanefs  |"'rmit 
in  accordance  with  the  Post  Office  tecluiical  instructioiis  for  tl"' 
constniction  of  aerial  lines. 

28.  Where  the  line  crosses,  or  is  in  proximity  to,  any  otlior  w  in- 
or  metal,  precautions  will  h(»  taken  by  tl"'  undertakers  against  th<* 
possibility  of  a  conductor  coining  into  contact  with  tlu-  (,tli''r  w  n  <• 
or  metal  or  of  the  other  wire  or  metal  coming  into  contact  with 
tlie  line  by  breakage  or  "t  lit'r\、  is". 

29.  Every  line  including  its  supports  and  all  tliest  iiict ji.ti  ！  m 
and  oleotrical  appliances  and  devices  hclon^inji  to  or  (  ('mi'-i+t 
with  tho  lino,  will  be  duly  and  cHiciently  supei  visi-d  and  iiiain- 
tained  as  regards  both  electrical  aiul  niechanical  conditions. 

30.  Every  line,  including  its  supports,  will  be  removed  on 
ceasing  to  be  used  for  the  supply  of  energy,  unless  the  Boa n I  ut 
Trade  are  satisfied  that  it  is  to  be  again  brought  into  use  for  、"'  Ii 
supply  within  a  reasonable  time. 

Meinarandum  issued  for  the  quidance  of  ap plica  ids 卜, r  〃"'  ,  '"'、'  /'/ 
of  the  Board  of  Trade  to  the  phtcinq  of  elect nr  Inns 

Every  application  for  tlu*  consent  of  tho  Board  of  Trade  to  tlx* 
placino;  of  electric  lines  above  ground  should  he  accompanird  tiv 
tlie  following  ])ai'ticulars  ：- 

1.  Where  tlie  undt'ita kcrs  are  a  company,  or  a  local  ant liorit y 
supplying  outside  their  own  ； uva,  evidence  of  consent  of  tin*  local 
authority  for  the  district. 

2.  A  statement  showing  commercial  or  other  considerations 
why  underground  cables  should  not  he  used. 

A  brief  description  of  the  propose*!  system,  includin*;  tl"» 
working  voltage  ；  the  kind  of  wire  whether  copper  or  aluminium  ; 
whether  solid  or  strandod  ；  the  total  sectional  ar«*a  ;  h'lisil'' 
-stmigth  and  elongation  ；  average  and  maximum  length  of  span  : 
miiuimnn  height  of  w i res  from  the  urouiut  ；  naui**  or  (h*scn|>t mn 
of  automatic  piotcct ive  device,  if  any. 

I.  A  statement  whether  tlie  supply  is  to  form  (1)  an  extension 
of  an  existing  system  of  uiulertrround  cables,  or  (2)  "I  :ui  fxistinii 
traction  system,  or  (.'*)  an  independent  system. 

5.  An  ordnanci1  map  on  a  scale  of  'iin.  to  the  mile,  showing  tin* 
proposed  route  of  the  overhead  lines  and  any  existing  "vt'rl"';"l 
lines.    The  sheets  of  these  maps  must  not  be  fastrn"'l  T"i:，'tli，'r. 

(i.  In  the  case  of  lugli  aiul  extra  high  pressure,  plans  of  t*>n- 
stiuction  of  poles,  &('.,  on  a  scale  of  about  lin.  to  tlir  foot,  or  a 
reference  to  previously  deposited  plans  when1  tli*isc  an'  identical 
with  the  proposed  work. 

Notes. ― Codes  of  Regulations  have  been  nuulr  (I )  f»>r  ovn  lu-ad 
lines  for  low-pressure  and  miHliuin-prc-sure  continuous-run  rut 
supply,  and  for  low-pressure  altmiatini:- (  urn'nt  supply  ；  and  {2) 
for  pressure  exceeding  low  or  "ledium-presMm'  » ontinuousM  unvnt 
and  low-pressure  ulteniatin^  current.  Regulations  will  b  '  ma<ltk 
for  each  case  separately,  following  these  todes  unless  spwial 
altt'iations  are  sanctii>ntHl. 

Attention  is  called  to  the  nocessity  for  obtaining;  the  approval 
by  tho  Postmaster-General  of  plans  and  works  uiuler  Sec.  14  of  the 
Srheilule  to  th<»  Electric  LightiniZ  (Clansts)  Art,  l^JlJ. 

Boanl  of  Tra 山'， 1^：；. 
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QUADRUPLE-SCREW   TURBINE-DRIVEN  HAMBURG-AMERICA 
LINER  -IMPERATOR." 

The  building  and  fitting-up  of  this  great  liner,  which  was 
launched  on  May  23rd  of  last  year  by  the  Emperor 
William  II. ，  and  which  will  shortly  start  on  her  first  journey 
across  the  Atlantic,  is  an  achievement  of  which  our  German 
cousins  are  justly  proud.  Built  at  the  Vulcan  Works, 
Hamburg,  for  the  Hamburg- America  Line,  the  "  Imperator  " 
is  the  largest  liner  afloat,  and  embodies  everything 
that  recent  experience  can  suggest,  as  regards  the 
construction  of  the  hull  with  a  view  of  safeguarding 
the  lives  and  property  of  the  passengers  and  crew, 
and  as  regards  the  machinery  with  a  view  of  ensuring  a 


Quadruple-screw  Turbine-dkiven  Hamburo-Ameiuca  Lineu  "  Imperator." 
View  showing  the  vessel  on  her  first  journey  d own  the  River  Elbe  on  April  2'2nd,  1913. 


maximum  speed  combined  with  a  maximum  of  comfort.  The 
vessel  is  likewise  fitted  up  with  royal  munificence,  making  tlie 
name  which  the  German  Emperor  bestowed  on  it  at  the 
launching  ceremony  appear  indeed  a  fitting  one.  A  double 
compliment  has,  by-the-bye,  been  paid  to  us  by  placing  the 
management  of  the  wonderful  independent  restaurant  into  the 
hands  of  the  Carlton  Hotel  Company,  London,  and  by  arrang- 
ing the  first  smoking  saloon  of  the  "  Imperator  ，'  in  the  style 
of  an  old  Tudor  interior,  built  and  fitted  up  by  W.  E. 
Thornton  Smith,  London.  With  its  heavily-profiled  and 
carved  beams  in  solid  oak,  its  open  stone  fireplace,  leather- 
covered  oak  chairs,  and  ornamentation  of  weapons  and  horns, 
this  room  will  form  a  haven  for  the  masculine  portion  of  the 
passengers  desirous  of  spending  a  few  hours  in  artistic  yet 
homely  surroundings. 

The  laying  of  the  keel  was  commenced  on  June  18tli,  191"， 


and  in  the  spring  of  1911  the  erection  of  the  side  framing  was 
started.  She  has  a  double  bottom  and  a  collision  bulkhead 
extending  up  to  the  main  deck.  As  an  additional  provision 
against  collision,  a  double  skin  is  provided  in  the  fore  portion 
of  the  ship,  reaching  from  the  collision  bulkhead  through  the 
three  loading  spaces  to  the  foremost  boiler-room  bulkhead  to 
considerably  above  the  water  line.  The  after  portion  of  the 
ship  is  provided  with  numerous  longitudinal  and  cross  bulk- 
heads in  the  tunnels  for  the  shafting  and  the  engine-room. 
In  the  middle  of  the  ship  are  arranged  numerous  coal  bunkers 
and  water-tight  bulkheads  extending  far  above  the  water  line. 
Tn  the  case  of  a  collision,  therefore,  the  entrance  of  the  water 
into  the  inner  ship's  body  is  either  prevented  entirely  by  the 
collision  bulkhead,  the  double  skin,  or  the  coal  bunkers,  or, 
in  the  case  of  very  serious  damage,  is  restricted  to  the  portions 

of  the  ship  irnniediately  con- 
cerned. The  water-tight  doors 
provided  in  the  bulkhead  can  all 
be  shut  instantly  from  the  cap- 
tain's bridge  by  means  of  Dorr- 
type  closing  arrangements.  As  a 
reserve  protection,  mechanical 
closing  arrangements  are  pro- 
vided on  the  upper  deck.  The 
quantity  of  material  used  in  the 
construction  of  the  vessel  was 
roughly  about  26,000  tons  of  steel 
plates,  angles,  profile,  and  flat 
iron,  &c.  ；  1,400  tons  of  rivets  and 
screws  ；  600  tons  cast  and  wrought 
iron  of  all  shapes  ；  212,000  cub. 
ft.  of  different  kinds  of  wood,  &c. 

The  dimensions  of  the  vessel 
are  :  Length  over  all,  906ft. ； 
length  at  lowest  water  line  (deep- 
loading  line),  880ft.  ；  breadth, 
98ft.  ；  depth  from  upper  edge  of 
keel  to  upper  edge  of  beam  of 
upper  deck  amidships,  63ft. ; 
depth  to  side  of  boat  deck,  100ft. 
4 in.  ；  height  of  ship  from  point 
of  loading  mast  to  keel,  about 
246ft.  ；  height  of  funnels  above 
upper  deck,  69ft. ，  above  water 
line,  about  148ft.  ；  diameter  of 
funnels  in  the  longitudinal  axis, 
29ft.  6in.，  in  the  lateral  axis, 
18ft.  The  loading  capacity  of  the 
ship  is  12,000  tons  ；  displacement 
at  full  load,  57,000  tons  ；  capa- 
city, about  50,000  gross-register 
tons  :  and  draught,  35ft.  6in.  The 
launching  weight  of  the  vessel, 
including  cradle,  was  about 
27,000  tons  ；  and  weight  of  ship's 
body,  excluding  machinery, 
boilers,  and  load,  about  33,800 
tons.  There  are  five  steel  decks 
running  through  the  whole  of  the 
ship  ；  one  partial  room  deck  in 
fore  ship  and  after  ship  :  and  one 
further  partial  room  deck  in  the 
fore  ship.  Above  the  first  (upper) 
steel  deck  (main  deck)  there  are  a  further  four  decks  (bridge 
deck,  lower  promenade  deck,  upper  promenade  deck,  and  boat 
deck).  The  cabins  can  accommodate  altogether  2,476 
passengers,  the  crew  numbering  some  1,180. 

The  ship  is  propelled  by  four  4 -winged  propellers  of 
slightly  over  16ft.  5in.  diam.，  made  of  Turbadium  bronze, 
making  normally  185  revs,  per  minute.  The  propelling 
machinery  is  accommodated  in  three  engine-rooms,  the  fore- 
most one  of  wliicli  is  69ft.  long,  and  the  two  others  95ft.  long. 
The  total  forward  effort  amounts  to  62,000  h.p.  The  back- 
ward effort  of  all  astern  turbines  amounts  to  35,000  h.p. 
The  steam  at  "  going  ahead  "  passes  first  to  a  high-pressure 
turbine  on  one  of  the  inner  shafts,  then  an  intennediate- 
pressure  turbine  on  the  other  inner  shaft,  and  then  passes 
equally  divided  on  to  two  low-pressure  turbines  on  the  outer 
shafts.    Each  separate  shaft  is  available,  however,  by  itself 


QUADRUPLE-SCREW  TURBINE-DRIVEN  HAMBURG-AMERICA  LINER   "  IMPERATOR.' 


LAYiNti  op  Tin:  Kkei,  at  thk  Vulcan  Works,  Hambuug,  August  1910.  Vikw  Amidship,  looking  Aft,  showing  one  Engine-room  and  onk  Hoilrk-room. 


Stern  Part  of  Ship,  with  End  Framing  foh  Shaft  Hkarings,  Sept.,  1911. 


The  Five  Lowest  Decks  in  Korwahd  Position,  Skpthmbkk,  1911- 
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for  running  or  manoeuvring.  The  astern  turbines  are  sub- 
divided into  two  e(jual  hi^h  -pcessurc  and  low  pressure  lurljiiics, 
the  low  pressure  being  again  arranged  on  the  outer  shafts. 
The  total  turhinc  uistallalion  lias  7 (;()，（)()（»  hroiizc  blades, 
which,  laid  in  a  line,  would  liave  a  length  of  al)()ut  1 12 5  niilrs. 
The  t  lirust  bearings,  which  have  to  lake  up  t.lie  tlwust  of 
propellers,  have  a  surface  of  about  75  sq.  ft.  altogether.  The 
exhaust  steam  is  condensed  in  four  condensers  of  pear-shaped 
section,  each  having  a  cooling  surface  of  16，  1 '— )()  sq.  ft.  Four 
centrifugal  pumps  of  4ft.  3in.  diam.,  driven  by  two  engines, 
supply  the  cooling  water  for  the  condensers.  The  water  of 
condensation  is  emptied  by  four  dual  air  pumps  (Weir  system) 
into  two  large  tanks.  Four  double  feed  pumps  draw  the  feed 
water  from  the  tanks  in  the  double  bottom,  and,  in  conjunc- 
tion with  four  main  feed  pumps,  deliver  it  into  the  boilers. 


economisers  for  heating  the  feed  water,  are  provided.  To 
supplement  tlie  feed -water  heaters,  three  2-step  evaporators 
are  provided,  each  of  which  can  prepare  100  tons  of  feed  water 
in  24  hours. 

For  harbour  service  two  auxiliary  condensers  are  fitted  in 
the  engine-room,  served  by  two  special  auxiliary  cooling  water 
jmin  ps,  as  well  as  two  auxiliary  air  pumps.  Four  steam 
ballast  pumps  draw  the  ballast  water  from  the  tanks  if  the  ship 
is  to  be  loaded .  Two  drain  pumps  draw  the  water  of  con- 
densation from  the  turbine  casings,  six  oil  pumps  supply 
efficient  lubrication  to  the  turbine  bearings,  and  two  further 
punij)s  lubrication  to  the  shaft  bearings.  The  ventilation  of 
the  engine-rooms  is  effected  by  three  fan  ventilators,  each 
driven  by  a  steam  engine.  The  boiler-room  is  ventilated  by 
four  similar  ventilating  engines. 


xiiliUn^  of  the 


QUADHUPI.E-SCRKW  Tt^RBINE-D  RIVKN  HaMBI'RG-AmERK  A  LlNER  "  IMPHRATOR." 

vrwl  has  pro^rt-ssed  to  the  upiier  promenade  deck    View  shows  the  whavf  crane,  the  largest  in  the  world. 


lifting  rotor 


low-pressnre  forward  turbint'. 


There  are  46  single  water-tube  boilers  arranged  in  four 
rooms,  each  75ft.  long  and  extending  with  their  bunkers  over 
the  whole  width  of  the  ship.  These  rooms  are  separated  by 
water-tight'  cross  bulkheads.  The  necessary  st^am  is  generated 
at  a  pressure  of  2351bs.  on  the  inch.  The  total  heating  surface 
is  203,000  sq.  ft"  and  the  total  grate  area  3,760  sq.  ft.  The  air 
required  for  the  forced  draught  (Howden  s  system)  is  drawn  by 
four  fan  blowers  partly  installed  in  the  engine-room  and  partly 
in  the  boiler-room.  Each  of  these  blowers  has  a  fan  of 
13ft.  9  A  in.  diam.  and  forces  the  air  through  channels  of 
45  sq.  ft.  cross-section  into  the  space  under  the  grating  of  the 
furnaces.  Four  ash-ejector  pumps  with  6,356  cub.  ft.  capacity 
per  hour,  16  ash  ejectors,  six  ash  hoists,  and  three  ash-cooling 
valves  are  provided  for  removing  the  ashes  from  the  furnaces 
over  board.  Four  steam  bilge  pumps,  each  of  4,944  cvib.  ft. 
<  aparity  per  hour,  continuously  empty  the  bilges  of  the  engine 
and  boiler-rooms.  Four  feed-water  purifiers,  two  oil  sepa- 
i:"。rs，  as  well  as  two  mixing  feed-water  heaters  and  t  wo 


The  electric  current  is  generated  by  five  turbo-dvnamos 
situated  in  the  lateral  back-board  engiue-room  and  one 
dynamo  driven  by  a  petrol  eugine  situated  on  the  boat  deck 
well  above  the  water  line,  so  as  to  be  available  even  in  case  of 
a  breakdown  of  the  general  machinery.  This  latter  dynamo 
serves  all  the  passages,  the  most  important  working  or 
administration  points,  especially  on  the  boat  deck.  The  first 
5  dynamos  have  each  a  capacity  of  2 , 000  amperes  at  1 10  volts. 
The  auxiliary  dynamo  has  a  capacity  of  100  amperes,  and 
serves,  besides  the  auxiliary  illumination,  the  entire  connnaiul 
stations  and  the  apparatus  for  wireless  telegraphy.  Besides 
the  current  for  lighting,  the  dynamos  also  furnish  the  power 
for  all  motors,  altogether  850  li.p.  The  wireless  station  is 
arranged  on  the  boat  deck,  and  comprises  two  reserve-ant  en  ikt 
and  two  receivers  for  Ions:  and  short  waves  (news  and  salvage 
or  life-saving  service),  available  for  a  distance  up  to  1 ,500  sea 
miles. 

The  steering  rudder,  weigliin^  ahoxit  90  tons,  is  suspended 
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by  five  hinges  from  the  stern  framing.  The  diameter  of  ilie 
rudder  shaft  in  the  stuffing-box  is  about  2ft.  6in.  Tlie  rudder 
frame ― a  steel  casting  by  Krupp,  of  Essen —— is  iti  two  parts  ； 
it  has  a  height  of  57ft.  6in.  and  weighs  110  tons.  Fralim's 
system  of  anti-rolling  tanks  are  fitted  amidships  for  darripiiig 
the  rolling  movements  of  the  ship  and  preventing  sea-sick m-ss. 


Turbine  Casing  with  Hole  for  Shaft. 

Besides  natural  ventilation  artificial  ventilation  is  provided 
in  the  living  and  social  rooms  by  80  Sirocco  fans,  each  of 
5,300  cub.  ft.  to  10,600  cub.  ft.  capacity  per  minute  (total 
about  671,000  cub.  ft.)  coupled  direct  to  electric  motors.  All 
the  ventilating  channels  are  conducted  together  into  groups 
and  terminate  in  air  shafts  which  here  and  there  project  al")v(' 
deck  and  are  covered  by  roofs. 

In  addition  to  four  passenger  lifts,  which  are  worked 
electrically,  there  are  provided  10  loading  windlasses,  each  of 
3  tons  lifting  capacity  ；  three  hauling  winches  on  the  back 
deck  and  after  deck  ；  two  electrically-worked  cranes  for 
luggage,  &c.  ；  and  four  electrically-worked  boat  windlasses. 
The  vessel  is  provided  with  tlie  usual  conveniences,  including  a 
swimming  bath  and  gymnasiums. 


THE  ELECTRIFICATION  OF  THE  STATE  RAILWAY «  THE 
PARIS  SUBURBAN  LINES* 

BY  A.  N.  MAZEN. 

Traffic  of  the  State  Railways  System.  ― The  State  Railways 
system,  formerly  the  Ouest  lines,  serves  a  very  considerable 
portion  of  suburban  Paris.  The  lines  of  this  system ,  which 
end  at  three  termini,  namely,  that  of  St.  Lazare  on  the  ri^lit 
bank,  that  of  the  Invalides  and  Montparnasse  on  the  left  bank, 
comprise  at  present  a  total  length  in  this  section  of  about 
500  km.  of  single  track.  This  total  will  be  increased  to 
800  km.  in  a  few  years'  time  when  the  proposed  loops  and 
junctions  will  be  finished  and  when  the  new  line  from  Mont- 
parnasse to  Chartres  now  in  course  of  construction  will  be 
opened  to  traffic. 

A  huge  traffic  naturally  corresponds  with  such  a  large 
development  of  track.  From  the  point  of  view  of  the  number 
of  outward  and  inward  travellers,  the  St.  Lazare  station  is  by 
far  the  most  important,  not  only  of  the  Paris  but  of  European 
stations.  Only  Liverpool  Street  station  in  London  is  at  all  to 
be  compared  with  it.  This  traffic  movement,  however,  is  far 
from  stationary  ；  it  is  always  increasing,  ； iiul  statistics  show 
that  during  the  last  10  years  it  has  grown  by  from  3  to  4  per 
cent,  per  year,  while  it  would  appear  that  if  steam  traction 
were  retained,  it  would  be  doubled  in  about  25  years.  In 
addition  to  its  services,  the  State  railway  organisation  has  to 
suffice  for  its  main-line  service,  and  the  importance  of  this 
traffic  can  easily  be  imagined  when  it  is  considered  tit  at  the 
system,  with  its  9,000  km.  of  track,  serves  Normandy,  Brit- 
tany, le  Perche,  Anjou,  la  Vendee,  la  Saintonge,  and  all  tlie 
coast  line  from  Treport  to  Bordeaux. 

This  fan-shaped  system  brings  daily  from  the  10  principal 
extremities  (Dieppe,  Le  Havre,  Cherbourg,  Granville,  Brest, 
Saint-Nazaire,  Nantes,  Les  Sables,  La  Rochelle,  and  Bordeaux) 

•  paper  presented  at  the  joint  nicotine  of  the  Institution  of  Kloctrical  Enfii- 
neers  And  the  Soci^le  Internationale  des  Klectru  iens,  Paris,  May  '21st  to  '24th,  1913. 


niofe  than  80  train  loads  of  passen^er.s  into  the  rapital  by  tlie 
main  lines. 十  If  to  these  the  number  of  suburban  trains  are 
a(1ded,  a  total  of  more  tlian  820  train  loads  entering  Paris 
daily  is  obtained,  which,  with  the  outward  trains,  amounts  to 
a  total  of  more  than  1,640  trains  (in  and  out;  in  tl"，  '— M  hours, 
and  as  the  day  is  made  up  of  1,440  minutes,  thta  corresponds 
to  more  than  a  train  per  minute  entering  or  leaving  Paris. 

The  number  of  passengers  who  annually  make  use  of  the 
three  State  railway  termini  of  I*ariH  ainounts  to  al,'"it 
70  millions.  Of  this  total  the  St.  Lazare  station  alone 
accounts  for  about  60  millions  ；  and  tlie  annual  increase  is  of 
the  order  of  2  millions.  One-third  of  the  total  annual  mi" 山'' r 
of  subur})aii  pass('"gms  use  U"'  stations  rout aiiifd  within  t\w, 
area  of  Asnieres,  Colombes,  La  Garenne,  and  Courbevoie. 
Tin's  is  of  great  importance  in  organising  the  traffic. 

It  is,  of  course,  clear  that  such  a  traffic  development  '  ；,  h 
only  have  grown  gradually,  not  only  in  tlie  mimU'r  of  I  rain>. 
but  also,  thanks  to  modern  sb'am  locomotives,  as  to  their 
weight.  The  permanent  way  and  everything  connected  with 
it  must  be  utilised  to  its  maximum  capacity,  and,  as  regards 
the  lines  leaving  Paris,  a  diagram  has  been  drawn  up  dealing 
with  the  rush  hours,  and  for  certain  suburban  sections,  th'' 
maximum  authorised  number  of  24  vehicles  per  train.  At 
present  the  service  is  only  made  possible  by  using  coaches  with 
roof  seats,  which,  as  can  be  imagined,  increase  the  capacity  of 
the  trains,  but  could  not  be  retained  in  a  modern  schem** 

At  certain  times  the  congestion  has  become  so  great  tliat , 
especially  on  two  of  the  three  lines  which  alone  entered  St. 
Lazare  before  the  recent  addition  of  a  fourth  line,  the  traffic 
exceeds  200  trains  either  way  per  24  hours,  while  on  all  the 
other  systems  the  figure  does  not  exceed  100  ordinary  trains, 
with  the  exception  of  the  tramway  trains  of  the  Nord  Railway 
and  the  Orleans  system ,  in  the  case  of  the  electric  trains  from 
the  Gare  d'Orsay.  The  movement  on  these  two  systems 
reaches  figures  of  148  and  130  trains  (both  ways)  respe<"velv. 
What  has  been  said  regarding  the  permanent  way  obviously 
applies  also  to  the  rest  of  the  installations,  ;.，'.、  the  tennini, 
stations,  branches,  &c.  A  similar  situation  will  be  remem- 
bered when  in  1908  the  Compagtiie  de  l'Ouest  sanctioned  a 
proposal  involving  the  electrification  of  the  lines  of  St. 
Germain  and  Ar^enteuil. 

Since  the  incorporation  of  the  Ouest  lines  witli  the  St ； it *■ 
system  the  Administration  gave  renewed  attention  to  tlie 
question,  and  a  full  programme  was  drawn  up.  It  is  tliis 
programme,  the  carrying  out  of  which  is  still  in  progress,  that 
is  going  to  be  studied  below.  In  order  to  deal  with  tlie 
question  systematically  it  is  proposed  first  of  all  to  examine 


Turbine  Kotoh  Pautly  Fittkd  with  Hlauks  (sw  i，.  61-2). 

the  actual  situation  under  steam  traction  ；  to  consider  the 
remedies  to  be  adopted,  and  to  study  tlie  changes  in 
organisation  necessary  for  success. 

Actual  Position  as  Hoards  the  Working  of  the  State  Railway 
Suburban  System. ― If  the  position  as  it  artuallv  stan.ls  ； it 
present  is  examined  a  little  more  closely  it  will  first  of  all  be 
seen  that,  leaving  out  of  consideration  the  218  and  213  trains 
passing  each  way  to  Versailles  and  St.  Germain  through  the 
neck  formed  by  the  triple  tunnel  underneath  Batignolles  to 
enter  St.  Lazare,  the  number  of  trains  passing  through 

t  All  """tics  refer  to  tin  l'AV.  1(.»H'.  \\  h«  u  '丄' i      '-r.i  ' 【1  〈 - 
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Asnieres  are  167  on  the  Versailles  route  and  107  on  the  St. 
Germain  route.    The  other  congested  sections  are  ： ― 

On  the  right  bank  ：  -  Trains  both  Ways. 

Paris  to  1' Avenue  Henri-Martin    150 

Becon  to  Puteaux   131 

Asnieres  to  La  Garenne    〗06 

Coloinbes  to  Argenteuil    103 

On  the  left  bank  ： ― 

Invalides  to  Champ-de-Mars    139 

Clamart  to  Porchefontaine    89 

Porchefontaine  to  Versailles  R.G   67 

It  must  be  added  that  the  most  difficult  s-'di'ms  to  work 
are  those  in  which  trains  having  very  different  speeds 
(expresses,  fast  trains,  local,  and  goods  trains)  are  run  on  the 
same  track,  and  in  this  connection  the  sections  from  St. 
Lazare  to  Asnieres  and  from  Clamart  to  Porchefontaine,  the 
latter  with  a  continuous  up-grade  of  6  mm.  】）("'  metre,  are 
noteworthy.  During  the  busiest  hours  (6-30  to  7-30  p.m.) 
there  are  : — 


QUADBOPLK-SCHKW  TURBINK-DUIVEN  HAMBUKCi-AsiKRICA 

View  in  Engine  Koom,  showing  Turbines  in  course  of 
Trains  both  Ways. 

Departing  from  Saint-Lazare  ： ― 

On  Auteuil  line   10 

On  Versailles  line   11 

On  Saint-Germain  line    11 

Departing  from  Invalides  ： ― 

On  Porchefontaine  line    4 

Departing  from  Montparnasse  ： ― 

On  Porchefontaine  line    5 

Such  traffic  congestion  does  not  allow  of  a  very  good  service 
lor  the  different  suburban  sections.  The  number  of  trains 
each  way  per  hour  is  about  as  follows  for  the  different 
directions  : — 

Trains. 

Auteuil,  Clamart    4 

( Mianip  fle-Mai-.s,  Mouiincaux,  Sninl  (Jcruiain, 

Argenteuil,  and  Mantes    2 

Versailles  R.D.，  Versailles  R.G.  (Montpar- 
nasse), La  Garenne    1 1 

L  Ktani^  la^Ville,  Passy,  (  Vmllans,  Pontoise.  - .  1 
The  speeds  obtained  are  in  almost  every  case  insufficient. 
For  the  local  trains  a  speed  of  25  km.  per  hour  (a  speed 


scarcely  greater  than  that  of  the  Metro])olitain,  20  kin.  per 
liour)  can  alone  be  assured  ；  by  the  fast  locals  and  fast  trains 
from  35  kin.  to  45  km.  per  hour.  Mantes,  Poissy,  and  Ver- 
sailles-Chantiers  benefit,  it  must  be  remembered,  by  certain 
main-line  fast  trains. 

The  amount  of  rolling  stock  employed  in  the  suburban 
service  is  very  considerable,  in  spite  of  the  comparatively  small 
mimher  of  trains  per  hour.  It  comprises  about  1,500  coaclies 
and  200  locomotives,  which  represent,  together  with  the  neces- 
sary engine-sheds,  workshops,  and  carriage-sheds,  a  total 
capital  expenditure  of  more  than  50  million  francs.  The 
magnitude  of  this  stock  is  explained  by  the  fact  tliat  on 
account  of  the  difficulty  of  altering  their  composition  they  run 
practically  as  block  trains,  while  as  there  are  no  carriage-sheds 
on  the  line,  because  they  would  have  to  be  so  large  in  view  of 
the  length  of  the  trains,  all  stock  is  housed  at  the  termini. 
Under  these  conditions  the  utilisation  of  the  seating  capacity 
does  not  exceed  18  to  20  per  cent . 

With  such  a  method  of  working,  the  weight  moved  is 

obviously  very  great  ( 1 ,500 
million  ton-kilometres  per 
year).  Of  these  figures  the 
locomotives  account  for 
about  450  millions,  that 
is,  a  little  more  than  a 
quarter.  Such  very  bad 
working  conditions  lead, 
necessarily,  to  heavy 
； mnual  expenses,  although 
the  total  distance  run  does 
not  exceed  6,600,000  km. 
yearly.  The  final  outcome 
from  the  financial  point 
of  view,  is  a  large  deficit, 
which  will  go  on  increas- 
ing unless  stringent 
measures  are  taken  for 
improving  the  suburban 
working  .  The  only 
method  of  escaping  from 
this  situation  appears  to 
be  a  scheme  for  improv- 
ing the  service  as  a  whole, 
while  providing  for  a 
great  increase  in  traffic. 

Improvements  to  be  Made. 

― The  actual  system  of 
working  is  clearly  inade- 
quate, and  it  must  be  im- 
proved with  as  little  delay 
as  possible.  The  traffic  is 
continually  on  the  increase. 
During  the  rush  hours  over- 
crowded trains  reach  and 
leave  Paris.  If  steam 
traction  is  to  be  re- 
tained, the  number  of 
trains  must  be  increased.  However,  several  reasons  militate 
against  any  development  in  this  quarter.  First,  the  signalling 
systems  of  almost  all  the  Paris  stations  are  used  to  their  fullest 
extent  ；  second,  the  platforms  of  the  Paris  stations,  and 
particularly  those  of  St.  Lazare  and  Montparnasse,  are 
insufficient  in  luunher.  This  insufticienoy  applies  particularly 
to  steam  haulage  where  long  and  complicated  shunting  move- 
ments are  required  to  transfer  the  locomotive  from  the  back 
to  the  front  of  the  train.  To  these  difficulties  must  be  added 
those  of  watering  and  coaling  the  locomotives.  At  a  terniinus 
the  necessity  of  making  two,  three,  or  four  movements  for 
every  train  coi»iin^  in  or  going  out  blocks  the  exit  roads  and 
undoubtedly  increases  the  chances  of  accident.  To  increase 
the  capacity  of  tlie  terniinus  and  its  platforms,  it  is  absolutely 
iicct'ssarv  t<>  dorrraso         nuinl)er  ol'  1  lieso  nioveineiits. 

Hut  I  low  is  1  his  to  1)0  dono  ■  ( )l»vioiislv  1>\*  preventing  tlie 
transfer  of  the  locomotive  tnnu  t ho  l>;uk  to  the  front  oi  tlie 
I  rain,  Ijv  (Hjuippino-  the  train  in  siu-li  a  maimer  that  it  can 
he  driven  eit her  from  tlie  t'ront  or  from  the  rear.  Attempts 
have  been  made  to  solve  this  diflicult  problem  for  steam 
traction,  but  complications  of  every  kind  are  met  with.  Some 
engineers  have  gone  so  far  as  to  propose  placing  the  locomotive 
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in  the  centre  of  the  train,  1  lius  arriving  at  sonic  kind  of 
sym met. ry,  1""'  no  ；] rra ngemciil  oi'  tliis  sort  lias  ac(  u;i  1 1 v  givrii 
complete  SHtisl'actioii.  With  elect  ric  1  Taction  all  requireiiicnl  s 
arc  satisfied.  The  system  of  multiple-unit  control  allows  of  all 
the  electric  mot'oi's  driving  the  axles  of  the  train,  as  is  well 
known,  to  1)(、  worked  from  either  end.  With  drivers  cahins 
at  the  front  and  rear,  a  reversible  train  is  obtained  witliout 
any  movement  of  the  coaches.  If  a  considerable  proportion 
of  the  carriages  of  the  tiain  are  made  motor-cars,  it  is  <*;isv  ，（> 
split  up  the  train  into  a  number  of  separate  motor  driven 
sections,  and  this  without  any  marshalling  or  maiuiMn  rin^. 
Tli is  is  a  most  suitable  feature,  as  will  be  seen  furt her  on,  and 
one  which  allows  of  proportioning  llie  number  of  seat s  l  o  l  lie 
traffic  requirements.  This  cannot  be  done  ecoiHunically  with 
st  eain,  since  the  locomotive,  vvlucli  forms  a  large  propoi  t  ion  of 
the  total  weight  of  the  train,  must  be  in  front .  Further,  bv 
distributing  the  electric  niotons  ； imon^  t,li(、  dinVicnt  carriages 
of  ilie  train  a  large  adhesive  weight  is  available  allowing  ra[jid 
acceleration,  which  permits  of  the  trains  getting  away  quickly 
from  the  platforms,  increasing  their  capacity. 

Tlie  Metropolitain  and  the  Nord-Sud  lines  have  brought  out 
these  conditions  so  clearly  that  it  is  unnecessary  to  labour  the 
point.  All  these  circumstances,  combined  with  a  sudicicm  ]  v 
liigh  schedule  speed,  will  obviously  allow  of  a  considerahlr 
reduction  being  made  in  the  time  taken  on  the  journey. 

Before  definitely  giving  up  all  idea  of  using  steam,  it  might 
be  well  to  look  for  a  moment  as  to  how  it  compares  with 
elect  ricity  from  the  point  of  view  of  tlie  capacity  of  the  railway 
system  line.  The  considerable  experience  obtained  in  the  use 
of  steam  traction  shows  that  it  is  useless  to  try  to  exceed  a 
maximum  of  10,000  to  12,000  passengers  per  hour  with 
carriages  without  top  seats,  on  a  two-track  Hue  with  frequent 
stops.  In  England,  where  certain  systems  use  comparatively 
light'  trains  hauled  by  heavy  and  powerful  locomotives,  8,000  to 
10,000  passengers  per  hour  is  barely  reached.  Here,  thanks  to 
ligliier  rolling  stock,  accelerations  are  obtained  which,  without 
being  as  great  as  are  obtained  with  electric  traction,  are  never- 
theless considerably  greater  than  in  England  ；  but,  on  the 
other  hand,  the  cost  of  haulage  is  considerably  increased. 

By  the  side  of  these  figures  it  is  interesting  to  put  figures 
relating  to  electric  traction,  it  being  remembered  that  wit  h 
trains  of  5  coaches  carrying  500  passengers  the  Metropolitain 
is  able  to  deal  with  an  hourly  total  of  12,000  passengers. 
With  carriages  3  m.  instead  of  2  40  m.  wide,  and  22  m.  instea'l 
of  14  ni.  long,  and  assuming  eight  carriages  per  train,  the 
enornious  figure  of  40,000  passengers  per  hour  is  reached,  or, 
considering  seats  only  (no  standing),  that  of  20,000  passengers 
per  liour. 

On  the  occasion  of  the  election  of  the  President  of  the 
Republic  it  was  found  possible  to  bring  1,500  passengers  to  the 
Invalides  from  Versailles  in  six  electric  coaches  of  the  above- 
mentioned  type,  which  corresponds  to  an  hourly  total  of 
18,000.  The  journey  was,  moreover,  clone  in  14  minutes. 
The  conclusion  is  therefore  arrived  at  that  electric  tract  ion, 
with  its  rapid  acceleration,  allows  of  tlie  time  taken  on  the 
journey  being  so  diminished  as  to  double  the  capacity  of  the 
line.  It  moreover  eliminates  train  movements  and  reduces  the 
number  of  platforms  at  the  termini  necessary  for  a  given 
service. 

To  obtain  the  preceding  figures  it  must  clearly  be  under- 
stood that  each  section  of  the  line  under  consideration  would 
be  used  only  by  suburban  trains  running  at  the  same  speed . 
This  implies  tliat  trains  of  different  speeds  shall  t ravel  on 
separate  tracks.  In  England,  in  the  case  of  the  London 
suburbs,  the  main  line  has  been  completely  separated  from  the 
suburban  traffic.  The  State  railways  have  also  approached 
this  by  considering  the  adopting  of  the  zone  system  of  working. 

No  section  of  a  steam  line  can  deal  with  more  tlian  100 
trains  in  each  direction  per  day,  whilst  it  is  agreed  that  on 
electrified  lines  this  figure  may  reach  350.  This  last  figure 
is  not  at  all  startling  when  it  is  remembered  that  the  Metro- 
politain and  Nord-Sud  give  on  certain  sections  the  excellent 
service  of  more  than  400  trains  a  day  in  each  direction. 

Tt  may  be  asked  if  such  a  (levelo])!iieni  would  he  of  a  nai  \u  o 
to  hrin^  an  itn|)or(.juit  increase  of  traffic.  Tlie  reply  is  soil - 
evident  when  it  is  remembered  thai  t ho  olort  rilic*!  line  from 
the  Invalides  to  Versailles  has  shown  1  vixtWc  increases  of  from 
12  to  13  per  cent,  per  year,  while  the  other  steam  lines  showed 
increases  of  barely  2  or  3  per  cent  .  Another  electrified  line  in 
Paris,  witli  similar  conditions  and   results,   could  be  cited 


Alany  other  examples,  especially  in  Englaini,  <*oiil<l  I"'  «pi',"  'l， 
so  tliiii  the  result  of  elect  rilicat  ion  is  not  ill  question. 

Organisation  of  Traffic  with  Electric  Traction.— A  very  •  on. 
plete  exainination  of  tlie  variation  of  tlie  traffic  with  regard 
to  the  time  of  day,  the  season  of  the  year,  and  tjie  sections  of 
tlie  line,  has  led  to  the  enij)lovinent  of  a  single  type  of  ele«'trir 
carriage,  built  to  contain  all  the  elements  required  for  subur- 
ban service,  namely,  guard  s  van  and  lirst  and  svond  '  U 
compartments.  This  marii  can  carry  100,  including  ht  vn\> 
hangers.  It  is  lo  he  remei'ibcml  that  t  liiirl  rlass  Ion- 
since  been  done  away  with  on  tlie  suburban  lines,  except  on 
the  Argenteuil  section,  where  it  will  .shortly  cease  to  «':、i，i 
During  much  of  the  time  the  service  will  be  ntrn^l  on  I 八 
single  coach  trains,  the  number  of  seats  being  amply  sufBrieut 
at  such  hours.  During  the  time  of  heavier  IraHir  and  on  t  In- 
more  busy  sections  the  trains  will  be  composed  of  several 
similar  coaches.  It  is  intended  to  run  special  electrir  I  rain - 
for  parcels  service,  which  in  the  suburbs  i.s  developing  mm*' 
and  more.  To  find  out  ！ low  many  coaches  to  allow  on  each 
section  of  the  line,  statistics  of  the  hourly  traffic  at  eacli 
suburban  station  have  been  compiled  over  a  long  peri^'l  ,'i 
time,  and  it  is  possible  with  tlie  liolp  of  these  statistics  to  find 
out  for  each  line  and  within  each  zone  the  number  of  -s'';"., 
required  hour  by  hour. 

The  Choice  of  the  Electric  Traction  System.  —  TL' 
systems  of  electric  traction  in  current  use  may  now  be  I'ricHv 
dealt  with  in  order  to  justify  the  choice  made  l>v  t  lie  St  ； it 
railways.  Amongst  these  systems  3-wire,  coiitim")us  '  urn'iii , 
and  3-phase  traction  call  for  three  conductors,  wliidi  r，— ' 山 irp 
to  two  if  the  return  is  by  the  track  rails.  They  have  l>«-en 
applied  with  great  success  in  certain  cases,  for  ex;""pl(、  tl"， 
Nord-Sud  has  successfully  employed  continuous  current  on  ，li' 一' 
3-wire  system,  using  as  conductors  an  overhead  wire  an(l  a 
third  rail,  each  at  600  volts,  tlie  track  rails  serving  as  tlu; 
neutral  wire.  A  system  lias  thus  been  evolved  which  by  su[>- 
jiressing  the  return  current  and  its  drop  in  pressure  is  com- 
pletely innocuous,  so  far  as  electrolysis  is  concerned.  A 
number  of  examples  can  also  be  given  of  the  application  oi  i  ii* 
3-phase  system,  among  tlie  more  recent  those  of  the  Si/nplon 
and  the  Mont  Cenis  installations  (two  overhead  conclurt oi  s 
with  the  track  as  the  third  phase).  But  these  t wo  s\>t*'rn>. 
as  can  be  understood,  are  exceedingly  complicated  at  station 
crossovers  and  at  important  junctions.  The  3-phase  system, 
moreover,  hardly  lends  itself  to  rapid  acceleration,  and  i -、 
useless  for  multiple-unit  working. 

The  other  systems  only  employ  two  conduct o is,  one  oi" 
which  is,  in  almost  every  case,  tlie  track  rail.  Theso  .system- 
are  the  single-phase  system  and  the  continuous-current  syst**rn 
The  single-phase  system  permits  the  use  of  high  voltages  on 
the  working  conductor  ；  it  is  therefore  possible  to  use  a  li^Iit 
overhead  wire.  The  continuous-current  system ,  if  normal 
pressures  of  500  to  700  volts  are  used,  is,  on  the  contrary,  only 
available  with  a  heavy  steel  conductor  about  ^roinwl  level. 
If  use  is  made  of  higher  pressures,  sucli  as  1  ,-00,  1, :"、（、，  ami 
even  2,000  volts,  which  the  construction  of  iikhUth  motors 
allows,  either  an  overhead  line  may  be  used,  wliicli  h;i^  tf>  "'• 
very  heavy  in  the  case  of  dense  traffic,  and  is  conse'|urntly 
expensive  and  ugly,  or  else  the  conductor  must  be  installrd 
near  the  ground. 

The  author  ventures  to  think  that  the  day  is  at  liaiul  、vl"  n 
a  satisfactory  solution  of  these  difficulties  will  be  found . 
although  the  solution  may  not  be  a  simple  one.  As  yet  there 
is  no  installation  of  tliis  nature,  and  a  choice  must  he  made 
between  the  single-pliase  systems  and  the  contimimis-' um'nt 
system  at  a  normal  pressure  of  600  to  700  volts. 

With  the  single-phase  system  there  is  a  considerable  simpli- 
fication in  distribution  from  the  use  of  static  transfornu  r^  m 
place  of  sub-stations  with  rotary  converters  ；  there  is  also  ； i 
saving  in  the  number  of  attendants,  better  efln-ieiiov,  ami 
freedom  from  electrolysis  troubles. 

With  tlie  coutinuous-current  system,  the  equipment  of  thv 
coaches  is  much  lighter  and  less  cumbersome,  tlie  acoelerat  i(»u 
more  rapid,  witli  a  better  efficiency  of  the  motors,  and  lastly, 
less  waste  of  eiiergv  per  useful  ton  carritnl  From  the  point 
of  view  of  safety,  tlie  iontinuous-4-urrent  system  does  not 
re<|uire  the  ourrent  to  be  taken  above  (he  i\nov  the  rDarlu^ 
It  does  awav  witli  ； ill  the  trouhlp ~ in  particular  ;it  ,  i、w、vr- 
aud  for  branch  lines  at  large  stations— of  the  overhead  wire 
(in  the  case  of  a  derailment,  the  upsetting  of  poles,  or  tli,、  fall 
of  several  parallel  wires, 
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Protection  against  lightning  is  more  easily  made  than  wiili 
an  overhead  single-phase  wire.  In  numerous  recent  railway 
investigations  for  particularly  heavy  traffic,  the  continuous- 
current  system  has  shown  a  real  superiority  to  the  single  phase 
on  the  economic  side.  Without  attempting  to  go  too  deeply 
into  the  matter  the  author  would  draw  attention  to  the  follow- 
ing chief  points  :  The  stationary  installations  are  cheaper  for 
single  phase  than  for  continuous  current  (sub-stations  and 
tracks).  On  the  other  hand,  the  equipment  of  the  rolling 
stock  is  both  heavier  and  more  costly.  It  is  quite  understand- 
able, therefore,  that  the  heavier  the  traffic  the  greater  the 
advantage  of  the  contiiuious-current  system.  It  is  the  same 
wit  1 1  the  working  expenses,  tlie  more  the  installation  is  fully 
utilised,  the  lower  is  the  expense  per  ton  carried  by  tlie 
continuous-current  system  as  compared  with  the  single-phase 
system,  cliiefly  owing  to  the  weight  of  the  equipments. 

Tlie  author  will  not  go  so  far  as  to  repeat  what  was  said  at 
the  last  Railway  Congress  at  Berne  in  1910，  namely,  t  hat  tlie 
single-phase  system  is  the  one  which  ought  to  be  employed 
when  all  hope  of  increasing  the  traffic  has  been  lost.  He  has, 
in  fact,  made  use  of  it  himself  in  certain  cases,  and  it  cannot 
be  doubted  that  it  has  its  own  special  field.  But  it  cannot  be 
repeated  too  often  that  it  is  not  applicable  in  every  case,  and 
the  one  under  discussion  appears  to  be  an  instance  where  it 
is  not  at  all  suitable. 

A  word  on  the  subject  of  electrolysis.  Tlie  care  taken  in 
the  upkeep  of  the  permanent  way  and  conductors  from  the 
Invalides  to  Versailles  left  bank  (rail  of  46  kg.  per  metre 
mounted  on  insulators,  good  condition  of  the  ballast,  the  level 
of  which  is  always  kept  below  the  rails)  has  prevented  any 
trouble  during  the  whole  10  years  the  line  has  been  at  work. 
For  lines  where  tlie  traffic  is  heavier,  the  effects  of  electrolysis 
may  be  expected  to  be  greater  and  to  show  themselves  sooner. 
There  is  reason,  however,  to  think  that  where  the  construction 
is  good  and  the  upkeep  of  the  track  satisfactory  there  will  be 
little  trouble.  On  the  other  hand,  as  regards  the  single-phase 
system,  it  is  necessary  to  include  the  difficulties  caused  to 
telegraph  and  telephone  transmission,  which  are  not  yet  over- 
come. For  all  these  reasons,  and  particularly  since  on  most 
of  the  sections  the  density  of  the  traffic  is  already  very  higli 
and  is  bound  to  increase,  the  State  railways,  being  anxious  to 
make  no  mistake,  have  adopted  the  continuous-current  system 
at  650  volts.  This  system  is  sanctioned  by  long  usage,  it  is 
thoroughly  reliable,  and  in  the  present  instance  it  is  certainly 
the  cheapest. 

Our  neighbours,  the  English,  a  practical  people,  after  the 
very  interesting  application  of  the  single-phase  system  on  the 
part  of  the  London,  Brighton,  and  South  Coast  Railway  on 
several  lines  in  the  south  of  London,  have  just  recently,  like 
the  State  railways,  adopted  the  continuous-current  system  at 
650  volts  for  the  majority  of  the  lines  in  the  suburbs  of 
London.  It  must  be  added  that  everything  that  exists  in 
Paris  in  the  way  of  heavy  electric  traction  :  Metropolitain, 
Nord-Sud,  Orleans  (Orsay  Juvisy),  Etat  (Invalides- Versailles, 
left  bank),  is  worked  with  continuous  current  at  650  volts. 

The  Electric  Power  Station. ― For  the  electrification  under 
consideration  the  electric  supply  must  be  able  to  furnish  400 
to  500  motor-coaches  with  continuous  current  at  650  volts, 
through  a  third  rail  parallel  to  the  track,  the  running  rails 
serving  as  return  conductor.  The  current  is  furnished  by  sub- 
stations receiving  energy  in  the  form  of  alternating  3-pliase 
current  at  25  cycles,  15,000  volts,  from  the  generating  stations. 
To  avoid  trouble  from  frost  after  a  thaw,  a  conductor  rail  with 
under  collection  was  proposed.  This  rail  weighs  76  kg.  per 
metre.  It  is  carried  by  supports  of  impregnated  wood  of  a 
type  similar  to  that  used  on  the  Invalides- Versailles  line.  The 
motor-coaches  collect  the  current  by  a  special  shoe,  called 
" universal,"  arranged  so  as  to  collect  either  from  the  upper  or 
under  surface  of  the  rail. 

The  sub- stations,  placed  wherever  possible  at  junctions, 
contain  rotary  converters  of  1,500  kw.,  1,000  kw.,  and  750  kw. 
output,  according  to  their  importance.  Their  distance  apart 
varies  from  3  km.  to  8  km.,  according  to  the  density  of  the 
traffic.  Almost  in  every  case  they  serve  also  to  supply  energy 
to  the  railway  stations  or  to  the  station  approaches.  A  very 
interesting  control  system  allows  a  certain  variation  in  the 
voltage  of  the  continuous-current  supply,  and  of  several  sub- 
stations being  put  out  of  action  during  slack  hours.  The 
starting  of  the  rotary  converters  is  effected  from  the  alter- 
nating side  throughout.  The  sub-stations  are  supplied  by 
3-phase  underground  feeder  cables  at  15,000  volts,  25  cycles. 


The  pressure  of  15,000  volts  was  chosen,  first,  because  under- 
ground cables  were  used  ；  second,  on  account  of  the  distance 
to  be  fed,  so  as  to  step  down  at  sub-stations  without  very 
elaborate  apparatus,  the  network  being  very  complicated. 
The  feeders,  it  should  be  noted,  are  in  duplicate,  to  ensure 
complete  security.  Electric  energy  will  be  furnished  by  two 
power  stations,  the  construction  and  working  of  which  has 
just  been  entrusted,  after  public  tender,  to  - an  industrial 
syndicate.  There  is  a  sliding  scale  of  charges  under  wliicli, 
when  the  stations  are  finished,  electric  energy  will  be  sold  to 
the  State  at  an  inclusive  cliarge  of  about  5  centimes  per 
kilowatt-hour. 

The  two  power  stations,  comprising  steam  turbine  units  of 
5,000  kw.,  will  be  placed  at  Moulineux  and  at  Bezons  on  the 
banks  of  the  Seine.  Wlien  t  he  installations  are  complete,  they 
will  have  a  capacity  of  about  60,000  kw.,  and  will  furnish  tlie 
State  with  about  a  hundred  million  kilowatt-hours  per  aniiuni. 
The  sliding  scale  for  supplying  this  current  contemplates  the 
ultimate  utilisation  by  the  State  of  the  energy  coming  either 
from  the  Rhone  or  from  the  coal  mines  in  the  north .  It 
must  not  be  forgotten  that  Bezons  is  only  170  km.  from  Lens. 
There  is,  therefore,  good  reason  for  believing  tliat  before  long 
the  coal  mines  at  Pas-de-Calais  will  join  with  the  falls  of  the 
Rhone  in  supplying  Paris  with  electricity  through  a  network 
of  feeders,  combined  in  a  system  such  that  the  seasonal,  Mail  v, 
and  hourly  variations  in  the  demand  for  energy  at  t]ie  points 
of  consumption,  are  met  by  corresponding  variations  at  the 
various  points  of  supply,  arranged  so  as  to  secure  the  maximum 
economy. 

As  regards  subsidiary  works,  it  may  be  mentioned  that 
several  engine-sheds  and  a  large  repair  shed  at  Garelle-Bezons 
are  to  be  provided  for  maintaining  the  electrical  rolling  stock. 
This  shed,  now  in  course  of  construction,  will  be  able  to  take 
at  one  time  40  to  50  coaches,  and  will  be  equipped  with  modern 
cranes  and  up-to-date  tools.  One  result,  and  not  the  least 
important  result  of  the  electrification  will  be  the  distribution 
of  electric  energy  under  the  most  economical  conditions  to  all 
suburban  stations. 


British  Acetylene  and  Welding  Association. ― At  the  annual 

general  meeting  of  this  association,  recently  held  in  London, 
the  retiring  president,  Mr.  K.  S.  Murray,  read  a  report  of 
the  work  of  the  association  during  the  past  year.  In  this  he 
stated  that  tlie  association  stood  in  a  stronger  position  to-day 
than  it  had  ever  previously  occupied,  and  was  now  better  able 
to  render  assistance  directly  and  indirectly  to  the  acetylene 
industry.  The  total  membership  had  more  than  doubled  dur- 
ing the  year,  and  it  was  not  unreasonable  to  anticipate  that 
before  long  the  association  would  carve  its  way  into  a  position 
of  importance  as  an  independent  and  representative  organ i、a 
tion,  valuable  not  only  to  the  acetylene  trade  itself,  but  to 
those  trades  in  which  to-day  acetylene  played  such  a  useful 
part.  The  by-laws  had  been  modified  so  as  to  enlarge  the 
scope  of  the  association,  and  to  cover  the  welding  and  metal - 
catting  processes  which  had  in  recent  years  become  so  helpful 
to  the  acetylene  industry.  Mr.  Ernest  \V.  Sprott  was  elected 
president  for  the  present  year  ；  Mr.  T.  G.  Allen,  vice-presi- 
dent ； and  Mr.  H.  E.  Baker,  treasurer. 

Incorporated  Municipal  Electrical  Association. ― The  eighteenth 
annual  convention  of  this  association  is  to  be  held  in  London 
from  Tuesday,  June  17th,  to  Saturday,  June  2 1  st,  Tlie  meet- 
ings will  be  held  at  the  Institution  of  Electrical  Engineers, 
Victoria  Embankment,  where  on  June  1 7th  the  Convention 
will  be  opened  at  10  a.m.  by  Mr.  W.  Duddell,  F.R.S.,  presi- 
dent of  the  Institution  of  Electrical  Engineers.  An  address 
will  then  be  delivered  by  Mr.  C.  E.  C.  Sliawfield,  and  a  paper 
will  be  read  by  Dr.  S.  Z.  de  Ferranti  on  "  Prime  Movers  for 
Electric  Power. M  On  Thursday,  June  19th,  the  meeting  will 
be  held  at  the  Empire  Theatre,  Kingston-on-Thames,  when  a 
paper  on  "  Air  Filtration  "  will  be  read  bv  Mr.  J.  Christie, 
chief  electrical  engineer,  Brighton,  and  on  "  Electrical 
Vehicles"  by  Messrs.  W.  H.  L.  Watson  and  R.  J.  Mitchell. 
A  council  meeting  and  the  annual  general  meeting  will  be 
held  on  Friday,  June  20th,  at  the  Institution  of  Electrical 
Engineers.  A  number  of  interesting  visits  and  excursions  in 
London  and  the  environs  have  been  arranged  for.  Applica- 
tion should  be  addressed  to  the  secretarv  of  the  association, 
Mr.  C.  McArthur  Butler,  F.C.I.S.,  28，  B'edford  Square,  W.C. 
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DEWRANCE'S  REDUCING  VALVE. 

Tnio  accompanying  sectional  view  shows  a  design  of  r«'<lucin^ 
v;ilvt'，  the  invention  of  Mr.  John  l)('、vr:mr,'，  1';.、，  (； ival  1)',、' r 
Street,  fSoutliWiirk,  London.  It)  valvt'S  ol  the  kind  umlrr  con- 
sideration, the  initial  pressure  acting  on  the  under  side  of  t lit* 
discharge  valve,  which  controls  I  he  (lis (小; orifirc,  is  bal;m(.''(l 
|)v  ； i  (li;i})hra<ini-inoiuit<'(l  piston.     In  flic  design  illust  rah'' I  .1 

special  construction  of  dis- 
charge valve  is  employed 
which  enables  1  lie  dianictcr, 
as  also  that  of  t'h" 山 ：i| 山 r:i'"ii, 
to  be  r*'(lucc(l  ；  t  hus  niutcrially 
reduciiig  the  size  and  cost  of 
1  ho  enfirt'  ； i])]>;ir;i1us.  VVIh'H  a 
single-seated  valve  of  tlie  ordi- 
nary cliaractcr  is  。iii|,l。vr<l， 
a  siii»hl  aitnular  |»iissai>c  is 
formed  about  the  <»utn 
of  the  valve  for  t  lie  escajn'  <»l 
the  steam.  Under  sucli  cir- 
cumstances, owing  to  tli" 
limited  range  of  movcnu'iit  of 
the  diaphragm,  tlu*  lift  of  Hi'' 
valve  is  so  restricted  as  to 
afford  insuilicicnl  area  for  the 
passage  of  t'lu'  steam  to  be 
controlled  ；  but  in  a  reducinii 
valve  provided  wit  li  tin* 
special  ronstniction  of  dis- 
c liaise  valve,  the  diametci 
tlien^oi,  as  also  the  lift  of  tht* 
valve,  is  reduced,  whilst  tli'' 
discharge  area  of  tho  latter  is 
increased. 

The  discharge  valve  is 
guided  centrally  and  is 
formed  with  1  luce  concen- 
tric ？ eatings  a,  b,  ('，  which 
control  two  concent  l  ie  pas- 
sant's  D,  f;  tliere  being  moreover  between  theinner  seating  a  and  t  In- 
intermediate  seating  b  an  annular  passage  through  the  valve  G. 
When  the  valve  is  lifted  off  its  seat,  the  steam  passes  outwardly 
past  the  inner  seating  a,  inwardly  past  the  intermediate  seating  B 
and  outwardly  past  the  outer  seating  v  ；  thus  providing  three 
annular  discharge  passages,  instead  of  one,  as  in  the  case  oi  tin* 
ordinary  or  single-seated  valve. 


Dewrance's  Reducing  Valve. 


THE   USE  OF  THE   ELECTROSTATIC  SYSTEM  FOR  THE 
MEASUREMENT  OF  POWER. 

At  a  recent  meeting  of  tlie  Institution  of  Electrical 
Engineers  a  paper  by  Mr.  C.  C.  Paterson,  Mr.  E.  H. 
Rayner,  and  Mr.  A.  Kinnes,  on  the  above  subject,  was  read. 
The  authors  mentioned  they  had  used  the  electrostatic 
system  for  all  their  alternating  current  measurements  at  the 
National  Physical  Laboratory  for  upwards  of  six  years. 
The  instruments  consisted  of  electrostatic  voltmeters  and  an 
electrostatic  wattmeter,  together  with  the  supplementary 
apparatus  which  enabled  commercial  alternating-current 
instruments  of  any  range  and  of  the  highest  precision  to 
be  calibrated  with  ease  and  certainty.  The  accuracy  attained 
was  considerably  better  than  five  parts  in  10,000  ；  and  the 
long  experience  gained  in  the  every-day  use  of  the  instru- 
ments had  convinced  the  authors  of  the  great  value  and  con- 
venience of  the  system  in  the  work  of  a  central  testing 
laboratory.  There  was  no  suggestion  that  the  electrostatic 
wattmeter  should  take  the  place  of  any  of  the  existing  pre- 
cision instruments  used  in  station  work ― for  this  purpose  it 
would  prove  troublesome— but  where  a  system  was  required 
of  the  very  highest  accuracy,  combined  with  a  wide  range 
of  application  and  convenience  in  use,  the  authors  were  of 
opinion  that  at  present  there  was  none  to  be  compared  witli 
the  electrostatic  system  - 

The  apparatus  which  they  had  developed  had  been  evolved 
to  meet  the  special  requirements  of  the  electroteclmit  al 
instrument-testing  section  at  the  laboratory.      Two  of  the 


principal  requirernents  of  the  work  were  :  (1)  A  high  degree 
of  accuracy,  and  (2)  adaptability  over  a  wide  range  for  measu- 
ring all  kinds  of  loads  met  with  in  tlie  teHting  laboratorv. 
The  outstanding  advantages  of  the  electrostatic  system  for 
the  measurement  of  electrical  quantities,  as  distinct  from  tli»* 
system  of  using  instruments  of  the  dynamometer  type,  w.  i- 
(1)  The  wide  ranges  of  current  and  voltage  over  whicli  a  Hiugle 
standard  instrument  could  be  used.  Tlie  volta^*;  r;"w  o! 
dynamometer  wattmeters  could  be  multiplied  indefimt  . 
but  errors  were  introduced  when  the  current  to  be  nieaHun-d 
exceeded  one  or  two  liundred  amperes.  One  of  tlu- 
troubles  was  due  to  the  heavy  metallic  windings  of  the  series 
coils,  and  the  clisturlm" (屮 of  tl"'ir  fields  in  consequence  of 
eddy  currents.  The  electrostatic  wattmeter,  on  th»-  ot  h*-i 
IihikI,  could  be  used  to  measure  practically  any  current . 
The  authors  at  present  went  u\t  t',  'AJH »0  amperes  in  ； il"'r 
nating-current  power  measurements;  but  if  there  were  a 
demand  for  tests  involving  larger  currents,  it  could  \»o  ln" 
readily.  (2)  The  fact  that  the  voltmeter  and  tlie  w;"tm'  "  r 
required  but  a  minute  capacity  current  enabled  them  to  !>«• 
clianged  over  from  one  circuit  to  another  without  causing 
any  disturbance ― as,  for  "i、t;im''，  when  measuring  A  plia 
systems  by  the  2-wattmeter  method,  or  when  measuring  the 
ratios  of  potential  transformers.  (3)  Eddy  currents  did  not 
arise  in  the  apparatus  to  affect  its  accuracy  it)  anv  rin  um 
stances  met  witli  in  practice.  (4)  The  instruments  tli.  m 
selves  were  independent  of  changes  in  frequency  or  in  wave- 
form. The  shunts  which  were  used  with  the  wattmeter  for 
currents  of  1,000  amperes  and  over  had,  however,  a  very 
small  effective  inductance,  which  should  be  allowed  for  when 
high  accuracy  at  very  low  power  factors  was  required.  For 
instance,  the  3,000-ampere  shunt  introduced  an  error  oi  n  ^ 
per  cent,  in  wattmeter  readings  at  01  power-factor  and 
50  cycles  per  second.  The  form  of  the  shunt  enabled  the 
inductance  to  be  readily  calculated,  and  a  correction  for  the 
only  factor  affecting  the  accuracy  could  thus  be  applied. 
As,  however,  the  accuracy  was  affected  only  when  the  largest 
currents  and  lowest  power  factors  were  in  question,  it  was 
seldom  necessary  to  take  this  error  into  account.  (5)  Tlie 
instruments  were  all  of  the  direct  deflection  type,  and  their 
scales  could  be  read  easily  and  accurately  witli  the  naked  ev^ 
The  chief  disadvantages  of  the  system  were:  (1)  The 
relatively  small  controlling  forces  in  the  electrometers  causing 
the  slow  movement  which  was  common  to  most  electrostatic 
instruments.  (2)  In  order  to  keep  down  the  time  of  swing 
of  the  wattmeter  moving  system  (undamped)  to  about  8  sees, 
and  yet  leave  the  instrument  robust  enough  to  withstand 
ordinary  every-day  use,  it  was  desirable  to  work  with  a  pres- 
sure of  about  2  volts  ou  the  quadrants  for  full  dedection 
over  the  scale.  This  meant  that  a  pressure  drop  of  one  or 
two  volts  was  wanted,  whatever  the  current  through  the  series 
resistance.  Two  volts  with  2,000  amperes  meant  a  dissipation 
of  4  kw.  in  the  resistance  ；  this  was  readily  managed  with 
water  cooling,  but  the  introduction  of  the  water  system  must 
be  regarded  as  a  disadvantage.  Considerable  benefit,  how- 
ever, accrued  from  the  use  of  these  resistances,  as  they  formed 
a  good  non-inductive  load  for  the  transformer  and  generator 
supplying  the  current  and  thus  helped  to  prevent  wave  dis- 
tortion of  the  generator  and  to  keep  3-pliase  circuits  balanced. 
Their  relatively  high  resistance  also  helped  to  produce  a  low 
time-constant.  (3)  The  instruments  were  not  portable. 
When  once  set  up  and  adjusted  they  were  best  left  alone. 
(4)  Most  of  the  apparatus  must  be  regarded  as  '*  special," 
since  there  was  never  likely  to  be  a  sufficient  demand  for 
equipment  of  this  nature  to  cause  it  to  be  manufactured  in 
commercial  quantities. 


Metal  Cutting  under  Walcr. ― Oxyhydrogen-t! 
under  water  is  said  to  be  accomplished  successfully  bv  means 
of  a  special  form  of  burner  recent lv  invented.  This  burner 
consists  of  an  ordinarv  oxyhvd rogen  burner  witli  the  adtlit imi 
of  a  bell  or  hood  shielding  the  gas  orifice  from  the  water,  and 
a  compressed-air  supply.  A.  Heckt ,  of  Kiel,  Germany,  (12, 
Liibecker  Chaussee),  is  marketing  the  apparatus.  Successful 
demonstrations  have  been  made  with  the  apparatus,  cl uriiiij 
which  a  bar  of  iron  2\in.  square  was  cut  tlirougli  in  30  seconds 
at  a  depth  of  16ft.  under  water,  and  a  1  -in.  slot  was  cut  in 
J;! in.  plate  in  1 A  minutes. 
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APPLICATION  AND  PRODUCTION  OF  DIE  CASTINGS  FOR 
AUTOMOBILES, 

BY  WALTKH  liKTTKHTON. 

(Concluded  jrom 

\Vk  ]iow  come  to  tl"'  const i-iict ion  of  the  dies  theinselves.  As 
a  rule,  they  are  made  of  mild  steel,  the  exceptions  being  heavy 
bases  and  frames  which  are  made  of  cast  iron ,  dowel  pins  and 
small  cores  which  should  be  made  of  tool  steel.  Except  in  rare 
i nsl  ； i noes,  the  die  slunild  have  no  hardened  parts,  because  the 
melt ing  points  of  some  of  the  alloys  will  be  hii/li  <-noiigh  to 
soften  such  surfaces.    The  following  are  a  few  of  the  essential 


considerations  in  making  dies.  Means  must  be  provided  for' 
facility  in  ejecting  the  castings  upon  completion.  This  is 
usually  done  by  ejector  pins,  as  shown  in  Figs.  3  and  4， 
alt  1 1  (.mgh  frequently  it  would  be  better  to  have  the  bottom  of 
the  die  or  some  other  section  movable  and  perform  the 
ejection  on  the  same  principle  that  is  used  in  drawing  dies  of 
the  combination  type.  The  next  question  is  that  of  air  vents. 
in  the  case  of  a  die  in  which  air  is  exhausted  by  the  incoming 
molten  metal,  air  vents  are  necessary  at  frequent  intervals 
around  the  die  cavity  in  order  to  prevent  the  air  from  pocket- 
ing. These  vents  are  made  by  milling  a  shallow  slot  in  the 
joint  face  of  the  die,  the  general  practice  being  ^in.  to  ^in. 
wide,  and  from  003in.  to  "005in.  deep,  varying  with  the  size 
and  shape  of  the  die.  Air  vents  for  a  die  in  which  a  vacuum 
is  obtained  will  be  shown  in  the  diagram  illustrating  a 
machine  operated  on  this  principle.  For  making  die-castings 
that  are  to  have  pieces  of  other  -metal  inserted,  it  is  necessary 
to  use  a  die  with  provision  for  receiving  the  metal-blank,  and 
holding  it  only  while  the  metal  is  cast  round  it.  Of  course,  the 
piece  must  be  held  in  such  a  way  that  it  can  be  easily  ejected 
t'roni  the  die  with  the  finished  casting. 

In  order  to  maintain  the  die  at  a  constant  temperature,  the 
usual  practice  now  is  to  water-jacket  them .  A  difficulty  is 
sometimes  encountered  due  to  shrinkage,  in  which  case  a 


■*3e.ction  at  A  Q 


Fig. 


sample  casting  should  be  made,  and  if  it  is  found  to  be 
incorrect,  the  dies  must  be  altered.  When  doing  this  sufficient 
material  inust  be  allowed  tor  grinding  away,  the  casting,  in  tlie 
first  place  l>ein^  made  somewhat  too  small  in  order  to  admit 
of  this. 

A  most  necessary  feature  in  all  dies  is  the  .sprue,  or  gate 
cutter.  The  object  of  this  is  to  enable  the  liole,  through  which 
the  molten  metal  is  forced,  to  be  as  large  as  possible  and  at 
the  same  time  to  have  a  large  volume  of  metal  at  the  opening. 
This  also  helps  to  maintain  the  temperature  of  the  metal  wliilf 
it  is  being  forced  into  the  die,  and  further,  this,  to  a  very 

*  Paper  read  before  the  Graduates'  section  of  the  Birmingham  Branch  of  the 
Institution  of  Automobile  Engineers,  April  8th,  1913. 


large  extent,  also  ensures  all  the  crevices  of  the  die  being 
filled  before  the  metal  commences  to  set.  Therefore,  the 
greater  the  opening  tlirough  which  the  metal  is  forced,  as  also 
its  volume,  the  fewer  will  be  tlie  blow-lioles.  Irnniediatelv  the 
die  is  fi lied,  the  large  volume  of  metal  is  cut  off  hv  tlie  oj)cra- 
(ion  of  the  sprue  cutter. 

If  the  piece  to  be  die -cast  has  a  centre  hole,  the  sprue  cutter 
is  very  easy  to  construct,  as  shown  by  Fig.  5.  If  the  hole  is 
straight,  it  is  immaterial  whether  it  is  round,  square,  or  any 
other  shape.  When  castings  have  no  centre  hole,  the  sprue 
(，utter  can  be  placed  at  the  end  of  the  casting,  as  shown  by 
Fig.  6.  The  joints  in  the  die  should,  wherever  possible,  be 
made  on  the  edge  of  the  piece,  in  which  case,  after  the  casting 
has  been  trimmed,  the  joint  will  be  practically  invisible. 

I  have  mentioned  the  chief  points  to  be  considered  in  the 
construction  and  design  of  dies,  and  I  have  also  described  the 
various  parts  common  to  all  dies.  Apart  from  this,  the  design 
of  a  die  for  any  ！) articular  piece  must  be  considered  on  its 
merits.  Time  will  not  permit  of  my  giving  a  detailed  descrip- 
tion of  the  method  of  constructing  dies  for  various  kinds  of 
parts.  I  propose  therefore  to  describe  one  for  the  most 
common  die-cast  part,  viz.,  a  ha】f-round  bearing.  A  die  suit- 
able for  this  is  shown  in  Fig.  7.  It  consists  of  upper  and  lower 
parts  (A  and  B)  which  are  held  rigidly  together  by  the  dowels 
C.  On  the  lower  half  is  located  the  main  core  D,  and  in  this 
are  the  cores  E  for  the  oil  grooves.  It  also  contains  a  set  of  ejec- 
tor pins  F  operated  by  levers  G.  The  upper  half  is  simpler.  The 
depression  conforms  to  the  outside  of  the  bearing  and  contains 
the  ejector  H  which,  when  drawn  back,  forms  the  dowel  or 
bearing-keep.  This  is  operated  by  levers  I  for  ejecting  tlie 
casting  should  it  stick  to  tlie  top  half  of  the  die.     Both  lia]  ves 
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Fig.  5. 

contain  corresponding  gate  lioles  J,  in  which  the  gate  or  sprue 
cutter  operates.  When  in  use  the  die  is  fastened  between  the 
upper  and  lower  halves  of  the  die  vice,  whicli  is  placed  directly 
over  the  casting  machine,  the  ejector  pi  us  are  drawn  back  % 
after  which  the  gate  is  turned  back  to  allow  the  metal  to  enter. 
Pressure  is  then  applied  to  the  metal,  and  when  the  die  is  full 
the  gate  is  sheared  off  while  the  metal  is  still  more  or  less 
molten.  The  result  of  this  method  is  that  the  place  where  the 
sprue  has  been  cut  off  from  the  body  of  the  casting  is  almost 
imperceptible,  a  great  advantage  in  this  respect  over  the 
'trdinary  method  of  sand  casting,  where  large  sprues  have  to 
be  cut  off  cold.  The  dies  remain  closed  only  long  enough  to 
allow  the  casting  to  set.  When  it  is  opened  and  the  ejector 
pins  are  thrust  forward  by  means  of  the  levers  G  and  I  the 
casting  is  loosened  from  the  main  cover,  where  it  usual Iv  sticks 
a  little.  It  is  essential  that  ejector  pins  and  sprue  cutters 
should  be  a  good  fit,  so  as  to  prevent  the  metal  from  getting 
between  the  working  surface,  thus  causing  it  to  "  freeze  '  and 
lock  the  pieces,  which  would  make  it  impossible  to  operate 
them. 

Some  means  must  be  provided  wlierebv  the  density  of  oast  - 
ings  can  be  ascertained  without  spoiling  them  or  resorting  to 
the  common  practice  of  fracturing ― a  test  which  naturally  can 
only  be  applied  to  one  here  and  there.  Further,  it  is  desirable 
to  ascertain  their  density  as  compared  with  that  of  the  ingots. 
As  the  latter  are  cast  in  open  moulds,  and  are  therefore  free 
from  blow-holes,  and  porosity,  the  user  of  die-castings  could 
hardly  demand  that  they  should  be  of  greater  specific  gravity 
than  the  alloy  ingot  itself,  although,  as  a  matter  of  fact,  cast- 
ings produced  bv  the  double-vacuum  process  are  claimed  to  be 
slight  Iv  denser  than  tlie  ingot,  owing  to  the  method  of  com- 
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pressing  the  metal  in  t  lie  die.  An  apparatus  \vli('r''l>v  t  lir 
volume  o f  a  casting  can  easily  be  obtained  by  the  <lis|>l;ir,'m"i" 
of  water  sliould  he  designed.  When  making  I  lie  test  jl  is  only 
necessary  to  ascertain  {lie  volume  of  one  of  each  design,  al  l  it 
which  each  casting  should  be  wei^licd,  v^yri  in-  any  wliirh  do 
not  come  wit'lii"  sjx'cificd  limits.  Tlii'so  limils  would  In- 
previously  (let'ermiimd  in  view  of  tlie  duty  and  corulit  ions 
wliich  tlie  finislied  casting  had  to  fulfil.  It  will  thus  be  seen 
that  if  the  specific  gravity  of  the  ingot  is  dclenniiMMl  i>r,'vi"i 卜、 
to  the  die  casting,  and  the  specific  gravity  of  the  cast  ini:  <l('t'  t 
mined  afterwards,  a  definite  basis  of  comparison  is  obtained. 

It  would  be  desirable  for  any  who  buy  their  die-castings  to 
test  the  density  of  all  deliveries.     In  tliis  case,  the  densit v  of 
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Fig.  6. 

tlie  ingot  would  not  of  course  be  known,  so  that'  the  only  way 
of  tesiino-  would  be  to  weigh  each  one  on  liaely-ad  justed  scales. 
Seeing  tliat,  as  I  have  already  s'lown,  the  castings  would  all  be 
within,  say,  one  thousandth  of  an  inch  in  size,  they  should 
all  be  practically  the  same  weight.  If  t  lie  weight  of  any  of 
them  fell  short  to  any  serious  extent,  it  would  be  obvious 
that  they  contained  blow-holes. 

In  the  design  of  die-casting  machines,  it  is  essential  that 
the  metal  should  be  handled  as  little  as  possible,  so  as  to  pre- 
vent oxidation.  The  molten  metal  should  be  covered  in  so 
that  the  air  may  not  strike  it  more  than  necessary. 

The  principle  of  using  air  to  operate  different  parts  of  the 
machines,  sucli  as  pressure  levers,  sprue  cutters,  casting 
ejectors,  &(、.，  is  very  good,  but  considerable  care  must  be 


Fig.  7. 


exercised  to  ensure  that  no  metal  may  be  trapped  in  any  part 
of  the  niacliine  and  become  solid.  When  this  occurs,  it  is 
necessary  for  the  machine  to  be  taken  apart  and  cleaned  before 
it  can  be  operated  again. 

The  following  are  a  few  hints  which,  if  observed ,  will  make 
all  the  difference  between  good  and  bad  castings.  Before 
commencing  the  casting  operation  the  dies  should  be  lieated 
slightly.  After  each  casting  operation  the  dies  should  be 
cleaned  by  air  blast. 

The  metal  should  be  kept  just  above  the  melting  point  and 
at  a  uniform  temperature.    If  the  metal  is  worked  i-oo  cold, 


tin*  result  will  show  itself  in  castings  that  are  full  <"  stains 
and  creases,  atnl  it  will  \w  (lidiruli  to  fill  the  tliin  ]>arls  o(  llic 
(lie.  If,  on  t  lie  ot lu*r  hand,  I  lir  mft  ； il  is  tr>o  hot,  tli<*  ""！  will 
tli row  excessively  lou<(  tins  at  ( \io  joints,  &<'.，  the  raHting  will 
not  cool  hh  quickly  in  1  lie  die,  and  tliis  will  '(川 sf"，i"  ii，  1 , 
H'tluce  i  he  output . 

When  fresh  metal  in  put  into  tlie  tank,  it  sSoiihl  be  heated 
previously  in  a  separate  furnace,  ho  tliat  the  new  supply  will 
not  reduce  the  tei'ipcrat  un'  o\'  t  in-  m'*tal  U'iii"'  worked . 

Casting-dies  require  lubricating  fre(|uentlv,  beeswax  being 
most  commonly  used.  Tlie  lul'rirat ion  consist s  m<'r''lv  in 
ruhhing  the  cake  over  tlie  surfaces  of  the  die  cavity. 

I  propose  now  to  deal  with  the  design  and  metliod  of 
operation  of  three  types  of  die-casting  machines  :  ( 1 )  The  Sosa 
machine,  plunger  type,  Fig.  8.  (2)  The  Grey  machine,  com- 
pressed air  double-vacuum  t、i"'，  l'，i;'  ！ i.  Th»»  V''ii  Ww'-r 
rriacliine,  (； orn pressed  air  goose-nerkcd  t  v j)e ,  Fig.  10. 

The  Soss  die-casting  machine,  whioli  is  one  of  the  lianfl 
type,  is  of  comparatively  recent  origin,  and  it  is  also  claimed 
to  be  the  first  die-<:asting  machine  to  be  placed  on  the  open 
market.  Fig.  8  shows  tlie  principle  of  tliis  niacliine.  A  is  tlie 
base  and  frame  of  the  niacliine.  U  is  tlie  heating  cliamlxM  , 
and  within  this  is  tlie  tank  ('.  This  contains  tlie  metal  from 
which  the  die-castings  are  made,  and  is  heated  hv  burners  1) 
wliich  are  fed  with  gas  and  air.  Through  tlie  bottom  of  t  lu- 
tank,  well  to  the  inner  side  of  the  furnace,  runs  the  cylinder  E, 
the  orifice  of  which  is  controlled  by  the  gate  F.  In  the  same 
cylinder  at  the  bottom  of  the  pot  itself  is  an  opening  G  1  li;ti 
allows  the  metal  in  the  pot  to  run  into  the  cylinder  from  the 
tank.    H  is  the  plunger  used  for  forcing  the  metal  into  the 
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die.  I  is  the  compression  lever  which  is  connected  by  J  to  tlio 
plunger.  At  the  opposite  end  of  the  furnace  is  the  meclianisni 
for  operating  the  dies.  This  consists  of  a  pair  of  square  rods  K 
upon  which  are  mounted  the  sleeves  L  which  are  attached  to 
the  die-plate  M.  Lever  N，  at  the  end  of  the  operating 
mechanism,  controls  the  movement  of  the  sleeves  by  means  of 
links  O.  Upon  these  sleeves  is  mounted  a  secondary  set  of 
sleeves  P  attached  to  the  other  die-plate  Q,  and  whose  move- 
ment is  controlled  by  lever  R  through  links  S.  Tliis  second 
set  of  sleeves  is  free  to  travel  with  the  first,  and  in  addition  has 
an  independent  movement  of  its  own  on  the  primary  sleeves. 
It  is  the  function  of  the  lever  R  to  bring  the  die-plate  Q  up 
to  the  die-plate  M  by  means  of  the  links  S  and  sleeves  P,  and 
it  is  the  function  of  the  lever  N  to  bring  both  die-plates  up  to 
the  outlet  of  the  cylinder.  This  system  of  sleeve  mounting 
is  one  of  the  distinctive  patented  features  of  this  machine 
The  orifice  of  the  cylinder  E  is  conical  in  shape,  and  fits  the 
cup-shaped  opening  in  tlie  plate  M,  so  that  when  the  two  are 
brought  together  the  joint  is  metal  tight.  At  the  centre  of 
the  opening  and  extending  through  the  die-plate  M  is  another 
opening  that  leads  to  the  dies  mounted  on  the  inner  faces  of 
the  two  die-plates,  and  a  continuation  of  this  opening  extends 
through  die-plate  Q  in  which  the  sprue  cutter  U  works. 

An  important  feature  in  this  marhiue  is  that  the  metal  for 
the  casting  is  taken  from  the  bottom  of  the  melting  pot.  where 
the  metal  is  always  best.  Another  feature  is  the  construction 
of  tlie  plunger.  In  the  early  plunder-types  of  machines  much 
trouble  was  encountered  due  to  the  top  end  of  the  plunger 
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metal,  and  prevents  the  entry  of  air,  gas,  or  molten  metal  into 
the  die.  When  the  balance  vacuum  has  reached  the  desired 
amount,  as  indicated  by  the  gauge,  the  suction  is  shut  off  at 
M  and  compressed  air  is  instantly  let  in  at  N  and  this  passes 
through  the  pipe  L,  forcing  the  melted  metal  up  into  the  die. 
It  is  claimed  that  this  method  effectually  prevents  porosity  or 
blow-holes  in  the  finished  casting. 

Fig.  10  illustrates  the  principle  of  the  die-casting  machine 
used  by  the  van  Wagner  Company,  of  America.  A  is  the  base 
of  the  machine  in  which  is  located  the  melting  pot  B.  This 


Fig.  12.  Fig  13.  Fig.  14. 

terminates  in  a  nozzle  H.  One  of  the  advantages  in  using 
the  goose  neck  is  that  the  entire  air  pressure  is  expended  upon 
the  metal  in  the  goose  ueck,  and,  by  reason  of  its  isolated 
position,  the  goose  neck  and  its  contents  are  kept  slightly 
hotter  than  the  contents  of  the  melting  pot.  The  die-holdiug 
mechanism  is  supported  by  the  lower  die-holding  plate  I. 
wliicii  is  hinged  to  the  edge  of  the  base  of  the  machine.  The 
lower  half  of  the  die  K  is  mounted  on  the  die-holding  plate  I， 
and  the  upper  half  J  is  mounted  on  the  die-holding  plate  L. 

For  the  benefit  of  those  who  are  not  familiar  witli  the 
possibilities  of  die-casting  a  few  fine  exam  pies  are  reproduced 
in  Figs.  11-16.  The  author  wishes  to  thank  all  those  who  were 
kind  enough  to  supply  him  with  sample  die-castings  for  use  at 
the  reading  of  this  paper  ；    also  the  Industrial  Press,  New 


protruding  out  of  the  metal,  the  result  being  that  the  plunger 
was  more  or  less  cold  at  the  top  and  the  metal  used  to  get 
between  the  working  surfaces  of  the  plunger  and  cylinder  and 
then  freeze,  so  locking  the  plunger.  Until  the  machine  had 
been  taken  apart  and  cleaned,  it  was  impossible  to  operate  it. 

Fig.  9  shows  the  method  employed  by  Mr.  C.  M.  Grey  to 
obtain  a  vacuum  at  the  back  of  the  metal  to  be  cast.  At  the 
same  time  a  vacuum  is  obtained  in  the  die.  This  illustration 
is  taken  from  the  patent  specification  and  serves  only  to  show 
the  principle  of  the  apparatus.  In  this  A  and  B  represent  tlie 
two  parts  of  the  die-body,  and  C  the  die-cavity,  shaped  to  the 


melting  pot  is  heated  by  fuel  oil  passing  through  the  supply 
pipe  C  to  the  burners  D.  £  is  a  vent  pipe  provided  to  take 
away  the  gases  incident  to  combustion.  F  is  the  compressed 
air  pipe  for  conveying  the  metal  into  the  die  cavity.  The 
pressure  is  regulated  to  suit  the  particular  casting  or  die,  the 
correct  amount  being  determined  by  experiment.  Similarly, 
there  is  an  air  exhaust  pipe  which  may  be  directed  above  the 
supply  pipe,  and  wliich  is  sub-divided  into  two  tubes  extending 
to  the  die-cavity,  for  the  purpose  of  exhausting  the  air  before 


Fig.  9. 


form  of  the  casting  desired.  D  and  E  are  the  air  vents 
through  which  the  air  is  exhausted  from  the  die  by  means  of 
the  pipe  F.  G  is  the  gate  of  the  die,  which  latter  rests 
directly  over  the  spout  H  of  the  metal  pot  I.  In  actual  prac- 
tice there  is  a  valve,  or  plunger,  for  the  purpose  of  closing  the 
gate  and  shutting  off  the  metal  when  the  die  is  full.  At  the 
end  of  the  metal  pot  opposite  the  spout  is  the  vacuum  chamber 
J  to  which  the  pipe  L  is  connected.  This  pipe  not  only  con- 
nects with  the  vacuum  pump  M，  but  also  to  the  compressed 
air  pipe  at  N.  The  exhaust  pipe  O  has  two  branches  P  and  R 
which  lead  to  the  vacuum  chamber  of  the  pot,  and  to  the  die 
through  the  valves  shown  in  each  branch.  The  pipes  S  and  T 
lead  from  the  two  exhaust  pipes  above  the  valves  to  the 
chambers  on  opposite  sides  of  the  diaphragm  U，  so  that  excess 
of  vacuum  in  either  the  metal  pot  or  the  die  will  cause  the 
diaphragm  to  move  towards  the  side  on  which  the  vacuum  is 
the  greatest,  partly  closing  the  valve  on  one  side  and  corre- 
spondingly opening  the  valve  on  the  opposite  side.  In  this 
way  an  equal  vacuum  is  obtained  on  both  sides  of  the  melted 


Fig.  11. 

the  metal  is  admitted.  There  are  two  methods  of  overcoming 
the  difficulty  of  air  being  in  the  die,  namely,  the  exhaust  and 
the  venting  method,  and  it  is  the  former  that  is  used  on  this 
machine.  Goose-neck  G  serves  to  contain  the  metal  for 
immediate  use,  which  is  forced  into  the  mould.  An  amount 
of  metal  slightly  in  excess  of  that  required  for  each  casting  is 
put  into  the  goose  neck  with  a  hand  ladle  previous  to  each 
operation  of  the  machine.  One  end  of  the  goose  neck  is  con- 
nected with  the  compressed  air  pipe  F,  while  the  other  end 
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York,  for  their  kind  permission  to  reproduce  Ki^s.  S  and  10, 
and  Messrs.  C.  M.  Grey  Company,  of  New  .Jersey,  tor  their 
kind  permission  to  reproduce  Fig.  9  l'n)m  t  \w  '  Am('r"  ;m 
Machinist."  In  addition,  tlie  author  wishes  to  express  his 
indebtedness  lo  ''  MaclumM-y/'  i'or  em 山 ling  liim  ">  kccjt  t  i-;i<-k 
o{  t  lie  developrucnts  mi  I  lie  oilier  side  of  1  In*  "；' 


THE  ECONOMY  OF  DRY  BLAST, 

BY  PHOF.  JOSKK   VON  EI!  itEN  WEUTH ,  DK.INC. 

In  previous  discussions  upon  tlie  influence  of  the  moisture 
in  the  blast  upon  the  fuel  consumption  in  blastfurnaces,  tlie 
calculations  which  liave  l)een  made,  taking  into  ； i('('mmt  the 
suinnier  and  winter  extremes  of  atrnospliei  ic  condit  ions,  show 
that  the  theoretical  consumption  of  fuel    should  be 


Fui.  15.— Die  Castings. 

1  cwt.  less  in  winter  than  in  summer  for  every  25  cwts.  of  pi^ 
iron  smelted,  these  figures  being  based  upon  local  (Styrian) 
practice  witli  well-sheltered  charcoal  blastfurnaces  rumiin^ 
on  white  iron.  Actual  practice  shows  that  the  difference 
in  fuel  coiisuniption  in  the  extreme  summer  and  winter 
amounts  to  about  three-quarters  of  a  hundred-weight  |h.m 
25  cwts.  In  the  theoretical  calculations  it  was  assumed  that 
all  other  conditions  except  the  degree  of  moisture  in  xlie 
atmosphere  remained  the  same. 

Gay  ley's  system,  as  practised  at  the  Etna  blastfurnaces, 
consisted  in  freezing  the  moisture  out  of  the  blast,  and  he 
stated  that  by  reducing  the  moisture  from  13  grammes  to 
4  grammes  per  cubic  metre  he  had  realised  a  saving  of  20  per 
cent,  in  fuel,  an  increase  of  24  per  cent,  in  the  production, 
the  lowering  of  the  temperature  of  the  waste  gases  from 
280。  C.  to  190°  C.，  and  the  raising  of  the  temperature  of  the 
blast  from  390。  C.— 400°  C.  to  466°  C,  without  interfering 
with  the  regular  working  of  the  furnace.  The  coke  used  con- 
tained 10*5  to  12*5  per  cent,  of  ash. 

This  astonishing  announcement  and  other  later  reports 十 
induced  the  author  to  make  a  closer  investigation  of-  the 

*  Abstract  of  paper  read  at  the  auuual  meeting  of  the  Iron  and  Steel  Institutt-. 
May,  1913. 

t  Gayley  reports  concerning  a  blastfurnace  in  the  West  that  the  average 
result  of  six  years'  working  with  dry  blast  sliowed  a  10  per  cent,  saving  of  fuel  and 
1-2  per  cent,  increase  of  output  Of  another  blastfurnace  it  is  reported  tha t  tin- 
saving  in  hiel  amounted  to  7*5  per  cent.,  and  the  output  \v» s  increased  b\  2  \  ，u.r 
nt.  In  each  case  a  more  regular  working  of  tlio  furnacH'  liad  l"','n  <>l'、，-rv''il  i  "  Su  1：] 
und  Kisen."  1911,  p.  583).  Iu  the  case  of  the  Wiirwick  blastfurnace  at  Potlstt»\\  n . 
Pennsylvania  it  was  calculated  that  by  the  reduction  of  tlie  nioisturt'  in  tin-  i\  ir 
from  9  to  3'5  grammes  per  cubic  metve  a  saving  of  21  per  cent,  in  fuel  and  nn  in- 
crease of  、23 】ier  cent,  in  production  had  been  obtained  on  a  production  。f  7")()  tons 
daily    The  temperatures  of  tlie  blast  and  waste  ^ases  when  working  on  foumlrv 

were  ,ri40°  and  260°  C,  and  when  working  on  basic  pig  iron  480°  and  l.'>n°  ('.  n、i"-* 
tively.   At  the  works  of  Guest.  Keen,  &  Nettlefolds  at  Cardiff  the  result  of  <U'y 
blast  workinti  slmwed  a  saving  in  fuel  of  13*1  to        pev  ctMit..  and  an  iiici  t-as.- 山 
output  of  14*1  to  '2(V4  per  cent. 


matter,  his  first  eM("';i、" 川 r  Ixmm^  to  solve  the  following 
(juestioM  :  What  is  Ui"  arnount  of  fuel  r'''|im'"l  to  mi| 卞 1、'  lo 
tlie  furnace  n  constant  (jiuintity  of  effective  lit"' 
calorics)  mi(l('r  varying  conditions  of  a t,m' 叫山 moist  u  r**, 
and  m'dcr  (lifTereut.  hlast  temporal  ures  ； ui(l  t''m|,'  r;itm  •• 
waste  gases,  and  with  varvi'ig  li^at  losses 山 i''  to  ''""lucti"" 
；' tirl  radi;it  ion  ！ 

Calculiitions  were  made  with  charcoal  assiiinr:d  to  '• (川 tai" 
2  per  cent,  of  ash  and  7  per  cent,  of  water,  and  with  rok** 
containing  8  5，  12  2，  aiul  I  h  (；  per  cent,  of  a^li,  with  A  |>«*r 
cent,  of  volatile  matter  aiul  ">  per  rout.  o\'  water  (calculated 
on  the  carbon  ('(，'" Various  degrees  of  hlast  tem- 
perature and  waste  gas  temperature  were  assumed,  as  well 
as  various  percentages  of  loss  t)v  radiation. 

The  author  proposes  to  pass  in  review  the  principal  results 
obtained  assuming  tlie  use  of  the  first  two  kinds  of  coke 
referred  to,  with  hla^t  (liHVriiig  by  temperature  interval-  ',t 
400。，  and  with  waste  gases  differing  by  temperature  intervals 
of  50°  and  100。，  and  assuming  the  heat  losses  by  radiation 
to  be  10  per  cent,  in  some  cases,  and  in  others  to  vary  witli 
the  increasing  temperatures  of  tlie  waste  gases.  Tliese  results 
are  represented  graphically  in  Llie  ；"' compan vin;' 山；" 一 'ram、 

Diagrams  1  and  2  relate  to  coke  containing  8*5  per  cent,  of 
ash,  and  diagrams  3，  4，  and  5  to  coke  with  12*2  per  cent,  of 
ash.  Tlie  ordinates  of  the  curves  for  the  waste  gas  tempe- 
ratures, within  the  three  spaces  indicating  the  range  of  the 
blast  temperature,  represent  the  amount  of  fuel  required  to 
produce  1,000  calories  of  free  heat  with  varying  amounts  of 
moisture  in  the  blast,  the  proportion  of  moisture  being  repre- 
sented by  the  abscissae.  Diagrams  1  and  3  are  plotted  on  tlie 
assumption  that  the  heat  losses  =  0  ；  in  diagrams  2  and  4  it  is 
assumed  that  tlie  heat  losses  amount  to  10  per  cent.,  and  in 
diagram  5  that  the  heat  losses  increase  from  9  to  18  per  ceni . 
with  the  increased  temperature  of  the  waste  gases. 

From  the  results  obtained,  the  following  conclusions  rn ax- 
be  drawn  : — 

(1)  That  the  economic  advantage  of  drying  the  blast  is 
greater  the  lower  the  temperature  of  tlie  blast  and  the  higher 
the  temperature  of  the  waste  gases  at  which  the  furnace 


KlG.  lti.—  I>n  (、sriN'.、 

previously  worked.  This  results  naturally  from  tlie  saving  in 
fuel,  from  the  smaller  expenditure  of  Iieat  in  ilecoinposiiii;  tl"' 
small  amount  of  moisture  left  in  the  blast,  and  from  tlie 
formation  of  a  smaller  quantity  of  gases,  wliirh  give  up  their 
heat  more  quioklv  and  conipletelv  as  thev  rise  throuirh  the 
furnace  more  slowly  and  escape  at  a  lower  temperature.  The 
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of  the  blast  of  about  40°  to  45°.  In  this  respect  the  drying 
of  the  blast  is  similar  in  effect  to  the  heating  of  the  blast, 
though  with  the  important  difference  that,  by  drying,  the 
quantity  of  the  waste  gases  diminish,  whereas  by  heating  only, 
it  remains  the  same. 

(4)  Another  natural  consequence  of  using  blast  with  a 
uniform  quantity  of  moisture,  such  as  can  be  effected  by 
drying,  a  more  regular  working  of  the  furnace  is  assured,  an 
advantage  which  Gayley  regards  as  superior  to  that  of 
economising  the  fuel.  As  is  well  known  the  fuel  charged  into 
the  blastfurnace  adjusts  itself  to  the  performance  of  three 
functions  during  the  course  of  the  whole  process,  namely,  one 
portion  (Fr)  effects  reduction,  another  (Fc)  the  carburisation 
of  the  iron,  a  third  (FJ  is  utilised  for  heating,  while  a  portion 
(Fw)  is  wasted  through  being  carried  off  in  the  form  of  dust 
in  tlie  gas. 

If  the  percentage  economy  of  fuel  per  unit  of  pig  iron  be 


losses,  which  are  at  all  times  proportional  to  the  time  taken 
to  reduce  the  charge,  are  higher  in  winter  than  in  summer, 
and  so  more  or  less  counteract  the  effect  of  the  drier  air. 

Apart,  however,  from  other  advantages  resulting  from  dry- 
ing the  blast  and  having  regard  to  the  saving  effected  in  fuel 
consumption  alone,  the  values  obtained  show  that,  whereas  the 
economical  result  of  drying  the  blast  in  some  instances  is  very 
remarkable,  it  varies  considerably,  and  the  question  of  intro- 
ducing dry  blast  must  be  settled  in  each  case  on  its  own  merits. 
The  advantages  are  dependent  in  every  case  on  local  con- 
ditions, such  as  the  dampness  of  the  atmosphere  and  the  cost 
and  quality  of  the  fuel.  They  are  influenced  besides  by  the 
kind  of  product,  the  quantity  of  output,  the  reduction  period, 
and  the  type  of  furnace.  Assuming  that  the  condition  of  the 
atmosphere  as  regards  moisture  is  high  enough,  the  adoption 
of  d ry  blast  is  certain  to  prove  advantageous  under  the  follow- 
ing conditions  : — 


heat  losses  due  to  conduction  and  radiation  are  therefore  also 
reduced  in  proportion  as  the  waste  gas  temperature  is  lowered. 

(2)  In  consequence  of  the  economy  in  fuel  the  total  quantity 
of  material  charged,  and  therefore  also  its  volume,  is  less  and 
the  volume  of  blast  required  is  smaller  per  unit  of  production. 
If  the  periods  between  tapping  remain  the  same,  the  blowing 
engine  and  stoves,  without  increasing  their  duty,  can  cope 
with  a  larger  production,  and  the  furnace  yield  is  therefore 
increased,  as  is  in  general  proved  to  be  the  case  in  practice. 

(3)  The  quantity  of  gas  formed  within  the  furnace  being 
less  owing  to  the  drier  condition  of  the  blast  the  temperature 
in  the  melting  zone  must  be  higher.  Tlie  melting  process  is 
therefore  not  only  accelerated  but  the  silicon  percentage  is 
increased,  and  the  quality  of  the  pig  iron  as  regards  sulphur  is 
improved.    Tliis  too  has  been  found  in  practice  to  be  the  case. 

The  removal  of  5  grammes  of  moisture  per  kilogramme 
of  air  is  accompanied  by  a  rise  in  temperature  of  about  32° 
to  35°,  which  corresponds  to  an  increase  in  the  temperature 


denoted  by  Ef  and  the  percentage  saving  of  the  heating  fuel 

(F,,)  denoted  by  E,，  then  : — 

Er- 5^ 

and  the  proportionate  amount  by  which  the  total  consumption 
of  fuel  per  ton  of  yield  is  lowered  is  greater  the  higher  the 
previous  rate  of  consumption. 

Practical  tests  have  shown  that  by  reducing  the  moisture 
of  the  blast  the  smelting  process  is  accelerated  and  the 
quantity  of  dust  in  the  gas  and  the  losses  of  material  charged 
are  reduced,  this  being  the  natural  result  of  the  lower  velocity 
at  which  the  gases  escape.  Gayley  reported  the  same  experi- 
ence at  the  Etna  works. 

In  practice  the  difference  in  fuel  consumption,  due  to  the 
different  moisture  conditions  of  the  atmosphere  in  summer 
and  winter,  is  not  so  great  in  modern  coke  blastfurnaces  as  one 
might  expect.  This  is  undoubtedly  due  to  the  fact  that  the 
furnaces  are,  as  a  rule,  not  well  protected,  and  the  radiation 
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(1)  For  blastfurnaces  working  with  high  blast  ternperaturo, 
and  yet  with  high  waste  gas  temperature,  such  as  funiaccs 
smelting  ferro-manganese,  ferro-silicon,  or  ferro-clirorniinn  - 

(2)  For  blastfurnaces  in  localities  where  t  in*  at  inosj»luTf  is 
particularly  moist,  such  as  on  the  coast,  especially  in  southern 
countries. 

In  both  these  cases  the  advantages  are  unquestionable. 

(3)  For  blastfurnaces  which  work  with  high  fuel  consump- 
tion and  with  waste  gases  at  high  temperature  and  ]>ro(hirc 
pig  iron,  the  composition  of  which  requires  careful  cont n>!, 
according  to  the  purpose  to .  which  it  is  destined,  sucli  ； is 
Hossfuner  pig,  found rv  pi"r，  and  lii^h  silicon  pig  geii('r;ill v. 

Ill  part  icular  this  would  apply  to  furnaces  insn niricni  l  v 
protected  against  loss  of  heat  by  ra<li;it ion ,  ('spcciail v  sm;ill 
furnaces  running  for  long  periods. 

The  practical  methods  of  effecting  t  he  removal  of  t  he 
moisture  from  the  blast  have  gone  ihrougli  various  stages  of 
development  and  are  still  in  process  of  evolution,  In"  ，  "s  inudi 
has  been  written  in  the  technical  press  from  t  ime  1  o  t  imc 
concerning  dry  air  installations,  the  author  will  cuuli in* 
himself  to  a  few  remarks  only  on  this  matter. 

The  freezing  out  of  the  moisture  is  now  usually  (Elected  by 
stages,  cold  water  being  used  for  the  prelimiiinrv  drying  and 
the  process  being  completed  by  the  old  method.  ('oml>hi'  <l 
processes,  such  as  the  use  of  a  salt  solution  at  low  tempera!  hit, 
are  also  used,  tlie  preliminary  and  final  drying  being  combined 
in  one  tower,  by  which  some  economy  in  first  cost  and  in 
subsequent  working  is  achieved. 

The  system  of  Daubine  and  Roy  is  of  interest  iti  that  the 
drying  of  the  blast  is  effected  by  chemical  means  using  calcium 
chloride.  The  plant  at  the  Differclingen  Ironworks  is  reported 
to  have  given  most  satisfactory  results  in  working,  and  the 
first  cost  was  comparatively  small.  The  author  was,  however, 
unsuccessful  in  his  request  for  permission  to  visit  this  installa- 
tion and  also  that  on  the  Gayley  system  at  the  Deutscher 
Kaiser  Works,  at  Bruckhausen.  Both  establishments  declined 
to  allow  him  to  inspect  their  installation  on  the  ground  that 
they  were  not  in  operation  at  the  time,  and  the  last-named 
works  gave  as  the  reason  of  this  that  no  advantage  had 
resulted. 

It  should  be  mentioned  that  the  heat  which  is  absorbed  in 
dissociating  the  moisture  of  the  blast  is  restored  to  the  waste 
gases  through  the  combustion  of  the  hydrogen  resulting  fro】n 
the  decomposition  of  the  vapour,  and  this  fact  should  be  taken 
into  account  in  cases  where  special  arrangements  have  been 
made  for  the  utilisation  of  the  heat  of  the  waste  gases. 


CAIRD'S  STEAM  SEPARATING  AND  PURIFYING  APPARATUS. 

In  apparatus  employed  for  separating  impurities  or  extrac  t  in^ 
moisture  from  steam  it  has  been  proposed  to  employ  a  cvlindrical 
casing  in  which  are  a  nu"il):  r  of  vertical  angular  or  trough-shaped 
strips  integral  or  otherwise  fixed  and  concentrically  arranged,  so 
that  a  portion  of  tlie  steam  entering  the  casing  flows  radiallv  and 
(lim'tly  in  wards,  througli  the  open  passages  between  tlie  strips,  to 
the  end  of  a  central  outlet  pipe,  and  a  portion  is  projected  against 
the  strips  on  the  surfaces  of  which  are  deposited  the  water,  givasr 
or  other  impurities  carried  by  the  impinoinu  steam,  which  im- 
purities pass  down  into  a  chamber  below  and  thence  to  an  outlot. 
In  the  apparatus  illustrated  herewith,  the  invention  of  Mr.  E.  B. 
Caird,  of  777，  Commercial  Road,  London,  the  parts  are  so  con- 
structed and  arranged  that  all  the  steam  admitted  to  the  enclosing 
steam-tight  casing  from  the  stoani  boiler,  while  travelling  radiallv 
inwards  to  an  outlet  pipe  for  the  dry  or  purified  steam  lias  to  take 
a  ciix'iiitoas  or  zigzag  course  between  one  or  more  series  of  baffles 
or  slats,  disposed  substantial!}  vertical,  the  baffles  in  each  sri'it's 
In'ing  formed  and  arranged  to  present  large  surfaces  to  intt'n'(>pt 
the  particles  of  moisture  carried  along  l>y  tin1  steam  down  which 
•surfaces  those  particles  ^YuU\  event uallv  falling  on  a  sloping  floor 
communicating  with  a  drain  pipe  leading  to  the  lowest  part  of  the 
steam  generator  or  to  a  part  well  below  the  surface  of  the  water 
therein,  so  that  no  vapour  from  tlie  <r('iierator  may  find  an  exit 
through  this  drain  or  outlet  pi])*1. 

Referring  to  the  illustrations.  A  is  tlie  steam  dome  <  0111- 
municating  with  the  steam  boiler  ；  B  denotes  a  series  of 
baffles  or  slats  arranged  circularly  around  a  central  dry  steam 
outlet  pipe  C.  The  baffles,  which  arc  of  channel  sliapc.  arc  spaced 
itpart  and  arranged  in  two  concent  lie  rows  witli  their  edges  over- 
lapping so  that  the  steam,  entering  from  the  dome  through  tho 


oponin^s  (；  left  hcl  ween  tli**  Imffl'w  (»f  tli*-  out-  i  row,  is  f',r'  '  'l  to 
take  a  zigzag  path  on  its  way  lowanls  t\\c  tliy  strain  outlet  pip'-  r 
Tlu»  wall  of  the 山. v  sf cam  r'  is  pcrforati'd  for  tli*-  iulmissioii 
ol  th"  dry  stoaiii  which  passes  upwanllv  tl,mu"'li  tli*»  t',  a 

distiller  or  otlior  apparatus  in  ",mmuii";"i',ii  with  pipe  C.  Tli'' 
biifHcs  are  arranged  w  ilh  tln-ir  ciuls  iil)ultin^  against  top  and 
bottom  end  plates  D,  K,  and  livcd-d  to  rm"'  |,U，''、  I'',  "'liil''  tic 


Cairo's  Stkau  Smpahating  and  1'uhikying  ArrAiiArt  e. 


("id  plates  ate  stayed  by  means  of  bolted  rods.  Tlie  end  plates 
are  formed  to  serve  as  bearings  for  and  attachiiKMit  to  fh'' 山、. 
steam  outlet  pipe  C  and  a  drain  pipe  H.  The  separator  is  sus- 
pended by  means  of  flanges  and  studs  from  the  top  of  the  dome 
The  condensed  paiticlos  iinpingin^  on  tlu»  limbs  of  the  l);iHl''s  will 
be  arrested  and  running  down  the  limb  surfaces  will  drop  on  the 
sloping  floor  constituted  by  the  cud  plate  E  and  ('s(  ap''  oasil\  l»v 
tli''  tlrain  H. 


The  Junior  Institution  of  Engineers  ：  Visit  to  Ghent  Exhibition. 

― A  week-end  excursion,  July  4th  to  7tli，  has  been  arranged 
by  this  Institution  to  Brussels  for  the  purpose  of  visiting  the 
Ghent  Exhibition.  The  party  will  leave  London  on  Fri'hv, 
July  4th,  and  visit  the  Exhibition  on  the  Saturday.  For  tlu; 
Sunday,  excursions  will  be  arranged,  and  on  the  Monday 
places  of  interest  in  Brussels  will  be  visited,  the  party  return- 
ing to  London  in  the  eveuing. 

Iron  and  Steel  Institute  ：  Brussels  Meeting.  — Tiu'  ;uu  ' 
meeting  of  the  Iron  and  Steel  Institute  will  be  held  in  Brussels, 
on  Monday,  Tuesday,  Wednesday,  and  Thursday,  September 
1st  to  4th,  1913.  The  provisional  programme  is  as  follows  : 
Monday,  September  1st— Opening  meeting  in  the  Hall  of  the 
Palais  des  Academies.  A  selection  of  papers  will  be  read  and 
discussed .  In  the  afternoon  visits  will  be  made  to  places  of 
interest  in  Brussels.  In  the  evening  a  reception  will  be  held 
by  the  Burgomaster  at  the  Hotel  de  Ville.  Tuesday,  Septem- 
ber 2nd ― Meeting  in  the  morning  for  the  reading  and  discus- 
sion of  papers,  at  the  Palais  des  Academies.  Afternoon  visits 
to  Colonial  Museum  and  the  Pare  de  Tervueren.  In  tlie 
evening  it  is  hoped  that  His  Majesty  King  Albert  will 
receive  the  members  at  the  Royal  Palace,  Brussels. 
Wednesday,  September  3rd 一 A  special  train  will  leave  iu  the 
morning  for  Glient,  where  a  visit  will  be  paid  to  the  Inter- 
national Exhibition  now  being  held  in  that  city.  Thursday, 
September  4th —— Alternative  excursions  will  be  made  to  Liege 
and  Charleroi.  The  Liege  excursion  will  include  a  visit  to  tlie 
works  of  Messrs.  John  Cockerill  &  Co.，  Seraing,  to  the  works 
of  the  Ougree-Marihaye  Company,  and  to  the  Cop  pee  Coke 
Oven  Gas  Plant  at  Athus-Grivegnee.  The  excursion  to 
Charleroi  will  embrace  visits  to  various  metallurgical,  glass, 
and  other  works  iu  the  viciuity  of  that  towu. 
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SOME  FUNDAMENTAL  FAULTS  OF  PRESENT-DAY  FURNACES 
AND  THEIR  REMEDIES.* 

BY  ALLEYNE  REYNOLDS. 

Practical  success  in  the  working  of  furnacrs  'li'mamls  know- 
ledge both  of  liumaii  nature  and,  to  coin  a  new  expression,  of 
funiacr  nal  ure.  The  latter  admits  of  more  easy  understand- 
ing than  the  former.  The  most  successful  practical  manage- 
ment depends  on  the  manager  possessing,  as  far  as  possible,  a 
knowledge  of  the  fundanuMil  al  laws  of  nature,  aud  also  t  lint, 
highly-developed  power  of  observation  of  facts  possessed  by 
skilled  men  of  tlie  working  class.  Unfortunately,  the  double 
qualification  is  very  rarely  fully  developed,  or  ev('nl\- 
halanced  in  the  managerial  class,  whilst  the  two  most  ext  i  rmr 
types  of  useful  individuals,  both  of  whom  depend  on 
analytical    methods  of  trial    and   error ,    are  governed  by 


antagonistic  obsessions,  the  working  class  being  very  much 
hampei'ed  by  erroneous  preconceptions  as  to  the  laws  of 
nature,  and  the  ultra-experimental  scientific  class  sometimes 
drawing  wrong  conclusions  from  lack  of  knowledge  of  the 
observed  facts  in  the  large-scale  laboratory  of  practical 
manufacture. 

When  managing  one  of  the  most  important  batteries  of 
steel -melting  furnaces  iti  the  world,  the  author  felt  at  the 
same  time  that  more  real  and  solid  knowledge  of  tlie  funda- 
mental laws  of  nature  and  their  operation  would  mucli  aid 
liim  in  better  work,  but  the  nature  of  his  occupation  left  him 
little  time  for  abstract  study.  He  felt,  in  face  of  liis  daily 
observation  of  facts,  that  much  book  knowledge  was  erroneous 
and  had  filled  his  mind  and  tliat  of  otliers  with  obsessions 
which  it  was  desirable  to  remove. 

Since  then,  he  has  had  some  leisure  for  such  study,  and 
during  the  period  much  valuable  work  has  been  done  by 
1  heriTio-chemists  and  other  physical  'chemists  whicli  has  rmu'li 
assisted  him  ；  but  he  has  only  finally  quite  cleared  his  mind 
by  adopting  the  inverse  mental  method  to  that  generally 
employed,  and  by  means  of  synthetical  methods  of  reasoning 
l>een  able  to  avoid  the  pitfalls  of  analytical  methods.  He 
will,  therefore,  adopt  this  method  in  the  present  paper,  in 
spite  of  the  fact  that  he  must  traverse  】mich  well-known 
ground,  but  the  reiteration  will,  he  thinks,  be  held  to  be 
justified,  when  it  is  seen  how  this  synthetical  method  of 
reasoning  could  have  saved  much  costly  practical  experi'  m  '', 
and  how  many  workmen's  methods  are  justified  thereby.  The 
principles  of  combustion  being  the  very  foundation  of  the 
subject  matter  of  this  paper,  they  will  be  briefly  dealt  with 
at  the  outset. 

Principles   of   Combustion. ― The  precise  law  which  de(  i(l。 卜 

how  great  a  change  of  heat  has  to  be  imparted  to  two  chemical 

reagents,  in  order  to  initiate  reaction  between  them,  is  not 

known     al   an 、- r:i"'  ">  t  lie  aut  lior.       Tls  natuiv,  liowevt-r,  is 

obvious.     The  react  ion  wlien  initialed  requires  inr  its  spon- 

ianeoiis  rout iiuiaii(;e  a  certain    ratio   bet wocmi  t lie   lie:"  of 

torination  of  i  lie  ptoducls  of  I'eaci  ion ,  and  I  lie  <>t'  i^iiil  ion 

ol*  the  re^a^eiit  s  (l^peiidcnt  on  tlie  rale  of  conduct  ivit  y  of  licat 

in  the  reacting  substances.    In  order  to  illustrate  the  nainre 

of  the  essential  conditions,  the  following  method  of  explana- 

*  Paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel  Institute, 
May,  1913. 


tiou,  wliich,  alLliougli  confessedly  very  crude,  forms  a  useful 
aid  to  cme，s  understanding  of  the  nature  of  the  governing 
conditions,  has  been  adopted. 

Picture  a  cube  composed  of  a  mixture  of  mutually  com- 
bustible gases  in  chemically  equivalent  proportions,  sur- 
rounded by  26  cubes  of  equal  size,  the  whole  forming  a  cube 
three  times  the  dimensions  of  the  interior  cube.  Imagine,  in  tlie 
first  place,  the  26  outer  cubes  to  be  absolutely  non-receptive  of 
heat,  and  that,  by  some  means,  it  is  possible  to  im part  heat 
to  tlie  interior  cube  until  its  contents,  say,  2X 十 2Y，  are 
brought  to  ignition  temperature,  a  quantity  of  heat  A  being 
required  for  the  purpose.  Imagine,  on  the  (explosive) 
chemical  reaction  taking  place,  that  it  results  in  complete 
cliemical  reaction,  B  calories  being  necessarily  evolved.  The 
total  charge  of  heat  in  the  products  would  be  that  required 
for  the  complete  dissociation  of  the  products  into  the  original 
substances  at  ignition  temperature.  Clearly,  then,  only 
partial  association  could  take  place,  indicated  by  the  equation 

2X  +  2Y  =  XY  +  X  +  Y, 
in  whicli  X  and  Y  are  used  as  chemical  symbols  and  not  as 
algebraic.  Now,  hy  adding  to  both  sides  of  the  equation  a 
neutral  substance  Z,  sufficient  absorption  of  energy  nii^hl 
occur  to  allow  of  the  reaction  proceeding  further,  according  to 
the  equation 

2X  +  2Y  +  Z  =  2XY  +  Z， 

but  a  larger  charge  of  ignition  heat  than  A  would  be  required 
to  bring  the  whole  to  ignition  temperature.  There  is  nothing 
to  prevent  Z  being  partially  or  wholly  replaced  by  X  or  Y,  or 
both.  In  conducting  ordinary  analyses,  temperature  is  not 
allowed  to  rise  to  an  important  extent,  hence  chemical! v 
equivalent  amounts  of  reagents  have  a  chance  of  full 
inter-reaction. 

The  above  is  an  explanation  of  a  well-known  truism, 
namely,  that  in  general  an  excess  of  reagents  is  required  to 
bring  a  desired  chemical  reaction  to  completion.  It  will  be 
seen  to  be  puf*ely  physical,  and  not  wholly  dependent  on  lack 
of  opportunity  for  the  reagents  to  come  in  contact  with  each 
other,  as  is,  to  the  author's  knowledge,  frequently  supposed. 
In  the  case  of  combustion  of  most  fuels  with  air,  the  full 
amount  of  the  diluent  Z  is  apparently  not  provided  by  tlie 
nitrogen  of  the  air,  and  some  surplus  air  even  is  required.  To 
show  tliat  this  has  sometimes  not  been  fullv  enough  realised 
by  some,  the  author  would  direct  attention  to  the  attempts 
that  have  been  made  to  obtain  super-oxygenated  air  which 
for  many  purposes  would  be  of  no  use  wlien  obtained. 

Reverting  to  the  interior  cube,  imagine  next  the  surround- 
ing cubes  to  be  composed  of  the  same  substance  as  the 
interior  cube,  but  the  rate  of  conduction  to  be  equivalent  in 
mean  effect  in  a  given  time  to  that  which  would  be  the  case 
if  tlie  conduction  of  heat  was  perfect  along  the  half  dimension 
and  there  ceased  altogether.  It  will  be  seen  that  unless 
B  =  12A,  ignition  would  not  spread  from  the  inner  to  the 
outer  cubes.    Now,  in  the  case  of  the  reaction 

2C  +  20  =  2CO  or  CO,  +  C, 
the  ratio  of  B  to  A  in  the  latter  is  much  greater  than  in  t  lie 
former  case,  and  hence  at  low  temperatures  tlie  latter  i*ea<-t  ion 
takes  place.      Here  we  have  a  clear  picture  of  the  t;v|>ical 
reaction  of  tlie  gas  producer. 

The  surplus  energy  due  to  the  equation  2C  +  20=C-  C'(  \, 
provides  more  than  ignition  energy  for  the  next  batch  of 
2C+20,  and  in  the  result  ,  the  equation  of  the  gas  producer 
is  somewhat  of  the  form 

x(2C  +  20)  -h  /y(C  +  CO.,)-  2(x+^)C0 

in  the  upper  zones.  So  long  as  reaction  is  proceeding,  so 
does  temperature  rise.  Owing  to  this,  slags  may  be  formed 
in  the  upper  zones  of  the  producer  which,  on  descending  into 
the  cooler  zones,  become  solidified  and  scaffokL  The  author 
perceived  this,  to  a  large  extent,  in  1897，  and  wrote  a  letter 
to  "  Engineering  "  on  the  subject.  Although  it  drew  no 
correspondence  at  tlie  time,  it  is  now  recognised  that  CO  is 
largely  produced  direct  in  the  gas  producer. 

WIhmi  t'rotHl  f  rum  t  lie  erroneous  iiiipn'ssioii  t  hat  V( )  ran 
imlv  1)0  pitnluctnl  1*v  induct  imi  of  (*(),,  wo  a  re  in  a  posit  ion 
"»  Hiulcrst and  w 1 1 v  a  llanie  can  be  produceil  in  a  direcl -lirecl 
furnace,  burning  coal  or  coke.  Locally,  jets  of  air  pass 
I  lirough  gaps  in  tlie  fire,  whilst  also,  in  certain  smaller  gaps, 
C  is  burnt  direct  into  C02,  according  to  the  equation 

(a)    C  +  20  =  CO,. 
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In  olliers,  the  ultiinaic  gas  producer  reaction  takes  pi;ir<- 

(b)  c  +  o=  CO. 

The  unhurnt  air  wliicli  lias  passed  through  llic  lire  rc;icls 
with  this  and  produces  lla.me  accoi'di io  t  lie  ('(|U;it  ion 

(c)  CO  +  0  =  CO,. 

It  matters  not  whether  C0.2  be  formed  direct  according  to 
the  equation  (〃)，  or  in  two  stages,  according  to  equ;il  ions 
(/y)  and  (c).     In  like  manner,  it  matters  not  whether  a  hydro- 


cij rbonT  sav,  CH4 ,  has  been  distilled  off  and  then  hurnt  into 
C02  +  2H20,  or  decomposed  into  C  +  4H  and  then  l>uriit. 

If  steam  be  added  to  the  air,  it  is  a  mere  diluent.  It  will 
be  decomposed  and  recom posed,  and  represent  waste  and 
lessened  calorific  intensity.  A  definite  advantage,  however, 
arises  from  securing  the  combustion  in  two  stages,  as  the 
second  stage  may  be  made  to  take  place  wholly  in  the  charge 
chamber  of  the  furnace  if  desired. 

By  employing  a  deep  bed  of  fuel,  and  maintaining  it  at 
constant  depth,  a  producer  gas  of  fairly  constant  composition 
is  generated.  In  common  practice  it  is  left  to  the  skill  of 
the  furnaceman  to  supply  the  proper  quantity  of  air  to  burn 
the  producer  gas.  Even  supposing  it  were  possible  for  a 
trained  eye  to  allow  him  to  do  this,  natural  causes  would 
place  it  beyond  his  power  (to  an  extent  which  the  autlior  feels 
is  underrated),  giving  rise  to  great  and  harmful  wastage 
of  fuel. 

According  to  variations  in  the  direction,  and  pressure  of 
gusts  of  wind,  the  variations  in  amounts  of  air  admitted  at 
natural  draught  air  inlets  are  far  too  serious  to  give  even  a 
good  furnaceman  a  fair  chance  of  regulating  the  air  supply. 
Merely  securing  correct  average  is  not  enough.  The  autlior 
recently  made  some  practical  tests  of  the  amount  of  air  enter- 
ing the  air  reversing  valves  of  some  old-fashioned  Siemens 
crucible-steel  melting  furnaces.  During  succeeding  quarter 
mijiutes  the  air  entering  the  valve  varied  between  the  rates 
of  350ft.  and  500ft.  per  minute,  the  gusts  of  wind  being  no 
greater  than  20  miles  per  hour.  On  a  smaller  furnace  he 
found  tliat  by  using  or  not  using  wind-screens  in  front  of  or 
behind  the  air  valve,  according  to  the  direction  in  wliicli  the 
reversing  flap  was  turned  in  relation  to  the  direction  of  the 
wind,  the  mean  air  entering  the  valve  was  halved  or  doubled. 
In  this  case  180ft.  per  minute  was  the  air  desired.  The  gusts 
of  wind  lowered  it  to  70ft.  on  one  side,  and  raised  it  to  350ft . 
on  the  other.  Forced  drav^lit,  duly  throttled,  was  then 
installed,  and  this  steadied  the  air  su])ply.  No  workman  can 
be  expected  to  overcome  sucli  conditions  by  his  skill  ；  it  is  not 
fair  to  ex]>ec(  it  of  liim. 

Coal  may  be  regarded  as  a  solid  coinposod  of  li vdrocarlxnis, 
which  may  bo  volatilised  l>v  heal ,  atut  solitl  (non-volat ih1) 
carhon,  wliicli  nwiy  be  gasiiied  liv  semi  comlmst  ion  inln  ( '。 
The  products  of  the  ultimate  ironthuslion  of  coal  are  uiainlv 
C02  and  H20,  and  it  has  been  shown  l>v  actual  oxperiiiKMits 
that  for  most  coals  the  gases  of  combustion  onlv  are  void  of 
CO,  if  the  ratio  of  CO.  to  02  (by  vol.)  be  10  to  3.    This  pro- 


portion will  then  be  secured  if,  by  -suital'k  means,  about  1', 
per  cent .  of  the  lota]  ； lir  used  is  passed  througli  the  '  r 

as  primary  air,  and  about  60  per  cent,  through  tl"'  furnan-  ； is 
secondary  air.  Before  proceeding  to  describe  liis  own  ",hIi'"J 
of  securing  this,  the  author  will  fii  Hl  point  out  oiif  nr  t  wo 
obviously  incorrecrl  pract  i<  cs  lu*  has  known  \o  t-xisX . 

He  has  been  shown  regularly-taken  analyses  of  producer 
gases,  coupled  with  calculations  of  the  (-oinljust il>le  valu" "， 
the  gases  per  unit  volume,  without  the  ieiuperatures  at  tl"' 
producer  accompanying  tlieni,  or  arialvs*-s  o\  tl"'  produrts  ot 
their  oomhustioii.  Sucli  <lal  ； t  an*  almost  worse  t  Iihii  use  I  ess. 
A  unit  weiglit  of  coal  ooinj)letely  Ijurnt  into  L'iven  products 
of  combustion  lias  a  given  caloriiic  value.  At  every  stage  of 
progress  towards  complete  (•ombustioii  calorilir  value  is  \n-\n*j 
changed  into  sensible  lieat,  and  the  huim  of  sensihle  1"';。  ； m'l 
calorific  value  is  a  constant  in  t  he  abseiKH*  of  heat  absorpl  ions 
The  riclier  the  gas,  the  more  air  requii.ed  to  burn  it  ；  t  he 
poorer,  the  less  air.  The  cliinniey  pn'tluHs  of  coinpletc 
hustion  and  t  heir  maint  aiuin^  const  ant  <*orii[>osilion  afl'oitl  t  In- 
main  index  of  theoretical  and  practical  good  working. 

The  Author's  Devices  for  Securing  Correct  Complete  Ultimate  Com- 
bustion.一  1  n  the  case  where  coal  or  other  solid  fuel  is 
(""ployed,  the  author's  device  takes  the  form  shown  in  Kig.  I. 
A  chamber  (a)  connected  to  a  source  of  high-pressure  air  lia> 
two  closed  branches  (h)  and  (r),  the  brancli  (b)  being  provided 
with  connections  to  the  air  inlet  of  the  gas  pro(lurei'，  and  (r) 
with  the  air  inlet  or  inlets  of  the  furnace.  The  con\w<  \  ions 
between  chamber  (a)  and  branches  (h)  and  (c)  are  pn,、  "l'  'i 
with  valves  and  seatings,  the  diameters  of  the  latter  h**ini: 
such  that  their  areas  are  proportional  to  ratios  of  j>riin;irv 
and  secondary  air  supplies  required. 

The  valves  are  mounted  on  a  comtnon  lever,  the  distaiw  c 
of  their  connections  from  the  fulcrum  being  in  the  same  ratio 
as  the  diameters  of  their  seatings.  They  are  loaded  l>v  a 
spring  to  an  extent  that  the  pressure  required  to  open  tii^ni  is 
so  large  a  multiple  of  any  resistances  encountered,  that  tl"' 
latter  become  practically  negligible  quantities  ；  hencf*  ； ii  ； ill 
times  practically  constant  ratios  of  primary  and  secondary  air 
are  passed  through  tlie  valves 

In  the  case  where  liquid  fuel  is  employed  the  device  takes 
the  form  shown  in  Fig.  2.  The  valves  are  so  proportioned 
as  always  to  pass  the  correct  ratios  of  gaseous  fuel  and  ；, ir 
through  them  (say, 】 to  9).  The  smaller  valve  sealini:  is 
connected  to  a  vaporising  apparatus,  the  larger  to  a  souiv.* 


Fig.  3. 

of  air  at  the  same  pressure  as  tlie  vapour.  Thus  at  all  times 
correct  ratios  of  vapour  and  air  are  delivered  to  the  furnace. 
The  iiicinner  iti  wliicli  the  constant  relative  pressure  of  vapour 
ami  air  is  secured  is  simple. 

Tho  vaporiser  is  made  of  materials  capalilo  of  wit  list  aiulin^ 
iinv  leniperature  it  is  likely  to  be  exposed  to.  and  its  liea! in»: 
surface  is  provided  so  as  to  be  in  considerable  excess  of  anv 
requireinents.  Its  general  ty}>e  will  he  t hat  of  the  pipe  stoves 
used  to  heat  the  blast  for  blastfurnaces,  hut  the  fuel  will 
enter  tlie  pipes. 
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By  putting  the  stock  of  fuel  in  an  air  vessel,  under  the 
same  pressure  as  the  air  supply  of  the  furnace,  and  maintain- 
ing the  heating  surface  of  the  vaporiser  always  in  excess  of 
requirements,  the  amount  of  liquid  fuel  which  enters  the 
vaporiser  is  only  that  which  requires  contact  with  the  amount 
of  heating  surface  it  is  exposed  to.  Hence  fuel  is  only 
vaporised  at  the  rate  it  is  consumed.     Fig.  3  illustrates  the 

t      h  h      h      h      h      i>      b      2      k      k      Z  'o 


 L. 
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Fig.  4.— Diagram  showing  Perckntages  of  Heat  Developed  contained  in  Piioddcts  of  Combustion  of 

CHi  H3  and  C2  with  Air. 

The  full  lines  relate  to  products  of  complete  combustion  (assumed  to  be  possible)  with  chemically  equivalent 
amounts  of  air,  and  dotted  lines  to  products  of  combustion  with  30%  excess  of  air. 

valve  system  as  modified  in  the  case  of  an  internal -combustion 
engine. 

The  Regenerative  System. ―  The  products  of  combustion  of  a 
furnace,  of  course,  cannot  issue  from  the  combustion  chamber 
at  a  lower  temperature  than  the  heated  charge.  The  tempe- 
ratures demanded  in  steel-making  are  almost  as  high  as  the 
complete  combustion  of  carbon  by  cold  air  admits  of,  even  in 
the  absence  of  heat  absorption,  whilst  the  high  specific  heat  of 
H20  vapour  in  relation  to  its  heat  of  formation,  and  the  large 
amount  of  energy  required  to  volatilise  the  hydrocarbons  in 
coal,  result  in  sufficiently  high  temperatures  for  that  purpose 
being  unattainable  by  means  of  combustion  of  coal  with  cold 
air.  In  spite  of  this,  many  people  are  still  dazzled  by  the  high 
calorific  power  of  a  unit  of  CH4.，  forgetful  of  its  cost  and  low 
efficiency  for  heating  purposes.  The  relative  efficiency  values 
of  CH ；，  H2，  and  C2  are  set  out  in  Fig.  4，  the  text  beneath 
which  explains  itself. 

By  intercepting  heat  from  the  products  of  combustion  and 
imparting  it  to  the  constituents  of  combustion,  more  of  the 
heat  of  combustion  becomes  transmissible  from  the  fuel  to  the 
object  to  be  heated.  In  a  regenerative  or  recuperative  system, 
if  the  course  of  the  outlet  gases  being  cooled  and  the  inlet 
gases  being  heated  were  the  same,  only  equilibrium  of  tempe- 
ratures could  be  arrived  at  between  them.  When  the  outlet 
and  inlet  gases  are  made  to  traverse  the  system  in  opposite 
directions,  practically  the  whole  energy  of  the  outlet  gases 
not  otherwise  employed  might  be  transferred  to  the  incoming 
gases.  But  as  the  sensible  heats  of  H20  and  C02  are  at  high 
temperatures,  in  excess  of  the  sensible  heats  of  their  con- 
stituents at  such  high  temperatures,  this  excess  heat  is 
unavailable  for  regeneration. 

The  author  knows  by  experience  that  some  people  do  not 
appreciate  the  fact  that  a  regenerative  or  recuperative  system 
is  capable  of  heating  the  gas  and  air  passed  through  it,  to  as 
near  the  maximum  temperature  obtaining  within  it  as  the 
relative  surfaces  and  conductivities  of  the  gases  and  regene- 
rators or  recuperators  admit  of.  Suppose  a  section  of  such  a 
system  to  be  capable  of  cooling  the  outlet  gases  from  a  tempe- 
rature of  2°  to  a  temperature  of  1°  by  imparting  a  temperature 
of  1°  to  the  inlet  gases.  Obviously,  then,  a  superposed  section 
is  conceivably  capable  of  cooling  outlet  gases  from  4°  to  2°  and 
heating  inlet  gases  from  1°  to  3°.  By  superposing  sufficient  re- 
generators of  this  sort  the  inlet  gases  would  clearly  always  be  1° 
cooler  than  the  outlet  gases  at  all  points.  It  is  at  once 
obvious  that  no  direct  economy  can  possibly  result  from  the 
employment  of  regeneration  to  the  combustible  gas.  To  the 
exact  extent  of  the  sensible  heat  of  the  gas  the  cooling  down 
of  the  outlet  gases  would  be  prevented,  for  the  outlet  gases 


could  not  be  cooler  than  the  inlet  gases.  Hence  it  may  be 
seen  that  the  use  of  gas  regenerators  in  the  case  of  producer 
gas  in  theory  reduces  the  potential  value  of  the  fuel  by  the 
difference  between  the  calorific  power  of  the  reaction 
C  +  20  =  C02  and  that  of  the  reaction  CO  +  0  =  C02，  in 
respect  of  the  fixed  carbon  contents  of  the  coal. 

On  the  other  liand,  unless  absorbed  otherwise,  the  products 
of  combustion  issuing  from  the  fur- 
I  I  I  I  I  I  nace  to  the  regenerators  must  con- 
tain more  energy  than  that  utilisable 
to  heat  the  secondary  air.  Owing  to 
this  the  only  way  to  utilise  any  such 
unused  balance  is  to  employ  it  to 
heat  the  air  blast  of  the  producer. 

The  author  understands,  on  the 
authority  of  a  French  metallurgist, 
that  in  France  a  very  useful  and 
logical  discrimination  is  made  be- 
tween the  words  "  regenerator  " 
and  "  recuperator/'  the  former  de- 
noting a  reversible  system  and  the 
latter  a  continuous  system,  and  for 
the  purposes  of  the  present  paper  he 
will  employ  the  words  in  question  in 
the  sense  indicated.  In  an  ideal 
recuperati ve  system  the  m ax i m u 川 
temperature  of  the  recuperators 
cannot  be  less  tlian  that  of  the 
charge  in  the  furnace  to  which  lieat 
has  been  transmitted.  In  a  regenera- 
tive system,  however,  the  mean 
maximum  temperature  may  be  much  less. 

Taking  a  regenerative  system  and  assuming  a  unit  of  fuel 
to  be  burnt  between  each  reversal  in  an  empty  furnace,  ideal 
as  to  absence  of  radiation  and  loss  in  waste  gases,  the  stock 
of  heat  in  the  regenerators  at  the  end  of  each  reversal  period 
would  progress  in  the  following  manner,  starting  by  using  the 
right-hand  chambers  for  waste  gases  ： ― 


Reversal. 

1st. 

2nd. 

3rd. 

4th. 

5th. 

6th. 

7th. 

8th. 

Left   

0 

2 

1 

4 

3 

6 

5 

8 

Right  

1 

0 

3 

2 

5 

7 

6 

9 

After  a  large  number  of  reversals  the  temperature  drop 
between  reversals  will  become  only  a  small  percentage  on  tlie 
temperature.  Losses  of  energy  occurring  in  practice,  and  for 
the  reasons  given  as  to  heat  in  products  of  combustion  taking 


Fig.  5. 


place  from  high  temperatures  being  unavailable,  the  regene- 
rators cannot  readily  be  got  to  quite  as  high  average  inaxiinuin 
temperatures  as  the  waste  gases  issuing  from  the  furnace 
to  them . 

Now,  the  surfaces  of  the  ports  and  conduits  from  the  valves 
to  the  regenerators,  and  from  the  regenerators  to  the  furnace, 
are  so  small  that  they  may  be  very  rapidly  exposed  to  changes 
of  temperature,  and  may  be  disregarded  as  efficient  regene- 
rators in  practical  calculations  ；  but  for  the  very  reason  of 
their  small  heating  surface,  their  maximum  temperature  may 
be  lowered  bv  very  frequent  reversals.  When  a  skilled  melter 
perceives  that  he  has  overheated  the  ports  of  his  furnace  he  at 
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once ― thougli  not  fully  understanding  the  reason ― proceeds  to 
reverse  the  valves  of  the  furnace  very  frequently.  The  con- 
ditions bear  some  relation  to  what  occurs  if  a  unit  of  water  n\  ， 
say,  80。  C.  be  poured  t'hrou"li  a  long  tube  into  a  vessel  con 
iaining,  say,  100  units  of  water  at  (i0 '  and  t  lien  aspiralcd 
back  again.  There  will  he  a  suddtMi  ti'mi>('r;i"in'  drop  in  t  he 
unit  of  water  at  80'  as  it  meets  t lie  100  utiils  al  CA)  \  ； md  。ii 
reversing  the  action  there  will  be  only  a  minute  rise  of  tempc 
rature  of  the  unit  of  water  as  it  ])asses  h;"'k  t  lirougli  t  he  tube. 

As  steel  melting  furnaces  furnish  an  example  of  r«('m'r;i 
tive  furnace  in  which  the  temperature  requisite  for  thv  cliar^.- 
to   attain  so  closely  approaclies   the   limit  of  temperat inc 
endurance  of  the  materials  admissible  for  furnace  const  l  tn- 
tion,  they  afford  the  most  instructive  subjects  of  study. 

Heat  transference  conditions  are  rapidly  rendered  inferior 
as  the  charge  becomes  fused,  and  it  is  at  this  important  stage 
we  will  study  it.  At  this  stage  the  conditions  become  wholly 
different  to  those  in  a  crucible  furnace.  In  the  latter  ahtiosl 
the  whole  surface  of  the  crucible  is  lieatiug  surface,  and  1 1  it- 
contents  thereof  may  be  superheated  by  a  flame  of  very  little 
lii^lier  temperature  than  that  of  the  charge  in  the  crucible. 
I u  the  open-hearth  furnace,  on  fusion  of  the  charge,  the  heat- 
ing surface  of  tlie  latter  becomes  less  than  the  surface  radiating 
heat  from  it. 

The  conditions  governing  the  transference  of  heat  are  well 
illustrated  by  Fig.  5,  which  clearly  shows  the  character  of  the 
temperature  gradient  of  an  open-hearth  furnace.  This 
temperature  gradient  has  been  drawn  in  view  of  the  fact  that 
the  metals  and  carbon  decrease  in  conductivity  with  rise  in 
temperature,  and  in  general  the  oxides,  especially  the  basic 
oxides,  at  a  certain  point  rapidly  increase  in  conductivity 
with  rise  of  temperature.  In  Fig.  5  the  ordinates  represent 
temperatures,  whilst  the  co-ordinate  represents  a  section 
through  the  furnace  hearth,  steel,  slag,  flame,  air  space,  and 
roof.  A  B  is  the  roof,  B  C  the  space  between  the  roof  and 
flame,  C  D  the  flame,  D  E  the  slaglayer,  E  F  the  bath  of  steel, 
F  G  the  hearth,  and  H  the  hottest  portion  of  the  flame.  The 
temperature  at  D  must  be  high  enough  to  enable  that  at  F 
to  be  a  casting  temperature  for  the  steel,  that  is,  quite 
1 ,550°  C.  for  a  mild  steel.  The  temperature  at  B  must  be 
below  that  which  will  fuse  or  otherwise  damage  the  roof. 
This  can  therefore  hardly  exceed  1 ,780°  C.  for  materials 
generally  available  for  the  purpose.  The  former  condition 
involves  a  higher  temperature  than  1,550°  C.  at  E，  and  a  still 
higher  temperature  at  D，  which,  in  consequence,  may  require 
to  be  even  1,700°  C. 

At  some  point  in  the  flame  a  still  higher  temperature  may 
be  involved,  say,  as  much  as  1,800°  C.，  and  the  fall  of  tempe- 
rature between  this  maximum  point  H  and  B  must  be 
sufficient  to  prevent  that  at  the  latter  point  being  too  high. 
These  close  limits  then  demand  that  combustion  shall  progress 
at  so  even  a  rate  that  at  all  points  D,  of  the  heating  surface 
of  the  slag,  heat  absorption  and  temperature  are  uniform . 
This  in  turn  involves  that  the  temperature  of  the  flame  at  its 
immediate  entrance  into  the  furnace  shall  be  of  full  intensity. 
The  curve  D  E  F  may  be,  and  is，  modified  somewhat  in 
ordinary  practice  by  various  catalytic  actions,  which  aid 
ordinary  processes,  but  unfit  them  for  the  production  of  steel 
deoxidised  and  dead  melted  in  like  manner  to  crucible  steel . 
This  very  defect,  however,  alone  renders  practicable  the  basic 
process  with  its  deep  layer  of  slag,  and  the  same  remark 
applies,  but  perhaps  in  less  degree,  to  the  acid  process. 

(To  be  continued.) 


Third  International  Congress  of  Refrigeration. 一 A  pamphlet 
has  been  issued  giving  the  particulars  of  this  Congress,  wliioh 
is  to  be  lield  at  Chicago  in  September  next.  It  will  l>e 
divided  into  six  sections,  dealing  with  :  (d)  Liquefied  gas 
and  units  :  (b)  the  design,  construction,  operation,  and  met  ho.i 
of  testing  refrigerating  machinery  and  insulating  materials  ； 
(c)  the  application  of  refrigeration  to  foods  ；  (d)  the  use  of 
refrigerating  apparatus  in  the  industrial  arts  ；  (e)  refrigera- 
tion in  railway  and  steamship  transportation  ；  (/)  questions 
relating  to  legislation  and  administration.  The  Secret  a  rv 
General  is  Mr.  J.  F.  Nickerson,  431，  So.  Dearborn  Street, 
Chicago.  The  first  Congress  was  held  in  Paris  in  1  DO?,  ami 
the  second  in  Vienna  in  1910. 


IMPROVEMENTS  IN  INTERNAL-COMBUSTION  ENGINES. 

A  kkcknt  patent  ^raufcd  1<>  Mr.. I,  If.  I lamiltoii,  Sainlia*  i IVrbv. 
n'lates  to  single-acting  enjiincs  having  trunk'  pistons  working  in 
cvliiulcrs  wit  li  <  licir  fnmf  cikIh  open  to  tlu*  <  rank  incr  in  tli'' 
in  id  is  iip|>lical>li'  to  "ii^iii'-s  w  it  li  t  wo  or  m',n'  ryliml'"  \A,u  *d 
by  side,  t  he  pistons  l"'m;'  ("upW  to  crank's  on  flic  huiim-  sliaft . 
Koi  t  wo-cvliiulcr  ('i)^mcs  crunks  ； in'  used  at  H  "j  (wh*  anof  her. 
for  tliree-cvlindcr  *Mi^in**s  cranks  at  120°,  and  for  f'mr-'  vi"""T 
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("igi"es，  two  cranks  on  tl"'s;im*' 
centre  and  two  others  at  1  so 
to  them  as  usual  in  multiple 
crank  engines.  In  a  two-cylinder 
engine  one  oil  guard  made  of 
sheet  metal  is  fixed  over  tlx-  "、'' 
cranks  and  fitting  to  the  bed  so  as 
to  completely  enclose  the  cranks 
and  reciprocating  parts.  A  hole 
is  however  made  in  the  top  of 
this  oil  guard  at  the  end  next  tho 
cylinders  and  between  the  latter, 
and  a  hood  or  bridge  piece  is  lit  Irtl 
over  this  hole  and  extends  be- 
yond its  forward  cAtivniity.  tl" 卜 
forming  a  passage  whereof  one 
"n(l  opens  to  the  at  nmsf  tln-ir  ； mm  i 
the  other  to  an  air  duct  foniic*! 
in  the  bed  and  leading  through  a  silencer  placed  in  the  cvliiulcr 
jacket  casting  to  the  air  ports  of  the  cylinder  adniissif>n  valves. 
Thus  the  air  drawn  in  by  the  pistons  to  form  the  explosive  cliai  ^f 
goes  through  this  passage  and  carries  with  it  such  smoke  or  fiuncs 
as  may  rise  through  the  opening  in  the  oil  guard.  Baffle  plates 
are  placed  so  as  to  prevent  oil  being  splashed  into  or  below  th<* 
opening  in  the  oil  guard,  thus  the  fumes  arc  kept  out  of  tho 
engine  house.  In  a  tluee-cylinder  engine  the  consti  u<  tioii  is 
similar  but  the  oil  guard  covers  the  three  cranks.  In  a  four- 
cylinder  engine  two  oil  guards  are  used,  viz.,  one  ovt*r  oacli  pair  of 
cranks  as  described  for  the  two-cylinder  engine. 

Fig.  1  is  a  longitudinal  section  through  the  engine  bed  and  tl"' 
cylinder  jacket  casting.  Fig.  '2  a  cross  s('(  tioi!  tlirouyli  the  bed 
on  the  line  XX，  Fig.  1；  and  Fig  a  plan,  the  engine  shown  being 
a  four-cylincler  one.  The  oil  guards  A  cover  two  cranks  and  by 
fitting  against  the  end  as  shown  at  J,  enclose  the  space  in  which 
the  cranks  and  connecting  rods  work  completely.  The  air  supply 
to  the  cylinders  enters  through  the  liood  B.  and  passing  tliroiiirh 
the  silencer  E  goes  through  the  passage  H  to  the  (  vlmd"i'.  An 
opening  0  in  tlu*  top  of  the  guard  A  allows  fumes  escaping  from 
or  past  the  piston  to  escape  into  the  hood  B  and  tlu'ivfore  to  hr 
(] rawn  back  into  the  cylinder  along  with  the  air. 


North-cast  Coast  Institution  of  Engineers  and  Shipbuilders.— 

Upwards  of  two  months  ago  the  Council  of  the  North-east 
Coast  Institution  of  Engineers  and  Shipbuilders  decided,  after 
much  deliberation,  to  form  an  Aeronautical  Committee,  it 
being  considered  that  the  study  of  aeronautics  might  advan- 
tageously be  coupled  with  that  of  engineering  and  shipbuild- 
ing. At  the  same  time  negotiations  were  entered  upon  with 
the  North-eastern  Aero  Club,  with  the  result  that  tliat  body 
has  now  become  absorbed  in  the  Institutiou.  The  committee 
is  largely  representative  of  the  club  that  was,  and  the  names 
are  as  follows  ：  The  Hon.  Sir  Charles  A.  Parsons  (chairman), 
Messrs.  J.  Duncan  Hodgson,  J.  H.  Holmes,  J.  Cusworth,  and 
C.  S.  Vesey  Brown,  Prof.  Henry  Stroud,  Colonel  R.  Saxton 
White,  Messrs.  Gerald  Stonev,  J.  Mitchell  Mom'rie(T，  A  1 1 
Law,  and  C.  Ian  Burrell.  The  objects  of  this  coinniittee. 
among  others,  will  be  to  arrange  meetings  for  the  dis 。卜、 ""i 
of  aeronautical  questions,  and  generally  to  promote  tlie  、tu*i 
of  such  anions  tlie  niernhers  of  tlie  Institution. 
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PETROL-ELECTRIC  MOTOR-VEHICLES,* 

IiY  J.  B.  G.  DAMOISEAU. 

The  system  of  traction  in  which  tlie  electrical  energy  required 
for  propulsion  is  generated  on  the  vehicle  itself,  was  applied 
for  the  first  time  20  years  ago  by  Mr.  J.  J.  Heilmann.  The 
first  locomotive  on  the  Heilmann  system,  "  La  Fusee,"  which 
was  tried  in  1893-94  on  the  system  of  the  Chemin  de  fer  de 
rOuest  between  Le  Havre  and  Beuzeville,  and  later  between 
Paris  and  Mantes,  consisted  of  a  boiler  of  145  square  metres 
heating  surface,  feeding  a  horizontal,  compound,  balanced 
steam  engine,  with  fixed  cut-off  and  variable  speed.  This 
engine,  which  generated  600  b.h.p.  at  360  revs,  per  minute, 
was  direct-coupled  to  a  separately-excited  continuous-current 
generator.  The  excitation  at  constant  pressure  was  provided 
by  a  special  machine  driven  by  a  steam  engine.  By  increas- 
ing or  decreasing  the  excitation  of  tlie  generator,  the  speed  of 
the  steam  engine  was  decreased  or  increased  in  proportion, 
and  in  consequence  also  the  power  supplied  to  the  eight  eleoi  ric 
motors  which  were  fixed  on  the  four  axles  of  each  tlie 
two  bogies. 

As  a  result  of  the  tests  carried  out  witli  this  locomotive, 
two  more  were  built  on  the  same  system,  but  of  greater  power, 
each  being  provided  with  a  vertical  steam  engine  of 
1 ,350  i.h.p.  at  400  revs,  per  minute,  direct-coupled  to  two 
generators,  one  at  each  end,  which  supplied  the  electrical 
energy  to  the  eight  motors.  These  locomotives  were  tried  on 
the  same  railway  system  in  1897-98  between  Paris  and  Rouen. 
Each  of  these  two  locomotives  was  constructed  in  such  a  way 
that  it  could  be  driven  in  either  direction  without  being 
reversed  at  the  terminus,  and  had  a  tender  attached.  One  of 
these  tenders  was  fitted  with  four  electric  motors,  to  which 
current  was  supplied  from  the  generators  on  the  locomotive. 

The  method  of  control  employed  on  these  Heilmann  loco- 
motives is  very  elastic,  and  has  the  further  advantage  of  being 
economical  in  two  respects.  From  the  thermal  point  of  view, 
the  steam  consumption  per  horse-power  hour  is  remarkably 
constant,  as  the  point  of  cut-off  is  fixed.  From  the  electrical 
point  of  view,  the  whole  of  the  electrical  energy  generated  is, 
with  the  exception  of  the  losses  in  the  field  rheostats,  usefully 
employed  for  traction.  This  system,  in  which  the  vehicle 
carries  its  own  electrical  generating  plant,  was  subjected  to 
considerable  criticism  at  the  time  of  its  introduction,  and  it 
is  only  due  to  the  development  of  automobiles  and  the  internal- 
combustion  engine,  as  well  as  to  progress  in  electric  traction 
and  the  practical  demonstration  of  its  advantages,  that  the 
above  system  of  traction  came  into  favour  again  in  its  new 
form  as  the  petrol-electric  vehicle. 

The  Various  Petrol-electric  Systems. 

A  number  of  systems,  employing  continuous  or  alternating- 
current  transmission,  either  partially  or  wholly,  have  been 
proposed  for  automobiles  running  on  the  roads,  with  the  view 
of  remedying  the  inherent  inconveniences  arising  from  the  use 
of  clutches  and  the  necessity  of  frequently  varying  the  speed 
of  such  vehicles.  Some  of  these  systems  in  practice  do  not 
seem  in  general  to  have  given  the  results  expected  of  them. 

Of  the  various  heat  engines  capable  of  application  to  auto- 
mobiles running  on  rails,  the  internal-combustion  engine  using 
liquid  fuel ― petrol  or  benzol ― is  the  only  practical  type. 
Continuous  current  is  likewise  universally  employed.  The 
design  adopted  for  motor-vehicles  using  internal-combustion 
engines  is  necessitated  by  the  limitations  of  these  engines. 
Thus,  as  internal-combustion  engines  are  unable  to  start  under 
load,  means  must  be  provided  for  starting  them  light.  More- 
over, such  engines  give  a  practically  constant  torque,  and  to 
be  economical  should  run  at  a  speed  below  that  corresponding 
with  maximum  power  so  as  to  prevent  the  engine  being  pulled 
up  ；  but  as  they  must  operate  somewhere  near  that  critical 
speed,  it  follows  that  it  is  essential  to  introduce  gearing 
between  the  engine  and  the  axles  so  that  the  speed  of  the  car 
can  be  varied  whilst  that  of  the  engine  remains  uniform . 

There  are  thus  three  methods  of  transmission  :  (1)  Mecha- 
nical gear  ；  (2)  electrical  transmission  gear  ；  (3)  a  combina- 
tion of  mechanical  and  electrical  gear. 

As,  however,  the  internal-combustion  engine  can  work 
either  at  constant  or  variable  power  (by  regulating  the  admis- 

•  Paper  presented  at  the  joint  meeting  of  tlie  Institution  of  KltM-trit  nl  Kn^ineers 
and  the  Society  Internationale  des  Electriciens,  Paris,  May  21at— 24th.  】913. 


sion  of  the  fuel),  and  the  power  required  for  traction  is  also 
variable,  it  follows  that  two  distinct  methods  may  be  con- 
sidered ：  (a)  An  arrangement  comprising  a  means  of  storing 
energy  and  for  dealing  with  the  fluctuations  in  the  demand  for 
energy  whilst  the  engine  generates  constant  output.  This 
method  has  the  advantage  of  allowing  the  energy  to  be  stored 
which  is  produced  when  the  car  runs  down  gradients,  and 
whilst  braking,  (b)  An  arrangement  in  which  energy  is  not 
stored,  and  in  which  the  engine  supplies  the  power  necessary 
for  driving  the  vehicle. 

Thus  each  of  the  above  three  methods  of  transmission, 
mechanical,  electrical,  and  mixed,  can,  if  desired,  have  incor- 
porated with  it  tlie  storage  of  energy.  To  complete  this 
enumeration  of  possible  automobile  systems  using  internal- 
combustion  engines,  it  remains  to  be  said  that  if  energy  is 
stored  this  can  be  done  either  in  the  form  of  kinetic  energy,  a 
Hywheel  being  used,  or  as  potential  energy,  electric  accumu- 
lators then  being  employed. 

This  brief  resume  shows  the  large  number  of  types  of 
internal-combustion  auto"iohiles  which  are  theoretically 
possible.  As  a  matter  of  fact,  there  are  at  tlie  present  time 
automobiles  with  internal-combustion  engines  and  mechanical, 
electrical,  and  mixed  drive  ；  but  those  with  the  mixed  drive 
are  the  only  ones  in  which  accumulators  are  utilised.  The 
present  paper  deals  with  motor-cars  with  internal-conibustion 
engines  and  with  electrical  or  mixed  drive -  These  cars  are 
usually  known  by  the  general  term  of  petrol-electric  vehicles, 
although  petrol  need  not  be  the  only  fuel  used.  The  majority 
of  the  petrol- electric  vehicles  built  comprise  essentially  an 
internal-combustion  engine  driving  a  continuous-current 
generator  giving  a  variable  pressure  ；  this  generator  supplies 
the  electric  motors  driving  the  car  axles.  For  the  control  a 
special  controller  is  employed.  In  certain  cases  cars  are  fitted 
with  two  cabins,  from  either  of  which  the  car  may  be  driven 
in  either  direction.  The  details  and  position  of  tlie  electrical 
gear  distinguish  the  different  types  of  this  class  of  car. 

Motor- vehicles  of  the  Societe  Anonyme  de  Locomotion 
Electrique. 

In  1 904-1 905  the  Societe  Anonyme  de  Locomotion 
Electrique,  owners  in  France  of  the  Heilmann  patents,  built  a 
petrol-electric  vehicle  to  demonstrate  its  practical  value.  The 
wheel  gauge  was  1  metre,  and  the  electrical  gear,  suspended  on 
girders  attached  to  the  frame,  was  situated  between  the  two 
bogies  and  beneath  the  floor  of  the  car,  only  the  cylinders  of 
the  engines  protruding.  This  arrangement  was  chosen  on 
account  of  tliat  adopted  on  automobiles,  the  engines  of  which 
work  without  being  under  the  direct  supervision  of  those  in 
charge. 

The  petrol  engine  with  six  vertical  cylinders,  each  of 
140  mm.  internal  diameter  and  160  mm.  stroke,  and  running  at 
700  revs,  per  minute,  was  direct-coupled  to  the  generator  and 
the  exciter,  both  on  the  same  shaft.  The  generator,  which 
could  give  any  pressure  from  zero  to  550  volts,  supplied 
current  to  the  two  electric  motors  ；  these  drove  through 
pinions  the  two  extreme  axles  of  the  two  bogies ― each  bogie 
had  two  axles  and  wheels  of  unequal  size.  The  exciter  was 
compound  wound  to  give  a  pressure  of  110  volts.  The  car 
had  two  cabins,  situated  one  at  each  extremity  of  the  platform 
of  the  car.  In  each  cabin  was  fitted  the  following  switcligear  ： 
A  special  ccmti'ollei'  with  two  handles,  allowing  the  car  to  be 
driven  in  either  direction,  the  connections  for  the  series- 
parallel  grouping  of  the  motors,  the  rheostat  for  varying  tlie 
exciting  current  of  the  generator,  the  electric-emergency 
brake,  the  measuring  instruments  and  safety  apparatus,  a 
valve  for  the  compressed-air  brake,  and  a  liand  brake.  The 
air  for  the  brake  was  supplied  by  an  air  compressor  driven 
from  one  of  the  axles  to  which  a  motor  was  not  attached. 
This  compressor  was  fitted  with  an  automatic  pressure 
regulator. 

The  two  tanks  containing  the  liquid  fuel  were  placed  on 
the  two  platforms.  The  two  tanks  containing  the  water  for 
cooling  the  engine  (the  circulation  of  the  water  being  entirely 
thermal^  and  the  radiator  for  cooling  the  water  were  lodged  on 
the  roof  of  the  car.  Owing  to  the  quantity  of  water  contained 
in  these  reservoirs  it  was  possible  to  cool  the  engine  effectively 
when  the  car  was  on  a  gradient,  the  speed  of  the  car  being 
sufficient  to  bring  about  the  rapid  cooling  of  the  water  by  the 
radiator.  The  silencer  was  fixed  to  the  girders  carrving  the 
electrical  apparatus.      The   engine,    which  was  fitted  with 
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mechanically-operated  valves,  water  cooling,  a  float  carburet- 
ter, and  a  high-tension  magneto  for  ignition,  was  started  up 
by  hand  by  means  of  a  handle  attached  by  gear  to  the  crank, 
which  revolved  at  constant  speed  whilst  the  car  was  in  service. 
A  centrifugal  governor,  acting  on  the  admission  valve,  limited 
the  speed  of  the  engine  to  700  revs,  per  minute. 

The  driver,  standing  in  his  normal  position,  could  reduce 
the  speed,  and  consequently  the  fuel  consumption,  whenever 
the  car  stopped,  or  when  it  was  running  light,  l)y  means  of  a 
flexible  wire  attached  to  the  admission  valve.  Once  the  petrol 
engine  was  started  up,  it  was  snfluuenls  in  order  to  st;irt  t.lie 
car  and  to  regulate  its  speed,  to  vary  the  excitation  ("•  the 
generator.  This  system  of  regulation  by  means  of  soparuto 
excitation  has  the  advantage  of  producing  the  electric  energy 
required  for  propelling  the  vehicle  without  absorbing  any 
energy  in  rheostats  ；  and  consequently  it  has  the  advantage 
of  obtaining  economically,  if  desired,  all  draw  bar  pulls  and 
speeds  possible  without  overheating  the  dynamos. 

A  car  built  for  a  maxim um  speed  of  30  km .  per  hour  had 
the  following  dimensions  : 

Distance  between  the  axles  of  the  bogies    8 

Wheelbase  of  each  bogie    IT) 

Length  of  the  car  body    11'8 

This  car  had  a  baggage-van  in  the  centre  of  the  coach 
between  its  two  compartments,  one  of  which  was  first  class, 
the  other  second  class.  Access  to  this  van  was  obtained  from 
two  platforms  situated  between  the  two  compartments  and 
the  driver's  cabins  at  each  end  of  the  car. 

Motor-vehicles  of  the  North-eastern  Railway  Company. 

At  about  the  same  period  trials  with  motor-vehicles  were 
being  carried  out  in  England  by  the  North-eastern  Railway 
Company,  the  electrical  plant  being  placed  in  one  of  the 
driver's  cabins  at  the  extremities  of  the  car.  The  80  h.p.  petrol 
engine,  with  four  horizontal  water-cooled  cylinders  each  of 
216  mm.  internal  diameter  and  254  mm.  stroke,  drove  at  a 
speed  of  420  to  480  revs,  per  minute  a  55  kw.  continuous- 
current  generator  which  supplied  current  at  any  pressure 
between  300  and  550  volts.  The  exciter,  fixed  above  tlie 
generator,  was  belt  driven.  This  shunt-wound  exciter  was 
also  used  to  charge  a  120  ampere-hour  battery  of  accumulators 
used  for  lighting  the  car  and  for  starting  the  petrol  engine. 
The  two  motors,  totalling  55  h.p.,  were  fixed  on  a  bogie 
beneath  the  generator. 

The  controller  was  of  the  ordinary  type  for  series-parallel 
working,  and  was  used  for  varying  the  speed  and  for  operating 
the  brake.  A  rheostat  near  the  controller  allowed  the  driver 
to  vary  the  pressure  of  the  generator.  The  electro-magnetic 
brake  fitted  to  this  car  consisted  of  two  electro-magnets  sus- 
pended between  the  wheels  of  each  bogie  above  the  rails. 
When  the  brake  was  put  on,  the  electric  motors  operated  as 
generators,  supplied  current  to  the  windings  of  the  brake, 
producing  in  that  way  the  adhesion  of  the  brakes  to  the  rails 
and  also  absorbing  the  energy  generated  by  the  motors. 

An  electrically-controlled  air  compressor  supplied  the  air 
for  working  the  whistle.  A  fan,  belt  driven  from  the  exciter, 
cooled  the  radiator,  which  was  situated  on  the  roof.  The 
procedure  for  starting  the  car  was  as  follows :  The  petrol 
engine  having  been  started  by  means  of  the  battery  of  accumu- 
lators, and  having  reached  its  normal  speed,  the  excitation  of 
the  generator  was  adjusted  so  as  to  obtain  a  pressure  of 
400  volts.  The  circuit  between  the  generators  and  the  two 
motors  was  closed,  whilst  the  excitation  of  the  generator  was 
gradually  increased  by  cutting  out  resistance  until  a  pressure 
of  550  volts  was  obtained.  The  petrol  engine  was  constructed 
by  the  Wolseley  Tool  and  Motor  Car  Company,  and  the 
electrical  equipment  was  supplied  by  tlie  British  Westin^fhouse 
^Electric  and  Manufacturing  Company.  This  car,  of  which 
the  length  between  the  buffers  was  15  6  metres,  had  seating 
accommodation  for  52  passengers,  weighed  in  service  35  tons, 
and  could  reach  a  speed  of  58  km.  per  hour. 

Motor-vehicles  on  the  Dion-Bouton  System. 

The  two  cars  just  described  were  in  reality  only  test  cars 
to  prove  the  practical  value  of  this  form  of  traction.  The 
first  exploitation  of  petrol-electric  motor-vehicles  dates  back 
to  the  years  1905-1906,  and  was  undertaken  by  the  Hungarian 
Arad  Osanad  Railway.  This  railway  system  has  normal  gaiii^ 
and  a  length  of  400  km.    It  was  worked  at  first,  as  far  as  the 


passenger  traffic  was  concerned,  with  36  petrol-electric  carfl  of 
two  types.  Those  destined  for  slow  t  rains  liad  each  a  rol 
engine  of  30  h.p.,  and  those  for  fast  trains  a  70  li.p.  en^'iinv 
The  pet  rol  cn^iiies  an<l  the  ^ncvutovH  of  all  these  cars  w**re 
supplied  l>y  t       So(*i('t<* 山' Dion-Moiitori. 

As  traAic  had  incivascd  in  consequence  of  the  introduction 
of  this  kind  of  t  ract  ion,  t  ho  railway  cornpaii v  was  ，（> 
that  irailers  could  he  added,  to  inrrease  the  o<juipnient  from 
30  h.p.  to  40  h.p.  It  was  found  essential  to  increase  the 
power  still  more.  A  Hungarian  firm,  a  branch  of  the  Societe 
Westiiighouse  du  Havre,  was  asked  to  undertake  tUin  irans- 
formaXio",  which  is  still  l>eing  <-arrio<|  out .  \Vli('n  this  tr  ;ins 
formation  is  finished,  this  croinpany  will  own  j>etnjl-el<-.  1 1  j. 
cars  on  two  systems  and  of  three,  powers  t  hose  ou  1  Iih  Dion- 
Bouton  system  of  70  li.p. ,  and  those  of  the  Westingliou.se 
system  of  60  h.p.  and  90  h  p.  As  the  transt'oririation  of  t  lies** 
cars  is  not  yet  finished,  tlie  cars  at,  I'rw'nt  in  us»*  ;"('  oi'  t、、，, 
types,  but  of  four  powers ~ 40  li  p.  :m(l  70  h.p.  (Dion  Hoiiton ) 
and  60  h.p.  and  90  h.p.  (Westin^'Iiouse).  This  is  at  present 
the  most  important  appjiratio"  of  this  kind  of  tract i(Jii  in 
Kurope.  Tlie  service  is  carried  out  by  these  36  petrol-electric 
cars  along  witli  4  steam  motor-cars  by  Ganz  with  I)ioii-Hout(iii 
boilers,  and  44  steam  locomotives  hauling  "  mixed  "  trains  and 
goods  trains. 

The  I )i()i)-Hou(on  cars  liave  each  a  petrol  t  iii/im'  w  i 1 1 1  i、》ur 
vertical  cylinders  driving  through  a  flexible  coupling  a 
irontinuous-current  rornpound-wouiid  generator  running  at 
500  volts.  The  engine  and  the  generator  are  supported  on  "m- 
bedplate.  This  group,  placed  transversely  in  the  driver's 
cabin,  supplies  electrical  energy  to  the  two  electric  motors 
which  drive  the  two  axles  of  tlie  car.  These  cars  have  only 
one  driver's  cabin  and  are  turned  on  the  turn-tables  used  for 
the  steam  locomotives. 

A  controller  is  fitted  in  the  driver  s  cabin  with  one  handle 
for  operating  the  car  in  either  direction  and  connected  for 
series-parallel  working,  the  speed  of  the  car  being  controlled 
in  that  way.  This  controller  is  fitted  with  four  notches  for 
forward  running,  and  only  one  for  reverse.  The  driver's 
cabin  also  contains  a  switchboard  on  which  is  mounted  an 
automatic  circuit  breaker,  an  ammeter,  a  voltmeter,  a  valve 
for  the  air  brake,  and  a  liand  brake.  The  air  required  for  the 
brake  is  supplied  by  an  air  com  pressor  worked  electrically  and 
provided  with  an  automatic  pressure  regulator.  The  engine 
is  started  by  means  of  a  removable  liandle.  An  arrangement 
for  omitting  the  compression  facilitates  the  starting  of  the 
engine. 

The  petrol  tank  and  the  water  tank  are  placed  in  the  cabin , 
and  the  radiator  and  the  silencer  are  fixed  on  the  roof  of  the 
car.  The  engine  has  mechanically -operated  valves,  a  pump  for 
circulating  the  jacket  water,  a  high-tension  magneto  for 
ignition,  and  a  constant-level  carburetter,  the  amount  of  each 
charge  being  regulated  by  the  throttle  valve.  This  v;il、  t'  «  ;ui 
be  worked  by  hand,  or  automatically  by  an  electro-magnet 
inserted  in  the  armature  circuit  of  the  generator.  When  t  he 
current  is  interrupted  by  means  of  the  controller,  the  engine 
runs  at  the  reduced  speed  of  300  revs,  per  minute. 

When  the  petrol  engine  is  running  at  the  reduced  speed 
and  the  controller  is  brought  into  operation,  the  current  sup- 
plied by  the  generator  has  the  effect  of  opening  gradually  the 
regulating  valve,  and  consequently  of  increasing  the  speed  and 
the  power  of  the  engine.  When  the  speed  of  the  engine  is 
sufficiently  high,  the  car  starts  and  its  speed  can  be  regulated 
by  the  controller. 

The  two  4-pole  motors  are  of  the  series  tvpe.  The  field 
coils  of  each  motor  are  connected  two  in  series,  and  each  pair 
can  be  connected  in  series  or  parallel.  At  the  first  for"  tr'i 
notch  of  the  controller  the  two  motors  and  the  two  fields  of 
each  motor  are  connected  in  series.  At  tlie  second  notrli ,  t he 
two  motors  are  connected  in  series  and  the  two  fields  of  each 
motor  are  connected  in  parallel.  At  the  third  notch,  the  two 
motors  are  connected  in  parallel  and  the  two  fields  of  **ai  li 
motor  are  in  series.  At  the  fourth  notch ,  the  two  motors  and 
the  two  fields  of  each  motor  are  connected  in  parallel.  On 
the  reversing  notch  the  connections  are  the  same  as  for  the 
first  forward  notch,  but  tlie  current  is  reversed  in  the 
armatures  of  the  motors. 

In  order  to  pass  f roni  one  notch  to  another,  wliether  for 
increasing  or  decreasing  the  speed  of  the  《'ar,  tlie  driver  first 
operates  the  control  valve  so  as  to  reduce  the  speed  of  the 
petrol   engine,   then  plac  es   the   font  roller  in   the  position 
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rc(juir*Ml  for  the  desired  speed ,  and  linallv  l>i  in^s  b;ick  i  he 
cont rol  valve  to  its  first  position  corresponding  with  normal 
speed.  This  method  oi'  working  is  l.o  prevent  i  lie  current 
Ix'in^  lnoken  ； it  1  he  cont  roller.  Tl"'  '10  1 1 . | > .  pet  rol  engines 
have  four  cylinder  s  each  of  1  ！ JO  mm  .  (li;im.  ； i  lid  ]  30  mm.  st  rnk('， 
and  supply  the  above  horse-power  at  1 ,000  revs,  per  iniiiute. 
The  70  h.]).  engines  also  develop  this  power  at  1 ,000  revs,  per 
minute,  and  have  four  cylinders  of  】，「)0川川. （Ham.  and 
1 80  mm.  stroke. 

The  cars  are  heated  by  the  water  which  circulates  in  the 
cylinder  jackets  and  are  lighted  by  means  of  acetylene.  The 
10  h .  p.  cars  provide  seating  accommodation  for  42  passengers, 
weigh  1:;  tons,  and  cont ain  ； i  d river's  cabin,  a  third-class  com- 
partment, a  platform  giving  access  to  the  latter,  a  lavatory,  a 
guard's  com partnient,  and  a  luggage  compartment.  The 
70  h.p.  cars  provide  seating  accommodation  for  .'59  passengers, 
weigh  16*5  tons,  and  contain  a  driver's  cabin,  a  luggage  com- 
partment, a  second-class  compartment,  a  platform  giving 
access  to  these,  a  lavatory,  and  a  first-class  compartment. 
Ea^h  of  these  motor-cars  is  capable  of  hauling  two  trailers  with 
seating  acroniniodatioii  for  96  passengers,  and  of  a  total  weight 
of  12*6  tons. 

MOTOH-VEHICLKS  OF  THE   SoCIETE  WESTIN (； HOUSE  DU  HAVRE. 

The  majority  of  the  motor-vehicles  used  in  Europe  have 
been  equipped  bv  the  Societe  Westinghouse  du  Havre.  The 
motor- vehicles  on  the  Westinghouse  system  have  either  one  or 
two  driver's  cabins,  according  as  to  whether  they  have  to  run 
in  one  or  both  directions,  and  are  of  two  types.  The  first 
lias  a  60  h.p.  petrol  engine  with  four  cvliiulers,  and  the  otlier 
lias  a  90  h.p.  engine  with  six  cylinders.  All  these  cars  have 
been  constructed  on  the  same  principle.  The  engine  has 
vertical  cylinders  of  140  mm.  diani .  and  160  mm.  stroke,  and 
is  connected  through  a  flexible  coupling  to  a  continuous- 
current  generator  with  shunt  excitation.  The  pressure  of  the 
generator  can  be  varied  between  300  and  550  volts  by  altering 
its  excitation  and  the  speed  of  the  petrol  engine.  The  gene- 
rator supplies  cu rrent  to  tlie  two  electric  motors  driving  the 
axles  of  the  car. 

The  electrical  plant  is  always  placed  crosswise  in  the 
driver  s  cabin.  There  is  only  one  exception  to  this  arrange- 
ment ： the  motor-trains  used  on  the  railway  system  of  the 
Compagnie  de  l'Ooster  Stoomtram  (Holland),  wliich  does  not 
carry  passengers,  the  electrical  plant  being  placed  parallel  to 
the  axles  in  the  centre  of  the  car  in  a  special  compartment 
situated  between  the  two  luggage  compartments.  The  engine 
and  the  generator  are  placed  on  a  frame  of  rolled  sections.  In 
order  to  minimise  the  vibrations  caused  by  the  explosions  of 
the  engine  a  block  of  wood  and  an  elastic  plate  are  placed 
between  the  bedplate  of  the  electric  generator  and  the  fr;']ne 
of  the  car.  Each  driver's  cabin  contains  a  special  controller 
with  two  handles  for  connecting  the  motors  in  series  or 
parallel,  adjusting  the  excitation  of  the  generator,  varying  the 
speed  of  the  petrol  engine,  and  of  the  car  in  either  direction  ； 
also  measuring  instruments,  an  am  meter,  a  voltmeter,  a  circuit- 
breaker,  ii'c. ,  and  apparatus  for  controlling  the  hand  brake 
and  the  air  brake  ；  the  air  brake  is  generally  fed  by  an 
elpctrically-operated  compressor  having  an  automatic  pressure 
regulator. 

The  petrol  tank  and  the  water  tank  are  fixed  in  the  cabin 
containing  the  engine.  The  petrol  tank  has  a  double  casing 
and  is  filled  from  the  outside.  The  radiator  and  the  silencer 
are  placed  on  the  roof  of  the  car.  The  engine,  which  is  fitted 
with  mechanically-operated  valves,  water  cooling,  and  high- 
tension  magneto  ignition,  has  an  arrangement  for  omitting 
the  compression,  so  facilitating  starting  up  by  means  of  a 
handle.  A  centrifugal  governor,  acting  on  the  air  admitted 
to  the  carburetter,  limits  tlie  speed  of  the  engine  to  about 
1 ,000  revs,  per  minute. 

The  driver  starts  the  car  and  regulates  the  speed  by  means 
of  Hie  controller.  The  operation  of  the  controller  handle,  as 
in  tlie  case  of  a  tram  car,  connects  the  motors  in  series  or 
parallel,  and  also  varies  the  excitation  of  the  generator.  To 
vai-v  the  amount  of  air  admitted  to  the  carburetter,  and  thus 
the  speed  of  the  engine,  the  driver  turns  the  top  portion  of 
the  controller  handle,  which ,  by  means  of  a  connecting  wire, 
acts  on  the  governor  of  the  engine.  This  control  is  therefore 
independent  of  the  field  circuit  of  the  generator  and  the  con- 
nections of  tlie  motors.  If  the  stud  in  the  handle  is  released, 
the  engine  slows  down,  t  he  dynamo  ceases  to  generate  current , 


and  tlie  car  stops.  This  contrivance  operates  therefore  in  the 
case  of  any  failure  on  the  part  of  the  driver. 

Tlie  two  motors  are  first  coupled  in  series  and  all  resistance 
('ut  out  of  the  g<MH*rator  field,  t  lio  pressure  supplied  by  the 
general  or  hcin^  d(»1  ermiiicd  by  t  he  speed  of  the  set.  The  two 
motors  are  then  connected  in  parallel,  tlie  generating  set 
running  at  its  maximum  speed,  and  tlie  excitation,  wliicli  had 
previously  been  reduced,  being  gradually  increased. 

On  a  certain  number  of  tlie  cars  a  combined  voltmeter— 
ammeter  has  been  installed,  wliicli  enables  the  driver,  l>v 
observing  the  point  where  the  two  needles  cross,  to  keep  the 
power  supplied  by  the  set  as  constant  as  possible.  The 
carriage  is  heated  by  the  circulating  water  from  the  cylinder 
jackets  of  the  engine.  The  lighting  is  generally  by  acetylene, 
tli is  gas  being  dissolved  under  pressure  in  acetone  contained  in 
a  bottle.  These  Westinghouse  cars,  the  dimensions  of  which 
vary  according  to  the  railway  system  on  which  thev  are  used, 
are  able  to  haul  one  or  two  trailers. 

MOTOK-VEHICLES  OF  THK    BkHGMANN    ElEKTRICITATS-  L'nTER- 
NEHMUNGEN  AkTIKX-GkSELLSCHAFT. 

For  some  years  past  the  Prussian  State  Railways  have  been 
endeavouring  to  develop  the  use  of  motor-vehicles.  After 
having  successively  adopted  steam  motor-cars  and  accumulator 
cars,  the  Prussian  State  Railway  management  in  1907  started 
to  experiment  with  petrol-electric  motor-vehicles  ；  the  results 
of  these  tests  were  sufficiently  satisfactory  to  induce  these 
authorities  to  go  in  for  some  petrol-electric  cars,  the  construc- 
tion of  which  was  entrusted  to  the  AUgemeine  Elektricitats 
Gesellschaft  and  the  Bergmann  Elektricitats-Unternehmungen 
Aktien-Gesellschaft.  The  cars  constructed  by  the  two  com- 
panies on  the  lines  apportioned  to  them  have  many  points  in 
common. 

Each  of  the  cars  equipped  by  Messrs.  Bergmann  com  prises 
an  electric  generating  set,  spring-supported ,  which  rests 
directly  on  the  two  axles  of  one  of  the  two  bogies  of  the  car, 
the  other  bogie  carrying  the  two  electric  motors  to  wliicli 
current  is  supplied  by  the  generator.  This  arrangement  and 
the  spring  suspension  of  the  generating  set  on  a  bogie  facilitate 
the  rapid  replacing  of  the  set,  and  avoid  the  transmission  of 
the  vibrations  due  to  the  engine  to  the  body  of  the  car.  More- 
over, the  body  of  the  car  is  entirely  distinct  from  the  gene- 
rating plant,  the  engine  being  covered  with  a  removable  hood. 
This  arrangement,  based  on  that  usually  adopted  on  auto- 
mobiles, has  the  advantage  of  avoiding  all  heat  and  smell  in 
the  interior  of  the  car，  and  also  reduces  the  danger  of  fire  to  a 
minimum. 

The  benzol  engine  has  six  cylinders,  each  of  170  mm.  diain . 
and  180  mm.  stroke,  the  two  groups  of  three  cylinders  being 
arranged  in  the  form  of  a  V，  the  angle  between  each  set  of 
three  cylinders  being  60。.  The  engine  develops  about  100  h.p. 
and  runs  at  700  revs,  per  minute .  The  centrifugal  governor 
controls  the  admission  of  the  gas,  and  is  connected  to  the 
controller  handle,  so  that  the  speed  of  tlie  engine  is  reduced 
automatically  to  one-third  when  the  engine  runs  without  a 
load.  The  silencer  is  placed  vertically  in  front  of  the  forward 
partition  of  the  body  of  the  car. 

The  electric  lighting  is  effected  by  a  battery  of  accumu- 
lators, wliich  is  also  required  for  other  purposes.  Forced 
lubrication  is  used  ；  and  the  water  for  cooling  the  engine  is 
circulated  by  a  rotary  pump.  Tlie  radiator  is  placed  on  the 
roof  of  the  carriage,  and  an  elect ricallv-driven  fan  blows  air 
on  the  radiator  in  such  a  way  as  to  cool  the  water  whatever 
the  speed  of  the  car  may  be.  The  car  is  heated  by  the 
circulating  water. 

The  engine  is  started  by  means  of  compressed  air,  three  of 
the  cylinders  working  as  2-cycle  compressed-air  motors,  whilst 
the  remaining  three  cylinders  take  in  carburetted  air.  Tims, 
during  starting,  the  engine  operates  in  two  ways,  viz"  wit h 
compressed  air  and  with  liquid  fuel.  The  compressed  air  is 
obtained  from  the  reservoir  for  the  air  brake,  the  air  com- 
pressor being  driven  by  a  benzol  engine.  The  engine  weighs 
2,500  kg.  The  liquid  fuel  is  stored  in  a  reservoir,  being 
covered  with  an  inert  gas  under  pressure,  either  nitrogen  or 
carbonic  acid  being  used  ；  the  latter  are  stored  in  a  gas 
cylinder.  The  reservoir,  with  the  idea  of  reducing  leakage, 
has  only  one  opening  on  the  top,  and  is  placed  as  low  as 
possible.  The  continuous-current  generator,  the  pressure  of 
which  is  varied  bv  altering  its  excitation,  is  direct-couple(i  to 
tlie  engine,  and  is  fitted  with  coninuitating  poles  and  a  rom- 
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pensating  winding.  It  can  develop  coutinuously  GG  kw.  at  a 
pressure  of  300  volts  and  a  speed  of  700  revs,  per  minute.  As 
the  speed  of  the  car  is  only  controlled  by  varying  the 
excitation  of  the  generator,  it  is  necessary  to  use  accunnilaiors 
to  maintain  a  steady  pressure  for  the  elect ric  lighting  of  the 
car,  the  electric  alarm  bell,  the  field  windings  of  the  motors, 
and  for  exciting  the  main  automatic  switch.  By  means  of  tlie 
； i rrangement  described  below,  this  generator  with  its  variahlf 
pressure  can  supply  current  to  the  auxiliary  circuit  for 
charging  the  battery. 

The  principle  of  this  arrangement  is  as  follows :  Tlie 
generator  has  a  sliunt  field  winding  of  the  ordinary  type  con- 
nected between  the  two  terminals  of  the  ma('liii"、  l>ul  with 
this  difference,  that  a  portion  of  this  winding  is  pennaiiently 
connected  in  parallel  with  the  battery  of  accumulators  ；  and 
in  series  with  the  remaining  portion  of  Hie  winding  is  a 
rheostat.  On  the  first  notch  of  the  controller,  the  portion  in 
parallel  with  the  battery  is  alone  in  circuit,  and  is  fed  by  t  his 
battery .  This  portion  of  the  winding  is  designed  so  that  when 
the  generating  set  has  gradually  reached  its  normal  speed  of 
700  revs,  per  minute  the  excitation  is  sufficient  to  start  the 
car.  On  the  second  and  following  notches  tlie  two  portions  of 
the  shunt  winding  and  the  rheostat  are  inserted  in  series 
between  the  two  terminals  of  the  generator,  one  part  of  t  he 
winding,  however,  remaining  in  parallel  wit li  the  battery. 
The  resulting  excitation  is  produced,  on  the  one  hand,  by  the 
circulating  current  due  to  the  pressure  of  the  generator,  wliich 
feeds  both  portions  of  the  shunt  winding,  and  on  the  other 
liand  by  the  supplementary  current  supplied  by  the  battery 
in  that  portion  of  the  winding  which  is  in  parallel  with  the 
battery.  On  cutting  out  the  resistance  gradually,  the  pressure 
of  the  generator  will  increase,  whilst  the  current  supplied  by 
the  battery  will  diminish,  and  finally  reverse,  t he  battery  then 
being  charged  by  the  generator.  Each  of  the  two  electric 
motors,  whicli  are  of  the  series  type  and  are  fitted  with  com- 
mutating  poles,  develops  85  h.p.  for  one  hour. 

The  car  has  at  each  extremity  a  driver's  cabin  containing  a 
controller,  the  apparatus  for  working  the  hand  brake,  and  the 
compressed-air  brake,  as  well  as  the  safety  apparatus.  The 
controller  has  two  handles,  one  for  changing  the  direction  of 
motion  of  the  car,  and  the  other  for  regulating  the  speed.  The 
latter  handle  is  fitted  with  a  push  button ,  so  that  should  the 
driver  remove  his  hand  from  the  controlling  handle  when  the 
latter  is  on  one  of  the  forward  notches,  the  whole  of  the 
current  is  cut  off  and  the  compressed-air  brake  is  immediately 
brought  into  action. 

The  following  are  the  principal  dimensions  of  tlie  car:  — 

Metres. 


Length  over  buffers   20*75 

Distance  between  the  axles  of  the  two  bogies    13"8 

Wheelbase  of  each  bogie  carrying  the  generating  plant  3'8 

Wheelbase  of  the  bogie  carrying  the  electric  motors  ...  2'5 

Length  of  the  body  of  the  car    16*5 


The  car  has  two  compartments,  that  near  the  electric 
generating  set  is  a  fourth-class  compartment  with  seating 
accommodation  for  22  passengers  and  standing  room  for  28  ； 
the  other  is  a  third-class  compartment  with  seating  accom- 
modation for  50  passengers.  This  car  with  its  accommodation 
for  100  passengers  weighs  47  tons,  and  reaches  on  a  level  a 
speed  of  70  km.  per  hour.  The  benzol  engine  was  constructed 
by  the  Gasmotoren-Fabrique  Deutz,  and  the  electric  equip- 
ment was  supplied  by  the  Ber^tnann  Company. 

Motor-vehicles  of  the  Allgemeine  Elekthk  itats 
Gesellschaft. 

The  motor-vehicles  supplied  by  the  A. E.G.  Company  for 
tlie  Prussian  State  Railways  are  arranged  to  a  considerable 
extent  on  the  same  plan  as  those  of  the  Bergmann  Company. 
The  electric  generating  set  is  carried  by  one  bogie,  and  the 
two  electric  motors  by  the  otlier.  The  body  of  the  car  is  self- 
contained,  and  the  benzol  engine  is  covered  with  a  removable 
hood.  The  car  has  two  driver  s  cabins.  The  benzol  eii"rim' 
has  four  vertical  cylinders  of  19G  inin.  diam.  and  260  mm. 
stroke,  mechanicall v-o]>erated  valves,  s]>rav  carhuretter,  l»i^h- 
tension  nuigneto  ignition,  aiul  water  cooling.  It  is  provided 
with  a  centrifugal  governor,  wliicli  limits  tlie  sptu'd  to  700  revs. 
per  minute.  At  that  speed  the  engine  develops  120  li.p.  A 
special  device  operated  by  tlie  controller  automaticallv  reduces 
the  speed  to  250  revs,  per  minute  when  the  engine  runs 
without  load. 

The  engine  is  started  by  compressed  air,  and  drives  the 


generator  through  an  elastic  coupling.  Tl"'  continuou« 
current  generator,  wliicli  lias  ('("mm""t  poles,  an<]  is 
arranged  for  shunt  and  independent  excitation,  gives  a  |)n*ssur<- 
of  300  volts  and  a  normal  power  of  66  kw.  The  coiupouii'J- 
wound  exciter  gives  70  volts  and  a  power  of  'J  O  kw.,  and  is 
fixed  on  the  shaft  of  the  main  generator.  Eacli  elect n*  mt,\t)i 
is  rated  at  82  h.p.  for  one  hour.  Tlie  speed  of  tlie  car  is  ron- 
trolled  by  varying  the  independent  excitation  of  the  generator 
The  electric  lighting  of  the  car  is  supplied  from  the  exciter 
and  tlie  battery,  which  are  coim,"'t,'(i  in  parallel  when  tin? 
speed  of  the  electric  generator  is  700  revs,  per  minute.  When 
the  speed  is  below  this  (that  is,  when  the  eii"'"i''  runs  unloaded; 
tlie  exciter  is  automatically  cut  out  of  circuit  by  means  of  a 
circuit  breaker  ；  the  lighting  is  tlieti  obtained  from  tlie 
battery. 

This  car,  tlie  body  of  which  is  l(i  nu'tres  long,  com  prises 
a  third-class  coinpartnient  and  a  fourth-class  < t  m'  nt . 
and  provides  accommodation  for  95  passengers.  J n  working 
order  this  car  weighs  55  tons,  and  has  a  speed  on  the  level  of 
65  km.  per  hour.  This  car  was  placed  in  service  in  。'  u"""  ， 
1911.  The  benzol  engine  was  constructed  bv  i  ！  n-  Xeuen 
Autoinobil  Gesellschaft,  and  the  electric  equipment  wa> 
plied  by  the  A. E.G. 

The  same  company  has  built,  for  brancli  lines,  auotlier  type 
of  petrol-electric  car  of  55  h.p.,  which  was  recently  placed  iu 
service  on  the  East  German  railway  system  at  Konigsberg, 
East  Prussia.  The  elect  ric  genet'at  in^  *(r(>u]>  is  situ; 山 '（I  in  "m- 
of  the  two  driver's  cabins,  but  is  supported  on  springs  fro'" 
the  frame  of  the  bogie  beneath.  By  this  arrangement  the 
vibrations  of  the  engine  are  not  transmitted  to  the  body  of  the 
car.  The  two  electric  motors  are  placed  on  the  other  bogie. 
The  benzol  engine  has  four  vertical  cylinders  and  is  wat  <-i 
cooled.  It  has  forced  lubrication,  high-tension  magneto 
ignition,  and  a  centrifugal  governor,  and  develops  from  55  h.p. 
to  58  h.p.  The  radiator  is  placed  on  the  roof,  and  tlie  water 
and  benzol  reservoirs  are  placed  in  the  driver's  cabin .  The 
benzol  engine  drives  the  generator  through  a  flexible  coupling. 
The  generator  is  of  tlie  continuous-current  type,  and  has  com- 
mutating  poles  and  separate  excitation.  The  exciter  is  belt 
driven  from  the  engine.  The  control  of  the  car  is  effected  by 
varying  the  excitation  of  the  generator.  This  car  has  seating 
accommodation  for  12  passengers  in  the  second-class,  and  15  in 
the  third-class  compartment,  and  it  attains  a  speed  on  the 
level  when  two  trailers  are  attached  of  at  least  30  km. 
per  hour. 

Motor- vehicles  of  the  Gknekai.  Ei.kcthic  Companv. 

The  motor-veliicles  of  this  company,  which  are  used  to  some 
extent  in  the  United  States  of  America,  all  have  tlie  same 
type  of  petrol-electric  equipment  and  the  same  arraugement  oi 
their  component  parts.  The  General  Electric  Companv  > 
motor-vehicles  have  only  one  driver's  cabin,  the  front  of  which 
is  torpedo-shaped  in  order  to  reduce  the  resistance  of  the  wind . 
This  cabin  contains  the  main  generating  set  and  an  auxiliary 
generating  set.  The  two  electric  motors  are  lodged  on  the 
■front  bogie  beneath  the  driver's  cabin.  The  main  set,  which  is 
placed  longitudinally  in  the  car,  consists  of  a  gasolene  engine 
driving  at  one  side  an  electric  generator  and  at  the  other  an 
air  compressor.  The  auxiliary  set,  also  placed  longitudinally 
but  at  one  side  of  the  car,  comprises  a  petrol  engine  driving  an 
electric  generator  and  au  air  compressor. 

The  main  engine  has  eight  cylinders  of  203  mm.  diam  aiul 
'J 54  mm.  stroke  arranged  in  the  form  oi  a  V.  The  engine  is 
cooled  and  lias  mechanically-operated  valves  aiul  t wo  low- 
tension  magnetos  for  ignition,  with  magnetic  break.  Forced 
lubrication  is  used ,  and  the  engine  is  provided  with  a  valve  for 
regulating  the  speed.  The  normal  speed  of  this  engine  is 
550  revs,  per  minute.  The  main  electric  generator,  mounted 
on  the  engine  shaft,  has  eight  poles  as  well  as  connnutating 
poles,  and  supplies  continuous  current  at  600  volts,  beinp 
capable  of  supplying  a  power  of  100  kw.  Its  carcase  is  bolted 
to  the  bedplate  of  the  engine,  the  end  of  the  shaft  being 
supported  in  a  beariiig.  The  main  air  compressor,  directly 
fixed  to  the  engine  si  i  a  ft,  lias  a  cylinder  of  1 20  mm.  diam.  aud 
1 01*()  mm.  stroke.  This  compressor  is  litleil  with  an  automatir 
pressure  regulator.  The  starting  of  tlie  main  engino  i、  ''1，""-"" I 
l>v  means  oi'  compressed  air  contained  in  reservoirs  placed  ou 
the  car,  and  which  are  supplied  hy  tlie  compressor  of  the  main 
set  or  of  the  auxiliary  set. 

As  the  voltage  of  the  generator  varies  from  200  to 
800  volts,  according  to  the  power  required  for  traction,  it  is 
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necessary,  to  ensure  the  satisfactory  electric  lighting  of  the 
car  and  to  supply  the  initial  charge  of  air  for  starting  the  main 
engine,  to  use  an  auxiliary  set.  The  auxiliary  engine  has 
three  vertical  cylinders,  the  one  in  the  centre  being  used  as  an 
air  compressor.  The  other  cylinders  have  a  diameter  of 
120  mm.  and  a  stroke  of  152  mm.  The  compressor  cylinder 
has  a  diameter  of  133  mm.  and  a  stroke  of  152  mm.  This 
cylinder  can  supply  compressed  air  at  a  pressure  of  6  kg.  per 
square  centimetre .  A  centrifugal  governor  m aintains  the 
speed  of  the  engine ~ 600  revs,  per  minute ― constant.  This 
engine  is  started  by  hand .  The  cooling  system  and  the 
ignition  are  the  same  as  in  the  case  of  the  main  engine. 

The  auxiliary  generator,  which  gives  a  pressure  of  125  volts 
and  has  a  capacity  of  1*5  kw.，  is  direct-coupled  to  the  engine 
shaft.  The  two  electric  motors,  which  are  fitted  with  com- 
mutating  poles  and  are  of  the  G.E.-205  type,  are  designed  for 
a  pressure  of  600  volts  and  can  each  develop  100  h.p.  for  one 
hour.  The  starting  of  the  car  and  the  regulation  of  the  speed 
are  carried  out  by  means  of  the  controller,  which  connects  the 
motors  in  series  and  parallel  and  varies  the  excitation  of  the 
main  generator.  The  controller  has  three  handles ― the  first 
one  for  changing  the  speed  of  the  car,  the  second  for  con- 
necting the  motors  in  series,  &c.，  and  adjusting  the  excitation 
of  the  generator,  and  the  third  one  for  starting  the  engine  by 
compressed  air  and  regulating  the  admission  of  the  gas.  The 
last-mentioned  liandle  is  so  arranged  that  when  pressure  is 
brought  to  bear  on  a  lever  fixed  to  the  handle,  compressed  air 
is  admitted  to  the  engine  through  a  valve  placed  beneath  the 
controller,  whilst  the  gas  can  be  admitted  at  the  same  time. 
It  is  arranged  so  that  the  gas  is  only  admitted  at  the  correct 
instant  to  ensure  the  working  of  the  engine.  The  engine  once 
started,  the  lever  can  be  released,  stopping  completely  the 
admission  of  compressed  air.  It  is  not  possible  to  admit  the 
compressed  air  again  to  the  engine  without  bringing  the 
handle  to  its  initial  position,  corresponding  with  the  shutting 
off  of  the  gas. 

The  radiator  is  placed  on  the  roof  of  the  car.  The  petrol 
engine  is  placed  on  the  car  itself,  and  a  pump  worked  by  the 
engine  sucks  in  the  petrol.  A  hand  pump  has  to  be  used 
instead  of  this  pump  when  the  engine  is  not  running.  A 
hot-water  stove  heated  with  coal  is  used  to  warm  the  car.  The 
stove  can  be  connected  with  the  circulating  water  for  cooling 
the  engine  in  order  to  prevent  the  water  freezing  and  cracking 
the  cylinders  when  the  car  is  put  in  the  shed  for  the  night. 
The  cars  are  constructed  entirely  of  metal,  and,  according  to 
the  type  to  which  they  belong,  have  seating  accommodation 
for  60  to  100  passengers,  and  weigh  from  40  to  50  tons,  of 
which  6  tons  is  accounted  for  by  the  bogies  and  15  tons  by  the 
petrol- electric  equipment.  They  are  capable  of  developing 
a  draw-bar  pull  of  about  5,500  kg.,  and  a  speed  on  the  level  of 
about  90  km.  per  hour. 

Motor- vehicles  of  the  British  Thomson-Houston 
Company. 

The  Great  Western  Railway  Company  of  England  is  at 
present  experimenting  with  a  motor-vehicle  having  only  two 
axles,  and  the  electric  equipment  has  been  supplied  by  the 
British  Thomson-Houston  Company.  The  car  consists  of  two 
driver's  cabins,  one  at  each  end,  and  a  compartment  for 
passengers.  The  petrol  engine  of  40  h.p.  drives  a  dynamo 
which  supplies  current  to  two  electric  motors,  each  of  which 
transmits  power  to  one  axle.  The  generator  set  is  placed  in 
one  of  the  driver's  cabins.  This  car  weighs  14  tons,  and  has 
seating  accommodation  for  44  passengers. 

(To  be  continued.) 


The  Junior  Institution  of  Engineers. ― The  programme  of 
arrangements  for  June  is  as  follows :  June  7th,  at  4-30  p.m., 
visit  by  the  Midland  Section  to  the  Printing  Works  of  the 
Birmingham  11  Daily  Post"  and  "Daily  Mail,"  Birmingham. 
June  14th,  at  3  p.m.,  visit  the  u  Daily  Mail  ，，  Printing 
Offices,  Carmelite  House,  Tallis  Street,  E.C.  June  26th, 
2  p.m.,  visit  the  Biscuit  Works  of  Messrs.  Peek,  Frean,  k  Co.， 
Ltd.,  Keeton's  Road,  S.E.  June  30th,  8  p.m.,  at  the  Institu- 
tion of  Electrical  Engineers,  Victoria  Embankment,  Gustave 
Canet  Lecture  on  "  The  Working  Fluid  of  Internal- 
combustion  Engines,"  by  Dr.  Dugald  Clerk,  F.R.S., 
M.Inst.C.E.  Tickets  may  be  had  on  application  to  the 
Secretary,  39，  Victoria  Street,  S.W.  At  8  p.m.,  at  the  Great 
Western  Hotel,  Birmingham,  Dr.  Dugald  Clerk's  lecture  will 
be  delivered  before  the  Midland  Section  by  Mr.  A.  A. 
Remington,  M.I.Mech.E.  Tickets  may  be  had  on  application 
to  60，  Audertou  Park  Road,  Moseley,  Birmingham. 


FENCING  OF  MACHINERY  IN  TEXTILE  MILLS. 

Two  white  papers  have  been  issued  by  the  Home  Office  giving 
the  results  of  conferences  between  representatives  of  em- 
ployers and  workpeople  regarding  the  fencing  of  machinery 
and  other  precautions  for  the  prevention  of  accidents  in 
worsted  and  cotton  mills. 

The  Chief  Inspector  of  Factories,  Mr.  Arthur  Whitelegge, 
in  a  prefatory  note,  states  that  following  the  conferences  on 
the  prevention  of  accidents  in  cotton  spinning  and  woollen 
and  worsted  mills,  conferences  were  promoted  during  Novem- 
ber and  December  in  respect  of  cotton  weaving  factories.  The 
report  relating  to  cotton  mills  is  tlie  joint  production  of  Mr. 
Gerald  Bellliouse  and  Mr.  John  Jackson,  two  Superintending 
Inspectors  of  Factories.  The  conferences  were  lield  at  Black- 
burn and  Manchester,  and  the  matters  considered  were  { 1  ) 
Fencing  of  machinery  and  other  safeguards  ；  (2)  spacing  of 
looms  ；  (3)  cleaning  machinery  ；  (4)  the  lifting  of  heavy 
weights  ；  and  (5)  the  lighting  of  passages  and  stairways.  The 
discussions  were  very  amicable,  and  a  full  measure  of  agree- 
ment was  arrived  at. 

With  regard  to  the  cleaning  of  machiHery,  tlie  Inspectors 
made  the  following  observations :  "  Restrictions  as  to  clean- 
ing under  looms  while  in  motion  were  agreed  to  only  as 
regards  women,  young  persons,  and  children.  Employers 
contended  that  a  rule  of  this  kind  should  not  be  applied  to 
male  adults,  who  by  their  experience  and  training  are  better 
able  to  look  after  themselves,  and  are  therefore  less  liable 
to  accidents.  The  operatives,  on  the  other  hand,  held  strongly 
to  the  view  that  no  distinction  should  be  made  between  male^ 
and  females,  but  they  accepted  the  rule  as  it  stands  on  the 
grounds  that  it  is  beneficial  so  far  as  it  goes."  As  a  basis, 
Mr.  Bellliouse  drew  a  code  of  rules  for  the  fencing  of  machi- 
nery and  the  safeguarding  of  workers,  and  with  slight  altera- 
tions they  were  finally  agreed  to.  Among  the  rules  is  one 
that  any  woman  or  girl  working  about  machinery  shall  have 
her  hair  put  up  or  otherwise  confined  in  a  net. 

The  lifting  of  heavy  weights  is  dealt  with  as  follows  ：  (1) 
Women,  young  persons,  and  children  shall  not  be  employed 
to  lift,  carry,  or  move  anything  so  heavy  as  to  be  likely  to 
cause  injury  to  them  ；  (2)  women,  youug  persons,  and  children 
shall  not  assist  the  overlooker  in  lifting  beams  iuto  the  looms. 

From  the  report  dealing  with  worsted  mills,  which  is  by 
Mr.  James  H.  Hine,  Superintending  Inspector  of  Factories 
for  the  North-eastern  Division,  it  appears  tliat  very  similar 
agreements  were  arrived  at,  and  at  the  last  meeting  it  was 
proposed  that  the  conference  should  meet  again  in  March 
1914. 


INDUSTRIAL  AND  TRADE  NOTES. 

The  Strike  in  the  Midlands.— The  strike  of  tuhemakers  in  the 
Midlands  has  spread  to  other  trades  until  at  the  present  tin"' 
close  on  30,000  nien  are  a ffected.  Several  lar^e  firms  in  the  dis- 
trict have  posted  lock-out  notices  to  terminate  all  employment  as 
from  Saturday  next,  so  that  unless  some  settlement  is  shortly 
arrived  at  the  number  、vill  be  considerably  increased. 

Midland  Ironworkers'  Wages  Raised.— On  Saturday  la&t  the  Mid 
land  Iron  and  Steel  Wages  Board  declared  the  ;ivora<ro  net  selling 
price  for  March  and  April  to  have  been  £8.  8s.  10d.,  as  compared 
with  £8.  4s.  7d.  in  January  and  February.  The  piMwIuction  was 
32,464  tons,  against  39,425  tons  two  months  back.  Iromrorkers* 
wages  are  advanced  2}  per  cent.,  making  puddlers'  wages  lis.  3d. 
per  ton. 

Airship  Construction  at  Barrow.— Mosms  V;(kt'rs,  Lt<l.,  who  luive 
been  commissioned  by  the  Admiralty  to  huild  five  new  airships, 
have  acquired  a  considerable  area  of  land  on  AValnev  Island.  Bar 
row,  where  they  are  arranging  to  put  down  works  for  the  lniiklin*: 
of  all  cl  us&es  of  airships,  aeroplanes,  liydropla nos,  The  new 

works  will,  when  finished,  furnish  omplovment  tor  about  1,000 
men. 

Clyde  Shipbuilding.  —There  was  launched  from  sliipbuikling 
yards  on  the  Clyde  during  tho  past  month  37  ves&els  of  56.8^6 
tons.  The  total  for  the  five  months  of  this  year  is  105  vessels  of 
293,997  tons  Although  those  figures  aro  well  ahead  of  those  for 
the  best  previous  year  and  work  on  the  stocks  is  plentiful'  it 
cannot  be  said  that  prospects  are  satisfactory.  Builders  are 
heavily  handicapped  by  the  lack  of  men  and  the  restrictions  which 
several  trade  unions  have  laid  on  their  members  with  regard  to 
overtime,  while  the  possibility  of  a  great  strike  in  the  near  future 
is  not  improbable. 
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Suggested  Ship  Canal  for  Leeds. 一 The  <>i  a  .sliip  (  :m;il  i')r 

Leeds  was  on  the  27th  ult.  hroiiglit  I'Hoiv  t\\r  l^oid  Alayor  oi  Lli;il 
city  l»y  an  infliiontiiil  dcputjiiion.  I  L  w  as  1" 小 1  ih;it  Leeds  was  nol  jm  <> 
gressing  satisfactorily,  and  tlmt  a  new  watorway  was  :il>solut<'l v 
in-c.'ssa  ry  i'or  the  h<>;i\  ,v  t  r;nh-s  The  Lord  Ma  vor,  in  reply.  s;i  id  tlic 
moment  h,\d  not  yci  arrived  when  he  .should  intorveno.  A  ^ood 
deal  of  spado  work  hiul  got  to  he  done,  and  the  matter  ought  to 
be  ventilated  a  little  more.  lie  (I<>('lim>(l  to  call  a  public  mod  in^, 
but  suggested  that  the  Chatnl)or  of  Com  mere*1  sh  )uld  discuss  tlni 
question. 

North  of  England  Ironworkers*  Wages  Advanced. ― The  ascertain- 
ment of  the  accountants  to  the  Board  of  Conciliation  for  the 
manufacturc<I  iron  and  steel  trade  of  the  North  of  England  t-liow.s 
that  the  average  net  selling  price  in  Ma  roll  and  April  of  tin*  ffnir 
classes  of  iron  with  a  total  prodiictimi  of  l:i,"(>f»  tons  is  £7  1  Os. 
2*82d.  per  ton,  as  companKl  with  an  output  in  January  F(^»ru;uy 
of  13,563  tons,  with  th(、  net  ； ivt";ig(、  selling  pr"('  L7.  7s.  3*89(1  p"r 
ton.  Wages  will  bo  advanced  3d.  per  ton  on  puddling,  ;md  '」'，  t"'r 
cent,  on  all  otli(、r  ior^c  ； ind  mill  wages,  the  ； uhanco  taking  cllVct 
from  Juno  2nd. 

Wages  in  the  Shipbuilding  Trade. ―  l"'pr。'、t"it i v('.s  of  tl"、  Sliip 
building  Employers'  FtKloration  and  of  the  Hoilrrniakor.s1  Society 
met  in  (on 、  at  Carlisle  on  tli(、  27th  ult.  to  consider  the 
situation  with  regard  to  wages.  The  inootin<j;  tcrminatod  wiiliout 
any  definite  result.  It  is  prol)iible  another  conterence  will  sl'urtl.v 
be  held  in  Edinburgh,  ulien  the  result  will  be  known  of  tho  Itnllot 
now  l)oinp;  taken  on  the  subject  of  giving  tlic  men's  oxecut  i\ c  |>('、v('r 
to  order  a  cessation  of  work  on  the  question  ot  a  general  iidvancc 
of  5  per  cent,  in  jva^tvs  which  is  being  put  forward  by  other  ship- 
yard trades  working  under  the  national  agrooments. 

Development  of  Wireless  Telegraphy. ― The  Marconi  Wireless  Tt'Io 
graph  Company  oi'  Carada  announce  that  tlioy  liavo  conrliidod  a 
contract  with  the  Canadian  Government  for  the  supply  and  erec- 
tion of  wireless  telegraph  stations  at  La  Pas  (Manitoba)  and  Poi  t 
Nelson  (on  Hudson  Bay),  which  will  thus  for  the  first  time  be 
brought  into  direct  telo^rr.phic  conimunication  with  the  rest  of  the 
world.  The  Port  Nelson  station  will  also  be  of  the  greatest  utility  in 
the  developinont  of  the  Hudson  Bay  Route  between  the  Canadian 
North  West  and  Europe,  and  particularly  as  concerns  the  navi 
gation  of  the  several  vessels  already  chartered  for  the  service,  anrl 
which  are  fitted  with  wireless  by  the  Marconi  Company. 

Proposed  Development  of  Chilian  Copper  Mines. ― H.M.  Legation 
at  Santiago  reports  tliat  a  United  States  syndicate  has  recently 
purchased  the  Chuquioamata  group  of  copper  mines  in  Chile  for 
£180,000.  Exliaustive  tests  liave  been  made  of  the  deposits,  wliicli 
are  now  estimated  to  contain  100,000,000  tons  of  low-grade  ore 
assaying  from  1^  to  1^  per  cent  of  copper.  The  ^yndicat*1  pro 
poses  to  spend  £1,500,000  on  the  development  of  the  property  and 
the  erection  of  an  up-to  date  plant  capable  nf  doaling  with 
10,000  tons  of  ore  daily,  producing  about  62,-")()0  tons  of  pure 
copper  per  annum.  As  the  production  of  copper  in  Chile  only 
amounted  to  37,902  tons  in  1912,  it  will  he  seen  that  this  srh«'in (、- 
if  successful,  will  nearly  treble  the  present  output  of  the  count  ry. 

Railway  Traffic  in  1^12. ―  Tho  Commercial  Department  of  the 
Board  of  Trade  has  just  issued  a  preliminary  return  relating  to 
the  railways  of  the  United  Kingdom  for  1912  with  comparisons. 
Th'M'o  is  little  variation  shown  in  tho  length  ot  line  open  for 
traffic,  the  total  for  last  year  being  23,442  miles,  as  compared  with 
23,417  miles  in  1911.  The  authorised  capital  was  £1,410,723,1  H mi 
The  number  of  passengers  convoyed  during  1912  wa^  1,294,486,000, 
as  compared  with  1,326,316,990  in  the  previous  year.  In  addition 
tho  holders  of  season  or  periodical  tickets  numbered  786,000,  as 
against  779,173.  A  total  of  401,301,000  tons  of  mineral  was  con- 
veyed and  118,720,000  tons  of  general  merchandise,  nmkuig  to 
getlier  520,021,000  tons,  as  against  a  gross  total  of  52.'i.o77,17S  in 
1911. 

The  Proposed  Forth  and  Clyde  Canal. ― The  Glasgow  Corporation 
Special  Committee  on  the  proposed  Forth  and  Clyde  Canal  rcconi 
mend  that  the  Corporation  again  memorialise  the  Government 
that,  "  from  its  strategic  value,  and  its  value  to  the  comniorco 
of  the  country,  it  is  de&irable  that  a  canal  suitable  for  the  pas- 
sage of  hattloships  and  all  vessels  of  tli'、  largest  size  should  Imi  c<>n 
structed  between  the  Forth  and  Clyde,  via  tho  Direct  Rnuto."  aiul 
that  copies  of  the  memorial  be  sent  to  the  members  of  Parlia- 
ment ； al&o  that  it  l)e  remitted  to  the  Town  Clerk  to  ascertain 
whether  the  owners  on  the  line  of  tin1  proposed  direct  rmitt'  an、 
prepared  to  grant  land  for  the  construction  of  the  canal  free,  in 
view  of  the  development  of  their  land  which  would  follow  by  ihc 
construction  of  the  canal. 

Shipwrights'  Association's  Report. ― Tho  (juartcrly  report  ot  Hi'' 
Ship  constructors'  and  Shipwrights'  Association,  w  liicli  has  '  ii.、t 
been  issued  to  the  branches,  states  that  the  sliiphuiklin^;  and  ship 
repairing  industry  du ring  the  (iiuirter  has  been  one  of  continued 
prosperity  and  full  employment  for  the  niemliers,  and  so  far  t)ie 
year  had  fulfilled  the  predictions  which  were  made  iti  the  la t tor 


('lid  ot  last  v<':".  ;in  to  thf  (-uiitimii-rl  pro^jH  r  itv  of  tho  industry. 
Tl"'  income  for  tlic 屮 i:irt''r  was  L\'A.i>\7,  whiUt  t\w  *  \\ui\t]iiurc 
Keen  UTi.Gl'J.  Ifjivin^  a  not  ^ain  on  the  quarter  of  £\,(Hh"t. 
\vhi<h.  a<Mc(l  to  tin-  l>:il:mr«'  in  hand  at  tho  end  of  I)eroml>er, 
hrou^lit  tlic  totnl  u»)i  t  !i  oi  Ui'>  Association  up  to  tho  fiirl  ol  .M.iK  ii 
to  £127,462.  During  th<»  quarter  503  new  momlwrs  had  Keen 
adniittod,  and  the  nuMnlxTship  at  tho  end  of  tho  quarter  was 
26,546,  which  figures  showed  a  slight  increase  on  the  previous 
(juarter. 

Iron  Ore  Deposits  in  Chile  — JIM  Lt^ntiim  .it  S;inti;iuo  \m  i n  - 
that,  in  vi,'、v  of  tho  inwasing  fl(>m:m'l  and  ri'put"l  shortage  of 

supply  of  iron  ore  throiighout  t\\*%  worlfl.  it  may  Im*  of  int<  r«  -! 
to  point  out  that  tho  deposits  in  ChiK*.  (  h"'fly  in  ilio  provin*  <• 
of  Cof|uimho,  have  now  bc»on  provcfl  to  amount  to  s<-\ oral  Im'i'lr'-'" 
of  millions  of  tons  oi  a  liigli  w,  in  .、（,m'.  '.'uit aiiiiiig 

G4  to  71  per  cent,  of  iron.  Tl"'  high  rate  of  frci^Jit,  however, 
chocks  (Mitorpriso,  sinco  tho  r>ro  cannot  I"'  to  l':iir"p('  at 

;i  profit.  For  this  reason  u  Kroneli  company  working  tlm  <l'  p">it、 
at  Tofo  wjis  compolled  to  niw  up  shipping  ore  to  (i l;is^»u  It  is 
holievod  that  tho  prosont  hi^h  rate's  aro  morel v  t«'mpf,r;irv.  ； uhI 
that  once  the  lar^o  inirnlxT  of  smaller  sicarnrrs  at  pn's,'i" 

aro  linislied  and  the  Panama  Canal  is  opt'nt'(i,  freight  rates 
will  fall  all  over  tho  world,  espocially  to  and  froi"  \Vc>t  (、,,i:、t 
oi'  Sout It  America. 

Roumanian  Petroleum  Industry. —— Arr<,r'lirm  to  ； i  rcpoi  t  l.y  H  M 
Coiiisul  at  Galaiz,  ](r>ntn;.nia  ； is  a  pioditrcr  of  |"'tml"，im  iipics 
the  fourth  place  among  the  countries  of  the  world,  coming  after 
the  United  States  of  America,  Russia,  and  the  Netherlands 
Colonics.  Tlio  capital  invested  in  Hie  iirlu.strv  in  KouiiiMina  is 
estimated  to  be  over  £11,000.000,  divided  amoii^  59  coinpanios  ；  of 
these,  28  companies  realised  a  net  profit  of  £1,683,000  during  HJll  ； 
27  companies  show  n  loss  on  working  of  £608,000 ;  while  the  re- 
maining four  companies  show  neither  profit  nor  loss.  The  vahio 
of  the  yield  of  1,625,000  tons  for  the  last  statistical  year,  1911-12, 
is  estimated  at  £2,000,000,  and  is  distributed  among  the  various 
districts  as  follows :  Prahova,  1,440,765  tons;  Dambovitza,  ^8,971 
tons;  Buzeu,  68,981  tons;  Bacau,  26,402  tons.  In  1911,  the  】ast 
year  for  which  statistics  are  available,  there  were  65  refineries 
in  the  country,  which  between  them  dealt  with  over  90  per  cent, 
of  the  total  output  of  crude  petroleum.  Complaints  have 
made  regarding  transport  facilities,  and  it  is  stated  that  li  num- 
ber of  productive  wells  were  compelled  to  shut  down  during  1912 
owing  to  the  shortage  of  locomotives. 

Proposed  Italian  Hydro-Electric  and  Irrigation  Works. ― A  Cominis- 
sion  has,  we  understand,  been  nominated  to  rxaniine  a  Bill  intro- 
duced by  the  Italian  Minister  of  Public  Works  for  the  develop- 
ment of  the  water  forces  in  Calabria  mid  Sardinia.  These  works 
are  to  be  entiusted  to  private  enterprise,  and  concessions  will  he 
given  for  a  period  of  30  yoa rs.  which  may  be  prolonged  for  a 
further  30  years.  It  is  proposed  to  construct  an  enormous  basin 
along  the  bed  of  the  Tirso  river  in  Sardinia  for  the  storage  of 
water  for  irrigation  purposes  and  the  supply  of  nioti\ c  jioucr 
By  means  of  a  dam  53*50  metres  in  height,  it  is  calculated  that 
a  lake  holding  3'M)  million  cubic  metres  of  water  and  measurinf: 
(>()  Uiloms.  in  circumferonco  would  l>e  fornie<l.  Whilst  in  the  sum- 
mer this  river  is  of  scarcely  any  value  owing  to  its  paucity  of 
water,  in  the  rainy  season  it  overflows  and  docs  untold  dainw 
to  the  Oristano  plains  and  the  surrounding  districts.  It  is  esti- 
mated that  a  force  of  roughly  10，000  h.p.  would  be  obtained,  ami 
by  means  of  three  principal  canals,  totalling  in  all  about  30  kilonis. 
in  length,  would  irrigate  an  area  of  some  20,000  hectares,  which 
cannot  at  present  be  profitably  employed  for  agricultural  pur- 
poses owing  to  the  scarcity  of  water  in  summer.  The  cost  of  the 
hydraulic  works  in  this  ca&e  will  amount  to  one  million  sterling:, 
without  taking  into  consideration  the  power  required  for  sub- 
sidiary canals,  &c.  A  Commission  of  Government  engineers  which 
visited  Calabria  prepared  various  plans  for  opening  up  the  Sila 
district.  Tho  chief  source  of  water  will  be  derived  from  the  Neto 
and.  its  tributaries,  tlie  Arvo  and  Ampollino.  The  present  pro- 
ject is  to  bar  the  course  of  the  Arvo  l>y  a  da m  40  metres  hi^h  ； 
the  Ampollino  by  a  dam  29  metres  high;  and  the  Neto  hy  (、n*» 
62  metres  lii^h.  These  would  form  rosor\oirs  holding  respectively 
157,  61,  and  17  million  cubic  metres  of  water.  It  is  calculatwl 
that  these  works  will  produce  about  170,000  h  p.,  and  will  cost 
about  £2,500,000  sterling,  and  that  tho  power  devolopod  will  he 
sufficient  to  supply  the  needs  of  Puglia,  Calabria,  and  Basilicata 
for  traction  and  lighting,  &c. 


The  Metric  Carat. 一  Tlie  St;m'l,m 卜、 I  K'partim'i't  ot  t  h»> 
Board  of  Trade  has  decided  to  make  the  metric  carat  of 
200  nulligrains,  and  its  necessary  multiples  ami  sul>  multiples, 
standard  weights  in  tlie  United  Kingdom.  The  order  giving 
efl'ect  to  this  decision  will,  it  is  understood,  be  issued  before 
the  end  of  the  year. 
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NEW  PATENTS. 

Spcnfiraf nnis  <>f  〃"  fodoirinu  are  now  published,  and  we  shall 
br  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
il  Mechanical  Engineer^  53,  New  Bailey  Street^  Manchester. 

MECHANICAL,  1912. 

Toothed  gearing.    Humphris  Patent  Gear  ani  Engineering  Com- 

party,  and  Smith.  3425. 
Wire  drawing  mid   apparatus  tluM'eior.       Watsoi"  iind  W.  D. 

Houghton  ,V  Co.  3804. 
Spur  gearing.     Alquist.  8371 
Water  heaters.    Stott  &  Schofield.  109/3.5. 
I !  i  \  cting  and  caulking  machines.    Crass.  10982. 
Speed-changing  mechanism  for  wire- drawing  macliines.  Oakden 

11001. 

hiternal  (on 山 ustioii  engines.    Roots.  11030. 
Metallic  packing  for  piston-rods.       ohioson  A:  13rl(l;m，.    1 1044. 
Rotary  cylinder  internal-combustion  engines.    Harris  A:  B:mi:u.(l, 
11100. 

Aeroplanes.    Huntingtjii.    11 154. 

I*i  occss  of  and  apparatus  for  refrigerating  by  ammonia  expansion 

and  absorption.    Withers.  11347. 
C';i  I'lmretters     for     internal-combustion     engine.s.    Werner  and 

Pfleiderer  Oesterreichische  Industrie- Werke  Kommandit  Ges. 

11368. 

Starting  internal- combustion  engines.    Scott.  11388- 

(； earing  for  driving    and    reversing    metal    planing  machines. 

Joshua  Buckton  &  Co.,  and  James.  11413. 
Extraction  of  tin  and  other  metals  from  tin  ores  and  slags.  Gibbs. 

11643. 

C(>(  ks  and  valves.    Andriveau.  11700. 

Rotary  cylinder  explosion  engines.    Rolando,  Rolando,  &  Gintz. 
11763. 

Internal-combustion  engines.    Boyd.  12045. 

ilway-signalling  apparatus.    Stitt.  12649. 
Steam  turbines.    Cross.  13000. 

Screwing  machines.     Hampton  tV:  Beebee,   Ltd.,  and  Hampton. 
16158. 

Lathe  dogs.    Miohautl.  17017. 

Telpherage.  Robert  Dempster  &  Sons,  Ltd.,  and  Toogood.  17550. 
Wave  motors.    Stribling.  17595. 

Varial»l«i  sprcd  t rirtion  gearing  for  use  on  motor  vehicles.  Mead. 
17808. 

Self-closing  isolating  valve  for  steam  pipes.    Halse.  18735. 
Inside  gauges  and  inside  micrometer  gauge's.    Williams.  19011. 
I)ri\  ing  chain's.    Renold,  and  Hans  Renold,  Ltd.  20318. 
Turbine  water-wheel.    Edming.  22205. 

I5;iU  or  roller  bearings.    A  Ransonie  &  Co..  Mnrles,  ； nul  Jones. 
23264. 

('out rolling  mechanism  for  riveting  machines.    Jay.  239.S.'i. 

M<kchajiical  stokers  for  locomotives.    Koinetter.  25676. 

]\Ietliod  of  uniting  sheets  of  l>rass.  aluniinium,  and  other  metals 

of  higli  conductivity  for  heat.    Prostler  &  Ges.  i'ur  Elektro- 

technische  Industrie.  25987. 
Air-oooled    multi-cylinder    interna  1-combustion    en^inrs  having 

rotary  valves.    Lentz.  26285. 
】）（'vire  for  governing  a  steam  turbine.    Vereinigte  Danipfturbineii 

Ges.  26885. 

Differential  governors  for  the    (oiitr  >1    of    reciprocating  steam 

engines.    Das  27149 
Centrifugal  apparatus  for  purifying,  cooling.  ； i nd  w  ashing  ^ascs 

Theisen.  27417. 

Process  and  apparatus  for  testing  】netal  sheets  and  plates.  Kri('li 
-     sen.  28571. 

Porta  bio  rotary  hammer.    L"ouar(li.  28651. 
Aeroplanes.    Hyde  &  Gaul.  29053. 

Means  for  lubricating  interiial-conibustion  engines.    Best  it  Tiloyd. 

Ltd"  and  Carpmael.  29509. 
Apparatus  for  wa.shing.  grading,    and    concontratin^;    ores  and 

minerals.    Michel.  29617. 

1913. 

Device  for  utilising  the  waste  heat  of  the  Cow  per  apparatus  in 

blast  furnaces.    Pregardien.  1169. 
Steam  or  gas  turbines.    Weishiinpl.  1614. 

Forging  axles  and  dies  employed  therein.      John  Baker  &  Co. 

(Kutl"、rli:im、，  and  Baker.  2984. 
Flying  niachines.    W  irth.  5246. 

Stc:i m  turliinos.    Akti(0)olao;ot  L.jmigstroms  Angturbiiie.  6077. 
Obliq wo  or  st*kpp*Ml  grate  fiirnacos.    Werger.  6944. 
1), 'vices  for  steering  aeroplanes.  Huntington. 

ELECTRICAL,  1912. 

Electric  resistance  bodies.    Cooper.  11380. 

Closing  electric  circuits.    Pillinger  &  Sunderland.  11486. 


Electric  switches.    Hunter  <fe  Shand.  11586. 

Vapour  electric  apparatus.    Darmois  &  Leblanc.  11H70. 

'IVl"plmne  systems.    Mellinger.  11964. 

Mercury  vapour  lamps.    Triquet.  12270. 

Hi-polai'  form-wound  rotor  windings  for  dvnumos  Sclnicidcr 
12766. 

Automatic  electric  thermal  control.    Price.  15178. 

Klectric  heater.    Purle.    1  o429.  • 

Production  of  magnotif  or  <»lcctric  fields.     Plohl.  l.*5774. 

-、 k"ms  for  obtaining  a  protective  layer  on  iron  and  steel  c*le< - 
trodes.    Gibbs.  15852. 

Systems  of  cable  working  for  electric  telegraphs.  Gott. 

Selective  signalling  apparatus  for  t^lcplione  and  telegraph  instru- 
ments.   Roose  &  Finlay.  28486. 

Klectric  relays.    Nicholson.  30059. 

1913. 

Electric  motor-meters.  H.  Aron  Klektricitats/ahloriahrik  (；' -、  7!"」 
Distrilmtor  for  electric  ignition   in   internal  conjlMi.slion  olivines. 
Robert  Bosch.  o532. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  3rd. 

Aluminiuia  ingot   95/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  J 12/-  ,， 

，，        sheets        ,,  ，，   ，  120/-  " 

Antimony  £31/-/-  to  £33/-/-  per  ton. 

Brass,  rolled    8&d.  per  lb. 

，,    tubes  (brazed)   lO^d. ，， 

，，       ，,     (solid  drawn)   9Jd.  " 

,，       ，,     wire   8Jd.  ，， 

Copper,  Standard   £60/10/-  per  ton. 

Iron,  Cleveland   58/9  ，， 

，， Scotch   64/9  ,， 

Lead,  English    £20/5/-  ,, 

，， Foreign  (soft)    £H)/12/(>  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb, 

'，  ，，  ，,       medium   3/6  to  6/-  '， 

,,  ,，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle. 

Silver   27§d.  per  oz. 

Spelter    £22/17/0  per  ton. 

Tin,  block   £210/-/-  ，， 

Tin  plates   14/1J  ，， 

Zinc  sheets  (Silesian)   £27/ 10/ -  ，， 

,,  (Stettin  ；  Vieille  Montagne)   £28/12/6  ，， 


Refined  Spelter  for  Manganese- bronze. ― In  making  ordiuarv 
brass  or  composition  castings,  the  cheapest  grades  of  spelter 
are  satisfactory.  The  lead  in  it  does  not  need  to  be  con- 
sidered as  it  is  rare  indeed  that  this  metal  is  not  introduced 
in  the  mixture  ；  and  those  in  which  no  lead  is  used  like 
guu-metal  (88-10-2)  the  amount  of  spelter  employed  is  so 
small  that  the  lead  in  it  is  reduced  to  an  insignificant 
quantity.  For  example,  in  the  88-10-2  gun-metal  mixture, 
2  per  cent,  of  spelter  is  used,  and  if  it  contains  1  per  cent,  of 
lead,  then  the  finished  gun-metal  would  contain  only  0*02 
per  cent,  of  lead.  An  amount  so  small  that  it  need  not  be 
considered.  In  the  case  of  the  so-called  manganese-bronze, 
however,  the  case  is  different.  Such  mixtures  contain  some 
40  per  cent .  of  spelter,  and  if  there  is  considerable  lead  in  it, 
then  nearly  half  of  it  enters  the  manganese-bronze.  It  will 
be  appreciated,  therefore,  that  the  question  of  lead  in  spelter 
to  be  used  for  manganese-bronze  is  far  more  important  than 
it  is  in  the  ordinary  brasses  or  composition.  Lead  always 
affects  the  physical  properties  of  the  brasses  and  bronzes  con- 
taining it,  and  in  the  manganese-bronzes  it  will  be  found  to 
lower  the  tensile  strength,  elongation,  and  reduction  in  area. 
It  particularly  reduces  the  elongation  and  the  reduction  of 
area.  For  this  reason,  if  the  highest  physical  qualities  are 
desired,  a  spelter  free  from  lead  or  as  free  as  possible  should 
be  used  in  making  up  the  manganese-bronze  mixture.  It  is 
impossible,  of  course,  to  obtain  any  spelter  absolutely  free 
from  lead,  but  the  best  grades  of  refined  metal  will  not  con- 
tain over  005  per  cent,  of  lead  and  it  is  this  grade  that  should 
be  used  in  making  manganese-bronze.  Coninion  grades  of 
spelter  will  run  1  per  cent,  in  lead  and  often  over  this 
amount .  Therefore,  if  such  spelter  is  used  in  making 
manganese-bronze,  nearly  lialf  a  per  cent .  of  lead  will  be 
introduced  in  it.  .  Such  a  quantity  caimot  have  but  a 
deleterious  effect  on  the  bronze  and  will  reduce  its  physical 
properties  to  a  considerable  extent,  so  much  so,  in  fact,  that  it 
will  be  impossible  to  meet  some  specifications. ― "  The  Brass 
World." 
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Heat  Accumulators  for  Exhaust  Steam. 

Few  features  in  connection  with  steam-power  development 
during  recent  years  have  been  more  pronounced  than  the 
extent  to  which  the  heat  of  exhaust  steam  previously  turned 
to  waste  has  been  utilised.  The  credit  for  this  is  no  doubt 
largely  due  to  the  introduction  of  the  turbiue,  and  to 
the  merits,  first  pointed  out  by  Parsons,  which  this  type  of 
prime  mover  possesses,  as  compared  with  the  reciprocating 
engine,  when  working  with  low-pressure  steam.  His  sugges- 
tion that  the  turbine  might  be  substituted  for  the  low-pres- 
sure cylinder,  or  in  other  cases  installed  to  supplement  the 
high-pressure  one,  has,  as  we  know,  found  extensive  practical 
application,  especially  iu  marine  engineering,  where  the  wing 
propellers  are  in  several  modern  liners  driven  by  reciprocat- 
ing engines  exhausting  into  a  low-pressure  turbine  operating 
the  central  shaft.  There  are  many  instances,  however,  in 
land  practice  where  exhaust  steam  is  available,  but  where, 
owing  to  the  intermittent  nature  of  the  work  the  engine  has 
to  perform,  the  non-condensiug  cylinder  cannot  be  coupled 
directly  to  a  low-pressure  turbine,  as,  for  instance,  in  the 
case  of  rolling-mill  engines  and  colliery  winding  engines.  The 
latter  type  illustrates  these  conditions  in  probably  its  most 
extreme  form,  since,  in  order  to  accelerate  the  load  at  the 
commeucemeut  of  the  wind,  steam  is  admitted  throughout  the 
whole  stroke  for  the  first  few  revolutions,  after  which  the 
cut-off  takes  place  at  an  increasing  rate  as  the  wiudiug  pro- 
ceeds, while  towards  the  end  steam  is  cut  off  altogether,  to 
allow  the  engine  to  gradually  come  to  rest,  when  a  complete 
stoppage  occurs  for  some  seconds  to  change  the  load  before 
the  cycle  is  repeated.  This  intermittent  working  is  one  of  tlio 
difficulties  that  prevents  the  easy  application  of  a  condenser 
to  this  type  of  engine,  since  its  capacity  requires  to  be 
designed  for  the  maximum  duty  to  secure  the  most  efficient 
results,  and  this  is  disproportiouately  large  for  normal  re- 
quirements. Some  winding  eugiues  are,  of  course,  fitted  witli 
coudensers,  but  colliery  engineers  have  a  strong  objection  to 
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their  introduction  owing  to  their  desire  to  avoid  complica- 
tion, i\  lid  to  the  small  economical  advantage  which,  under  the 
circuinstances,  is  attainable.  Somewhat  similar  conditions 
prevail  witli  steam-rolling  engines,  and  hence  large  quantities 
of  exliaust  steam  are  in  many  cases  thrown  to  waste. 

The  problem  of  utilising  this  steam  in  exhaust  turbines 
for  the  production  of  power  for  electrical  or  other  purposes 
lias  led  to  the  introduction  of  heat  accumulators,  by  which 
the  intermittent  source  can  be  converted  into  a  uniformly 
continuous  supply  for  utilisation  with  a  turbine  and  con- 
denser. Apparatus  of  this  kind  for  heating  feed  water  is  of 
course  well  known,  but  usually  these  are  of  small  dimensions, 
and  though  Druit  Halpin's  system  of  "thermal  storage  "  for 
use  with  the  peak  loads  of  water- tube  boilers  approximates 
in  some  ways  to  the  needs  of  turbines,  the  conditions  are 
simpler,  inasmuch  as  the  surplus  steam  from  the  boilers  during 
tlieir  slack  working  periods  is  simply  condensed  by  direct 
contact  with  large  volumes  of  water  in  a  supplementary  vessel 
above  the  boilers,  and  so  constitutes  a  store  of  highly-heated 
feed  from  which  the  boilers  can  draw  their  supply  during 
periods  of  heavy  working.  When  steam  is  drawn  from 
reciprocating  engines,  however,  the  possibility  of  oil  troubles 
must  be  recognised  and  guarded  against. 

Prof.  Rateau  was  among  the  first  to  turn  his  attention  to 
tliis  type  of  apparatus  and  to  demonstrate  its  economy, 
though  a  number  of  designs  are  now  available.  Essentially, 
they  consist  of  a  vessel  partially  filled  with  water,  into  which 
the  intermittent  flow  of  exhaust  steam  is  conducted,  and  con- 
densed with  a  resultant  rise  in  the  temperature  of  the  water, 
and  a  corresponding  increase  in  the  vapour  pressure  above  its 
surface.  This  reservoir  of  heat  permits  of  an  approximately 
steady  supply  to  the  turbine  during  the  intervals  when  no 
exhaust  is  flowing  to  the  engine,  and  which  is  usually  about 
30  sees,  in  rolling-mill  work  and  60  sees,  in  colliery  winding 
engines.  These  are  about  the  longest  intervals  that  have  to 
be  dealt  with,  though  accumulators  may  be  designed  to  bridge 
longer  periods  than  these.  To  render  the  turbine  inde- 
pendent of  the  engines  during  periods  wheu  the  reciprocating 
motor  may  be  stopped  for  longer  periods  than  usual,  it  is 
customary  to  equip  the  accumulator  with  an  automatic  reduc- 
ing valve  to  admit  a  supply  of  live  steam  from  the  boilers 
when  the  pressure  in  the  accumulator  falls  below  some  pre- 
determined point.  To  reap  the  full  advantage  of  exhaust 
steam,  a  good  vacuum  is,  of  course,  very  desirable  with 
turbines,  owing  to  their  capacity  for  dealing  with  big  volumes 
and  low  pressures.  How  substantial  is  the  economy  that  can 
be  reaped  with  low-pressure  turbines,  where  circiuiistances 
allow  of  their  adoption,  is  shown  by  the  fact  that  with  a  pres- 
sure of  only  about  71bs.  absolute  in  £he  accumulator,  it  is 
possible  with  this  type  of  motor  to  obtain  an  electrical  horse- 
power at  the  expenditure  of  only  about  361bs.  to  371bs.  of 
steam.  lu  the  use  of  heat  accumulators,  however,  it  is  desir- 
able to  emphasize  the  importance  of  excluding  oil,  as 
a  relatively  minute  quantity  on  the  surface  of  1  lie 
water  exercises  a  marked  effect  ou  the  regenerative 
process,  and  for  this  reason  the  surface  condenser 
offers  advantages.  The  introduction  of  an  exhaust  tur- 
bine plant  offers  in  many  cases  a  material  source  of  fuel 
gain  without  in  any  way  complicating  existing  machinery  or 
interfering  with  the  operation  of  the  reciprocating  engine  in 
the  event  of  breakdown  of  the  turbine.  Against  this  advan- 
tage has  of  course  to  be  set  off  capital  expenditure  and  cost  of 
maintenance,  but  when  all  these  are  considered  there  is  a  sub- 
stantial balance  to  the  good,  and  iu  collieries  and  steel  works 
tliere  is  room  for  much  wider  application  of  the  system  than 
at  present  prevails. 


Corrosion  in  Refrigerating  Systems. 

The  influence  of  air ~ or  rather  of  the  oxygen  which  forms  a 
component  part,  and  the  trace  of  carbon  dioxide  (C02)  always 
associated  with  it ~ on  the  corrosion  of  iron  and  steel  is,  of 
course,  well  known,  but  the  way  by  which  its  evil  effects  in 
many  cases  may  be  mitigated  is  less  appreciated,  and  for  this 
reason  we  drew  attention  a  few  months  ago  to  some  sugges- 
tions made  by  Mr.  Speller  in  the  lt  Engineering  News" 
regarding  this  practical  aspect  of  the  question.  Another  con- 
tribution to  the  subject  by  Mr.  M.  B.  Smith  in  a  later  issue 
of  our  contemporary  points  out  the  equal  need  of  arranging 
for  the  extrusion  of  air  applies  equally  to  refrigerating 
systems  so  largely  adopted  in  hotels  and  public  buildings  in 
the  States,  where  a  low  temperature  is  often  transmitted  bv 
means  of  brine  or  ammonia  in  eitlier  gaseous  or  liquid  form. 
Though  our  climate  does  not  call  for  so  wide  an  application 
of  refrigerating  systems,  they  are  sufficiently  numerous 
and  important  to  justify  a  little  prominence  for  the  facts  he 
records.  His  attention  appears  to  have  been  first  drawn  to 
the  matter  by  severe  corrosion  met  with  in  a  large  brine-circu- 
lating system  in  a  public  building  in  Pittsburg,  and  localised, 
almost  without  exception,  to  the  fittings,  valves,  and  pumps, 
or  their  immediate  neighbourhood,  aud  always  at  the  upper 
part.  This  latter  feature,  coupled  with  the  discovery  that  the 
topmost  part  of  the  system  was  most  severely  affected,  pointed 
to  the  presence  of  air  as  the  cause  of  the  trouble,  and  this  was 
confirmed  by  the  fact  that  it  was  greatly  diminished  when 
provision  was  made  for  liberating  any  imprisoned  pockets  of 
air  by  means  of  pet  cocks  placed  at  convenient  points,  so  as 
to  ensure  the  system  being  completely  filled  with  briue.  The 
necessity  of  doing  this  periodically  showed,  however,  that, 
apart  from  the  air  which  was  impriscmed  from  the  first  owiug 
to  the  contour  of  the  pipes,  <fec"  an  abnormal  quantity  was 
carried  forward  in  the  solution  owing  to  the  return  stream  of 
brine  being  discharged  as  an  open  jet  about  5ft.  above  the 
surface  of  that  in  the  main  tank  from  which  the  supply  was 
pumped.  A  rectification  of  this  error  by  making  the  dis- 
charge pipe  dip  below  the  surface  resulted  iu  the  reduction  of 
the  air  content  to  one-teuth  of  that  before  the  change  was 
made,  and  led  also  to  the  iustitutiou  of  some  experiments  to 
determine  the  relative  corrodibility  of  copper,  brass,  and  iron 
in  normal  brine  and  similar  briue  saturated  with  air.  Though 
the  test  cannot  be  regarded  as  absolute,  since  so  many  condi- 
tions affect  the  corrosion,  they  possess  an  interesting  relative 
value,  and  clearly  show  the  aggravated  effect  of  air  saturation 
in  all  cases,  aud  therefore  the  need  of  so  designing  briue  or 
ammonia  refrigerating  apparatus  that  air,  entrained  or  iu 
solution,  may  be  avoided  as  far  as  possible. 


Stone  Dust  for  Preventing  Explosions  in  Mines. — At  the  reocnl 
meeting  of  the  Institution  of  Mining  Engineers  held  in 
London,  Dr.  W.  E.  Gar  forth,  the  president,  in  the  course  of 
a  paper  on  "  Stone  Dusting  for  the  Prevention  of  Colliery 
Explosions,"'  said  that  those  colliery  owners  and  officials  who 
had  witnessed  the  stone  dust  denionslrations  and  seen  the 
application  of  the  same  inert  dust  on  miles  of  innlergroiuicl 
roadways  during  the  past  fom'  years,  considered  his  mines  to 
be  secure  from  a  coal  dust  explosion.  If  the  expectations 
regarding  the  efficacy  of  the  stone  (lust  be  realised,  coal  nulling 
would  be  as  safe  as  metalliferous  mining.  The  method  most 
successful  was  distribution  by  hand,  as,  by  this  means,  the 
dust  could  be  better  directed,  and  that  with  requisite  force  io 
dislodge  the  coal  dust  aud  replace  it  by  stoue  dust.  The  total 
cost  of  stone  dusting  in  a  large  colliery  raising  over  half  a 
million  tons  a  year  would  be  less  than  one-tenth  of  a  peunv 
per  ton  of  coal  produced,  or  an  annual  cost  of  about  £200.  In 
the  course  of  time  precautions  against  the  danger  of  coal  dust 
would  be  looked  upon  as  part  of  the  ordinary  routiue  of  the 
mine,  and,  if  carried  out,  tlieu  mines  would  be  in  a  safer 
condition  than  ever. 
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COPPER  IN  STEEL— ITS  INFLUENCE  ON  CORROSION. 

In  a  paper  read  before  tlie  American  Chemical  Society,  Mr. 
D.  M.  Buck  gave  the  results  of  a  series  of  tests  made  by  liira 
to  establish  the  value  of  small  amounts  of  copper  in  steel  wIh-h 
exposed  to  natural  corrosion  and  under  atmospheric  conditions. 
To  avoid  the  possible  uncertainty  in  comparing  different  l"'ais 
of  steel  with  and  without  copper,  and  in  order  thai  the  con- 
ditions, except  the  copper  content,  should  be  identical,  it  was 
decided,  for  these  comparisons,  to  copperise  portions  of  heats, 
leaving  other  portions  of  the  same  heats  in  their  original  con- 
ditions. Three  heats  were  used,  one  consisting  of  regular  basic 
open-hearth  steel  of  the  following  analysis  ：  Carbon,  0.10  per 
cent.  ；  manganese,  0*34  per  cent.  ；  sulphur,  0.034  per  cent . ； 
and  phosphorus,  0.019  per  cent.  A  second  basic  open-heartli 
heat  was  rephospliorised,  giving  this  analysis :  Carbon,  013 
per  cent.  ；  manganese,  0*45  per  cent.  ；  sulphur,  0.036  per 
cent.  ；  and  phosphorus,  0.042  per  cent.  The  third  heat  was 
regular  Bessemer  steel  of  the  following  analysis  :  Carbon,  0'08 
per  cent.  ；  manganese,  0  46  per  cent.  ；  sulphur,  0  07  per 
cent.  ；  and  phosphorus,  0  096  per  cent. 

In  pouring  the  open-hearth  heats,  several  ingots  were  first 
cast  without  the  introduction  of  copper  ；  then  to  four  ingots, 
sufficient  copper  was  added  to  obtain  in  two  of  them  about 
0'15  per  cent.,  and  in  the  other  two,  about  0'25  per  cent, 
copper  in  the  finished  product.  The  Bessemer  heat  was 
treated  in  exactly  the  same  way,  except  that,  since  the  average 
Bessemer  heat  was  too  small  to  furnish  six  ingots  of  the  size 
desired,  only  two  ingots  were  copperised,  aiming  at  the  same 
contents  as  in  the  case  of  the  open-hearth.  The  copper  was 
added  to  the  moulds,  a  little  at  a  time,  as  they  were  filling  and 
that  the  resultant  steel  was  uniform  in  its  copper  content  was 
demonstrated  by  many  analyses  of  the  bars  and  of  the  finished 
sheets.  Indeed,  that  copper  easily  diffused  through  the  bath 
of  molten  steel ，  and  did  not  segregate  on  cooling,  was  a  well- 
established  fact.  Six  ingots  were  tlien  taken  from  each  of  the 
open- hearth  heats,  two  normal,  two  with  0'15  per  cent,  copper, 
and  two  with  0'25  per  cent,  copper,  and  three  ingots  from  the 
Bessemer  heat,  one  normal,  and  one  with  each  content  of 
copper.  The  15  ingots  thus  prepared  were  carried  through 
the  usual  mill  operations,  each  bar  as  cut  and  each  sheet  as 
rolled  liaving  been  chalk-marked  so  that  no  confusion  could 
possibly  occur,  and  each  lot  was  again  carefully  analysed  as  a 
double  check  on  the  operations. 

One  ingot  of  each  grade  of  open-hearth  steel  was  rolled  into 
16-gauge  and  the  other  into  27-gauge  sheets,  30in.  by  96in.， 
while  one-half  of  each  Bessemer  steel  ingot  was  rolled  into  16 
and  the  other  half  into  27-gauge  sheets.  All  grades  were  sub- 
jected to  exactly  the  same  treatment,  being  rolled  by  the  same 
crews,  and  annealed  in  the  same  furnaces  at  the  same  time,  and 
the  finish  was  such  as  to  conform  with  that  of  the  competitive 
sheets  used  in  this  test.  From  24  to  36  sheets  of  each  of  the 
nine  grades,  both  gauges,  making  18  lots  in  all,  were  then 
sheared  to  24in.  by  96in.,  thus  obtaining  a  strip  6in.  wide 
from  each  sheet.  These  strips  were  sheared  into  2in.  by  4in. 
test  pieces,  stencilled  with  distinguishing  marks,  and  were  used 
for  the  corrosion  tests.  The  24in.  by  96in.  sheets  were  corru- 
gated in  the  usual  way,  and  eight  to  12  sheets  of  each  grade 
were  shipped  to  each  of  three  testing  stations,  viz. ,  one  in  the 
Pennsylvania  coke  regions,  where  the  air  contained  notable 
amounts  of  sulphurous  and  sulphuric  acids  and  other  fumes 
from  the  coke  ovens.  In  this  district  iron  and  steel,  unless 
protected,  corroded  very  fast  ；  another  at  Atlantic  City,  wliero 
the  air  carried  sodium  chloride  ；  and  the  third  in  a  rural  com- 
munity, where  the  air  was  quite  pure  and  free  from  added 
corrosive  agents. 

At  each  of  these  locations  a  skeleton  wooden  building,  40ft. 
by  80ft. ，  was  erected,  with  a  sloping  roof  at  an  angle  of  about 
18°,  with  the  low  side  about  6ft.  from  the  ground.  The  build- 
ings were  entirely  open  and  free  to  the  passage  of  air  on  all 
four  sides,  and  the  roofs  were  uncovered  until  the  sheets  were 
put  on,  the  purlins  being  92in.  apart,  thus  allowing  for  a  2in. 
hold  on  each  end  of  the  sheets.  The  sheets  were  arranged  in 
panels,  each  grade  being  separated  from  the  other  by  an  open 
space.  Open  spaces  were  left  between  each  course,  so  that  tho 
drip  from  one  row  did  not  run  on  to  the  row  below. 

In  addition  to  the  nine  grades  previously  mentioned,  there 
were  purchased  in  the  open  market  27  and  16-gauge  sheets 
of  the  following  average  analysis  ：  Carbon ,  0'02  per  cent. ； 
manganese,  0  03  per  cent.  ；  sulphur,  0*034  per  cent.  ；  phos- 
phorus, 0*003  per  cent.  ；  copper,  0  06  to  0  07  per  cent.  These 


sheets  were  exposed  at  each  of  the  test  stations  at  the  same 
time  as  the  others  and  under  identical  conditions.  All  of  the 
sheets  were  placed  on  the  roofs  during  November,  1911,  and 
were  entirely  unprotected  by  paint  or  other  coating,  ex<-ept  the 
thin  film  of  oxide  always  present  on  an  annealed  sheet,  allow- 
ing natural  corrosion  to  start  immediately  and  to  proceed 
without  interruption.  The  1 C -gauge  sliects  were  plac**'l 
one-lialf  of  the  roof,  and  the  27-gauge  on  the  other  half. 

The  slieets  at  all  of  the  test  stations  were  examined  from 
time  to  time  by  the  writer  and  other  independent  inspcrtors, 
and  within  a  short  time  after  corrosion  had  started  the  hi^lior 
copper  steels  were  showing  to  better  advantage  than  the  oth'-r 
grades.  Panels  1，  4，  and  7，  which  contained  no  copper,  were 
rough  to  the  touch  and  an  examination  of  the  surface  of  the 
steel  under  the  rust  gave  evidence  of  well-developed  pit  I  inL' 
Panel  10，  the  low  carbon  and  manganese  material  with  only 
0*07  per  cent,  copper,  was  not  quite  so  rough,  and 
the  pitting  not  quite  so  well  developed,  while  panels 
2,  3，  5，  6,  8,  and  9，  which  contained  015  to  0*34  per 
cent,  copper,  were  fairly  smooth  to  the  touch  with  scarcely  any 
pitting.  An  interesting  fact  was  noted  regarding  the  colour 
of  the  rust  on  the  various  panels.  The  oxide  on  the  non- 
copper  steels  was  a  bright  red  and  loosely  adherent.  That  on 
panel  10  was  a  little  darker,  while  the  copper-bearing  steels 
carried  a  dark  brown,  closely  adhering  oxide.  It  was  possible 
to  distinguish  them  by  their  colour  at  a  considerable  dist  ance 
from  the  building. 

On  June  27th,  1912,  the  non-copper  panels,  1，  4，  and  7, 
located  on  the  roof  in  the  coke  regions,  were  failing  and  falling 
off,  liaving  rusted  entirely  through.  All  of  the  copper-bearing 
steels  were  still  in  excellent  condition.  On  December  7th, 
1912，  the  non-copper  panels,  1，  4，  and  7  had  entirely  dis- 
appeared, and  panel  10，  the  low-carbon  and  manganese 
material,  had  failed  to  the  extent  of  dropping  off.  All  of  t  In* 
copper-bearing"  panels  were  still  intact,  and  would  last  several 
months  before  ultimate  failure.  This  roof  was  again  inspected 
early  in  March,  1913，  and  panel  10  had  entirely  disappeared, 
while  all  of  the  copper-bearing  steel  sheets  were  still  in  place. 

On  September  7th,  1912,  the  panels  on  the  Atlantic  ('it v 
roof  were  in  about  the  same  condition  as  those  in  the  coke 
regions  were  some  months  earlier.  Unfortunately,  a  few 
weeks  after  these  sheets  were  placed,  an  unusually  severe  gale 
ripped  off  all  of  panel  9  and  parts  of  7,  10，  3，  and  6.  "While 
none  of  the  copper-bearing  materials  had  failed  up  to  the 
present  time  at  either  of  the  two  roofs .  located  at  Atlantic  ('it  v 
and  in  the  rural  district,  yet  panel  10  at  both  places  was  in 
very  poor  condition  and  would  fail  very  soon,  much  before  the 
other  copper-bearing  steels,  thus  checking  up  the  results 
obtained  in  the  coke  regions. 

At  the  same  time  that  the  large  sheets  were  exposed,  a 
series  of  2in.  by  4in.  test  pieces,  cut  from  the  same  sheets,  were 
carefully  weighed  on  a  chemical  balance,  then  mounted  in 
wooden  racks,  with  free  access  to  the  weather,  and  exposed  at 
each  station.  Six  pieces  of  each  grade,  each  piece  from  a 
different  sheet,  were  used  in  this  test  and  a  duplicate  set  pre- 
pared and  exposed  after  first  removing  all  surface  oxides. 
After  a  suitable  time  had  elapsed,  and  certain  of  the  test 
pieces  had  rusted  entirely  through,  they  were  taken  down  and 
reweighed,  after  first  removing  all  rust  by  a  solution  of 
ammonium  citrate,  whirl)  took  off  the  oxide  without  attacking 
the  underlying  iron.  Tn  every  case  the  steels  with  copper 
additions  showed  a  marked  resistance  to  corrosioc  as  com- 
pared with  the  non-copper  steels,  having  on  tlie  average  nearly 
twice  the  life.  There  appeared  to  be  very  little  difference 
between  the  grades  containing  015  per  cent,  copper  and  those 
with  0'24  to  0  34  per  cent.,  while  the  material  witli  low  carbon 
and  manganese  and  with  006  to  007  per  cent,  copper  took  an 
intermediate  position  between  the  copper-bearing  steels  and 
those  without  copper. 

Accelerated  acid  tests  also  were  made  on  the  'Jin.  by  4 in. 
test  pieces,  from  the  same  sheets  as  were  used  in  the  corrosion 
tests.  The  copper-bearing  open-hearth  and  Bessemer  steel 
resisted  the  acid  from  50  to  100  times  as  well  as  the  non-copper 
steels,  and  within  the  limits  of  tlie  copper  contents  of  the  steels 
used  in  this  test,  the  resistance  to  the  acid  was  directly  pro- 
portional to  the  amount  of  copper  present.  In  this  regard  tlie 
acid  tests  differed  from  the  actual  weather  tests.  The  copper- 
bearing  steels  resisted  the  atmosphere  from  li  to  2  times  as 
well  as  the  normal  steels  without  copper,  and  there  was  little 
or  no  difference  in  the  average  between  a  copper  content  of 
015  and  0  30  per  cent. 
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The  writer  had  never  tested  a  normal  non-copper-bearing 
steel,  or  iron,  which  had  any  marked  resistance  to  the  action 
of  sulphuric  acid,  neither  had  he  found  a  single  instance  where 
steel  carrying  between  0*15  and  1  per  cent,  of  copper  did  not 
show  a  very  marked  resistance  to  the  same  acid,  and  the 
presence  or  absence  of  copper  was  strongly  indicated  by  the 
solubility  of  the  steel  in  sulphuric  acid.  Inasmuch  as  a  copper 
content  also  increased  the  resistance  to  atmospheric  corrosion, 
a  certain  relation  was  established  between  the  accelerated  acid 
test  and  natural  corrosion  when  comparing  copper-bearing  with 
non-copper-bearing  steels  or  irons.  On  the  other  hand,  many 
instances  had  been  noted  and  published  where  the  results  of 
acid  tests  had  been  directly  opposite  to  results  given  by  the 
same  steels  in  service.  In  the  author's  opinion  the  accelerated 
acid  test  used  for  the  purpose  of  determining  the  values  of 
steels  or  irons  in  their  resistance  to  corrosion  was  untrust- 
worthy and  was  liable  to  be  misleading. 

It  was  a  well-known  fact  that  copper  was  electro-negative 
to  iron,  and  when  placed  in  contact  with  iron  it  would 
stimulate  corrosion  in  the  latter  element.  That  the  reverse 
was  true  when  the  copper  was  alloyed  with  the  iron  and  in 
solid  solution  in  the  crystal  grains,  might  be  due  to  the  alloy 
taking,  in  a  measure,  the  non-corrosive  properties  of  the 
copper.  It  had  also  occurred  to  the  writer  that  the  alloy  of 
copper  and  iron  was  less  electro-positive  to  the  first  film  of  rust 
formed  than  was  non-copper  steel,  and  the  consequent  decrease 
in  difference  of  potential  lessened  the  corrosion. 

It  had  been  suggested  by  Dr.  W.  H.  Walker  that  copper 
prevented  the  oxides  of  manganese  and  iron,  which  might  be 
present,  from  coming  out  of  solid  solution  as  the  melt  cools, 
and  hence,  although  the  oxides  were  still  present,  they  were 
held  uniformly  dissolved,  and  not  segregated  between  the  iron 
crystals,  as  was  normally  the  case.  Sufficient  work  had  not 
been  done  to  form  definite  conclusions,  and  it  was  not  the 
intention  of  this  paper  to  discuss  this  phase  of  the  subject  at 
length,  but  rather  to  give  results  which  seemed  to  prove  that 
a  small  copper  content  in  steel,  approximately  0'2  per  cent., 
materially  increased  the  life  of  steel  sheets  when  subjected  to 
atmospheric  corrosion. 


NEW  ELECTRICAL  PLANT  AT  POPLAR. 

The  extensions  of  plant  at  the  electricity  station  of  the 
Borough  of  Poplar,  which  were  begun  early  last  year,  were 
officially  opened  last  week  by  Mr.  H.  R.  Barge,  chairman  of 
the  Electricity  Committee.  The  additional  plant  comprises 
two  turbines  by  Messrs.  Willans  &  Robinson,  Ltd.,  coupled  to 
two  3,000  kw.  General  Electric  Company's  alternators,  a 
1,000  kw.  Westinghouse  rotary  converter,  and  a  motor  con- 
verter of  similar  capacity  by  Messrs.  Bruce,  Peebles,  &  Co., 
accommodated  in  an  engine-room  having  an  area  of 
4,170  sq.  ft.  Overhead  there  is  a  30- ton  electric  travelling 
crane  with  a  span  of  58ft. ，  supplied  by  Messrs.  Royce,  Ltd. , 
while  underneath  the  ground  level  there  are  two  condensers 
each  with  10,000  sq.  ft.  of  cooling  surface,  motor-driven  air 
pumps  of  the  Edwards  type,  and  circulating  pumps  by  the 
Rees  Roturbo  Company.  A  main  switchboard  has  been  pro- 
vided by  the  Westinghouse  Company.  In  the  new  boiler- 
house,  which  has  an  area  of  3,555ft.  and  is  designed  to  accom- 
modate four  boilers,  each  of  an  evaporative  capacity  of 
36，0001bs.  an  hour,  two  Babcock  &  Wilcox  water-tube  boilers 
of  that  size  have  been  installed  and  fitted  with  superheaters 
to  raise  the  temperature  of  the  steam  to  530°  Fah.  One  is 
supplied  with  fuel  by  two  underfeed  stokers  and  the  other  by 
two  stokers  of  the  chain -grate  type.  The  coal  supply  is 
obtained  from  an  overhead  bunker  of  400  tons  capacity,  to 
which  the  coal  is  delivered  by  a  conveyor  by  tlie  New  Conveyor 
Company,  capable  of  delivering  40  tons  an  hour  when  running 
at  45ft.  a  minute.  Other  plant  includes  roto-feed  pumps  by 
Messrs.  Gr.  &  J.  Weir,  softening  plant  by  Mr.  William  Boby, 
and  circulating  water  pipes  by  the  Stanton  Ironworks  Com- 
pany. The  extension  has  been  carried  out  to  the  designs  of 
Mr.  J.  Horace  Bowden,  the  borough  electrical  engineer. 

Department  of  Mines,  Ottawa,  Canada. —— The  Mines  Branch 
of  the  Department  of  Mines  has,  we  are  informed,  installed  at 
Ottawa  a  modern  and  well-equipped  laboratory  for  purposes 
of  experimental  concentration  and  metallurgical  tests  with 
Canadian  ores  and  minerals.  It  is  expected  that  the  plant 
will  be  ready  for  operation  by  the  first  week  in  July.  All 
communications  regarding  tests  are  to  be  addressed  to  Mr. 
Eugene  Haanel,  Ph.D.,  Director,  Mines  Branch,  Department 
of  Mines,  Ottawa. 


TEST  OF  AN  OIL-FIRED  WATER-TUBE  BOILER. 

The  results  of  a  test  on  an  oil-fired  water-tube  boiler,  rated 
at  450  h.p.，  and  equipped  with  a  superheater,  are  given  by 
Mr.  A.  L.  Menzin,  in  11  Engineering  News."  The  boiler  is  one 
of  eight  of  the  same  size  and  type  recently  installed  in  the  new 
power  station  of  the  U.S.  Navy  at  Mare  Island,  California. 
The  plant  in  this  station  is  utilised  for  furnishing  compressed 
air  and  electric  power  about  the  navy  yard,  and  includes  two 
5,000  cub.  ft.  steam-driven  air  compressors,  two  500  kw.  and 
one  1,000  kw.  turbo-generators.  The  boilers  were  supplied  by 
the  Edge  Moor  Iron  Company,  of  Edge  Moor,  Del"  and  the 
efficiency  at  about  rating  guaranteed  by  thern  was  80  per 
cent.  Other  important  guarantees  referred  to  moisture  in 
the  steam  passing  into  the  superheater,  and  to  steam  used  by 
the  oil  burners  for  atornisation.  All  guarantees  were  met  in 
the  first  series  of  tests,  the  principal  data  and  results  of  which 
are  given  below. 

The  tests  were  made  under  the  direction  of  a  board  of  naval 
officers,  and  the  contractor  was  represented  by  Mr.  Menzin. 
Owing  to  the  pecuniary,  penalty  involved,  great  care  was 
taken  to  assure  the  reliability  of  all  readings.  The  correctness 
of  the  testing  apparatus  was  determined  by  suitable  methods 
by,  or  in  the  presence  of,  representatives  of  both  the  Govern- 
ment and  the  contractor.  The  water  was  weighed  in  all  tlie 
tests.  In  the  test  for  efficiency,  the  fuel  oil  was  weighed  ； 
in  other  tests,  in  which  the  oil  used  was  not  involved,  the  oil 
was  measured  with  a  calibrated  piston-type  meter. 


Fig. 


-Oil-Fiked  Water-Tube  Boiler  at  Mark  Island  Navy  Yard. 


Test  at  About  R atixg  . 

Date  of  trial   Oct.  11,  1912 

Duration  of  trial    10 hours 


Dimensions  and  Proportions. 
Name  and  type  of  boilor :  Edge  Moor  water  tube. 

Number  of  drums  in  boiler   

Number  of  tubes  wide   

Number  of  tubes  high   

Total  number  of  4in.  tabes  18ft.  long   

Water  heating  surface,  sq.  ft  

Name  of  superheater :  Foster. 

Superheating  surface,  sq.  ft.  (external  surface  of  tubes 
only)  

Name  and  type  of  oil  burners :  Owons  inside  mixer. 

Number  of  burners  to  one  boiler   

Area  of  air  spaces  in  furnace  floor,  approx  ，  sq.  in  

Area  of  air  spaces  per  horse-power  of  rating,  approx., 

sq.  in  

Average  Pressures. 

Barometer,  in.,  Hg  

Steam  pressure  by  gauge,  lbs.  per  sq.  in  

Pressure  of  oil  to  burners,  lbs.  per  sq.  in  

Force  of  draught  at  da niper.  in.  water   

Force  of  draught  in  ashpit,  in.  water   


Average  Temperatures  (Fah.). 

Of  external  air   

Of  air  passing  into  ashpit   

Of  steam   

Of  feed  water  enterinpr  boiler   

Of  escaping  gases  from  boiler   

Of  oil  supplied  to  burners   


2 
17 
14 

231 
4,585 


3 

1.140 

25 


3015 
14,56 
47*5 
019 
015 


70° 

sr 

455  4° 
170*8° 
421*0° 
1271° 
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Kind  of :  California  (  rii(】<、  oil. 

Specific  gravity,  oil  lr(v(l  iroiu  water,  grit,  and  oilior 

foreign  matter    O'OoO  1 

Gravity,  Hamne  scalo    17 'M) 

Percentage  by  weight  of  water  in  oil    (Nk」 

Percenta^(^  l>v  wiM^ht       gi'it  and  othor  foreign  iruittcr 

in  oil    0  034% 

( ^lorifio  value  of  111),  of  pm'o  oil  with  、vat(、r  vapour 

to  hydro^t'n  cont(Mit  imcoinlciiscd,  R.T.U   17,(; (门 

Calorific  valuo  with  water  vapour  coii(l<"is(»(l  (licat  value 

as  commonly  givon),  B.T.U   18,790 

Quality  of  Stonni. 
Poroonta^o  of  moisture  in  stonni  passing  into  sii|"、rh(';i"'r  O'Uii' 
SupoiTieat  of  steam  passing  out  of  superhc^itcr  (  Kali.)  ...  89'i)c 

Hourly  Quanlit  i(is  and  H;i  i  cs. 

Pure  oil  consumed,  lbs.  per  hour    1,008.1 

Water  ovaporatod,  ]l»s.  per  hour,  (-。 rr,、（'t,'(l  I'm'  (liscliur^c 

through  calorimeter    13,9398 

Equivalont  evaporation,  lhs.  per  houi-  from  and  at  212°...  1G，001..— ) 
Equivalent  evaporation  per  hour  {'yam  ;uul  at  212°,  L 

per  sq.  ft.  of  water  heating  surface    3  49 

Factor  of  evaporation    1*1471) 

Horso  powor. 

Horso-power  developed    463*8 

Hatotl  hoi  se-power  (10  sq.  ft.  of  、、  ； itt、r  \u\\  I  iii<j;   siii1;m  " 

per  horse-power)    458*5 

Peropntago  of  rating  developed    101 -2% 

Kconomic  T^osults. 
AVn tor  apparently  evaj^oratod  uiidt、r  aotiiMl  r-ojiditions, 

lbs.  per  lb.  of  oil  as  fired    13*77 

Equivalent  evaporation,  from         at  212°,  lbs.  per  lb.  of 

oil  as  fired   15*80 

Equivalent  evaporation,  from  and  at  212°,  】bs.  per  lb.  of 

pure  oil    15 '87 

Equivalent  evaporation,  lhs.  pw  lh.  of  oil  bused  on  a 

fitandard  calorific  value  of  18,500  B.T.U   15-02 

Efficiency. 

Efficioiicy  of  boiler  based  on  calorific  value  of  oil  with 

water  vapour  due  to  hv(lr(wii  content  unconclensed       87 '1% 

Efficiency  (as  ordinarily  given)  ha  sod  on  calorific  value  of 

oil  with  water  vapour  condensed    81'6?o 

Smoke  Observations  and  Gas  Analysis. 

Gases  issuing;  from  stack  were  just  barely  visible  <1  living 

entire  test   

Minimum   percentage   of    C10^    ixt    damper    l\v  Orsat 

apparatus    12*5% 

Araximum  percentage  of  C02  at  da inpoi*    13*4°a 

Steam  Required  l\v  Burners. 

Steam  nsod  by  burners  to  atomise  lib.  of  oil  as  fired    0.321b. 

Percentage  of  steam  generated  nsod  hy  oil  burners  for 

atomisation    2*33% 


For  determining  the  steam  used  by  the  oil  burners  the 
orifice  method  was  employed.  A  hole  made  with  a  -^in.  drill 
in  a  common  pipe  plug  constituted  the  orifice.  This  was  located 
in  the  flange  union  between  gauges.  The  apparatus  was  cali- 
brated with  tank  and  scales  in  the  usual  maimer  before  the 
teats  were  run.  The  Government  detailed  men  from  its  test- 
ing laboratory  and  engineering  departments  at  Mare  Island 
to  observe  and  record  all  readings.  The  contractor  also  fur- 
nished two  men  for  duty  on  the  weighing  platform,  so  that  all 
weights  could  be  certified  to  by  a  representative  of  each  party. 
In  the  efficiency  test,  the  weighing  was  conducted  so  that  the 
weights  of  oil  and  water  used  during  each  hour  could  be  deter- 
mined. Pressures,  temperatures,  &c"  were  recorded  every 
15  minutes. 

All  tests  were  made  on  one  boiler  selected  by  the  Govern- 
rr.ent  after  the  installation  was  completed  and  in  operation. 
The  blow-off  piping  and  feed-water  piping  to  boiler  and  super- 
heater were  disconnected  from  respective  headers  to  avoid 
errors  from  leakage.  The  factor  of  evaporation,  equivalent 
evaporation,  and  efficiences  given  above  are  based  on  Marks 
and  Davis'  steam  tables  (1912  edition),  and  are  slightly  lower 
than  the  corresponding  official  results  on  account  of  the  high 
specific  heat  of  superheated  steam  specified  in  the  contract. 
This  was  given  as  0'65,  which  conforms  to  older  practice. 

The  efficiency  obtained  in  this  test  is  remarkably  good, 
especially  when  it  is  considered  that  the  firing  was  done  by 


tlie  regular  Government  fireman,  who  depended  entirely  on 
his  eyesight  for  guidance  in  making  the  adjustments  neces- 
sary for  good  combustion.  He  was  cautioned  about  the  firing 
probably  not  more  than  three  or  four  times  during  the  entire 
10-hour  run.  The  essentials  for  efficienT  performance,  viz., 
low  temperature  of  outgoing  gases  and  high  percentage  of 
C02  at  damper,  were  present. 

It  will  be  noticed  that  two  efficiencies  of  the  boiler  are 
given.  These  are  in  terms  of  the  calorific  values  of  the  oil 
with  water  vapour  due  to  tlie  hydrogen  content  uncondensed 
and  condensed  as  determined  by  the  chemists.  For  commercial 
purposes  it  would  seem  to  be  more  logical  to  consider  the  effi- 
ciency based  on  the  first-named  calorific  value,  since  the  latent 
lieat  in  the  steam  produced  by  the  combustion  of  the  liyflro^fii 
content  is  not  commercially  available  for  making  steam.  To 
utilise  this  latent  heat  would  require  a  reduction  of  the  tem- 
perature of  tlie  flue  gases  to  212°  Fah.  or  less,  which  does  not 
seem  to  be  feasible  even  with  economisers.  When  tlie  fuel 
used  is  relatively  low  in  hydrogen  and  the  efficiency  of  tlie 
boiler  is  based  on  the  " 】iigli  ，，  heat  value,  the  boiler  is  unfairly 
favoured  by  having  a  smaller  amount  of  unavailable  heat 
charged  up  to  it.  A  comparison  of  boiler  efficiencies  based  on 
the  high  heat  value  of  the  fuel  is,  therefore,  not  sufficient  for 
determining  the  comparative  performance  of  steam  boilers. 

It  has  been  pointed  out  (Trans.  Am.  Soc.  M.  E.，  Vol.  33， 
page  68)  that  tlie  re  appears  to  be  no  exact  relation.sliip 
between  the  hydrogen  content  and  the  specific  gravity  of 
California  oils,  and  that  individual  analysis  is  necessary.  Very 
few  data  bearing  on  this  point  seem  to  have  been  published, 
but,  from  those  available,  it  would  seem  that  there  is  a  suffi- 
cient variation  in  hydrogen  to  warrant  taking  it  into  con- 
sideration when  making  guarantees,  especially  when  a  bonus 
or  penalty  is  involved. 

Besides  the  test  for  efficiency  at  rating,  other  tests  of  short 
duration  were  made  to  determine  tlie  characteristics  of  certain 
parts  of  tlie  equipment  at  different  rates  of  evaporation.  The 
percentage  of  moisture  in  the  steam  passing  into  tlie  super- 
heater as  determined  by  a  throttling  calorimeter  was  found 
to  be  0*22  per  cent,  at  196  per  cent,  of  rating,  as  against  0'06 
per  cent,  at  101*2  per  cent,  of  rating.  The  performance  of 
the  superheater  is  shown  in  the  following  table  ： ― 

Percentage  of  rating  developed    614%       101  2%  196% 

Superheat   92°  F.        90。  F.       118°  F. 

The  superheat  produced  by  a  given  superheater  depends 
not  only  on  the  rate  of  evaporation,  but  also  on  the  character 
of  combustion.  With  a  given  rate  of  evaporation  too  little  or 
too  much  air  will  affect  the  average  temperature  of  the  gases 
passing  through  the  superheater  and  the  superheat  will  be 
affected  accordingly. 

The  following  table  shows  the  steam  used  by  the  oil  burners 
for  atomisation  : — 


Horse-])0\vri'    <|t'、  i-l。ji'''  1  hy 

one  burner   

94 

155 

238 

300 

Pressure  of  oil,  lb.  per  sq .  i n . 
Temperature  of  oil,  F.°  ... 

39 

47  5 

78 

84 

127 

127 

91 

90 

Eilicienoy  of  boiler   

816% 

Steam  required  for  atomisa- 

tion, 11).  per  11).  of  oil  ... 

*0-30 

032 

♦020 

•01 7 

Prrcriita^r  <>f  ^ttMlll  '_','n'' 

rated  used  by  burners  for 

atomisation   

2'4% 

233% 

18% 

15% 

*  Oil  measured  by  meter  and  weight  computed. 

The  steam  used  by  an  oil  burner  depends,  of  course, 
within  limits,  on  the  care  taken  by  the  fireman  in  adju>tiii^ 
the  steam  valve.  This  adjustment  is  not  a  delicate  one,  and 
i?  a  fireman  is  careless  he  can  use  a  great  deal  more  steam 
than  is  required ― which  is  not  only  a  waste  but  which  may 
also  cause  damage  to  the  tubes  by  blowing  the  flame  up  against 
them.  The  inside  mixer  type  of  burner  is  somewhat  proof 
against  such  carelessness,  as  too  much  steam  raises  the  pressure 
in  the  mixing  chamber,  which  cuts  down  the  supply  of  oil  and 
therefore  tlie  fire. 

Fig.  1  shows  the  fall  of  temperature  of  the  gases  through 
the  boiler  when  operated  at  about  196  per  cent,  of  rating. 
Temperatures  taken  with  the  boiler  operating  at  about  rating 
would  probably  be  of  more  interest,  but,  unfortunately,  a 
complete  set  of  readings  was  not  takeu  during  this  test.  How- 
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ever,  those  taken  permit  of  a  comparison  of  the  temperatures 
at  certain  points,  which  is  given  below  ： ― 

Percentage  of  rating  developed    101*2%  190% 

Temperature  between  1st  and  2nd  rows  of  tubes  over 

furnace,  F   1560。  1830。 

Temperature  at  top  of  first  pass    686°  988° 

Temperature  of  gases  passing  out  of  boiler   421°  534° 

The  temperatures  given  above  are  the  averages  of  several 
readings.  All  temperatures  in  the  setting  were  taken  with  a 
Bristol  electric  pyrometer  with  bare  thermo-couples  set  at 
approximately  30in.  from  the  inner  face  of  the  boiler  wall. 
The  thermo-couples  were  set  by  trial  to  give  the  highest  tem- 
peratures, which  corresponds  to  a  setting  where  the  cooling 
effect  of  radiation  from  the  thermo-couple  to  tlie  tubes  is  a 
minimum.  All  temperatures  taken  with  the  pyrometer  are 
corrected  for  air  temperature  at  the  junction  of  the  fire  end 
with  the  extension  piece.  The  temperature  of  the  outgoing 
gases  was  taken  with  a  mercury  thermometer,  located  as  shown 
in  the  drawing.  Temperatures  near  the  damper,  taken  with 
the  pyrometer,  practically  agreed  with  those  indicated  by  the 
mercury  thermometer. 


A  NEW  HYDRAULIC  TRANSMISSION  GEAR. 

The  Waterbury  Tool  Company,  Waterbury,  Conn.,  has 
brought  out  a  hydraulic-power  transmission  gear,  which  has 
been  tested  out  for  two  years  on  men-of-war  for  elevating 
guns  and  controlling  turrets.  Apart  from  this  field,  these 
gears  are  applicable  to  automobiles,  cars,  draw-bridges, 
cranes,  hoists,  machine  tools,  and  the  propelling  of  vessels. 
The  particular  features  about  the  gear  are  a  compact  arrange- 


connected  with  the  A-end,  tlie  stroke  of  the  pump  pistons  is 
varied  at  will  to  deliver  oil  to  the  B-end  at  a  rate  necessary 
to  give  the  required  speed  in  the  direction  called  for.  The 
B-end  is  constructed  to  furnish  a  constant  cylinder  capacity 
per  shaft  rotation,  and  the  speed  of  the  B-shaft  is  definitely 
determined  by  the  rate  at  which  oil  is  supplied  by  the  pump. 
The  speed  ratios  between  the  two  shafts  are  positively  and 
definitely  determined  by  the  angular  position  of  the  control 
shaft  in  either  direction  with  reference  to  its  neutral  posi- 
tion. 

The  two  ends  are  combined  into  one  working  unit,  the 
power  entering  by  the  A-shaft,  which  rotates  at  a  constant 
speed ,  and  is  taken  out  by  the  B-shaft  at  the  opposite  end, 
wliich  rotates  at  any  required  speed  and  in  either  direction. 
The  small  vertical  shaft  shown  at  the  A-end  is  the  control 
shaft,  and  the  direction  of  rotation  of  the  B-shaft  is  deter- 
mined by  the  direction  the  control  shaft  is  rotated  from  its 
zero  position,  and  the  speed  of  rotation  is  determined  by  the 
angle  through  which  the  control  shaft  lias  been  turned.  On 
top  of  the  B-encl  is  an  oil  expansion  box  communicating  with 
the  oil  in  the  machine.  The  whole  enclosing  shell  of  the  gear 
is  filled  with  oil,  although  only  a  small  portion  of  tlie  oil  is 
u nder  pressure  and  active  in  transmitting  power.  In  this 
type  of  gear  the  two  ends  are  united  by  a  valve  plate,  whicli  is 
located  across  the  middle  of  the  machine,  and  through  which 
the  oil  is  circulated  between  the  two  ends.  This  valve  plate 
can  be  made  in  almost  any  shape,  permitting  the  placing  of 
the  two  ends  at  any  angle  or  in  any  position  with  reference  to 
each  other.    Eacli  end  can  he  provided  with  a  separate  valve 

plate,  located  in  any  desired 
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merit,  the  use  of  a  somewhat  novel  method  for  automatically 
preventing  leakage  between  the  parts  of  the  device,  the  lubri- 
cation of  the  various  parts,  the  absence  of  any  transmission 
of  side  pressure,  and  the  use  of  a  special  design  of  roller 
bearing  and  universal  joint  connections.  The  gear  is  shown  in 
the  accompanying  sectional  views,  for  which,  along  with  the 
following  description,  we  are  indebted  to  our  American 
contemporary,  "  The  Iron  Age." 

The  complete  transmission  device  is  made  up  essentially  of 
two  parts,  an  oil  pump  designated  as  the  A-end,  which  may 
be  driven  by  any  source  of  power,  and  is  supposed  to  run 
at  a  constant  speed  in  one  direction,  and  an  oil  engine  desig- 
nated as  the  B-end.    By  the  turning  of  a  small  control  shaft 


position,  the  oil 
l)eing  provided  for  by  connect- 
ing pipes.  Passing  through 
the  valve  plate  about  half-wav 
between  its  centre  and  peri- 
phery are  two  semi-annular 
passages  for  the  circulation  of 
oil  between  the  two  cylinders. 
When  the  gear  is  transmitting 
power  one  of  these  passages  is 
under  pressure,  while  the  other 
is  in  suction,  the  functions 
being  changed  according  to 
the  direction  of  rotation  of 
tlie  driven  shaft. 

There  are  th ree  pairs  of 
valves  connected  witli  the  pas- 
sages. At  the  top  are  two 
small  needle  air  valves  used 
only  for  the  escape  of  air  from 
the  passages  and  cylinders 
while  they  are  being  filled  with 
oil.  At  the  bottom  there  are 
two  ball  check  valves  used  for 
replenishing  any  leakage  that 
may  take  place  from  the  high- 
pressure  oil  to  the  low  pres- 
sure, and  at  the  bottom,  near 
the  replenishing  valves  are  two 
safety  valves  to  provide  relief 
if  the  gear  should  become 
overloaded.  There  is  also  a 
plugged  hole  connected  with 
each  passage  near  the  top  for  attaching  gauges  to  measure 
the  oil  pressure  or  the  load  carried.  Near  the  top  of  the 
valve  plate,  and  also  in  connection  with  all  the  valves,  are 
holes  passing  through  the  plate,  giving  free  circulation  of  oil 
between  the  two  ends  of  the  gear. 

The  shaft  groups  of  parts  in  the  two  ends  are  almost 
identical.  A  cylinder  barrel,  ay  is  keyed  rather  freely  to  the 
inner  end  of  each  shaft  and  is  able  to  slide.  Each  of  these 
barrels  has  nine  cylinders  parallel  with  the  shaft  and  fitted 
with  piston  h,  having  ball-ended  connecting  rods.  The 
faces  of  the  barrels  slide  in  their  revolution  against  prepared 
faces  on  the  valve  plate  d,  and  the  cylinder  ports  in  the  barrel 
faces  register  with  the  semi-annular  passages,  except  as  they 
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;m、  passing  over  the  separating  ];inds  at  the  top  ； i inl  bottom 
of  the  plate. 

Tlie  barrels  are  held  lightly  against  tlie  faces  of  1  In*  、■;"、'' 
plate  l>y  spiral  springs  around  the  sh;it't,  which  are  compressed 
between  slioulders  on  the  shaft  and  counter-bored  recesses  in 
the  barrels.  These  springs  are  iiikMuled  only  to  hold  the 
barrels  in  position  under  no  load,  and  when  the  gear  is  traiis- 
initting  power  the  harrt^ls  automatically  support  tlierns^lvcs. 
The  connecting  rods  are  formed  with  a  ball  on  eacli  end,  on*' 
hall  end  being  secured  in  a  piston  :ui(l  other  in  a  surkH 
in  the  socket  rings  these  rings  being  connected  by  special 
universal  joints  with  the  shaft.  In  thia  way,  while  the  rings 
revolve  with  the  shaft,  their  planes  of  revolution  may  be  at 
any  angle  to  the  shafts,  the  angularity  being  conirolled  by 
the  setting  of  the  roller  bearings  on  which  the  socket  rings 
revolve. 

In  the  B-end  of  the  gear  tlie  socket  ring  e  runs  in  what  is 
called  an  angle  box  /，  that  is  secured  in  the  end  of  the  case 
itself  through  wliich  the  shaft  passes.  It  stands  at  a  fixed 
angle  of  20。，  thus  giving  a  constant  reciprocation  to  the  B- 
pistons.  In  the  A -end  the  box  is  hung  on  trunnions,  and 
may  l>e  adjusted  to  any  desired  angle,  while  the  gear  is  run- 
ning by  turning  the  threaded  control  shaft.  The  connection 
of  tilting  box  (j  with  control  shaft  h  is  clearly  shown  in  the 
drawing,  and  as  the  load  on  the  trunnions  of  the  box  is 
practically  a  balanced  one  the  turning  of  this  shaft  is  easy. 

The  A-shaft  which  is  connected  with  the  source  of  power 
is  supposed  to  run  at  a  constant  speed  and  in  one  direction. 
If  the  tilting  box  g  stands  in  its  vertical  or  neutral  position 
at  right  angles  to  the  shaft,  the  pistons  are  carried  around 
with  the  cylinder  barrel  but  do  not  reciprocate,  and  no  oil, 
therefore,  is  taken  from  or  delivered  to  the  passages  in  the 
valve  plate.  If,  however,  by  turning  the  control  shaft  h 
slightly  the  tilting  box  is  inclined,  the  pistons  reciprocate 
approximately  to  the  extent  of  the  sine  of  the  angle  of  tilting 
multiplied  by  the  diameter  of  the  circle  of  centres  of  the 
sockets  in  the  socket  ring. 

Every  cylinder  during  one-half  of  the  shaft  rotation  is  in 
connection  with  one  of  the  passages  in  the  valve  plate  and 
is  then  receiving  oil,  which  it  carries  across  the  land  and 
delivers  into  the  other  passage  during  the  other  half  of  the 
shaft  rotation,  the  amount  of  oil  thus  transferred  depending 
entirely  upon  the  piston  displacement.  There  can  be  no 
transfer  unless  there  is  a  supply  to  draw  from  and  a  space 
to  deliver  it  into,  and  these  are  provided  by  the  cylinders  of 
the  B-end.  When  oil  is  being  forced  into  one  of  the  passages 
which  is  already  filled  the  pistons  in  the  cylinders  of  the  B- 
barrel  in  communication  with  this  passage  make  room  for  the 
oil  by  sliding  back  from  the  valve  plate,  but  they  cannot  do 
this  without  forcing  their  respective  sockets  in  the  socket  ring 
farther  from  the  valve  plate.  -  This  can  only  be  done  by  turn- 
ing the  socket  riug  as  a  whole  in  its  inclined  plant'. 

It  should  be  remembered  that  the  B- socket  ring,  unlike 
the  A，  is  always  inclined  at  20°  in  its  angle  box,  so  that  the 
B-pistons  always  reciprocate  to  their  full  extent  at  every  rota- 
tion of  the  B-sliaft,  w  hile  the  pistons  facing  the  high-prossuro 
passages  of  the  valve  plate  are  receding  to  make  room  for  the 
incoming  oil  and  so  imparting  rotation  to  the  B-shaft,  the 
pistons  facing  the  low-pressure  passage  are  moving  toward  the 
valve  plate  and  delivering  the  oil  from  their  cylinders  through 
the  low-pressure  passage  into  the  suction  cylinders  of  th;、 
A-barrel.  Since  the  receiving  capacity  of  tlie  B-cylinders  is 
constant  and  the  delivery  capacity  of  the  A-cylinders  is  varied 
at  will  by  turning  the  control  shaft,  the  speed  of  the  B-sliaft 
is  correspondingly  changed.  It  will  be  seen  that  the  milv 
oil  actively  employed  in  traiismitt iny  power  is  that  ill  the  oil 
passages  of  the  valve  plate,  and  cylinders. 

The  oil  pressure  in  the  cylinders  and  valve  plate  passa^^s 
varies  directly  as  the  torque  resistance  which  the  B-shaft  must 
overcome.  The  horse-power  transmitted  varies  directly  as  t lie 
product  of  the  oil  pressure  and  the  speed  of  rotation  of  the 
B-shaft.  The  normal  working  oil  pressure  ranges  usually 
between  3001bs.  and  5001bs.,  but  it  may  rise  to  from  1 ,00011)s. 
to  2,0001bs.  to  overcome  an  unusual  resistance,  and  in  tests, 
pressures  as  liigh  as  4，0001bs.  per  sq.  in.  have  been  reached. 

One  of  the  principal  advantages  of  this  type  of  transmis- 
biou  is  its  flexibility.     The  B-sliaft  may  be  started  under  a 


dead  load  oi'  any  magnitude  within  tl"i  tr'  ii 二:，  li  limit  of  tlie 
machine  witliout  any  fear  of  overloading  tlie  motor  or  source 
of  power,  and  the  speed  may  then  be  gradually  increased  up 
to  a  maximum.  As  a  result  of  this  flexibility,  it  is  pointed 
out  that  the  efficiency  varies  widely.  Under  the  best  condi- 
tions, efficiencies  ranging  from  85  to  9】  per  cent,  are  com- 
mon, while  under  average  working  conditions  tlie  efliciencies 
vary  between  80  and  85  per  cent.  Under  small  loads  and  low 
speeds  of  tlie  B-shaft  the  efTicicncies  vary  from  80  per  '("it. 
as  a  maximum  down  to  50  per  cent,  or  lower.  At  a  zero  speed 
the  horse-power  efficiency  must,  of  course,  l>e  zero,  wliile  tlie 
torque  efficiency  remains  at  95  per  cent.  In  this  way  the 
horse-power  efficiencies  have  a  wide  ran^ (！  from  zero  to  91  per 
cent.,  wliile  the  torque  efficiency  throughout  tlie  whole  range 
remains  between  90  and  96  per  cent. 


BOOK  REVIEWS. 

The  Year  Book  of  Wireless  Telegraphy.  Tli''  .Mai«((ni 

Press  Agency.    8|in.  by  5Jin.,  563  pp.    Price  2s.  6(1. 

I  t'  tliis  volume  does  not  quite  accord  with  our  conceptions 
of  what  a  year  book  should  be,  it  is  not  so  much  on  account 
of  lack  of  material  as  of  excess,  and,  having  regard  to  the 
quality  of  rnuch  of  it,  perhaps  few  readers  will  grumble. 
The  book  opens  with  a  calendar  and  a  concise  chronological 
record  of  progress  in  wireless  telegraphy  since  1896.  The 
next  section  gives  the  London  Convention  of  1912,  as  well  as 
the  laws  and  regulations  of  the  principal  countries  concerning 
wireless  telegraphy.  This  is  followed  by  a  complete  list  of 
land  and  ship  stations  of  the  world,  with  their  call  letters, 
ranges,  wave  lengths,  and  the  nature  of  the  service,  hours  of 
opening  and  changes,  all  set  out  iu  an  easy  form  for  reference. 
Otlier  features  are  an  article  by  Mr.  Arthur  R.  Hinks, 
M.A.,  ou  "  Wireless  Time  Signals  "  ；  another  on  "  Distress 
Signalling,"  by  Mr.  G.  E.  Turnbull,  is  particularly  strong, 
and  some  of  the  leading  experts  have  contributed.  Prof.  J.  A. 
Fleming,  F.R.S.,  Dr.  W.  H.  Eccles,  Capt.  H.  Riall  Sankey, 
and  others  are  among  the  authors  of  signed  articles.  Major 
J.  E.  Cochrance,  with  military  wireless  telegraphy,  and  Dr.  J. 
Erskine-Murray,  with  wireless  telephony.  In  addition,  there 
is  much  valuable  technical  data,  and  a  very  full  glossary  of 
technical  terms  in  English,  French,  German,  Italian,  and 
Spanish.  A  valuable  feature  of  the  book  is  a  new  and  revised 
map  of  wireless  stations  of  the  world. 

Principles  of  Setting  Out,  Securing,  and  Tooling  Operations  for 
Engineering  Students  and  Apprentices.  By  A  It' red  Vim. 
London  :  Longmans,  Green,  &  Co.  9|in.  by  6iu.,  290  pp. 
Price  7s.  6d.  net. 

The  increasing  use  of  machine  tools  iu  tlie  manufacture  of 
accurate  repetition  work  has  made  the  work  of  setting  out  and 
jig  and  template  making  of  greater  importance,  and  no  worku 
manager  can  be  considered  accurately  equipped  unless  lie  is 
familiar  with  this  kind  of  work .  For  this  reason  it  is  the 
more  imperative  that  tlie  aspiring  engineering'  stiultMit  should 
be  familiar  with  the  principles  of  it.  "  At  one  time,  '  as 
Prof.  Bulleid  observes  in  an  introduction  to  this  volume, 
"  setting  out  meant  covering  a  casting  or  forging  with  white- 
wash and  drawing  iu  the  lines  with  a  scribing  block  on  a  table. 
Now  it  involves,  in  addition,  the  use  of  special  fixtures  for 
holding  the  work  ou  the  machines,  jigs  for  drilling  through, 
and  templates  and  gauges  for  setting  the  tools  and  testing 
accuracy,  since  many  articles  are  finished  without  a  single 
line  being  drawn  on  them .  The  man  who  sets  out  such  work 
must  be  well  acquainted  with  the  proper  tolerances  ami  allow- 
ances for  various  classes  of  fits,  as  well  as  with  the  best 
methods  of  holding  work  and  tlie  proper  cutting  speeds." 
Simply  studying  a  book  cannot,  of  course,  make  a  man  an 
expert  where  different  jobs  call  for  the  exercise  of  fresh 
thought ,  and  often  permit  of  more  than  one  method  of 
solution,  but  it  is  possible  by  carefully-selected  exam  pies  to 
illustrate  the  general  principles,  and  this  the  author  has 
succeeded  in  doing  in  an  admirable  way. 
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SOME  FUNDAMENTAL  FAULTS  OF  PRESENT-DAY  FURNACES 
AND  THEIR  REMEDIES.* 

BY  ALLEYNE  REYNOLDS. 

{Concluded  from  page  629.) 

Heat  Balance-sheet  of  an  Open-hearth   Stcel-mclting  Furnace— 

In  forming  a  heat  balance-sheet  of  a  steel-melting  furnace, 
no  account  must  be  taken  of  any  exothermic  or  endothermic 
reactions  inherent  to  the  process  conducted  in  the  furnace, 
those  ordinarily  given  in  text-books  being  worse  than  value- 
less and  very  misleading.  Even  were  they  properly  estab- 
lished, they  would  be  balance-sheets  taken  between  the  air 
inlet  of  the  producer  and  the  cast  output  of  the  furnace  when 
cold.  As  a  matter  of  fact,  chemical  reactions  in  steel  manu- 
facture are  not  merely  reciprocal,  but  actually  reciprocate. 
The  law  governing  them  must  be  that  of  least  temperature 
disturbance. 

But  what  use  can  calculations  be  which  entirely  overlook 
such  trifles  as  the  latent  heat  of  carbon  ？  The  author  has 
what  he  considers  ample  proof  that  the  reaction  between  sili- 
con and  oxide  of  iron  ceases  to  be  exothermic  at  steel -making 
temperatures,  and  that  the  carbon  reaction  may  be  exother- 


D  □ 
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Fig.  6. 

mic.  When  the  effect  of  specific  and  latent  heats  is  intelli- 
gently taken  into  account,  it  at  once  becomes  apparent  why 
the  feeblest  reducing  agent,  carbon,  becomes,  ultimately,  the 
most  powerful  at  high  temperature.  The  specific  heat  of 
carbon  rises  with  increasing  temperature,  the  fastest  of  all 
oxidisable  substances.  Hence  even  endothermically-formed 
carbides  require  less  temperature  disturbance  for  their  forma- 
tion than  the  elements  from  their  oxides  by  carbon  reduction. 
The  balance-sheet  taken  in  respect  of  a  melting  furnace  must 
be  one  concerning  the  amount  of  heat  expended  in  useful 
work  in  the  furnace,  and  taking  no  account  of  loss  of  heat  in 
the  ladle  and  in  the  mould  during  casting. 

The  energy  at  disposal  is  the  whole  energy  due  to  com- 
plete combustion  of  fuel,  as  shown  by  the  calorimeter.  This 
is  made  up  as  follows :  Total  combustible  value  of  con- 
stituents of  the  fuel,  less  energy  required  to  gasify  them. 

At  any  intermediate  stage  of  combustion  the  total  avail- 
able heat  of  the  fuel  may  be  divided  up  into  three  items,  as 
follows : — 

Sensible  heat  of  gas   A 

Combustible  value  of  gas    V 

Radiation,  &c.，  losses  in  producer  and  Hues    Z 

Total  (say  K)  =  A+  V+  Z  =  calurifif  powerof  fuel. 

A  +  V  would  equal  K  if  Z  =  zero,  and  depends  solely  on 
the  proportion  of  the  total  air  required  for  complete  combus- 

•  Paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel  Institute, 
May.  1913. 


tion  which  had  been  used  as  primary  air  for  gasification.  But 
Z  increases  with  A,  and  hence  the  lower  Z  is  the  greater 
A  +  V  and  the  less  A,  so  still  the  greater  V.  Therefore,  by 
artificially  usefully  lowering  A,  Z  can  be  lowered  and  A  +  V 
increased.  A  means  of  doing  this  is  to  pass  steam  in  with  the 
primary  air,  which  is  decomposed,  lowering  temperature,  but, 
with  a  given  ratio  of  primary  air,  can  have  no  effect  on  the 
ratio  of  secondary  air  required  to  burn  the  resultant  gas.  It 
has,  however,  the  effect  of  creating  a  diluent  of  high  specific 
heat  in  the  products  of  complete  combustion,  thus  lowering 
the  potential  calorific  intensity  of  combustion.  There  exists 
then  an  absolute  guide  to  the  working  of  a  producer.  The 
value  of  V  must  be  made  a  maximum  by  using  the  minimum 
amount  of  primary  air,  and  as  much  steam  as  can  be  com- 
pletely decomposed  should  be  used  in  the  producer. 

A  true  sample  of  the  coal  to  be  used  should  be  burnt  in  a 
calorimeter  and  its  calorific  power  ascertained,  and  the  pro- 
ducts of  combustion  from  the  calorimeter  should  be  analysed, 
so  as  to  ascertain  the  ratio  of  hydrogen  to  carbon  in  the  coal. 
Analytical  tests  should  be  made  of  the  products  of  combustion 
of  tlie  fuel,  with  various  air  ratios,  so  that  the  miiiiinum 
excess  air  should  be  ascertained.  The  fixed  carbon  contents 
of  the  coal  should  also  be  ascertained,  and  then  the  ratio  of 
primary  to  secondary  air  can  be  finally  fixed.  From  an 
analysis  of  the  products  of  combustion  the  amount  of  steam 
which  had  been  used  in  the  producer  could  be  ascertained. 

Before  proceeding  further  in  regard  to  increasing  the  value 
of  A  +  V,  we  must  study  the  balance-sheet  of  an  open-hearth 
steel-melting  furnace  taken  at  the  reversing  valves.  Such  a 
balance-sheet  consists  of  the  following  items : — 


Heat  Balance-sheet,  Open 
Input  at  Gas- reversing  Valves. 

Calories. 

Sensible  heat  of  gas    A 

Heat    added  thereto    by  gas 

regenerator   B 

Heat  imparted  to  air  by  air 

regenerator   C 

Combustible  value  of  gas   V 


D 


E 


hearth  Stcel-mcltirnj  Furnace, 
Output.   Work  done  and  Losses  of 
Energy. 

Calories. 

Energy  derived  from  combustion 
of  a  portion  of  gas  and  air 
requisite  to  raise  products  of 
partial  combustion  to  tem- 
perature of  heated  charge  . . . . 
Heat  radiation  of  port  blocks  V 

Heat  added  to  charge   \\* 

Heat  transmitted  to  charge 
but  lost  by  radiation  from 

hearth   X 

Heat  lost  by  radiation  of 
roof  and  M  ails  of  combus- 
tion chamber   Y  -' 

Replacing  B    B 

Replacing  C    C 

Radiation    of    both    gas  \ 

chambers    Rg  r 

Radiation    of    both     air  1 

chambers    Ba  J 

Loss  in  A\  aste  gases   F 

Loss  of  gas  each  reversal   G 

Total  • … A+  B+  C+  V= D+  E+  B+  C+  R+  F+  G. 

The  following  should  be  carefully  noted  :  The  quantity  of 
heat  required  to  melt,  smelt,  and  superheat  the  charge  and 
slag  is  a  fixed  and  definite  amount  dependent  on  the  process 
adopted  and  material  charged.  The  loss  in  waste  gases,  and 
of  gas  on  reversal  (other  than  leakage  unnecessarily  taking 
place)  is  proportional  to  the  fuel  burnt.  The  loss  in  radiation 
is  proportional  to  time  and  temperature.  The  heat  recep- 
tivity of  the  charge  is  also  a  function  of  time.  Radiation 
losses  must  be  allocated  to  different  headings  according  to 
their  relation  to  the  regenerative  or  other  parts  of  the  furnace 
system. 

The  port  blocks  or  ends  of  the  furnace  down  to  the 
regenerators  do  a  minute  portion  of  regenerative  work,  which, 
for  reasons  previously  given,  is  negligible  as  to  utility,  but  it- 
must  be  remembered  that,  as  the  heating  surface  is  small  in 
ratio  to  the  radiating  surfaces  of  these  portions  of  the  fur- 
nace, the  heating  surface  may  have  its  temperature  rapidly 
elevated,  and,  owing  to  relative  heat  absorption  of  this  por- 
tion being  so  very  small,  it  naturally  is  most  liable  to  over- 
heating. Its  radiation  loss  has  been  made  a  separate  item 
in  consequence,  and  this  portion  of  the  furnace  is  treated  as 
not  a  portion  of  the  regenerative  system.  The  radiation 
losses  of  the  roof  and  side  walls,  and  of  the  hearth,  have  been 
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made  separate  items  as  the  relative  receptivities  of  heat  diilcr, 
and  it  may  be  necessary  not  to  reduce  the  former  too  much 
in  order  to  avoid  overheating  locally. 

The  sum  of  the  items  B  +  C  +  R  +  F  cannot  be  below  tlie 
amount  which  is  the  scnsil)!o  lieat  of  the  products  。）m- 
bustion  at  the  temperature  of  the  charge.  J t  must  also  not 
be  of  an  amount  that  makes  the  sensible  heat  of  the  \、'a、。、 
gases  involve  too  high  a  temperature  for  the  structure  of  the 
ports,  whose  heat  absorption  is  so  very  small. 

The  temperature  of  the  waste  ^ases  cannot  he  below  a  cer- 
tain amount,  that  is,  less  than  that  due  to  a  sensible  iioat 
equal  to  A  plus  the  amount  of  heat  rendered  latent  for 
regenerative  purposes,  owing  to  diflerence  between  the  sensihlc 
heats  of  the  constituents  and  products  of  combustion. 

Owing  to  this,  the  sum  of  B  +  C  +  R  +  F  must  be  greater 
than  the  sum  of  A  +  B  +  C  by  an  amount  greater  than  R，  so 
that  some  combustion  must  take  place  within  the  regenerator 
chambers.  This  again  takes  place  between  gas  and  air,  wliicli 
have  been  pre-heated  to  the  temperature  of  the  maximum 
temperature  of  the  flame  over  the  charge,  and  the  heat  recep- 
tivity of  the  ports  being  generally  lower  than  that  of  the 
charge,  they  become  in  consequence  the  hottest  portions  of 
the  furnace  system.  The  lower  the  temperature  of  the 
regenerators,  the  larger  item  D  becomes.  The  skilled 
melter  is  then  faced  with  a  whole  chain  of  incompatible  condi- 
tions, and  how  skilled  he  really  is  will  be  better  appreciated 
when  these  are  reviewed. 

In  an  ordinary  steel-melting  furnace,  unless  B  and  C  be 
large,  D  will  be  large,  and  for  W  to  exist  at  all,  there  must 
be  a  minimum  value  for  B  and  C.  There  is  only  one  way 
theoretically  possible.  The  melter  must  reduce  D，  and  he 
must  artificially  reduce  B  +  C  +  R  +  F.  He  does  this  by  reduc- 
tion in  the  amount  of  C，  by  not  passing  enough  air  for  com- 
bustion of  the  gas  through  the  inlet  air  regenerators,  and 
letting  the  balance  in  direct  from  the  atmosphere  through  the 
charge  door  next  the  exit  ports.  The  diminution  of  C  in 
quantity,  without  lowering  intensity,  reduces  D  considerably, 
whilst  producing  the  requisite  quantity  of  energy  by  com- 
bustion of  gas,  with  not  over-heated  air  in  the  ports.  This 
enables  him  to  obtain  generation  of  energy  simultaneously 
with  its  absorption  within  the  regenerators. 

The  method  is  crude,  and  ought  to  be  carried  out  on  scien- 
tific lines.  The  means  of  doing  so  constitutes  a  portion  of 
one  of  the  author's  inventions.  His  furnace  is  provided  with 
an  additional  recuperative  or  regenerative  system,  in  which  a 
portion  of  F  is  used  to  heat  air  delivered  to  the  air  regenera- 
tor chamber,  thus  reducing  C.  In  addition,  a  three-way  re- 
versing valve  system  and  suitable  connections  deliver  heated 
air  from  the  recuperator  or  extra  regenerator,  or  cold  air,  as 
desired,  to  the  upper  zones  of  the  outlet  regenerator  chambers, 
so  that  combustion  not  being  allowed  to  take  place  within  the 
outlet  ports,  the  latter  cannot  be  overheated.  This  furnace  is 
illustrated  in  Fig.  6. 

Where  the  excessively  high  temperatures  of  a  steel-melting 
furnace  are  not  required,  the  regenerators  may  be  allowed  to 
become  as  hot  as  the  charge,  and  item  D  rendered  nil,  while 
C  is  much  cut  down,  thus  allowing  a  neutral  or  even  reducing 
atmosphere  within  the  furnace  charge  chamber,  so  that  ingots 
may  be  heated  for  rolling  without  scaling,  bronzes  be  melted 
without  oxidation,  or  even  ores  reduced,  and  pig  iron  be  very 
economically  melted. 

The  appearance  of  item  D  has  a  doubly  pernicious  effect, 
as  will  be  seen  from  Fig.  7,  which  clearly  shows  in  part  sec- 
tional elevation  and  plan,  an  ordinary  type  of  open-hearth 
steel-melting  furnace.  The  point  at  which  item  D  has 
brought  about  the  requisite  flame  temperature  is  suggested 
by  an  arrow.  Now,  dependent  on  the  position  of  this  point, 
is  the  ratio  of  actual  heating  surface  of  the  bath  to  its  radia- 
tion surface,  and  hence  this  decides  the  vital  issue  of  tlie  rat  io 
of  W  to  (X  +  Y).  The  author,  therefore,  set  about  inventing 
a  means  of  removing  the  double  influence  of  D  on  W.  The 
invention  will  be  understood  from  Fig.  8. 

In  one  form  of  his  furnace  the  usual  gas  regenerator 
chambers  are  divided  into  a  large  gas  and  small  air-regenera- 


tor cliainber,  and  the  usual  air-r<*""'ii'"at'jr  rharnhers  aro 
divided  into  a  large  air  and  small  gas-regenerator  clianiber, 
each  pair  of  cliarnhers  having  its  own  regulating  and 
reversing  valve  systems,  tluM'e  hcin^  t  lm-  t  wo  an-  and  lw(j 
air  reversing  valve  systems.  Also,  the  liot  waste  gases,  instead 
of  being  led  into  a  chimney,  are  led  into  an  air  recuperator 
or  regenerator.  TIiiih,  item  D  is  made  to  take  place,  under 
full  control,  within  the  gas  and  air  ports  of  the  furnace.  The 
arrangement  in  Fig.  6  for  letting  in  cotA  air  into  the  outlet 
chambers  may  be  added  if  necessary. 

All  gas-regenerating  forms  of  furnace,  however,  ponseHB  an 
objectionable  feature,  namely,  item  G.  Tliis  may  not  be 
wholly  lost  where  recuperators  are  used,  but  the  lapse  of  time 
when  W  =  nil  is  really  a  serious  item  of  loss.  Gas-reversing 
valve  leakages  are  a  serious  cause  of  inconvenience  and 
damage,  as  well  as  loss  of  fuel.  Clearly,  then,  great  advan- 
tages must  accrue  if  gas  regeneration  can  be  avoided,  and 
items  13  and  G  disappear  from  the  balance-sheet. 

There  is  again  another  very  important  consideration.  In 
steel-melting  furnaces,  the  brickwork  is  "  seasoned  "  by  iron 
vapours  given  off,  which  become  oxidised  into  Fe304,  and 
increase  the  refractoriness  of  the  bricks.  But  the  hot  pro- 
ducer-gas reduces  this  to  FeO，  thus  fluxing  the  brickwork  in 
the  gas  regenerators  and  ports.  In  the  author's  furnace  (just 
described)  this  influence  would  be  lessened,  but  by  abandon- 
ing gas  regenerators  it  would  vanish,  and  the  air  regenerators 


Fig.  7. 


could  be  worked  to  as  high  temperature  as  the  charge.  So 
long  then  as  item  D  can  be  made  to  take  place  in  the  ports, 
especially  if  reduced  in  amount,  a  large  gain  will  have 
resulted.  If  the  air  be  allowed  to  become  as  hot  as  the 
charge ― and  there  is  no  objection  to  this ― combustion  of  the 
gas  within  the  gas  port  only  will  be  required  to  supply  item 
D.  The  following  invention  of  the  author's  enables  this  to  be 
achieved  (see  Fig.  8).  In  this,  the  usual  gas  regenerators  and 
gas-reversing  valve  are  useel  for  that  portion  of  the  air  supply 
required  to  produce  item  D.  Of  course,  a  separate  three-way 
gas-reversing  valve  system  is  provided,  and  suitable  leads  to 
the  gas  ports.  Recuperators  or  additional  regenerators  are 
also  provided,  as  indicated,  but  not  illustrated.  In  this  fur- 
nace the  balance-sheet  can  be  absolutely  modified  as  desired. 

B  is,  of  course,  deleted  from  both  sides,  and  F  may  be 
reduced  to  such  an  amount  in  theory  that  the  unavailable 
heat  of  COa  becomes  no  longer  fully  unavailable.  A  very 
peculiar  set  of  conditions  is  then  established.  A  may  be 
theoretically  doubled,  or  at  anyrate  V  be  increased  by  an 
amount  equal  to  A,  by  employing  a  portion  of  the  recuperator 
or  extra  regenerator  to  heat  the  air-blast  of  the  producer,  and 
using  more  steam  in  the  producer.  C  is  increased  owing  to 
the  higher  temperature  permissible  in  the  regenerators.  D 
would  suffer  to  the  extent  of  B  and  gain  to  the  extent  of 
increase  iu  C.    C  +  R  +  F  could  be  exactly  the  right  amount. 
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Thus,  if  increase  in  C ― B,  then  there  exists  a  large  gain, 
added  to  by  elimination  of  G. 

Assuming  the  gas  to  be  pure  air  gas,  there  will  be  for 
2,881  cubic  metres  of  air  gas  containing  1  cubic  metre  CO, 
and  air  containing  0"8  cubic  metre  02，  the  following  figures:  — 


Open-liearth  Furnace. 


Injmt. 

Calories. 

Si-nyible  heat  gas  at  500°  A=  470  *2 
Raising  same  to  1200° . .  B=  751  -6 

liaising  air  to  1200°  C-1015-7 

( 'alorilic  |n  >\\  cr  of  gas  .  .  \'  =  3003  *0 


Total 


5900 *5 


Output. 


Raising  gas  and  air  from 
1200。  to  1600°,  rendering 
some  heat  latent  : 

Mai  a  portion  of  D  

Balance   4790  o 


Total   5900-5 


Input. 

Calories. 

Sensible  heat  gas  at  500°  A=  470  -2 
Raising  air  to  1600° ....  C=2247  -7 
Caloritir  pow  cr  of  gas  . .  V  =  3063  -0 


lu'l/nolds1  Furnace  (Fig.  8). 


Total 


5780  -9 


Output. 

Calories. 

Raising  gas  from  500°  to 

1600°   1229-0 

Balance   4551  *3 

Total   5780  -9 


It  will  be  perceived  later  that  the  greater  deductions  for 
losses  from  the  former,  much  outweigh  the  lower  balance  in 
the  latter. 

The  author  is  well  acquainted  with  the  working  of  two 
batteries  of  open-hearth  furnaces,  the  one  acid  and  the  other 
basic,  the  former  belonging  to  one  of  the  greatest  and  most 
justly  celebrated  English  firms,  the  latter  to  an  equally  great 
and  justly  celebrated  continental  firm.  The  managers  are 
men  whom  the  author  believes  to  be  unsurpassed  in  skill  and 
ability  by  any  in  the  world.  The  furnaces  are  certainly  not 
worse  designed  than  any  of  the  present  day.  Yet  the  English 
furnaces  consume  9  cwts.  of  good  coal  per  ton  of  steel,  whilst 
the  continental  burn  4|  cwts.  to  5  cwts.  of  bad  coal  per  ton  of 
steel.  It  is  certainly  favouring  the  English  firm  if  it  be 
assumed  that  with  the  English  coal  at  the  continental  plant 
they  would  only  burn  4-]-  cwts.  The  continental  furnaces  are 
tapped  every  six  hours,  the  English  every  12  hours.  The 
charges  are  in  each  case  about  50  per  cent,  each  of  pig  and 
scrap,  and  the  basic  furnaces  are  run  on  low  phosphorus  pig. 

It  may  be  assumed  with  some  certainty  that  the  absolute 
heat  units  required  to  melt  and  smelt  1  kilogramme  of  steel  in 
each  case,  together  with  its  accompanying  slag,  is  about  400 
calories.  Taking  the  fuel  at  a  calorific  power  of  8,000  calories 
per  kilogramme,  there  is  in  each  case  0'05  kilogramme  of  coal 
required  to  melt  and  smelt  the  steel  and  slag.  The  loss  of 
energy  in  waste  gases  and  between  air  inlet  of  producer  and 
reversing  valves  is  about  50  per  cent,  of  the  fuel,  and  so  in 
each  case  radiation  losses  of  the  furnace  may  be  derived. 


Continental. 
Kilogrammes. 

Work  done    0  *05 

Loss  in  waste  gases,  and  in  producer 

and  gas  flues    0  -1125 

Balance  radiation    0  -625 


English. - 
Kilogrammes. 
• .  0-05 

. , 0  -225 
. . 0-105 


Total    0  -225 


0-450 


This  appears  a  shocking  result  in  the  English  furnace. 
Let  us,  however,  look  more  closely  into  the  conditions  in  the 
light  of  our  synthetically  reasoned  balance-sheets.  In  each 
case  it  takes  a  certain  time  to  raise  the  charge  to  1,200°,  and 
another  certain  time  to  raise  it  to  1,600°  and  fuse  it.  Up  to 
this  point  the  furnaces  behave  much  alike.  But  the  con- 
tinental furnace  is  engaged  on  structural  steel,  which  is 
quickly  run  down  soft  and  is  not  dead  melted,  so  about  two 
hours  suffices  for  the  process.  The  English  furnace  is  hard 
run  on  steel  dead  melted  as  far  as  possible.  It  has  to  be  run 
eight  hours  after  reaching  1,600°,  as  high  oxygen  contents  of 
the  bath  are  not  permissible  in  an  acid  furnace,  and  for  quite 
one  to  two  hours  an  endeavour  is  made  to  dead  melt,  that  is, 
deoxidise  the  steel. 

During  the  first  four  hours,  then,  about  100  calories  per 
hour  per  kilogramme  is  required  in  each  case.  During  the 
first  period  D  =  zero,  and  so  any  decent  furnace  will  do  the 
same   work.      But  in  the  succeeding  hours  perhaps  only  5 


(■alories  per  hour  per  kilogramme  are  required.  Ihen  is  the 
time  that  elimination  of  D  yields  its  great  saving,  when  the 
radiation  losses  are  deliberately  made  very  large  in  relation  to 
W.  High  potential  of  a  flame  entering  the  furnace  at  high 
teni])erature  must  shorten  the  melting  period  and  yield  some 
economy. 

Let  us  take  then  the  average  work  of  the  continental  fur- 
nace, translating  the  figures  into  work  done  by  0*538  kilo- 
gramme pure  C.，  which  yields  1  cubic  metre  C02,  evolving 
4,344  calories.  Let  us  assume  pure  air  gas  to  be  produced, 
and  the  waste  gases  to  issue  at  600。，  and  the  products  of  com- 
bustion to  contain  C02  and  02  in  the  ratios  of  10  to  3,  thus 
each  1  cubic  metre  CO  requiring  0  8  cubic  metre  02  for  its 
actual  combustion. 

Assume  the  regenerators  to  be  run  up  to  1,200°.  A  trial 
balance-sheet  can  then  be  made  as  follows : — 


Balance-sheet,  Average  Workiwj  of  Continental  Furiuice. 


470 

•2 

1) 

751 

■6 

W 

1615 

u 

3414 

•1 

X 

Y 

G 

B 

B 

C 

P 

H251 

■6 

. 751 *6  ) 
1015 -7  ( 
.1350  -7  I 

total  .... 


120'i' 


3718  0 


(； 2.31 


In  the  foregoing  a  fictitious  value  has  been  given  to  V, 
such  fictitious  value  being  derived  as  follows  ：  With  air  gas 
the  sensible  heat  would  be  821*3  calories,  1>ut  with  the  actual 


Fig.  8. 

gas  only  470*2  calories,  so  the  difference  has  been  added  to 
V,  making  the  latter  3,4141  calories  in  lieu  of  3,063  calories. 

From  the  above  can  be  calculated  approximately  the  work- 
ing of  the  furnace  at  the  dead-melting  period.  Item  G 
demands  attention  first.  This  can  be  influenced  in  a  variety  of 
ways,  but  obviously  it  should  bear  relation  to  the  amount  of 
radiation  to  maintain  a  constant  temperature  drop  between 
reversals.  The  practice  is  to  make  more  frequent  reversals 
the  higher  the  temperature,  and  really  there  is  much  to  be 
said  for  this.  At  the  time  D  becomes  a  large  item,  tempera- 
ture drop  becomes  the  more  serious.  Taking  the  average,  and 
putting  100  reversals  per  unit  gas  as  the  stock  heat,  so  that 
the  heat  charge  in  the  chambers  equals  that  of  100  times  the 
unit  of  gas,  or  50  times  that  amount  at  each  end  of  tlie  fur- 
nace, some  4  per  cent,  drop  of  heat  charge  takes  place  each 
reversal  period.  Taking  this  as  a  basis,  the  average  value  of 
G  may  be  estimated  as  follows  ： ― 

Assuming,  as  in  the  balance-sheet,  that  751 '6  calories  per 
unit  gas  are  taken  from  the  gas  regenerators  each  reversal 
period,  and  they  each  require  a  stock  of  heat  =  50  units  heat, 


广 


June  13，  1913J 


THE    MECHANICAL  ENGINEER. 


VA7 


then  the  stock  in  each  gas  chamber  becomes  50  x  751  6,  or 

37,580  calories  per  unit  gas.     This  lias  to  be  stored  uj>  m 

bricks  at  a  mean  temperature  equivalent  to,  say,  1  ，()（）（「，  and 

of  a  specific  heat  of,  say,  0  3，  or,  say,  300  calories  per  kilo- 

n        .  ，     ，，  .  ，        m   37,580  . 
gramme  brick.    Thus,  tlie  weight  ot  Itrn-k  would  l>e  k"(s. 

(or  125  27  kgs.).  One  cubic  metre  of  brick  weighs  about 
2,240  kgs.,  thus  the  volume  of  brick  required  per  unit  gas 

would  l)e，  say,  ^^xH)  metre,  or  about  0.05(5  metre. 

Taking  then  the  spaces  to  be  2*88l  to  one  brick,  so  that  the 
volume  of  CO  equalled  that  of  the  brick,  3，414'lx0  056 
calories  or  291  calories  would  be  lost  each  reversal.  This 
estimate  is  rendered  the  more  reasonable,  as  it  takes  no 
account  of  the  really  serious  loss  due  to  valve  leakage,  rru'lud- 
ing  valve  leakage,  the  amount  may  be  safely  put  down  at,  say, 
3067  calories. 

Assuming,  however,  that  the  spaces  are  less  than  2.881 
times  the  volume  of  the  bricks,  it  will  be  quite  reasonable  to 
put  the  loss  due  to  reversal  at  206*7  calories  niiniinuiii,  and 
as  reversal  occurs  oftener  wlien  the  furnace  is  hotter,  this 
figure  may  be  regarded  as  a  constant.  This  gives,  on  tlie 
average,  U  +  X  +  Y  +  R=  1,000  calories. 

As  an  estimate,  it  is  reasonable  to  suppose  the  radiation, 
<fec.,  loss  of  the  portions  above  the  regenerator  chambers  as  60 
per  cent,  of  this,  thus  making  R  =  400.0  calories.  Then 
B  +  C  +  R  +  F  =  4，  118.8  calories,  corresponding  to  a  tempera- 
ture of  between  1,500°  and  1,600°.  In  other  words,  the  mean 
temperature  involved  is  one  not  damaging  to  the  furnace. 
As  the  temperature  of  the  charge  rose,  so  as  to  require  1,600° 
on  the  slag,  F  would  have  to  be  increased.  But  the  loss  on 
reversal  is  a  sudden  loss,  represented  by  an  average,  so  tliat 
the  actual  temperature  of  the  waste  gases  for  most  of  the  time 
would  be  that  due  to  4,324*6  calories  or  1,600°.  But  when 
the  furnace  is  dead  melting,  that  is,  when  W  is  required  to 
be  nil,  the  conditions  are  much  altered.  By  combustion  the 
gas  and  air  have  to  be  raised  from  1,200°  to  1 ,600°,  and  in 
doing  this  some  heat  is  rendered  unavailable  in  C02.  The 
mere  raising  of  the  gas  and  air  to  1,600°  would  require 

478"0  +  632"0  =  1,110*0  calories,  or  the  combustion  of  01|?  2 
，  3414、 

unit  of  gas  containing  1  cubic  Tiietre  CO,  so  to  the  above 
figure  must  be  added  the  amount  of  heat  rendered  unavail- 
able at  1,600°  ；  this  would  be  about  130  calories,  making 
D  =  1,240  calories. 

The  foregoing  balance-sheet  would  tlien  become  as  fol- 
lows : — 

Continental  Furnace  Dead  Meltivij. 
Input. 

A  ：…  470-2 

B   751  -6 

C  :   1615-7 

V   3414  1 


Total   0251  1(> 


Total   U 


The  foregoing  might,  at  first  sight,  be  held  to  indicate 
that  the  furnace  in  question  was  an  apparatus  admirably  cap- 
able of  fulfilling  all  requirements,  save  and  except  that  one 
would  desire  to  reduce  items  F  and  G  with  a  view  to  economy. 
But  we  must  now  consider  not  merely  the  establishing  of  a 
balance-sheet,  but  whether  a  balance-sheet  is  capable  of  being 
maintained  at  all  by  such  a  furnace.  In  this  connection  we 
must  consider  the  rather  difficult  matter  of  heat-absorption- 
capacity  of  tlie  bath.  This  is  not  only  directly  but  indirectly 
affected  by  the  metallurgical  process  taking  place  therein.  The 
temperature  gradient  when  "  dead  melting  "  is  quite  altered 
by  the  chemical  reactions,  which  are  of  100  per  cent,  efficiency 
in  their  influence  on  the  bath  of  metal.  It  is  only  by  their 
being  of  100  per  cent,  efficiency  that  they  take  place  at  all. 

The  exothermic  reactions  require  absence  of  very  high  tem- 


perature for  their  occurrence,  and  the  endothermic  reactions 
the  presence  of  high  temperature.  These  two  influences  then 
cause  the  temperature  gradient  to  he  uniform  throughout  the 
hath  so  long  as  enough  reacting  eleiru'iits  are  present.  A 
ferruginous  slag  is  probably  a  fairly  good  heat  conductor. 

Again,  as  FeO  in  the  slag  is  combustible  into  F«-  * ),  ；"" I 
Fe  is  combustible  by  Fe304  into  FeO,  catalytic  reactions  tend 
to  cause  oxygen  to  he  transferred  indirectly  from  the  furnace 
gases  to  the  charge  of  steel,  the  more  rapidly  in  the  basic  than 
the  acid  process,  because  the  KeO  in  tlie  former 卜 in  olntion 
in,  and  in  the  latter  a  somewhat  stable  chemical  compound  of, 
the  slag.  It  may  be  seen,  then,  that  the  temperature  of  the 
steel  may  be  much  affected  by  management  of  tiie  process. 
The  action  of  large  lumps  of  ore  which  cause  some  direct 
reaction  between  Fe203  or  Fet(),  and  the  constituents  of  the 
l>ath,  must  be  very  different  to  that  of  small  luinj>s  wliirli  in, 
into  solution  in,  or  coinbinatioii  with,  tlie  slag. 

Again,  an  enormous  influence  is  exercised  by  the  question 
of  whether  reaction  takes  place  between  combined  or  uncom- 
bined  carbon  and  iron  oxide.  The  process  should  he  run  to 
enable  the  carbon  to  be  first  combined  before  being  oxidised, 
so  that  the  carbon  oxidation  stage  of  the  process  is  not  so 
endothermic.  To  enable  this  to  be  done,  the  charge  must 
contain  ingredients  the  oxidation  of  which  causes  great  evolu- 
tion of  heat,  or  the  charge  must  be  shielded  from  oxidation 
until  it  has  been  charged  with  enough  heat  to  make  the 
carbon  combine.  For  this  reason,  intt-r  "lift,  charges  only 
work  well  in  which  due  ratios  of  silicon  and  carbon  are  present 
when  first  melted  down. 

The  effect  then  of  chemical  reaction  is  to  remove  tempera- 
ture gradient  from  the  heating  surface  of  the  metal  to  the 
interior  surface  of  the  hearth,  and  thus  considerably  to 
increase  the  heat  receptivity  of  the  bath,  and  render  the 
furnace  heating  capacity  much  more  effective.  The  author 
first  realised  this  in  1896,  and  on  making  use  of  the  obvious 
deduction  therefrom,  considerably  surprised  those  associated 
with  him.  He  had  to  make  an  ingot  from  three  acid  furnaces, 
and  one  of  them  had  a  "  hard  tap-hole.1 '  In  spite  of  burn- 
ing so  much  gas  that  the  unfortunate  furnace  had  some  6in. 
or  more  of  the  port  blocks  fused  off,  in  spite  of  frequent 
reversals  and  every  dodge  known  to  skilled  workers,  during  the 
two  or  three  hours  the  hard-working  men  tried  to  tap  the 
furnace,  using  sledge-hammers,  the  charge  rapidly  cooled 
down,  until  only  about  15in.  depth  of  steel  below  the  slag 
remained  molten.  During  this  period  the  author  hit  on  tlio 
theories  just  expounded,  and  charged  the  furnace  with  some 
siliceous  and  carbonaceous  pig  iron  and  iron  ore.  In  poiup 
10  minutes  the  charge  tapped  itself  out.  After  this  practical 
proof  of  his  theory,  he  obtained  permission  to  make  further 
deliberate  trials  thereof.  A  certain  proportion  of  pig  and 
scrap  in  the  charges  in  the  best  working  furnaces  always  gave 
the  best  results,  and  lie  then  took  care  to  obtain  the  same 
composition  when  a  different  charge  was  melted  down.  Thus, 
even  using  93  per  cent,  scrap,  with  additions  of  10  per  cent, 
ferro-silicon  and  over  4  per  cent,  carbon  pig,  so  that  the 
charge  when  fused  was  the  same  composition  as  if  ordinary 
charges  had  been  used,  gave  the  same  result  not  only  in  quan- 
tity of  ore  and  time  required,  but  resultant  tests  of  the  steel 
produced.  The  Talbot  process  itself  is  somewhat  analogous 
in  its  principle  of  starting  from  a  given  ratio  of  pig  and 
scrap  after  each  pouring. 

Perhaps  the  author  may  at  this  juncture  be  allowed  to 
make  an  interesting  digression.  For  the  making  of  high-clas- 
steels  in  which  welding  up  blow-holed  ingots  is  unthinkable, 
it  will  probably  not  be  found  of  any  use  to  search  after  an 
ideal  much  sought  after  by  many,  that  is,  going  to  additional 
cost  and  trouble  to  produce  unpiped  ingots.  Until  semi- 
steels  can  be  produced  in  the  blastfurnace  or  other  raw- 
material -producing  furnace,  it  will  probably  always  pay,  in 
fact,  be  essential,  to  have  charges  containing  the  percentage 
of  scrap  now  produced  owing  to  the  piping  of  ingots. 

It  may  be  seen,  from  what  the  author  has  alluded  to  in 
regard  to  the  influence  of  chemical  reactions  on  the  tempera- 
ture gradient,  that  a  furnace  may  be  readily  capable  of  pro- 
ducing (with  a  given  heating  surface  in  relation  to  bulk  of 
charge)  a  steel  nearly  refined  of  its  oxygen.  But  such  a  fur- 
nace may  be  quite  incapable  of  maintaining  such  a  charge 
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molten  in  the  absence  of  such  influence  on  its  temperature 
gradient. 

Here  it  is,  then,  that  most  furnaces  fail.  Owing  to  the 
item  D  causing  serious  diminution  of  the  ratio  of  heating  to 
radiation  surface  of  the  charge,  and  the  heat-conduction  capa- 
city of  the  slag  and  metal  depending  on  the  relative  potential 
calorific  intensity  of  the  flame  and  charge,  it  is  not  possible 
at  high  temperatures  to  force  through  the  slag  enough  heat 
units  to  provide  for  X,  and  W  becomes  negative  in  conse- 
quence. The  use  of  more  gas  results  in  additions  to  the  stock 
of  heat  in  the  regenerators,  and  diminution  in  D,  but  the 
rapid  stocking  of  heat  in  the  regenerators  causes  serious  local 
over-heating  of  the  ports  and  regenerators.  Here,  then, 
comes  in  the  great  importance  of  the  author's  principle  of 
safety  causing  item  D  to  take  place  within  the  entrance  ports. 

Supposing,  in  the  author's  continental  instance,  that  at  a 
temperature  of  1,600°  the  item  D  takes  place  at  such  a  point 
that  only  three-fourths  of  the  slag  surface  becomes  heating 
surface,  and  that  when  the  furnace  is  maintaining  constant 
stock  heat  at  1,200°  maximum  in  the  regenerators  that  W  = 
200  calories,  then,  when  dead  melting,  the  sum  of  radiation 
losses  would  be  increased  by  that  amount,  that  is  U  +  X 十 Y 
by  120  calories,  and  R  by  80  calories.  Owing  to  the  increased 
heating  surface  due  to  making  D  take  place  within  tlie  ports 
at  the  entrance  end  4/3  more  heat  units  could  be  forced 
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through  the  slag  and  U  +  X  +  Y  be  reduced  by  25  per  cent. 
The  dead  melting  conditions  would  be  as  follows :  In  tlie 
furnace  as  at  present 

U  +  X  +  Y  =  652-1  +  120=  772*1,  W  =  -20. 
In  the  furnace  with  item  D  occurring  within  the  ports 

U  +  X  +Y  =  3  x  7472'1  =579  1,  W=  772.1  — 579.1  x  20  =  172.1. 

In  the  one  case  it  could  not  maintain  the  charge  molten,  in 
the  other  it  could  rapidly  superheat  it.  Supposing,  however, 
in  the  furnace  in  question,  the  regenerators  were  allowed  to  be 
run  at  1,600°,  so  as  to  eliminate  item  D  from  the  balance- 
sheet,  the  effect  would  be  as  follows  when  W  —  nil  ： ~ - 

B  +  C  would  be  increased  by  amount  =  D，  and  U  +  X  + 

， n  ，                        1240  X  4 
Y  +  R  by  a  like  amount,  namely,  R  by  an  amount  =  

496  calories.  Thus  R  +  B  +  C  +  F  would  equal  4,152*8  + 
1,240*0 +  496'0  or  5,888*8  calories,  corresponding  to  a  tempera- 
ture of  over  2,000°  C-  Such  temperatures  are,  of  course,  out 
of  the  question.  Producer  gas  at  1,600°  would  ensure  the 
formation  of  iron  silicates  with  a  fusion  point  of  well  under 
1，500°  in  the  brickwork,  and  the  bricks  will  not  stand  a 
temperature  of  above  1,800°,  even  when  impregnated  with 
Fe30^.  By  working  one  of  the  author's  furnaces  so  that  the 
flame  at  its  entrance  into  the  furnace  is  maintained  at  1,600°, 
the  calorific  intensity  is  maintained  high,  and  thus  the  heat 
absorption  capacity  is  also  maintained  at  a  high  figure, 
admitting  of  a  large  gas  consumption  and  small  radiation 
loss.  The  charge  may  be  so  superheated  that  the  chemical 
reactions  when  they  occur  do  not  absorb  heat,  or  at  anyrate 
not  to  such  a  degree.  Thus,  more  rapid  working  and  much 
better  deoxidation  become  possible,  producing  not  only  econo- 
mies in  fuel  and  repairs,  but  admitting  of  the  production  of 
steels  of  far  better  quality.  Much  less  skill  and  care  would 
be  required  in  working  such  a  furnace  than  one  of  the  ordi- 
nary type. 

Enough  has  been  written  to  show  the  very  serious  defects 
of  the  ordinary  open-hearth  furnace,  and  to  indicate  the  class 
of  alterations  and  additions  required  thereto.  When  the 
objectionalole  hot  chimney  is  dispensed  with,  regeneration  may 


be  carried  as  far  as  desirable.  All  that  is  necessary  is  that 
the  regenerators  should  require  an  enormous  amount  of  heat 
to  be  stored  up  in  them,  and  that  from  the  lighting  up  the 
furnace,  reversals  should  take  place  the  moment  the  waste 
gases  arrive  at  a  certain  temperature.  Metal  regenerators 
should  be  used  for  the  lower  temperature  zones,  and  the  ratio 
of  surface  to  volume  of  each  regenerator  unit  should  be 
inversely  as  the  temperature.  By  reducing  the  temperature 
of  the  outlet  gases  25  per  cent,  economy  of  fuel  may  be 
secured. 

By  maintaining  combustion  within  the  inlet  ports  the  full 
surface  of  the  bath  becomes  available  as  heating  surface,  so 
that  an  average  economy  of  some  40  per  cent,  to  50  per  cent, 
in  fuel  could  be  secured  in  steel-melting  furnaces.  It  is  well 
to  realise  wliat  a  poor  and  hampering  device  to  secure  draught 
a  hot  chimney  is.  At  600°  C.  the  products  of  combustion  of 
pure  air  gas  (1  cubic  metre  of  CO +  1.881  cubic  metre  of  N2) 
would  be  1  cubic  metre  of  CO2  +  0'3  cubic  metre  of  02  +  4*891 
cubic  metre  of  N2，  or  a  total  of  6191  cubic  metres  of  gases, 
with  a  sensible  heat  of  1,350*7  calories,  or  126  h.p.  The 
buoyancy  in  a  very  tall  chimney  would  be  a  bare  2in.  of 
water. 

The  worst  suction  fan  on  the  market  would  produce  a 
higher  buoyancy  than  the  entire  energy  of  the  fuel  at  a  very 
small  fraction  of  tlie  power  expenditure.  The  effect  of  slight 
positive  or  negative  pressure  has  a  distinct  influence  on  the 
carbon  reaction,  as  may  be  perceived  from  the  frothing  up 
of  slag  on  reversal.  Thus  many  advantages  may  accrue  from 
being  able  to  control  these  influences  better  by  means  of 
powerful  mechanical  draught. 

Physical  laws  demand  a  minimum  of  excess  air  being 
required  to  allow  combustion  to  become  quite  complete, 
besides  whicli,  lack  of  difference  in  directions,  and  velocities 
of  gas  and  air  streams,  hinders  physical  contact  between  the 
constituents  of  combustion,  and  causes  further  surplus  air  to 
be  required.  Small  furnace  ports,  with  inlet  gas  and  air 
under  pressure,  are  therefore  necessary  to  lower  the  excess 
air  required,  and  high  suction  power  to  exhaust  the  gases  of 
combustion  through  them. 

Several  years  ago  the  author  had  considerable  experience 
in  working  furnaces  he  had  designed  for  vertically  heating 
very  long  forgings  for  hardening.  These  furnaces  had  air 
inlets  into  the  gas  ports  at  the  bottom  and  air  inlets  at 
intervals  in  their  height.  The  heating  was  more  economical 
and  uniform  when  combustion  was  allowed  to  be  so  incomplete 
that  a  long  bright  flame  issued  a  considerable  height  into  the 
atmosphere.  Some  recent  experiences  with  Bunsen  gas-burner 
furnaces  using  illuminating  gas  were,  however,  even  more 
instructive.  With  air  at  21bs.  per  square  inch  a  temperature 
of  only  1,450°  C.  was  obtainable,  but  with  air  at  lOlbs.  per 
square  inch  a  temperature  of  1,550°  C.  was  reached.  With 
the  inverse  type  of  burner,  with  the  gas  at  501bs.  per  square 
inch,  a  temperature  of  1,600°  was  reached,  proving  that  there 
was  a  very  minute  excess  of  air  above  that  required  to  satisfy 
the  chemical  equations  involved. 

Under  the  best  working  conditions  interesting  physical 
phenomena  manifested  themselves.  Groups  of  molecules  of 
gas  and  air  met  so  sharply  that  the  flame  "  roared  "  and  a 
green  ray  appeared  in  it,  the  latter  being  due  to  the  carbon 
and  hydrogen  of  tlie  hydrocarbons  being  brought  into  such 
violent  contact  with  oxygen  that  it  liardlv  admitted  of  the 
production  of  incandescent  carbon  and  hence  the  green  ray ― 
at  least  that  is  the  author's  explanation  of  it.  It  appears  (he 
is  informed)  when  porcelain  burners  are  used,  and  is  not  due 
to  combustion  of  copper  or  other  metals. 

It  should  be  noted  that  by  opening  a  furnace  door  the 
fui'naceman  upsets  the  working  conditions  of  his  furnace  and 
deceives  himself  as  to  what  is  normally  taking  place  therein. 
The  furnace  should  be  provided  with  sight-holes  (water-cooled 
where  necessary)  and  closed  from  the  atmosphere  by  means  of 
glass  or  mica.  It  may  be  too  hot  in  their  neighbourhood  for 
the  furnaceman  to  place  his  eye  close  to  them,  and  he  should 
be  provided  with  an  optical  iustrument  to  overcome  this. 
The  author  mentioned  this  to  a  friend,  who  told  him  that  such 
instruments  are  employed  to  enable  the  captains  of  dirigible 
balloons  to  observe  the  engines  as  if  thev  were  close  to  tliem. 
The  class  of  sight-hole  aud  telescope  required  are  diagram- 
in  atically  illustrated  in  Fig.  9. 
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In  conclusion,  the  author  would  point  out  tliat  his  furnaces 
are  all  based  on  the  types  of  construction  shown  or  indicated  in 
Figs.  6  and  8  in  conjunction  preferably,  and  in  some  cases 
necessarily,  with  his  controlling  devices,  illustrated  in  Figs.  1 
and  2,  and  already  described. 

In  all  cases  the  main  {hi^h  temperature)  regenerative 
system  may  be  one  in  which  the  waste  gases  issue  at  a  fairly 
high  temperature,  say,  600°  C.，  and  may  be,  and  preferably 
are,  further  cooled  in  an  additional  air  regenerative  or 
recuperative  system  not  shown  in  the  diagrams.  If  the 
former,  it  will  require  a  four-way  reversing  valve  system  for 
the  hot,  and  anotlier  for  the  cool  gases. 

Mechanical  forced  draught  is  employed  for  the  primary 
and  secondary  air,  and  preferably  also  for  suction  of  the  waste 
gases. 

If  air  regeneration  alont1  is  required  (as  is  the  case  in  steel - 
melting  furnaces,  where  the  temperature  required  is  too  high 
to  render  gas  regeneration  other  than  disadvantageous),  th" 
furnace  may  have  its  main  regenerators  extended,  as  shown 
in  Fig.  8，  and  the  outlet  gases  may  issue  at  a  very  low  tempe- 
rature therefrom.  It  will  have  the  double  set  of  air  regene- 
rators and  air-reversing  valves,  to  provide  for  combustion  of 
gas  within  tlie  gas  inlet  port,  as  shown  in  Fig.  8，  and  the 
provision  for  leading  air  into  the  exit  chambers.  The  regene- 
rators are  in  all  cases  run  at  as  higli  a  maximum  temperature 
as  is  required  by  the  charge. 

When  a  very  strongly  reducing  flame  is  required  in  the 
working  chamber  and  the  maximum  temperature  admits 
thereof,  the  furnace  is  provided  with  gas  regenerators  and 
takes  the  form  shown  in  Fig.  6，  and  is  provided  with  auxiliary 
air  regenerators  or  a  recuperator. 

When  oil  is  the  fuel  used,  the  vaporiser  is  heated  by  liot 
waste  gases  from  the  main  regenerators  of  either  form  of 
furnace  indicated  by  Figs.  6  and  8，  and  the  waste  gases  from 
the  vaporising  chamber  are  led  into  an  auxiliary  regenerative 
system  or  recuperator  for  heating  the  air  led  into  the  main 
regenerators. 


Fatal  Crane  Accident. ― A  crane  accident  of  an  unusual 
character  occurred  recently  at  the  works  at  Grimesthorpe, 
Sheffield,  of  Messrs.  Cammell,  Laird,  &  Co.  It  appears  that 
during  the  working  of  the  crane  the  bearings  became  loose, 
and  one  of  the  rollers  flew  out,  striking  a  workman  on  the 
back  of  the  head  with  fatal  results.  The  roller  weighed  about 
5^1bs.,  and  flew  about  20ft.  At  the  inquest  on  the  deceased 
Mr.  F.  W.  Smith,  assistant  engineer,  explained  that  it  was  a 
most  unusual  occurrence  for  the  bearings  of  a  crane  to  become 
loose.  He  had  never  before  experienced  difficulty  in  this  way. 
The  displacement  of  the  bearings  must  have  been  caused 
either  by  the  rollers  becoming  twisted  or  that  some  grit  had 
got  in  and  caused  some  friction  which  lifted  up  the  ring 
holding  the  rollers  in  position.  It  would  be  possible  to  prevent 
a  recurrence  by  fixing  a  guard  on  the  top  of  the  ring.  The 
usual  verdict  of  "  Accidental  death  "  was  returned. 

Boiler  Explosion  on  a  Barge. ―  Judgment  was  delivered  on 
Saturday  last  at  Liverpool  in  the  Board  of  Trade  enquiry 
into  the  boiler  explosion  on  the  steam  barge  "  City  of  Liver- 
pool/' as  she  was  proceeding  through  the  Manchester  Ship 
Canal,  near  Runcorn,  in  February,  as  a  consequence  of  which 
the  engineer  was  killed.  The  vessel  was  owned  by  the  North 
Lonsdale  Iron  and  Steel  Company,  of  Ulverston,  and  the 
boiler  was  built  by  Messrs.  Stevenson,  Ltd.,  of  Preston.  The 
Court  found  that  the  customary  inspections  and  tests  of  the 
boiler  had  revealed  no  leakage.  The  engineer  found  a  stay 
leaking  while  the  vessel  was  at  Lancaster  in  January.  He  cut 
the  nut  off  and  wrapped  the  stay  with  asbestos  cord,  instead 
of  caulking.  This  was  the  first  circumstance  which  brought 
about  the  fatal  explosion.  A  subsequent  examination  dis- 
closed that  the  stay  had  been  cracked  and  corroded  for  some 
time,  a  defect  which  was  accentuated  by  the  treatment  it 
received,  as  the  threads  were  completely  worn  away.  The 
whole  strain  of  the  boiler  pressure  was  thus  allowed  to  come 
on  the  stay,  which  gave  way.  The  cause  of  the  explosion  was 
of  rare  occurrence,  only  one  previous  instance  having  come  to 
notice.  The  Court  further  found  that  neither  the  owners  nor 
the  insurance  company  were  to  blame. 


DRIVING  AND  REVERSING  GEAR  FOR  PLANING  MACHINES. 

The  arrangements  of  driving  and  reversing  gear  for  planing 
niacliines,  illustrated  herewith,  have  been  designed  and 
patented  by  Messrs.  Joshua  Buckton  &  Co.,  Ltd.,  Wellhouse 
Foundry,  Leeds,  in  conjunction  with  Mr.  C.  W.  James.  Fig. 
1  shows  a  plan  view  of  an  arrangement  for  giving  variable 
cutting  speeds  with  a  (jtiick  return,  whilst  Figs.  2  and  3  show, 
respectively,  end  and  side  elevations  of  portions  of  the  Hame. 
On  the  shaft  A,  which  is  uniformly  driven  from  a  motor 
drive  or  otherwise,  is  mounted  a  pinion  II.  This  pinion  gears 
with  the  wheel  J,  mounted  on  an  independent  shaft  C.  On 
the  shaft  C  is  arranged  a  double-ended  reversing  friction 
clutch,  the  central  portion  D  of  which  is  firmly  fixed  to  this 
shaft.  The  wheel  J  and  pinion  II  are  so  proportioned  as  to 
produce  a  speed  suited  for  a  (juick  return  for  the  gear  of  the 
machine  table,  acting  through  the  central  portion  of  the 
clutch  D.  Another  pinion  L,  arranged  on  shaft  B,  gears 
with  the  wheel  M  which  rotates  in  the  opposite  direction  to 
that  of  the  wheel  ，T.  This  shaft  B  rotates  in  the  reversed 
direction  to  that  of  the  first  driving  shaft,  and  has  sets  of 


Driving  and  Reversing  Gear  for  Planing  Machines. 


change-wheels  thereon  for  producing  (when  brought  into 
gear  with  the  first  motion  shaft)  the  desired  variability  in 
the  speeds  of  the  "  cutting  stroke  "  of  the  planing  machine. 
The  gear  box  E  is  oil  charged  in  the  usual  way.  The  clutch 
shaft  is  supported  on  the  gear  box  E，  at  one  end,  in  the  bear- 
ing shown,  and  at  the  other  end  in  a  worm  and  wormwlieel 
gear  box  F.  In  the  arrangement  shown  G  is  the  worm  and 
N  is  the  wormwheel  mounted  on  a  slanting  shaft.  The 
wheels  T，  mounted  on  the  shafts,  A  and  B,  passing  through 
the  gear  box  E,  are  suitable  in  diameter  for  producing  tlie 
variable  speeds  desired  for  the  cutting  strokes.  It  will  be 
noted  that  the  reverse  direction  of  rotation  for  the  shaft  B, 
thus  secured  by  the  direct  mesh  of  the  change  wheels,  is  that 
necessary,  and  made  use  of  for  producing  the  reverse  drive ― 
i.e.y  the  cutting  drive ~ of  the  double-ended  reversing  clutch, 
hence  the  compactness  and  simplicity  of  the  whole  arrange- 
ment. 

When  it  is  desired  to  alter  the  drive  to  suit  a  double 
cutting  machine,  an  additional  "  idle  wheel  and  axle  "  is 
used,  so  that  the  variability  of  the  cutting  speeds  may  be 
supplied  in  both  directions  of  the  table  as  shown  in  Figs.  4 
and  5.    In  this  case  the  same  drive  is  arranged,  but  with 
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additions,  as  follows  ：  On  the  prolongation  of  the  shaft  B  of 
the  change-speed  gear  box  E  is  another  pinion  0，  and  in 
order  that  this  shall  finally  drive  the  gear  in  the  correct 
rotating  direction  with  the  other  oppositely  running  wheel 
P  (connected  with  the  double-ended  reversing  clutch  as  used 
in  the  other  example)  an  idle  wheel  R  and  axle  S  is  intro- 
duced. In  this  way  the  correct  direction  of  drive  and  the 
desired  variability  of  cutting  speeds  in  both  directions  of  tlie 
inat'liine  table  is  attained.    In  order,  however,  to  retain  the 

" quick  return  "  gear 
1  and  use  it  at  will,  the 

quick  return  pinion  TI 
and  also  that  of  the 
idle  wheel  R  and  axle 
S  (that  is,  the  pinion  R 
of  the  idle  wheel  and 
axle)  are  mounted, 
so  that  they  may 
mutually  slide  in  and 
out  of  gear,  and  so 
make  way  for  one 
another.  Although  do 
further  shaft  is  re- 
quired, other  than  that 
for  tlie  idle  wheel  R，  it 
it  is  found  convenient 
in  practice  for  retain- 
ing the  simplicity  of 
the  gear  at  T，  to 
arrange  a  second 
driven  wheel  J  on  that 
en d  of  the  clutch 
which  is  to  be  alterna- 
tively brought  back 
into  use  for  the  "quick 
return  ，，  speed.  At  K 
is  shown  the  position 
of  a  fulcrum  for  a  lever 
whose  outer  ends  en- 
gage with  bosses  on 
the  sliding  pinions, 
H  and  R，  for  the  pur- 
pose of  putting  these 
wheels  or  pinions  in 
and  out  of  gear,  when 
a  change  is  made  from 
variable  cutting  in 
both  directions  to 
variable  cutting  in  one 
direction  with  quick  re- 
turn in  the  other.  The 
sliding  innions  are  mounted  on  feathers.  The  change-speed 
gear  box  E  has  but  one  necessary  secondary  shaft  B  (however 
many  changes  may  be  required),  and  that  one,  being  in  direct 
mesh  with  the  driving  shaft  A，  produces  the  requisite  reverse 
motion  required  for  the  reverse  end  of  the  clutch. 


；. 4  and  5.— Driving  and  Keversinr 
Gear  for  Planing  Machines 


Explosion  in  a  Submarine.  ―  An  explosion  occurred  a  few- 
days  ago  in  the  engine-room  of  Submarine  E  5，  which  was 
proceeding  to  Portsmouth  after  completion  by  Messrs.  Vickers 
at  Barrow.  As  a  result  of  the  explosion  one  man  was  killed 
and  a  number  of  others  more  or  less  seriously  injured. 

Launch  of  a  Cunarder. ― The  "  Alaunia/'  the  latest  addition 
to  the  Cunard  Company's  Canadian  fleet,  was  successfully 
launched  at  Messrs.  Scott's  yard  at  Greenock  on  Monday  last. 
The  launch  was  to  have  taken  place  on  Saturday,  but  had  to  be 
postponed  on  account  of  boisterous  weather.  The  "  Alaunia  " 
is  the  fourth  vessel  built  specially  for  the  rapidly-developing 
trade  between  the  home  country  and  Canada.  A  feature  of 
the  ship  is  that  her  passenger  accommodation  will  be  for  two 
classes  only,  and  the  usual  first  and  second  classes  are  to  be 
fused  into  one  class,  a  standard  feature  of  which  will  be  its 
remarkable  quality.  The  complement  of  passengers  in  this 
department  will  be  520,  and  in  the  third  class  1,620. 


THE  GAS  ENGINE  IN  THE  STEEL  INDUSTRY." 

JiY  HKINHICH  J.  KiiEYN. 

Since  1906,  American  gas-engine  builders  have  furnished 
about  500,000  h. p.  of  gas  engines  in  units  above  500  h.p. 
capacity,  the  great  majority  of  which  are  operated  on  blast- 
i'uruace  gas.  Within  the  last  two  years,  however,  the  demand 
for  gas  engines  seems  to  have  fallen  off,  and  only  comparatively 
few  gas-engine  installations  were  put  down  in  this  country.  It 
is  time  to  analyse  the  underlying  causes  and  to  endeavour  to 
clear  our  minds  concerning  the  economic  position  of  the  gas 
engine  as  compared  with  that  of  the  steam  turbine  and  the 
turbo-blower. 

Gas  engines  to-day  are  used  almost  to  the  exclusion  of 
steam  turbines  and  turbo-blowers  in  German  steel  and  coke 
oven  plants,  and  the  demand  for  large  gas  engines  is  so  great 
that  the  five  foremost  engine  manufacturers  in  Germany  alone 
are  building  such  engines  at  the  rate  of  about  120  per  year. 
To-day  we  claim  the  blastfurnace  and  coke  oven  plants  as  the 
natural  field  for  the  large  gas  engine  and  tlie  field  where  its 
greatest  development  will  lie  in  the  immediate  future.  In  the 
enormous  field  of  power  generation  directly  from  coal  in  the 
large  central  power  plants  of  our  cities,  the  steam  turbine  is 
in  undisputed  possession  and  will  doubtless  remain  so  until 
the  producer  gas  plant  or  gas  turbine  reaches  a  further  stage 
of  development. 

Let  us  assume  a  blastfurnace  plant  of  eight  furnaces  of 
about  450  tons  capacity  each,  producing  about  3,600  tons  of 
pig  iron  per  24  hours.  The  amount  of  blastfurnace  gas 
generated  in  this  plant  will  be  22,500,000  cub.  ft.  per  hour, 
since  it  is  generally  agreed  that  150,000  cub.  ft.  of  gas  is 
liberated  per  toil  of  pig  iron  produced  per  24  hours.  This  gas 
will  have  an  average  heat  value  of  95  B.T.U.  per  cubic  foot. 
Of  tliis  total  quantity,  about  40  per  cent.,  or  9,000,000  cub.  ft., 
is  used  for  heating  the  blast  in  the  stoves  or  lost  by  leakage. 

For  gas  blowing  engines,  about  2,600  b.li.p.  per  furnace  are 
required,  which  consume,  at  the  rate  of  12,000  B.T.U.  per 
brake  horse-power  hour,  about  330,000  cub.  ft.  of  gas  per  hour, 
or  for  eiglit  blastfurnaces  2,640,000  cub.  ft.  An  additional 
quantity  of  460,000  cub.  ft.  per  hour  for  eight  blast- 
furnaces will  be  necessary  to  produce  in  gas-electric  engines 
tlie  required  power  to  operate  the  furnace  auxiliaries,  such  as 
air  compressors  for  mud  guns,  skip  hoists,  ore  handling 
machinery,  transfer  cars,  bells,  lighting,  and  so  on. 

The  total  quantity  of  blastfurnace  gas  which  has  to  be 
deducted  amounts  thus  to  12,100,000  cub.  ft.  per  hour.  In 
other  words,  there  will  remain  for  use,  outside  of  blastfurnace 
operation,  10,400,000  cub.  ft.  per  hour.  This  quantity  of  gas 
represents  at  a  heat  value  of  95  B.T.U.  per  cubic  foot  the  total 
" 画 nt  of  heat  of  1,000,000,000  B.T.U.  per  hour. 

To  make  use  of  this  available  quantity  of  heat  for  power 
generation,  gas-electric  engines  or  steam  turbo-generators  can 
be  installed.  In  the  former  case,  the  available  quantity  of 
heat  will  produce  at  the  rate  of  16,200  B.T.U.  per  kilowatt- 
hour  at  the  switchboard,  corresponding  to  an  average  thermal 
efficiency  of  21  per  cent.,  a  total  of  about  60,000  k\v. 
(£0,000  b.h.p.).  If  this  available  quantity  of  heat  is  con- 
verted into  power  through  gas-fired  boilers  and  steam  turbo- 
generators, the  maximum  capacity  of  the  power  plant  would 
be  about  30,000  kw.  (45,000  b.h.p.)  if  a  heat  consumption  of 
32,500  B.T.U.  per  kilowatt-liour,  or  a  thermal  efficiency  of 
10*5  per  cent.,  of  the  steam  plant  is  assumed. 

Such  conditions  exist  to-day  in  this  country  at  Gary  in  the 
largest  steel  plant  in  the  world,  where  gas-engine  generators 
of  a  total  capacity  of  about  68,000  kw.  maximum  continuous 
rating  will  be  in  operation  within  a  few  months.  During  the 
last  year  the  maximum  continuous  rating  of  this  plant  was 
50,000  kw.,  and  the  average  use  factor,  including  Sundays,  was 
64*5  per  cent.  Assuming  the  same  use  factor  in  the  future, 
when  the  plant  capacity  will  be  68,000  kw.，  and  deducting  the 
Sundays,  the  use  factor  for  313  working  days  would  be  76  per 
cent.,  so  that  52,000  kw.  will  be  generated  every  working  hour 
to  meet  the  power  demands  of  the  steel  plant  itself  and  of  the 
allied  indiistries  located  in  its  vicinity. 

If  in  this  steel  plant  steam  turbines  liad  been  installed, 
only  one-half  of  this  power  demand  could  have  been  covered  by 
burning  blastfurnace  gas  under  boilers,  so  that  for  the 
remainder  of  30,000  kw.,  it  would  have  been  necessary  to  use 

*  Abstract  of  papei*  presented  b 3 fore  the  American  Irou  and  Steel  Institute, 
New  York,  May  23rd. 
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steam  coal.  Assuming  a  coal  consumption  per  kilowatt-hour 
of  31bs.  of  coal  of  10,500  B.T.U.  per  pouiul,  which  would 
correspond  to  10*8  per  cent,  thertnal  efficiency  at  the  switch- 
board, there  would  have  been  required  3  x  30,000  x  24  x  ― 
G76,000,0001bs.,  or  300，()(K)  gross  tons  o!"  coal  per  year.  At  a 
price  of  $2.50  per  gross  ton  as  fired,  wliicli  is  the  ])revailin^ 
price  in  that  locality,  tlie  total  expenditure  (or  coal  per  year 
would  have  been  $750,000. 

As  gas-electric  engines  were  installed  in  this  plant,  t  lie 
requisite  additional  power  of  30,000  kw.  is  obtained  by 
utilising  directly  that  portion  of  the  available  blastfurnace  gas 
which,  in  the  case  of  steam  equipment,  it  would  have  been 
necessary  to  replace  by  coal  ；  so  that  the  cost  of  coal,  less  Hie 
difTerence  between  fixed  charges  and  operating  expenses  per 
annum  of  a  30,000  kw.  gas-engine  plant  and  a  30,000  kw.  steam 
turbine  installation  represents  the  actual  annual  saving  with 
which  the  Gary  blastfurnaces  must  be  credited. 

A  gas-engine  power  plant  of  the  required  capacity  of 
30,000  kw.  can  to-day  be  duplicated  for  less  than  $90  per 
kilowatt  maximum  continuous  rating,  all  legitimate  expenses 
included.  A  steam  turbine  plant,  with  boilers,  economisers, 
superheaters,  condensers,  pumps,  coal  and  ash-handling 
machinery,  and  other  auxiliaries  for  boiler  and  turbine  opera- 
tion would  cost,  under  steel  mill  conditions,  from  i|65  to  $70 
per  kilowatt  maximum  continuous  rating. 

Figuring  on  15  per  cent,  fixed  charges  per  annum  and 
J(p70  per  kilowatt,  there  has  to  be  deducted  from  the  gross 
saving  of  $750,000  the  product  0*15  x  20  x  30,000，  or  $90,000. 

The  operating  expense,  without  fuel  cost  or  fixed  charges, 
of  the  Gary  power  plant  in  1912,  at  a  use  factor  of  64'5  per 
cent.,  Sundays  included,  was  0.0824  c,  per  kilowatt-hour, 
delivered  at  the  switchboard.  The  corresponding  expense  for 
a  steam  turbine  installation  of  the  requisite  capacity  and 
operating  at  the  same  use  factor,  may  be  assumed  about  20 
per  cent,  lower,  so  that  the  excess  operating  cost  of  the  gas- 
engine  plant  per  annum  would  be  0*016  c.  x  30,000  x  24  x  313 
=|36，000，  which  amount  would  further  reduce  the  gross 
saving. 

The  total  reduction  to  be  made  from  the  gross  saving  is 
$126,000，  and  the  net  saving  per  year  amounts  to  $624,000. 
An  eight-furnace  blastfurnace  plant  will  produce  about 
1,200,000  tons  per  year,  so  that  the  pig  iron  account  should 
receive  a  gas  credit  of  52  c.  per  ton,  simply  because  no  steam 
coal  had  to  be  fired  to  cover  the  power  demand.  Incidentally, 
this  saving  in  cost  of  pig-iron  production  represents  an 
equivalent  saving  of  national  wealth.  That  is, 暑 corresponds 
to  a  quantity  of  300,000  tons  of  coal  put  aside  annually  for 
our  children  and  children's  children. 

With  turbo-blowers  installed,  the  situation  would  be  ：  The 
total  quantity  of  blastfurnace  gas  from  eight  blastfurnaces, 
after  deducting  the  gas  used  for  stoves,  lost  by  leakage 
(9,000,000  cub.  ft.)  and  utilised  for  power  purposes  of  the 
blastfurnace  plant  itself,  but  without  blowing  engine  require- 
ments, would  be  12,600,000  cub.  ft.  per  hour,  since  for  blast- 
furnace purposes  alone,  about  900,000  cub.  ft.  of  gas  per  hour 
would  now  have  to  be  used  on  account  of  producing  the 
requisite  power  for  the  furnaces  themselves  with  steam  equip- 
ment. The  gas  consumption  of  steam  turbine-driven  turbo- 
blowers of  2,900  b.h.p.  capacity  per  furnace  at  1 21bs.  of  steam 
of  135  lbs.  gauge  pressure  at  tlie  ；  throttle,  125°  superheat, 
28'5in.  vacuum,  and  63  per  cent,  boiler  efficiency,  would  be 
about  240  cub.  ft.  of  gas  of  95  B.T.U.  per  brake  horse-power 
hour,  or  approximately  5,600,000  cub.  ft.  of  gas  for  ei^ht 
blastfurnaces.  The  net  quantity  of  blastfurnace  gas  available 
for  outside  purposes  would  thus  be  7,000,000  cub.  ft.  per  hour. 

If.  now,  a  steam  turbine  plant  were  put  down  to  utilise 
this  quantity  of  gas  for  generation  of  electric  power,  there 
could  only  be  produced  about  20,000  kw.  (30,000  b.h.p.),  while 
the  difference  of  40,000  kw.  between  the  actual  power  demand 
and  the  power  supply  by  blastfurnace  gas  would  have  to  be 
made  up  by  firing  coal  under  boilers.  Assuming  the  same 
values  as  previously  regarding  the  thermal  efficiency  of  the 
turbo-generator  plant,  there  would  be  required  400,000  tons 
of  coal  per  year,  which ,  at  a  purchase  price  of  $2.50  as  fired, 
would  be  worth 然 1,000 ,000  annually. 

From  this  gross  saving,  the  difference  in  fixed  charges  and 
operating  expense  between  gas  engine  and  steam  turbine 
plants  must  be  deducted,  as  before,  so  that  the  actual  net 
saving  would  amount  to  3832,000  per  annum.  The  gas  credit 
would  now  be  about  70  c.  per  ton  of  pig  iron  produced. 

These  figures  are  nothing  short  of  appalling,  and  the 


savings  are  so  trerneiulouH  tliat  any  argument  of  gas-engine 
o[)j)onents  is  silenced.  And,  no  matter  what  reasonable 
claims  are  made  in  favour  of  steam  turl»o  1, lower  and  stearn 
turbine  erj uipnient  for  the  great  steel  plant  at  Gary  or  any 
other  plant  of  similar  clia racier,  tlu;  Having,  dmt  to  t\i*t  instal- 
lation of  gas  engines,  remains  so  stupcnHoiiH  that  t lie  old 
controversy,  stearn  or  gas  power,  is  once  for  all  disposed  in 
favour  of  the  gas  engine. 

The  cost  of  power  procluc "(川  is,  however,  not  the  only 
consideration  which  should  enter  into  the  calculation  ；  for 
frequently  other,  not  purely  financial  factors,  when  put  on  tlie 
right  side  of  the  scales,  rn  ay  radically  clian^  tlu'  ult  irnat  <* 
result.  Such  influences  of  practical  nature,  and  to  which 
monetary  values  cannot  always  be  assigned,  are,  for  instanr**, 
the  upward  tendency  of  the  fuel  market,  the  clianceH  for  i'ul  ur<- 
extension,  the  direct  or  indirect  bearing  of  tlie  type  of  prime 
mover  selected  upon  other  departments  of  the  industrial  enter- 
prise for  which  the  equipment  is  intended,  and  last,  I'ut  not 
least,  freedom  from  irregularities  in  fuel  supply,  which  may 
arise  from  car  famine  and  strikes. 

At  the  Cockerill  Works  at  Seraing,  the  old,  single-actin*/ 
gas-blowing  engines,  whicli  were  installed  in  1900，  are  still  in 
use.  And  even  the  first  200  h.p.  blastfurnace  gas  engine, 
built  at  these  works  in  1898,  although  of  obsolete  type,  is  -till 
performing  its  work  quite  satisfactorily.  The  largest  gas 
engine  power  plant  in  the  world,  that  at  Gary,  has  now  been 
in  operation  over  five  years,  but  even  the  most  pessimistic 
investigator  would  have  to  concede  that  the  Gary  gas  engines 
are  good  for  at  least  another  term  of  five  years.  Seven  per 
cent,  depreciation  figured  on  gas  engines  does  not  mean  t  liat 
these  engines  will  be  useless  at  the  end  of  10  years'  time 
because  of  wear  and  tear  or  on  account  of  age  or  decrepitude, 
but  simply  that  they  must  be  written  off  in  that  time,  due  to 
obsolescence.  It  would  not  be  prudent  to  reckon  with  more 
than  10  years'  life  of  the  equipment,  because  new  inventions 
may  revolutionise  our  present  methods  of  power  production  so 
completely  that  it  would  be  impossible  for  financial  and 
economic  reasons  to  maintain  profitably  the  old  equipment. 

The  work  of  reducing  the  costs  on  the  books  to  tlie  true 
figures  which  can  consistently  be  charged  to  these  plants,  is  not 
simple.  It  was  done  about  two  years  ago  with  utmost 
accuracy  for  the  gas  engine  installations  of  the  United  States 
Steel  Corporation.  It  was  decided  to  follow  the  practice 
customary  in  steam  turbine  plant  accounting,  that  is,  to  base 
all  installation  cost  figures  on  the  maximum  continuous  rating 
of  the  generator  at  40°  C.  temperature  rise.  In  the  majority 
of  cases,  the  gas  engines  have  a  greater  capacity  in  brake 
horse-power  than  corresponds  to  this  generator  rating,  and  we 
agreed  to  call  the  maximum  continuous  rating  of  these  gas 
engines  that  kilowatt  capacity  which  at  95  per  cent,  generator 
efficiency  and  80  per  cent,  mechanical  efficiency,  corresponds 
to  a  mean  effective  pressure  in  the  gas  cylinders  of  approxi- 
mately 701bs.  per  square  inch,  a  value  which  is  universally 
adopted  by  gas  engine  builders. 

Table  I.  gives  the  actual  installation  costs  of  a  number  of 
gas  engine  stations  in  plants  of  subsidiary  companies  of  tlie 
United  States  Steel  Corporation.    The  figures  coincide  fairly 

Table  I. ― Cost  of  Installation  of  Blastfurnace  Gas 
Electric  Power  Plants. 


Power  Plant  No. 

I 

2 

3 

5 

17 

■2 

4 

4 

Cap.  kw.,  max.  con. 

4(1.000 

4,500 

0,000 

n,ooo 

11.400 

Cap.  b.h.p.,  max.  con. 

56,400 

0,400 

12,800 

12,S(M) 

("st  t»t'  iiisTallatii.n  pt-r 

kw. ,   max.  con. 

rat  ing  ： ― 

S9*87\ 

S1017 

S10!H) 

slii-.-,2 

(B)  Eng.  equipment 

ST.-, -50  y 

72-75 

>!>■：!  J 

(C)  Gas  cleaning 

Hi -80 

14-40 

1300 

12-76 

(I  rand   total,  power 
plant  coniplott',  jht 

$87-50 

$92-30 

$101-68 

S 103  00 

well,  with  the  exception  of  those  pertaining  to  tlie  cost  of  gas 
cleaning  plants.  The  discrepancies  among  the  latter  are 
entirely  due  to  differences  of  design  and  local  conditions.  The 
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gas  cleaning  plants  for  the  smaller  installations  are  much  more 
expensive  than  that  for  the  larger  power  plant,  because  the 
latter  was  originally  designed  with  a  view  of  installing  gas 
engines,  so  that  this  gas  cleaning  plant  represents  the  latest 
and  most  efficient  arrangement  ；  whereas  in  the  others,  gas 
cleaning  plant  and  gas-engine  installations  had  to  be  fitted 
into  existing  plants.  Moreover,  some  of  these  smaller  plants 
started  out  with  extreme  caution  in  the  matter  of  gas  cleaning 
and    [>rovided,    iti   addition  to   Theisen   washers,  expensive 

T.viiLE  II. 一 Cost  of  Installation  of 


central  power  station  engineers  in  this  country  agree  that  the 
cost  of  a  steam  turbine  power  plant  per  kilowatt  maximum 
coiilinuous  rating  varies  from  360  to  ^100，  and  it  is  generally 
conceded  tliat  the  average  is  near  $80  per  kilowatt.  There  are 
not  many  lighting  or  street  railway  power  plants  in  this 
country  which  cost  less  than  $65  per  kilowatt,  and  the 
majority  of  these  plants  have  capacities  considerably  larger 
than  even  that  of  the  Gary  gas  engine  plant,  some  having  as 
much  as  200,000  kw.  capacity  in  steam  turbines  under  one  roof. 

Blastfurnace  Gas  Blowing  Engine. 


Plant  No  

Numl>er  of  units  installed  

Capacity  installed,  B.H.P  , 

Capacity  operating,  B.H.P  , 

'1'i'tal  displaoement  of  operating  engines, 

cu.  ft.  ])er  minute  

[nvt-st iiu-nt  per  B.H.P.  instjtllcW  : 

(A)  Buildings  

(B)  Engine  equipment   , 

(C)  Cas  cleaning  plant   

Tutal   

Investment  per  B.H.P.,  operating  : 

(A)  Buildings  

(B)  Engine  equipment   

(C)  Gas  cleaning  plan t   

Total   

Investment   per   cu.    ft.    displacement  of 
operating  engines  : 

(A)  Buildings  

(B)  Engine  equipment   

(C)  Gas  cleaning  plant   

Total   

Investment  for  r>00- ton  blastfurnace  : 

(A)  Buildings  

(B)  Engine  equipment   

(C)  Gas  cleaning  plant   

Total  


42,000 
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13-8 
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s.-.ti.r.tn) 
350,000 
36,000 


12-7 
79-4 
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hydraulic  fans,  baffle  washers,  and  screen  washers,  with  the 
necessary  gas  piping.  These,  however,  were  subsequently 
found  to  be  unnecessary  and  are  now  inoperative. 

All  figures  give  the  cost  of  the  so-called  secondary  cleaning 
plants  only,  that  is,  of  that  part  of  the  gas  washing  system 
which  prepares  the  gas  for  gas-engine  purposes  after  having 
been  roughly  purified  in  so-called  preliminary  or  primary  gas 
washers.  The  latter,  however,  would  be  part  of  a  steam 
turbine  installation  as  well,  because  it  was  recognised  that 
blastfurnace  gas  should  be  purified  at  least  to  a  certain  degree 
of  cleanliness,  even  for  stove  and  boiler  purposes. 

In  Table  II.,  the  cost  of  installation  of  gas  blowing  engines 
in  the  same  plants  is  given  -  To  obtain  a  uniform  basis  for 
comparison,  it  is  assumed  that  each  furnace  is  blown  by  three 
tubs  or  1^  gas  blowing  engines  in  all  plants  under  considera- 
tion, and  requires  45,000  cub.  ft.  per  minute  displacement  of 
air.  The  maximum  continuous  capacity  of  all  engines  was 
based  on  this  quantity  (30,000  cub.  ft.  displacement  per  engine) 
and  251bs.  blast  pressure.  The  rating  of  all  engines  was  deter- 
mined assuming  181bs.  per  square  inch  mean  effective  pressure 
and  90  per  cent,  mechanical  efficiency  of  the  air  tubs  them- 
selves, with  the  exception  of  one  plant,  where  high-speed  gas 
blowing  engines  are  installed. 

It  can  be  seen  from  these  cost  figures  that  the  equipment 
witli  high-speed  gas-blowing  engines  is  a  good  deal  cheaper 
tlian  that  of  slow-speed  engines,  especially  when  the  capacities 
of  plants  1  and  3  are  considered.  While  none  of  the  figures 
represents  the  lowest  cost  which  could  be  obtained  if  similar 
plants  were  installed  to-day,  it  will  be  admitted  that  they  are 
quite  a  good  deal  better  than  such  plants  are  usually  given 
credit  for. 

The  total  cost  of  the  new  power  house  at  Gary,  containing 
】0  units  of  2,700  kw.  each  maximum  continuous  rating,  when 
completed,  will  probably  not  be  over 移 70  per  kilowatt,  without 
the  gas-cleaning  plant.  The  latter  would  bring  the  cost  of 
the  whole  station  to  a  little  over  $75  per  kilowatt.  Promiuent 


Under  the  favourable  operating  conditions  at  the  Gary 
plant,  the  thermal  efficiency  of  the  gas-engine  averages  at 
least  21  per  cent.,  particularly  in  view  of  the  truly  splendid 
physical  condition  in  which  this  gas  engine  plant  is  kept.  If 
the  gas  consumption  of  a  gas  engine  or  of  a  whole  plant  in- 
creases beyond  the  limit  established  by  tests  under  similar 
load  conditions,  this  must  be  due  either  to  incorrect  measuring 
methods  or  caused  by  "  deferred  maintenance,"  a  term  defined 
by  Henry  Floy  as  "  the  condition  iuto  which  a  power  plant  is 
permitted  to  lapse,  due  to  neglect  of  proper  maintenance  ami 
regular  repairs." 

Table  III. ― Cost  of  Producing  Electric  Power  at  Gary. 
All  Cost  Figures  in  Cents  per  kw.-hr. 


Capacity  in  kw  

Kilo  watt-hour  pn  xliu-cd  . . . 
Use  factor,  per  cent.  , , , » , 
Cost  of  Installation  per  k、v. 

Labour   

Repairs  and  nmintenanoo. 

Lubricants  

Water  

Mis 


Total  net  operat  ing  expense 

Value  of  gas  

Cost  nf  ]nirilicatioii  


Total  cost  of  purified  gas  . . 

Opcratinfj  cost  w ithout  fixed 

charges   

Fixed  cliarges  at  15  j>er  cent.    • . 


Grand  total  at  switchboard 


1010. 

1911. 

1012. 

二  C        二  V： = = 寸寸 

c  一 •  r: ： 卜：— 卜 
寸 W  o  o  o  o  o 

0-1298 

0- 1036 
()•  1508 
((■0219 

01951 

01727 

0- 1608 

cr.  o 

寸 -M 

6  o 

0-2763 

寸 

CI  CI 

6  6 

0-6123 

0  4742 
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The  operating  expenses,  without  fuel  ('ost,  or  fixed  charges, 
can  be  subdivided  into  the  following  items :  Labour,  n'|);m  .、 
ami    inainteuance,  lubricants,  water,  and    miscellaneous  ex 
j>tMises.    For  the  Gary  plant,  the  cost  of  t  liose  vnrious  items 
for  the  last  three  years  of  operation  is  shown  in  'I'able  III. 

To  give  an  approximate  idea,  however,  of  the  relative  cosi 
of  producing  electric  power  in  1 山 isUm'iiace  gas-on^inc  ； i iuI 
steam-turbine  plants  in  this  count  t  lic  cost  s  and  "Ui('r  ii"" 
resting  data  obtained  in  eiglit  steam-turbine  stations  ； ui(l  "glit 
blastfurnace  gas-engine  plants  were  averaged,  and  the  results 
are  given  in  Table  IV. 


engines  in  these  five  plants  in  1912  was  30*5  per  rent,  of  thai 
of  the  steam  blowing  engines. 

The  average  saving  of  five  gas  blowing  engine  plants  over 
five  steam  blowing  eiigiiu'  installations  was  per  •■  blast 

unit "  (1,606,140  cub.  ft.  of  air  at  lolbs.  pressure).  The 
importance  of  this  saving  will  be  more  appreciated  wlien  it  is 
stated  that  the  total  actual  (rost  of  blowing  the  eight  (iarv 
blastfurnaces  with  gas  blowing  engines  averaged ― in  1912 ― 
only  $3.26  per  blast  mil(*.  Ol  t ) 1 1 >  cost ,  I  |"'r  ecu ♦ .  or  S  ] . ( i  ] 
represents  net  operating  expenses,  and  69  per  cent,  or  $2.25 
the  cost  of  purified  gas.      Illinois  coal  r>t  l。，.',（",  B.T  U.  per 


Table  IV. -— Comjjarisoii  of  Cost  of  Producing  Electric  Power  in  Steam  and  Gas  Power  JV'/'〃  . 

All  Cost  Figures  in  Cents  per  Kxo.-Ilr. 


~  !  ：  國 

S  St(iani 

I'url'iiir  l'laiil  、. 

8  B.F.  (!a.s  Engiiiu  Plants. 

XT 

■No. 

 _  

2 

■> 
.> 

4 

Item.  Ih'm. 

Maxinnini. 

Average. 

M  in  im  ii  ii  i , 

Ma  \itniiiii. 

Avcra-.'f. 

Miiiimiii". 

1  J(),(H  H) 

1  I  t.(  M  ii  ) 

I  I  f.lUi 

2    Use  factor,  ])er  cent  

33  3 

25-0 

10-0 

■V.id 

22  0 

■  1730 

■ow> 

58 

1 

•04:U 

■0881 

4    】U:p;di's  ； tnd  luainteiuinoc  .... 

•l»7K) 

0122 

27 

3 

•0250 

•1282 

()7：5：$ 

44-0 

•027：} 

•0096 

•0054 

：\ 

5 

IMIL'O 

02：{7 

•  *nri4 

(i  Water  

•0305 

•0143 

'.) 

2 

•0020 

■0162 

■0120 

7-2 

•0029 

1 

9 

•0137 

8-3 

8       Total  net  up.  cxirmisc  .... 

•2414 

33-3% 

•1550 

100 

0 

■0850 

•2438 

52-2%  -1065 

1000 

1)    Cost  of  1  million  B.T.U.  cents  . . 

1110 

8-80 

5-20 

10-37 

8-11 

5-89 

10    Cost  of  fuel   

•3960 

00-7% 

•3100 

■l'J.")0 

•2441 

47-8%          - 1530 

•00(i:{ 

11    Total  cost  of  power  production 

without  fixed  charges  

iou-0";, 

4U50 

100-0%  -3195 

12    Heat   consumption    per  k、、. 

hour  B.T.U  

4ii,400 

35,400 

2i),7(M) 

26,000 

18,400 

13    Thermal  efficiency,  per  cent. 

11-49 

9- 05 

7-35 

210 

18-54 

14    Ratio  of  plant  capacities   … . 

I 

1 

1 

•397 

■212 

150 

1 

1 

1 

2- 130 

1-960 

2-20 

1G    Ratio  of  net  op，g  expenses   . . 

1 

1 

1. 010 

1-074 

-! )70 

17    Ratio  of  cost  of  1  miUion  B.T.U. 

1 

1 

•934 

•922 

1'  132 

1 

1 

1 

•"17 

•4!K5 

•404 

19    Ratio  of  actual  fuel  cost  .... 

1 

1 

1 

•500 

•530 

•430 

20    Ratio  of  total  coat  of  pro- 

1 

1 

•078 

21    Ratio  of  lieat  conaumptioii    . . 

1 

1 

•500 

■520 

•  t">45 

22    Ratio  of  thermal  efficiency    • . 

1 

1 

1 

1-830 

1923 

1  •  IHo 

The  gas-engine  installations  in  question  belong  to  subsi- 
diary companies  of  the  United  States  Steel  Corporation.  Of 
the  10  blastfurnace  gas-power  plants  in  the  Corporation,  two 
were  omitted,  because  one  is  of  very  small  capacity  and  the 
other  has  not  been  in  operation  over  two  years.  Three  of  the 
plants  are  located  on  the  Great  Lakes,  four  in  the  Pittsburgh 
District,  and  one  in  the  Youngstown  district.  The  figures  are 
true  averages  covering  three  years'  operation,  1910  to  1912. 

Attention  is  called  to  the  great  difference  in  average  capa- 
city of  the  two  classes  of  power  plants,  which  should  be  noted 
when  comparing  the  values  in  columns  2  and  5.  It  should 
further  be  borne  in  mind  that  electric  light  and  power  plants 
of  public  service  corporations  are  organised  and  operated  on 
a  different  basis  than  steel  mill  power  stations.  A  steel  mill 
power  plant  is  only  a  means  to  an  end ― an  auxiliary,  as  it 
were,  iu  a  vast  system  which  is  primarily  concerned  in  the 
manufacture  of  steel  and  not  in  the  production  of  power.  Cir- 
cumstances could  hardly  have  been  more  unfavourable  for 
obtaining  fair  average  figures  on  blastfurnace  gas-engine 
plants  than  those  existing  in  the  years  1910  and  1911，  on 
account  of  the  unsatisfactory  condition  of  the  iron  and  steel 
trade  in  this  country.  The  average  use  factor  for  the  eight 
gas-engine  stations  under  discussion  was  46'3  per  cent,  and 
46'8  per  cent,  in  1910  and  1911，  respectively.  In  1912  it  rose 
to  54  per  cent.,  with  the  result  that  the  cost  figures  for  these 
plants  were  substantially  improved. 

Some  very  interesting  information  is  available,  which  per- 
mits a  comparison  between  reciprocating  steam  blowing  engines 
and  gas  blowing  engines  in  five  blastfurnace  plants  in  this 
country.  While  some  of  the  steam  blowing  equipment  is  not 
new,  it  will  nevertheless  be  surprising  to  learn  that  the  average 
total  cost  of  blowing  blastfurnaces  with  gas  blowing  engines 
was  53*7  per  cent.,  or  a  little  more  thau  one-half  of  that  with 
steam  blowing  engines,  all  charges  except  fixed  charges  in- 
cluded.     The  average  heat  consumption  of  the  gas  blowing 


pound  would  have  to  cost  $0.42  per  gross  ton  at  Gary  to  reduce 
the  saving,  due  to  the  installation  of  gas  engines,  to  nothing, 
and  to  make  a  steam  turbine  installatiou  commercially  equiva- 
lent to  the  existing  gas-engine  installation. 

In  a  number  of  steam-turbiue  plants  of  greatly  varyiu"' 
capacity,  in  this  country,  the  percentage  of  the  total  repair 
and  maintenance  cost  per  kilowatt^hour  averages  5  per 
cent,  of  the  total  net  operating  expenses  without  fuel  and 
fixed  charges,  as  will  be  seen  when  referring  to  Table  IV.  The 
detail  percentages  for  the  eight  steam-power  plants,  of  ( 
cities  ranging  from  10,000  kw.  to  126,000  kw.  with  an  a、'era;'" 
of  55,000  kw.  maxiniuni  contiuuous  rating,  having  use  factors 
varying  from  10  per  cent,  to  33  3  per  cent.,  with  an  average 
of  25  per  cent,  are:  23,  115,  22,  23,  33，  90,  33，  32,  33*5,  31, 
and  32  per  cent.  The  corresponding  figures  applying  on  eight 
American  blastfurnace  gas-engine  plants,  varying  in  capacity 
from  1,500  kw.  to  50,000  kw.  (average  11,600  kw.),  and  having 
used  factors  of  22  to  71*5  per  cent,  (average  of  49  j>er  cent.) 
were  for  three  years'  operation  as  follows  ： ― 

Table  V. ― Repair  and  Maintenance  Costs  Expressed  as  a 
Percentage  of  Net  Operating  Expenses. 


1010 

Plant  capacity  kw. 

Per  cent. 

Per  tent. 

Pit  tent 

40,000-50,000   

28-0  ... 

.  29-5   

.i.i-o 

11,400   

50-5  ... 

fil  (1 

9,000   

31-0  … 

•  35-5   

410 

9,000   

50-5  ... 

•  64-5   

IM1-0 

5.000   

34-5  … 

4,500   

：}8-0  … 

:       315  :::: 

2,500   

55*0       . , 霧 

■  50-5   

1,500   

48*0   

510 

Average,  11,600   

42-5  … 

,       41-5  •••• 

Average  for  thrt-c  yrar、' 

oi>emti(Hi      . . . 

43    per  cent. 

Average  use  factor  .... 

46-3  … 

46-8   

53-9 

Average  for  tliroe  years' 

oiKTation     . . . 

41) *0  |Kir  t  rnt. 

Comparison  of  these  figures  shows  that  the  average  percen- 
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tage  of  repairs  for  eight  gas-engine  installations  is  just  50  per 
cent,  higher  than  the  average  percentage  for  eight  steam-tur- 
bine plants.  This  is  not  surprising  if  the  ratio  of  use  factors 
(1  ：  1'96)  and  of  plant  capacities  (1  : 0*21)  is  considered.  That 
some  of  these  percentages  are  very  high  in  several  plants  has 
a  number  of  good  reasons.  The  repair  costs  contain,  for  in- 
stance, replaced  piston  rods  and  defective  gas  cylinders,  an 
expense  whicli  will  largely  be  avoided  in  the  future.  At  any- 
rate,  these  figures,  especially  those  in  Table  V.，  show  that  gas 
engine  repair  costs  are  not  "  twice  or  three  times  as  high  as 
t  J  lose  of  steam-turbine  plants,"  as  is  frequently  claimed. 

The  author  made  the  statement  some  time  ago  that  at 
least  12  per  cent,  of  the  power  produced  in  gas  engines  is  avail- 
able from  the  waste  heat  to  operate  low-pressure  steam  tur- 
bines, and  lie  is  pleased  to  state  that  he  found  that'  at  the 
Cockerill  Works  at  Seraing  a  number  of  1,500  h.p.  blastfurnace 
gas  electric  engines  are  now  equipped  with  waste  heat  boilers, 
designed  by  Mr.  Leon  Greiner,  which  actually  produce  suffi- 
cient steam  day  and  night  to  generate  in  low-pressure  steam 
turbines  an  amount  of  power  equivalent  to  13  per  cent,  of  the 
original  capacity  of  the  gas  engines. 

The  figures  and  facts  presented  were  taken  from  actual 
records  of  blastfurnace  gas-engine  and  steam-turbine  installa- 
tions in  operation  in  this  country.  While  the  results  obtained 
with  gas  engines  are  highly  satisfactory  and  gratifying,  and 
should  reassure  the  iron  and  steel  masters  of  this  country 
concerning  the  economic  advantages  of  the  gas  engine  for  their 
purposes,  they  are  by  no  means  the  latest  word  in  gas-engine 
practice.  The  new  "  scavenging  and  surcharging  ，，  system, 
which  was  recently  devised  and  patented,  and  which  is  appli- 
cable on  new  as  well  as  on  existing  4- cycle  gas  engines,  pro- 
mises to  fairly  revolutionise  future  gas-engine  methods.  This 
system  has  been  in  successful  use  for  nearly  two  years  in  a 
number  of  plants  abroad,  and  its  application  has  made  pos- 
sible an  increase  of  the  mean  effective  pressure  and  capacity 
of  gas  engines  of  given  cylinder  dimensions,  of  25  per  cent, 
and  35  per  cent,  above  the  original  rating. 

The  increase  in  capacity  results  in  a  corresponding  decrease 
in  weight  and  cost  per  horse-power  of  the  gas  engine  and  the 
fixed  charges  of  a  power  plant  equipped  with  scavenged  gas 
engines  are  thus  materially  reduced.  Moreover,  the  net 
operating  expenses  are  lowered  while,  incidentally,  a  better 
fuel  economy  is  obtained.  The  reduction  in  first  cost  whicli 
affects  not  only  the  gas  engines  themselves,  but  also  the  items 
" buildings/'  "  foundations,'1  "  electrical  equipment,"  "  pip- 
ing/' &c"  will  be  over  $8  per  kilowatt,  so  that  the  first  cost  of 
a  blastfurnace  gas-engine  plant  will,  in  the  future,  not  be  a 
great  deal  higher  than  that  of  an  equivalent  steam-turbine 
plant,  including  boilers,  condensers,  and  other  auxiliary 
equipment  essential  for  economical  operation  of  the  steam- 
power  installation. 

This  scavenging  and  surcharging  system ,  the  utilisation 
of  the  heat  now  rejected  in  cooling  water  and  exhaust,  together 
with  the  improvements  in  design  and  construction  which 
experience  has  taught,  make  the  future  of  the  large  gas  engine 
look  brighter  and  more  promising  than  ever. 

In  conclusion,  I  desire  to  extend  to  tlie  officers  of  the 
United  States  Steel  Corporation  and  its  subsidiary  companies, 
my  sincere  thanks  for  their  liberal  and  broad-minded  action  in 
giving  me  permission  to  put  before  the  institute  the  results 
and  costs  of  operation  of  their  gas-engine  power  plants.  And 
I  acknowledge  with  gratitude  my  indebtedness  to  C.  J.  Bacon, 
Chicago,  for  his  assistance  and  co-operation  in  collecting  and 
working  up  a  very  considerable  part  of  the  data. 


Launch  of  a  Torpedo  Boat  Destroyer. ―  H.M.S.  "  Sarpedon," 
a  new  torpedo  boat  destroyer,  was  successfully  launched  from 
the  Wallsend  shipyard  of  Swan,  Hunter,  &  Wigham  Richard- 
son, Ltd.,  on  the  6th  inst.  The  vessel  was  ordered  under  the 
naval  programme  of  1912-13,  and  is  similar  to  the  "  Shark,'1 
" Sparrowhawk,"  and  "  Spitfire/'  whicli  were  recently  built 
by  the  same  firm.  The  propelling  machinery  of  the  "  Sarpe- 
don " and  the  boilers  have  been  built  by  the  Wallsend  Slip- 
way and  Engineering  Company,  Ltd.  The  engines  consist  of 
two  sets  of  Parsons  impulse  and  re-action  turbines,  each  driv- 
ing a  propeller  on  a  separate  shaft.  The  water-tube  boilers 
are  of  the  Yarrow  small  tube  type,  and  are  fitted  with  oil 
burning  apparatus. 


EFFECT  OF  REMELTING  GUN-METAL. 

The  tin  bronzes  seem  to  be  improved  by  remelting  and  the 
tensile  strength  increased.  The  same  is  true  of  aluminiinuni 
bronze,  and  it  is  impossible  to  make  as  good  castings  of  the 
latter  unless  it  is  actually  remelted  (i.e.,  melted  twice).  The 
following  results  on  Government  bronze  (88  per  cent,  copper, 
10  per  cent,  tin,  and  2  per  cent,  zinc),  given  in  a  recent  issue 
of  the  "  Brass  World,"  indicate  that  this  remelting  is  advan- 
tageous, and  also  show  how  close  the  average  brass  foundry 
can  be  expected  to  work  to  a  formula.  The  metal  was  cast 
in  one  of  the  smaller  Eastern  foundries  in  order  to  ascertain 
what  could  be  done  in  the  way  of  adhering  to  the  formula 
and  in  the  physical  characteristics.  The  effect  of  remelting  was 
also  tried,  and  it  will  be  noticed  that  the  tensile  strength  and 
other  physical  characteristics  are  increased  by  this  second 
melting.  The  variation  from  the  formula  intended  is  more 
than  it  should  be,  and  it  is  possible  to  work  closer  than  this. 
The  fact  that  small  melts  were  made  and  scales  not  sufficientlv 
accurate  were  used  is  responsible  to  a  large  extent  for  the 
variation  from  the  formula. 

The  results  obtained  were  on  a  test  bar  of  the  following 
dimensions,  and  which  was  cast  in  green  sand :  Length, 
13]in.  :  diameter,  l^in.  The  bar  was  turned  down  in  the 
middle  for  a  length  of  lOin.  to  practically  0*75  of  an  inch.  The 
mixture  made  was :  Copper,  881bs.  ；  tin,  lOlbs.  ；  spelter,  21bs. 

The  following  were  the  results  obtained  on  the  test  bars 
cast  in  green  sand  ： ― 

First  Melt. 

Diameter  test  bar    0"798in. 

Broke  at    14,4001bs. 

Tensile  strength    28,8001bs.  sq.  in. 

Elongation  in  8in   10*2  per  cent. 

Reduction  of  area    10*6  ，， 

Analysis  of  the  Test  Bar. 

Copper   87  57  per  cent 

Tin    10*54  ，， 

Zinc    182  ，， 

Lead    *04  " 

Iron    -03  ，， 

The  following  tests  were  made  of  the  mixture  that  was 
twice  melted.  After  it  was  first  melted,  it  was  poured  into 
ingots,  and  these  were  then  remelted  aud  poured  into  the  test 
bars.    The  melts  were  each  different  batches  of  metal. 

Melted  Twice. 

Diameter  test  bar    0'798in. 

Broke  at    17，4001bs. 

Tensile  strength    34，8001bs.  sq.  in. 

Elongation  in  8in   15*5  per  cent. 

Reduction  of  area    14  2  ，， 

A  n(tl of  Test  Bar. 

Copper    87*56  per  cent. 

Tin    1057  ,, 

Zinc    186  ,， 

Lead    "04  ,， 

Iron   "03  „ 

The  following  test  bar  was  also  made  of  metal  twice  melted, 
and  the  following  results  were  obtained  ： ― 

Diameter  test  bar    0"798in. 

Broke  at    19,5001bs. 

Tensile  strength    39,0001bs.  sq.  in. 

Elongation  in  8in   17  per  cent. 

Reduction  of  area    20.4  ，, 

The  appearance  of  the  fractures  of  the  bars  indicated  the 
character  of  the  metal,  as  it  always  will  on  sand  castings.  The 
metal  which  had  been  melted  only  once  showed  a  rather  coarse, 
crystalline  structure,  which  contained  fine  blowholes.  The 
metal  which  had  been  melted  twice  showed  no  blowholes,  aud 
the  structure  of  the  fracture  was  finer  grain  and  less  crvstalline 
than  the  other  (that  which  had  been  melted  only  once). 

The  variation  in  the  physical  characteristics  of  the  two 
test  bars  that  had  been  melted  twice  is  undoubtedlv  explained 
by  the  difference  in  the  pouring  temperature.    It  is  now  a  well- 
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established  fact  that  two  test  bars  poured  troin  the  same  mix- 
ture at  different  temperatures  will  have  difrereni  pliv  i'.'iI 
properties.  It  will  be  noticed  that  the  variations  in  t  In* 
analyses  of  the  three  test  bars  were  very  slight,  and  tliey  can, 
for  testing  purposes,  be  assumed  i(l(、nt 


INTERNATIONAL  ENGINEERING  CONGRESS,  1915. 

In  connection  with  the  Panania-Faciiic  J  nteniai  i(»n;i  I 
Exposition  which  will  be  held  in  San  Francisco  in 
1915，  there  will  be  an  I  iitcnialiona]  Engineering  Con 
greSvS,  in  which  engineers  tlirougliout  the  world  will 
be  invited  to  participate.  The  congress  is  to  be  con- 
ducted under  the  auspices  of  the  following  five  National 
Engineering  Societies  ：  American  Society  of  Civil  EngiiuM-i  s, 
American  Institute  of  Mining  Engineers,  Anierican 
Society  of  Mechanical  Engineers,  American  Institute  of 
Electrical  Engineers,  and  the  Society  of  Naval  Architects  and 
Marine  Engineers.  These  societies,  acting  in  co-operation, 
have  appointed  a  permanent  Committee  of  Management,  con- 
sisting of  the  presidents  and  secretaries  of  each  of  tliese 
societies,  and  18  members  resident  in  San  Francisco.  The 
Committee  has  effected  a  permanent  organisation,  with  Prof. 
Wm.  F.  Durand  as  chairman,  and  W.  A.  Cattell  as  secretary - 
treasurer,  and  has  established  executive  offices  in  the  Foxciui't 
Building,  68，  Post  Street,  Sau  Francisco.  The  10  members 
of  the  Committee,  consisting  of  the  presidents  and  secretaries 
of  the  five  national  societies,  will  constitute  a  Committee  on 
participation,  through  whom  all  invitations  to  participate  in 
the  congress  will  be  issued  to  governments,  engineering 
societies,  and  individuals.  The  personnel  of  this  Committee  is 
as  follows :  Chas.  F.  Rand  (chairman),  Chas.  Warren  Hunt 
(secretary),  D.  H.  Cox,  W.  F.  M.  Goss,  F.  L.  Hutchinson, 
Ralph  Davenport  Mershon,  Calvin  W.  Rice,  Bradley 
Stoughton,  Geo.  F.  Swain,  Robt.  M.  Thompson.  The  actual 
management  of  the  congress  and  the  work  of  securing  and 
publishing  papers  will  be  in  charge  of  the  members  of  the 
Committee  resident  in  San  Francisco.  The  work  of  the 
resident  members  has  been  assigned  to  different  sub- 
committees. The  honorary  officers  of  the  congress  will  consist 
of  a  president  and  a  number  of  vice-presidents  selected  from 
among  the  most  distinguished  engineers  throughout  the  world. 
Tlie  papers  presented  at  the  congress  will  be  divided  into 
sections.  During  the  congress  each  section  will  hold  indepen- 
dent sessions,  which  will  be  presided  over  by  a  chairman 
eminent  in  the  branches  of  engineering  covered  by  his  section. 
The  scope  of  the  congress  has  not  as  yet  been  definitely  deter- 
mined, but  it  is  hoped  to  make  it  widely  representative  of  the 
best  engineering  practice  throughout  the  world,  and  it  is 
intended  that  the  papers,  discussions,  and  proceedings  shall 
constitute  an  adequate  review  of  the  progress  made  during 
the  past  decade  and  an  authoritative  presentation  of  the  latest 
developments  and  most  approved  practices  in  the  various 
branches  of  engineering  work.  The  various  committees  are 
now  actively  at  work,  and  it  is  hoped  that  further  and  move 
definite  announcements  as  to  the  membership  fees,  schedules 
of  papers,  &c.，  can  be  made  in  the  very  near  future. 


The  Institution  of  Gas  Engineers. ― The  Jubilee  meeting  of 
the  Institution  of  Gas  Engineers  will  be  held  at  Caxton  Hall, 
Westminster,  from  June  17th  to  June  19th,  under  tlie  presi- 
dency of  Sir  Corbet  Woodall,  D.Sc.  After  the  presidents 
address,  the  following  communications  are  to  be  submitted  ： 
Report  of  the  Refractory  Materials  Committee  ；  "  Coke  Oven 
(1arbonisation,"  by  Mr.  W.  Chaney  ；  (<  Liquid  Puriiication,' ' 
by  Mr.  W.  B.  Davidson  ；  "  Creating  an  Outdoor  Staff,"  l>v 
Mr.  F.  W.  Goodenough  ；  "Depreciation ― Estimated  and 
Actual,"  by  Dr.  A.  C.  Humphreys  ；  "  Notes  on  Suburban  (Jas 
Su]>])ly,M  by  Mr.  A.  A.  Johnston  ；  "  Ventilation  and  Gas，，，  by 
Mr.  S.  B.  Langlands  ；  "Gaseous  Heating,"  by  Mr.  E.  W. 
Smith  and  Mr.  C.  M.  Walter.  The  Jubilee  dinner  is  to  \)o 
held  at  the  Connaught  Rooms  on  ,)  uue  18th,  and  on  Fritlav, 
June  20th,  a  garden  party  is  to  be  given  by  the  President  and 
Lady  Woodall  at  Cliislehurst. 


MECHANICAL  OIL  BURNERS. 

HY  E.  II.  I'KAHODY. 

Tjik  '  Miuclianical  atoiniser/'  so  called,  is  uuderslixjd  to  inran 
a  device  which  .sprays  or  atoinises  oil  or  other  1h{Uu1h  by  nn-ans 
of  j)ressure  alone,  without  the  use  oi  coinpn-s.se*!  air  or  nteain 
or  other  exterior  atomising  agent.  Owing  to  its  "mpli'  itv 
and  to  the  fact  that  no  fresh  water  is  wasted,  it  is  bciii"' 
oxtensively  used  in  the  merchant  marine,  and  it  has  \u>^<i 
l)ilities  which  may  ultimately  bring  about  its  ；" loptioii  (川 
shore. 

Commodore  Isherwood's  conclusions  of  some  ;10  y**ar.s  a^o 
hold  good  to-day,  namely,  that  atoniisation  of  the  oil,  as  (lis- 
1  iii^uishecl  from  vaporisation  or  gasification  in  the  l>urn*M .  i、 
the  only  method  tjiat  has  been  attended  with  success.  There 
ara  not  wanting  tliose  who  still  claim  advantage  for  tlios<; 
forms  of  apparatus  which,  by  various  methods  of  treat  mcnt 
the  oil,  admit  the  fuel  to  tlie  furnace  in  the  form  of  vapour 
These  systems,  while  successful  in  metallurgical  work,  have  no 
standing  in  boiler  practice  for  the  reason  that  they  show  no 
gain  in  efficiency,  but,  on  the  contrary,  result  in  very  poor 
capacity,  the  latter  feature  alone  making  them  undesirable  for 
marine  use. 

The  well-known  Koerting  process  patent,  taken  out  in  this 
country  in  1905，  contains  a  claim  which  covers  lic;it  iwj  \  h<* 
liquid  oil  unmixed  with  air  or  oilier  gases  to  a  point  aljov*-  its 


Pounds  of   On  per   Burner    per  Hour 

Fig.  1.— Curve  showing  Variation  of  Capacity  of  an  Oil  Bdrskii, 
with  Change  of  Temperature  of  the  Oil  Handled. 

normal  boiling-point,  maintaining  the  oil  in  a  liquid  state  bv 
pressure  and  delivering  the  superheated  oil  into  a  combustion 
chamber  supplied  with  air,  whereby  the  rapid  disintegration 
and  vaporisation  of  oil  in  the  presence  of  air  are  secured.  The 
idea  here,  as  is  more  fully  pointed  out  in  the  patent  specifica- 
tions, is  that  the  heat  stored  in  the  oil  at  high  pressure  will 
cause  the  liquid  to  flash  into  vapour  when  released  at  low 
pressure,  exactly  as  water  heated  above  212°  Fall,  under 
pressure  would  flash  into  steam  if  released  to  the  atmosphere. 
This  is  an  exceedingly  ingenious  way  of  converting  at  least 
part  of  the  oil  into  vapour  without  atomising  it,  but  as  a 
matter  of  fact  no  gain  results  from  this  partial  gasifying  of  the 
oil.  This  question  has  been  tested  out  experimentallv  aurl 
what  is  more  to  the  point,  nobody  is  doing  it,  not  even  the 
users  of  the  Koerting  apparatus  itself.  The  dangerous 
expedient,  therefore,  of  heating  oil  above  its  flash-point  at 
atmospheric  pressure  is  not  found  necessary. 

The  real  -value  of  heating  the  oil  is  rather  a  mechank  al 
one,  namely,  to  reduce  the  viscosity  of  tlie  liquid  so  that  it 
can  be  forced  through  the  small  passages  of  the  burner  and 
given  a  rapid  whirling  effect,  sufficient  in  the  more  lini|)id 
condition  of  the  oil  to  reduce  it  to  a  fine  spray  through  the 
action  of  centrifugal  force  when  liberated  from  the  tip.  It 
will  be  found  from  a  study  of  fuel  oils  tliat,  wliilf  t  \\v  vismsit  v 
is  tremendously  affected  by  changes  in  temperature  at  t  lu* 
lower  ranges,  very  little  di (Terence  in  viscosit v  results  from 
heating  or  cooling  as  tlie  temperatures  approach  tlie  flash- 
point. With  all  ordinary  oils  it  mav  he  '()，isi'k're(l  that 
heating  to  within  50°  Fah.  of  the  flash-point  will  be  sufficient 
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i <>  render  the  oil  suitable  for  use  with  the  mccliiniical  burner, 
and  in  the  case  of  many  of  the  lighter  oils  even  this  lieating  is 
unnecessary,  the  oil  being  sufficiently  limpid  at  ordinary 
； 1 1  mi  ('spheric  temperatures. 

Several  methods  of  spraying  oil  l)y  mechanical  means  ha\  o 
been  suggested,  such  as  forcing  the  liquid  through  h  very  fine 
aperture,  forcing  a  jet  of  oil  at  high  velocity  against  、(川 k' 
object  or  agaijisi  another  oil*  jet,  throwing  the  oil  oil'  l'r。m  a 
rapidly  revolving  ial>le  or  disc,  or  giving  the  liquid  itself  a 
whirling  motion  and  reducing  it  to  spray  by  centrifugal  fmv  '. 
In  】902  the  writer  t  rio'l  1 1 1  e  first  idea  ； i.nd  succeeded  in  making 
a  very  poor  flat-flame  mechanical  atomiser  by  forcing  t  lie  oil 


f?:. 丄.' 

輪一  1^^^ 

，-， -/  c  • 

"'- c 'n 

Fig.  2.— Pauts  of  Peabody  Mechanical  Atomiser  fou  Burning  Oil  Fuel. 

between  two  flat  surfaces  pressed  closely  together,  and  in  1907, 
when  in  answer  to  the  Navy's  call  we  took  up  the  matter  of 
mechanical  atomising  seriously,  we  tried  some  of  the  other 
schemes.  The  experiment  of  making  two  round  jets  of  oil 
strike  each  other  on  the  principle  of  the  acetylene  burner ? 
resulted  very  interestingly  in  flat  spray  —  not  fine  enough, 
however,  with  heavy  oils  to  be  practicable.  A  mechanical 
atomiser,  or,  as  it  was  called,  a  "  self- atomiser,"  consisting  of 
eight  small  jets  meeting  at  a  central  point,  was  patented  in 
England  in  1 904  by  Charles  Ferdinand  de  Kierskowski 
Steuart.  It  is  a  good  example  of  spraying  by  forcing  jets  of 
oil  to  strike  each  other,  but  otherwise  lias  attained  no 
importance  in  the  art. 

The  only  method  of  atomising  fuel  oil  mechanically  which 
has  attained  any  practical  success  is  that  wherein  the  oil  is 
given  a  whirling  motion  inside  the  burner  tip.  There  are  two 
distinct  means  for  doing  this,  first,  by  forcing  the  oil  through 
a  passage  of  helical  form,  like  a  screw  thread,  and  second,  by 
delivering  the  oil  tangentially  to  a  circular  chamber  from 
which  there  is  a  central  outlet.  Examples  of  the  first  form 
are  shown  in  the  spraying  burners  perfected  by  Scliutte  and  by 
Howden  and  illustrations  of  the  second  form  are  given  in  those 
perfected  by  Jones  and  by  Stringham  and  Elmendorf . 

The  matter  of  adjustability  of  an  oil  burner,  that  is，  the 
ability  to  change  the  quantity  of  oil  delivered  in  a  given  time 
without  changing  the  oil  pressure  or  the  velocity  of  the  liquid 
through  the  tip,  while  attractive  in  idea  aud  perhaps  well 
sustained  in  theory,  has  no  particular  value  in  practice.  It 
is  a  fact  that  in  regular  operation  on  shipboard,  the  simpler 
forms  of  burners  which  do  not  possess  this  feature  are  quite 
as  successful,  if  not  more  so  than  those  possessing  it.  The 
manipulation  of  the  oil  pressure  acting  on  all  burners  at  once 
presents  in  itself  a  simple  means  for  the  control  of  output 
through  a  wide  range.  A  good  burner  will  atomise  mode- 
rately heavy  oil  with  nn  oil  pressure  as  low  as  301  bs.  ]>er 
square  inch  and  from  that  up  io  2 00 lbs.  or  above.  If  this 
range  is  insufficient  to  meet  the  variable  steam  requirements, 
then  it  is  easier  and  better  to  shut  down  a  portion  of  i  In1 
burners  entirely  than  to  atteni])i  io  adjust  eacli  individual 
burner  separately,  particularly  as  it  is  important  to  regulate 
the  quantity  of  air  admitted  to  the  furnace  for  conibuslion,  ； tt 
t  he  yame  time  t.he  quantity  of  oil  is  varied. 

This  air  supply  can  be  easily  controlled  \'dv  all  l)urm、rs  l>v 
i  <\U'»!ating  the  draught  pressure,  and  the  air  can  be  closed  off 
entirely  when  a  burner  is  shut  down.  This  put's  the  question 
of  proper  air  supply  more  into  the  hands  of  the  designer, 
recjuiring  the  operator  to  determine  only  Hie  pro[»er  cmulit  ions 
of  draught  pressure  for  the  plant  as  ;i  whole,  at  tlie  required 
capacity. 

Another  means  of  varying  the  quantity  of  oil  delivered  by 
攀 burners  in  addition 驪 alteration  of  oil  pressure  is  available 


in  alteration  of  oil  temperature.  Generally  speaking,  under 
working  conditions  any  increase  in  temperature  of  the  oil 
results  in  decreased  capacity  of  the  burners,  the  pressure 
remaining  the  same.  The  reverse  is  the  case  at  low  tempe- 
ratures, the  critical  point  depending  on  tlie  relationshij) 
between  viscosity  and  specific  volume  of  the  oil  in  question. 

This  law  is  shown  graphically  in  the  diagram  in  Fig.  1， 
giving  the  results  of  a  test  on  a  sample  of  Texas  oil  of  18° 
gravity  (degrees  Bau/ne)  and  a  flash-point  of  240°  Fall.  The 
oil  pressure  was  maintained  constant  throughout  the  test  at 
2001  bs.  per  square  inch  and  the  temperature  was  raised  by 
stages  from  80°  Fah.  to  the  flash-point.  The  burner  capacity 
increased  rapidly  up  to  a  temperature  of  110°  where  it  reached 
a  maximum.  With  continued  heating  it  began  to  fall  off  and 
continued  to  do  so  throughout  the  range  of  the  experiment. 

It  will  be  obvious,  if  oil  is  to  be  atomised  by  centrifugal 
force,  that  the  best  spray  will  be  obtained  by  giving  the  oil  the 
maximum  whirling  motion  and  reducing  to  a  minimum  the 
friction  in  the  burner  so  that  the  whirling  motion  once 
obtained  shall  not  be  diminished  before  the  oil  is  liberated. 
These  are  axiomatic  principles,  recognised  by  all,  and  no  doubt 
each  inventor  believes  he  has  best  met  the  requirements. 
Probably  these  three  questions  are  the  controlling  factors  in 
the  "  survival  of  the  fittest."  (1)  How  heavy  an  oil  will  a 
burner  thoroughly  atomise ？  (2)  What  pressure  and  tempe- 
rature are  necessary  ？  (3)  What  degree  of  simplicity  lias  been 
attained  in  the  design  ？ 

It  may  be  said  here  that  any  apparatus  which  will  not 
handle  heavy  oil  will  have  a  very  limited  usefulness.  Already 
the  market  is  beginning  to  be  supplied  with  very  heavy  oils 
from  Mexico,  there  is  a  considerable  amount  of  crude  oil  in 
California  below  15°  gravity,  and  the  tendency  will  be  more 
and  more  to  use  the  heavier  residuums.  Probably  in  a  few 
years  we  will  be  using  oils  of  12°  to  15°  Baume  as  commoulv 
as  we  are  consuming  oil  of  27°  to  30°  gravity  to-day.  There 
was  recently  received,  for  experimental  purposes,  some 
Mexican  crude  oil  having  the  following  cliai'acteristics  ： ― 


Specific  gravity  at  60°  Fah  0'981 

Degrees  Baume  at  60°  Fah  12*6 

Moisture  and  silt   3  5  per  cent . 

Flash-point   ；.  •  310°  Fall. 

Burning  point   347°  Fah. 

B.T.U.  per  pound  (oil  as  received)   17,551 


In  appearance  this  oil  was  black  and  at  temperatures  of 
about  80°  very  sticky  and  viscous.  On  heating  to  212°  it 
turned  to  foam  owing  to  the  presence  of  so  much  water,  and 


Fig.  3  — Mahini:  Boillk  Fitted  for  Hi  rmng  Oil  Fl*el. 


this  failed  to  separate  out,  a  sample  of  the  oil  being  thinned 
down  with  ether  to  determine  the  percentage.  Ordinary 
settling  tanks  would  have  been  practically  useless,  as  the  oil 
was  so  near  the  specific  gravity  of  water.  This  oil  was,  how- 
ever, successfully  spra)red  and  burned  under  natural  drau^l>t. 
on  being  heated  to  270°  at  a  pressure  of  1651bs.  per  square 
inch .  A  slight,  aniouut  of  smoke  was  formed,  which  dis- 
appeared oil  a  slight  increase  in  the  furnace  draught  above 
012in.  of  water.  The  most  noteworthy  feature  of  the  experi- 
ment was  that  the  capacity  fell  off  about  40  per  ceut.  from  that 
obtained  with  the  same  apparatus  with  oil  of  18。  gravity. 
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Fig 


Proposed  Form  of  Flat 
Spray  Mechanical  Atomiser 
for  Oil  Fuel. 


This  sample  of  oil  was  the  worst  the  writer  has  ever  seen,  but 
it  is  a  specimen  of  what  we  may  have  to  handle  in  the  near 
future. 

In  the  light  of  some  experiments  begun  in  1907  we  have 
come  to  believe  that  the  best  rotative  effect  on  the  oil  is 
produced  by  the  tangential  delivery  method,  and  it  seems 
plain  that  the  best  way  to  reduce  friction  is  to  reduce  the 
amount  of  surface  to  which  the  oil  is  exposed  in  its  travel 
tlirough  the  burner  after  it  begins  to  whirl  and  until  its  exit 
from  the  tip.  We  have  also  come  to  attach  great  import ance 
to  simplicity  in  everything  con- 
nected with  oil  burning  and  to 
believe  that  the  oil  burner  itself 
should  be  of  simple  construction, 
easily  taken  apart,  and  so  designed 
that  wlien  taken  apart  all  the 
small  passages  and  wearing  sur- 
faces will  be  exposed  for  inspec- 
tion, cleaning,  and  repair. 

The  results  of  the  writer's 
efforts  to  construct  a  burner  to 
meet  these  requirements  are  shown 
in  Fig.  2.  Oil  is  delivered  under 
pressure  to  an  annular  channel 
cut  into  the  face  of  <i  nozzle 
upon  which  is  screwed  a  tip 
having  a  very  small  central 
clianil)er  communicating  with  a 
discliarge  orifice.  Between  the 
nozzle  and  the  tip  a  thin 
washer  or  disc  is  inserted  and 
held  firmly  in  place.  This  has 
a  hole  in  its  centre  correspond- 
ing with  the  diameter  of  the 
central  chamber  of  the  tip,  and 

small  slots  or  ducts  extend  tangentially  from  the  edges  of  the 
central  opening  outward  toward  the  periphery  of  the  washer, 
long  enough  to  overlap  the  annular  channel  of  the  nozzle  and 
put  it  in  communication  with  the  central  chamber.  When 
this  burner  is  assembled  with  the  washer  in  place,  oil  is 
delivered  through  the  ducts  tangentially  to  the  central 
chamber  where  it  revolves  rapidly  and  is  almost  immediately 
discharged  through  the  orifice  in  the  tip. 

In  order  to  correct  a  popular  fallacy,  attention  should  be 
called  here  to  the  fact  that  no  mechanical  atomiser  produces  a 
revolving  spray,  but  the  particles  of  oil  fly  off  in  straight  lines 
under  tlie  influence  of  centrifugal  force,  thus  forming  a  hollow, 
conical  spray.  The  fineness  of  this  spray,  that  is,  the  minute- 
ness of  the  particles  forming  it,  has  a  most  important  bearing 
on  the  results  obtained  in  the  furnace.  It  is  possible  with 
some  forms  of  steam  atomisers  to  atomise  oil  so  finely  that  no 
flame  at  all  will  be  produced,  the  incandescent  combustion 
chamber  being  filled  merely  with  a  clear,  invisible  gas  and 
every  brick  being  discernible.  It  is  doubtful  if  this  condition 
of  flameless  combustion  can  be  produced  with  mechanical 
atomisers  and  heavy  oil,  nor  is  it  desirable  under  any  circum- 
stances for  the  simple  reason  that  it  costs  too  much. 

With  the  production  of  flame,  however,  furnace  design 
assumes  an  added  importance,  for  the  flame  must  be  distri- 
buted evenly  and  without  localising  on  the  heating  surfaces  of 
the  boiler,  and  the  gases  must  be  given  time  and  space  in 
which  to  expand  and  burn  as  nearly  as  possible  to  completion 
before  being  cooled  and  the  flame  extinguished  by  contact  with 
the  tubes  of  the  boiler.  These  points  become  exceedingly  vital 
when  the  boiler  is  forced  to  the  requirements  now  demanded 
in  naval  service. 

Having  an  atomiser,  therefore,  that  will  produce  a  fine 
spray  with  heavy  oil  and  which  is  simple,  reliable,  and  easily 
handled,  the  problem  becomes  one,  not  of  oil  burner,  but  of 
furnace  design  and  air  distribution.  Our  work  has  been 
carried  on,  until  recently,  entirely  with  the  Babcock  &  Wilcox 
marine  boiler,  a  design  having  a  furnace  ideally  suited  for  any 
volatile  fuel  and  particularly  for  oil.  A  longitudinal  section 
through  this  boiler  fitted  with  mechanical  atomisers  is  shown 
in  Fig.  3  It  will  be  seen  that  the  characteristics  of  this 
furnace  are  ：  Large  volume  in  proportion  to  the  heating  sur- 
face of  the  boiler  ；  upward  slope  of  the  roof  toward  the  rear, 
resulting  in  increase  in  height  and  volume  in  the  direction  of 
the  entering  oil  spray  and  thus  providing  room  for  the  expan- 
sion and  diffusion  of  the  gases  ；  small  amount  of  boiler  heating 


surface  exposed,  and,  on  the  contrary,  large  exposed  surface  in 
incandescent  refractory  material,  thus  tending  to  inaiiit aiu 
liigh  furnace  temperature  and  promote  complete  and  rapid 
combustion  of  the  oil  ；  tubes  almost  parallel  with  the  path  of 
the  oil  spray  injected  into  the  furnace  from  the  front,  thuR 
promoting  proper  distril)ution  of  the  gases  alon^  tl"'  t  u(>**s  aiul 
preventing  local  overheating  ；  outlet  from  the  furnace  at  the 
point  most  remote  from  the  location  of  the  atornisfrs,  t  hus 
ensuring  long  travel  of  the  gases  ；  and,  finally,  meanB  for 
bringing  the  heated  products  of  rorrihuslion  into  < 小' ' t 
possible  contact  with  the  entire  amount  of  lieatiu^  surface  of 
tlie  boiler,  discharging  the  waste  ^ases  into  the  u^t ak<*  at 
temperatures  but  little  above  that  of  H"'  s"'am  y"i''r'i"'<l 
These  conditions  conihined  to  relieve  us  of  any  worrv  al>out 
furnare  design. 

The  experiments  therefore  developed  prinripall v  int n  ； i 
seardi  for  the  best  method  of  admitting  t|"'  air  for  。," 山 us" (川， 
in  which  process  great  delicacy  is  required.  Very  .sli^Iit 
changes  allVct  t ho  results  in  inisuspected  wavs,  anrl  wliilc 
almost  any  nieihod  may  result  in  smokeless  comhustion, 
maximum  economy  and  capacity  can  only  be  secured  bv  r  areful 
and  intelligent  design.    It  is  not  ，i*'"'ssarv  to  \\\o  air  a 

whirling  motion,  but  judging  from  our  rather  exhaustive 
experiments  better  gas  analyses  are  secured,  lower  air  pressures 
are  required,  and  less  refinement  of  adjustment  is  needed  if 
the  air  is  brought  into  contact  with  the  oil  spray  with  the 
right  sort  of  twist. 

Mention  has  already  been  made  of  the  special  advantages 
()f  flat  s】）iay  atomisers,  and  the  many  forms  of  successful  steam 
atomisers,  which  give  a  flat,  flante,  warrant  tlie  belief  that  there 
is  ； i  wide  field  awaiting  a  thoroughly  satisfactory  flat  sprav 
meclianical  atomiser.  Referenre  has  also  been  made  in  a  pre- 
vious paragraph  to  a  flat  flame  atomiser,  formed  of  two  flat  -ur 
faces  pressed  together,  and  to  another  consisting  of  two  round 
oil  jets  striking  together.  Neither  of  these  schemes  seems  to 
promise  very  much  in  the  way  of  material  for  development. 
Another  form  which  does  seem  to  possess  some  merit,  however, 
is  illustrated  in  Fig.  4.  This  consists  of  a  means  for  giving 
the  oil  a  rapid  whirling  motion  as  in  the  case  of  the  round 
flame  burner  and  tlien  releasing  the  liquid  through  a  slot  in 
the  side  of  the  tip  in  a  plane  at  right  angles  with  the  axis  of 
revolution  instead  of  tlirough  an  orifice  concentric  with  the 
axis.  It  is  apparent  that  centrifugal  force  will  here  come  into 
action  as  an  atomising  agent  but  tliat  the  sprav  will  be  flat 
instead  of  conical. 

The  only  practical  flat  flame  mechanical  atomiser  which  has 
been  put  on  the  market  is  that  brought  out  by  the  Schutte- 
Koertin^  Company,  and  installed  by  them  on  the  U.S.S. 
" Utah."  This  burner  is  simplicity  itself 一 a  very  considerable 
advantage ― and  the  spray  is  excellent  at  low  powers.  About 
the  only  limitation  which  lias  been  discovered  in  this  burner 
is  the  fact  that  at  anything  over  about  】001bs.  of  oil  delive  r"" 
per  hour,  the  spray  loses  its  finely  diffused  character. 

An  effort  has  been  made  to  show  that  while  the  problem  of 
oil  burning  presents  some  difficulties,  particularly  as  regards 
admission  of  air,  there  is  very  far  from  being  any  mysterv 
about  the  matter.  A  strong  leaning  toward  simplioitv, 
horse  sense  "  and  some  experience,  are  a  combination  reason- 
ably sure  of  giving  good  results,  without  depending  verv  mui'li 
on  abstruse  reasoning  or  higlier  matlieiiiatios.  Improvements 
will  l>e  required  and  will  be  forthcoming,  particularly  in  con- 
nection with  spraying  the  heavier  oils,  and  tlie  flat  sprav 
atomiser  lias  a  promising  field  for  development.  Meanwhilp 
the  results  already  attained  are  certainly  encouraging. 

ROOTS  OIL  ENGINE. 

A  method  of  feeding  liquid  fuel  into  internal -combustion 
engines  is  illustrated  in  the  accompanying  sectional  view. 
The  arrangement,  which  has  recently  been  patented  bv  Mr. 
James  D.  Roots,  M.T.Mecli.E.,  58,  Avonmore  Road,  West 
Kensington,  London,  W.，  is  particularly  applicable  to 
engines  in  which  the  fuel  is  vaporised  or  partiallv  vaporised 
in  a  punip  by  compressing  air  therein  to  a  high  pressure, 
and  the  mixture  of  fuel  and  air  is  injected  through  a  mechani- 
cally actuated  valve  into  a  charge  of  compressed  air  in  tlie 
engine  cylinder,  where  it  is  ignited,  either  bv  the  heat  due  to 
the  compression  of  the  air  or  by  other  means,  such  as  an 
electric  spark. 

Referring  to  the  illustration,  which  shows  diagrammati- 
cally  one  cylinder  of  any  usual  two-stroke  type  arranged  for 
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Roots  Oil  Engine. 


small  high-speed  engines,  the  working  piston  C  is  fitted  with 
the  small  piston  P  centrally  secured  thereto.  The  small 
piston  is  provided  with  a  sufficiency  of  packing  rings  at  its 
upper  end.  On  the  down-stroke  of  the  two  pistons,  the  small 
piston  P  draws  in  air  from  the  atmosphere  through  the  valve 
L?  and  oil  or  liquid  fuel  through  the  orifice  D,  which  is  closed 
by  a  conical  end  on  the  valve  stem  fitting  a  seating.  E  is 
the  oil  pipe  and  F  a  screw-down  regulating  valve.  The  fuel 
and  air  are  drawn  in  through  the  valve  L  until  the  small 
piston  has  completed  its  down-stroke.  The  return  stroke 
compresses  the  fuel  and  air  together  to  a  pressure  of,  say, 
about  5001bs.  per  square  inch.  The  mixture  is  compressed 
into  the  two  small  bored  channels  N,  one  on  each  side,  which, 
together  with  the  space  G  constitute  the  compression  an d 
clearance  space.      The  ends  of  the  passages  N  are  provided 

with  double-seated  closing  valves 
M.  When  the  working  piston 
approaches  the  dead  point  at  the 
top  of  its  stroke,  and  the  air  in 
the  combustion  chamber  B  has 
been  compressed  to,  say,  2701bs. 
per  square  inch,  the  two  valves 
M  are  lifted  from  their  seats  by 
tlie  working  piston,  and  the  mix- 
ture is  injected  into  the  com- 
pressed air  in  the  combustion 
chamber.  The  rise  of  pressure 
consequent  on  the  explosion  closes 
both  valves  on  to  the  opposite 
seatings.  When  the  pressure  in 
the  channels  exceeds  that  in  the 
working  cylinder  during  the 
compression  of  the  small  pis- 
ton, the  valves  change  seatings 
again.  The  mixing,  heating, 
vaporising,  and  injecting  cycle 
of  operations  is  repeated  with  every  up  and  down-stroke  of 
the  plunger  P. 

The  air  is  compressed  in  the  passages  very  rapidly.  The 
heat  of  compression  is  retained,  and  the  rising  and  falling  of 
pressure  in  the  passages  sweeps  the  fuel  and  air  owing  to  the 
surging  of  the  air  to  and  fro  during  suction  and  compression, 
over  the  heated  surfaces  of  the  passages.  A  larger  volume 
of  injecting  air  is  thus  delivered  with  the  fuel  than  in 
Diesel  engines  when  the  injection  valve  or  valves  are  mechani- 
cally opened.  The  air  and  fuel  are  mixed  together,  the  fuel 
being  vaporised,  and  when  the  injection  valve  is  opened  just 
prior  to  the  dead  point  of  the  stroke,  the  relative  volume 
delivered  being  larger  than  in  Diesel  engines,  the  result  is 
that  ignition  and  combustion  take  place  more  rapidly,  an 
explosion  rather  than  combustion.  The  compression  pressure 
to  effect  regular  ignition  in  the  combustion  chamber  may, 
with  some  liquid  fuels,  for  example,  be  before  the  valve  is 
opened,  only  2501bs.  per  square  inch  instead  of  5001bs.，  as  in 
Diesel  engines,  and  the  pressure  in  the  valve  passages  about 
4501bs.  instead  of  8001bs. 

It  will  be  observed  that  the  small  volume  of  air  insufficient 
to  combine  chemically  or  ignite  with  the  fuel  is  drawn 
together  with  the  fuel  through  the  valve,  during  the  down- 
stroke  of  the  plunger  into  highly  heated  passages  forming  the 
chief  portion  of  the  clearance  space  of  the  small  cylinder,  and 
is  compressed  rapidly  with  the  fuel  just  prior  to  injection,  the 
air  not  having  time  to  cool,  immediately  prior  to  the  delivery 
or  injection  of  the  mixture.  The  hydrocarbon  is  delivered, 
together  with  the  air  during  the  suction  stroke  of  the  small 
piston,  into  the  small  highly-heated  passage,  the  air  drawn  in 
sweeping  over  the  hydrocarbon  during  the  suction  stroke  and 
again  sweeping  over  it  during  the  return  or  compression  stroke 
of  the  piston,  thus  firstly  during  tlie  suction  subjecting  the 
air  and  fuel  to  a  mixing  process,  this  mixing  process  being 
continued  and  nearly  completed  during  the  compression,  which 
compression  at  the  same  time  raises  the  mixture  to  a  high 
temperature.  The  air  is  thus  caused  to  surge  to  and  fro  over 
the  heated  hydrocarbon  in  small  passages,  a  process  of  rapid 
movement  that  effects  complete  admixture  and  partial  or  com- 
plete vaporisation. 


THE  SLOW  COMBUSTION  OF  COAL  DUST  AND  ITS  THERMAL 

VALUE.* 

BY  F,  E.  E.  LAMPLOUGH,  M.A.,  AND  A.   MUKIEL  HILL,  B.SC. 

The  investigations  about  to  be  described  were  undertaken,  in 
connection  with  the  experimental  work  of  the  Doncaster 
Coalowners'  Committee,  to  elucidate  to  some  extent  the  nature 
of  the  chemical  changes  involved  in  the  slow  combustion  of 
coal  dust,  and  to  determine  if  possible  the  value  of  the  heat 
changes  accompanying  the  oxidation  of  different  varieties  of 
coal.  Work  was  commenced  in  July,  1912,  and  attempts  were 
first  made  to  determine  quantitatively  the  course  of  the 
oxidation  which  occurred  in  coal  dust  maintained  at  a  tempe- 
rature of  110°  C.  in  electric  heaters. 

The  evolution  of  heat  was  measured  by  carrying  out  the 
oxidation  of  the  coal  dust  in  a  vacuum  flask  immersed  in  a 
water  bath  of  regulated  temperature.  A  sensitive  thermo- 
electric method  was  used  to  record  and  measure  continuouslv 
the  temperature  of  the  coal  dust.  The  absorption  of  oxygen 
was  determined  by  recording  the  fall  in  pressure  continuouslv 
by  specially  devised  apparatus.  Analyses  were  made  at  the 
beginning  and  end  of  the  experiment  to  correct  for  the  carbon 
dioxide  developed  and  for  the  evolution  of  methane,  &c. 

In  the  calculation  of  the  oxygen  absorbed  by  the  coal, 
corrections  were  applied  for  the  different  specific  gravities  of 
the  coal,  for  the  change  in  temperature  of  the  contents  of  the 
vacuum  flask,  for  the  accompanying  change  in  the  saturation 
pressure  of  the  water  vapour,  for  the  change  in  the  com- 
position of  the  gas  in  the  flask,  and  for  the  change  in  the  baro- 
metric pressure.  The  heat  evolution  was  calculated  from  the 
rise  in  temperature  produced  in  the  flask  and  its  contents,  and 
from  the  transference  of  lie  at  from  the  flask  to  the  water  bath. 
For  the  former  calculation,  the  specific  heat  of  each  coal  was 
determined. 

The  rate  at  which  heat  was  lost  by  the  vacuum  flask  for  a 
given  difference  of  temperature  between  it  and  the  water  bath 
was  measured  by  allowing  the  flask  filled  with  water  at  a 
higher  temperature  to  cool  under  conditions  similar  to  those 
of  an  experiment  with  coal  dust.  The  change  in  temperature 
was  recorded  as  usual,  and  from  the  water  equivalent  of  the 
flask,  and  the  known  amount  of  water  it  contained,  was  calcu- 
lated the  number  of  calories  lost  from  the  flask  per  hour  for 
each  degree  of  temperature  difference  between  the  flask  and 
the  bath. 

The  absorption  of  oxygen  which  occurred  in  the  vacuum 
flask  lowered  the  pressure  of  oxygen  in  the  flask,  bottle,  and 
that  part  of  the  gauge  in  connection  with  the  apparatus 
occupied  by  oxygen.  The  volume  of  oxygen  absorbed  was 
calculated  in  each  case  by  the  following  formula  : — 

F+V  V"  (V  -  V  +  "  +  00823/  (,-5-  f) 

Fx  318(p-7r)  ,  ―  V  x  318  (f  -  O   , . 
76  (273  +t)   ,  76  (273  + 《')        7  ; 

where 

V  =  volume  of  flask  occupied  by  the  gas,  that  is,  464  cubic 
centimetres,  minus  the  volume  occupied  by  the  coal  dust, 
which  was  calculated  from  its  mass  and  specific  gravity, 

F'  =  volume  of  the  bottle  containing  pure  oxygen  in  con- 
nection with  the  flask, 

F"  =  volume  of  gas  in  the  gauge  and  connecting  tubes  (witli 
the  mercury  level  in  both  arms  of  the  gauge), 

p  and  pr  =  t\\e  barometric  pressure  at  the  beginning  and 
at  the  end  of  the  experiment, 

n  =  the  number  of  times  the  oxygen  was  admitted  into  the 
apparatus  by  the  automatic  stop-cock, 

Z  =  fall  in  level  of  mercury  in  the  open  arm  of  the  gauge 
(21  ―  change  in  gas  pressure), 

t  and  =  temperature  of  coal  dust  at  the  beginning  and  at 
the  end  of  the  experiment, 

77  and  77' =  saturation  pressure  of  aqueous  vapour  at  tempe- 
ratures t  and  t\ 

f  and  f  =  proportions  of  oxygen  in  the  gas  in  the  flask  at 
the  beginning  and  at  the  end  of  the  experiment,  and  318  =  the 
temperature  of  45°  C.  on  the  absolute  scale. 

In  calculating  the  composition  of  the  gas  in  the  flask  from 
which  samples  for  analysis  were  taken  in  a  vacuous  sampling 

*  Paper  presented  at  the  annual  meeting  of  the  Institution  of  Mining 
Kngiueers,  Loudou,  June  5tb.  1913, 
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tube,  a  correction  was  applied  for  ilie  degree  of  va('im，N 
obtained,  this  having  been  determined  by  ex]>(M-iiii(Mit .  Th" 
sample  was  taken  with  the  vacuum  flask  shut  ofY  from  1  lie 
bottle,  in  order  to  prevent  any  oxygen  rushing  in  ami  mixing 
with  the  gas  in  the  flask .  An  important  further  correction 
was  required  to  allow  for  this  removal  of  the  sample  from  1  \w 
flask  and  its  immediate  replacement  by  pure  uxv"<"i 

In  the  foregoing  formula  the  first  expression  gives  the 
absorption  of  oxygen  represented  by  tho  fall  in  pn'ssurc  ol'  I  In- 
gas  in  the  flask,  bottle,  and  gauge,  assuming  t  he  t«'"q"'nil  m  <• 
of  the  flask  to  be  that  of  the  bath,  and  that  no  rise  in  mcn'urv 
in  the  closed  arm  of  the  gauge  lias  taken  jtlacc.  The  second 
expression  corrects  for  the  rise  of  level  of  mercury  wliicli 
actually  occurs  in  the  closed  arm  of  tl»e  ^augo  jn'cvious  to  r-'irli 
admission  of  oxygen,  a  mean  value  for  each  rise  in  level  being 
taken  for  the  whole  experiment. 

In  addition,  a  considerable  change  occurs  in  I  lie  aniount 
of  oxygen  in  the  flask.  This  lias  to  be  corrected  for  by  taking 
into  account  the  change  in  the  com  position,  temperature, 
saturation,  pressure  of  aqueous  vapour,  and  final  pressure  of 
the  gas  in  the  vacuum  flask.  The  third  expression  gives  the 
volume  of  oxygen  in  the  flask  at  the  beginning  of  the  ex|"'ri 
meat,  and  the  fourth  expression  the  volume  of  oxygen  at  the 
end  of  the  experiment.  The  difference  between  these  two 
expressions  is  the  loss  of  oxygen  in  the  flask  apart  from  the 
oxygen  admitted  during  the  experiment,  which  latter  is  con- 
tained in  the  first  expression  of  the  formula. 

The  coals  experimented  with  were  obtained  from  different 
localities.  Some  samples  from  the  Bullhurst  Seam  were 
kindly  sent  by  Mr.  A.  M.  Henshaw,  to  whom  the  writers  are 
greatly  indebted  for  his  interest  during  the  earlier  part  of 
their  work.  Other  samples  of  coal  were  supplied  by  the 
Doncaster  Coalowners'  Committee. 

Table  I.  is  a  summary  of  the  results  of  reliable  experiments 
obtained  with  the  final  form  of  the  apparatus.  In  no  case 
does  heating  take  place  without  absorption  of  oxygen,  and, 
conversely,  absorption  of  oxygen  is  always  attended  by  heating 
of  the  coal.  These  two  processes  are  obviously  very  intimately 
connected,  and  taking  into  account  the  very  different  qualities 
of  coal  examined,  the  numbers  in  the  last  column,  which  give 
the  amounts  of  heat  evolved  during  the  absorption  of  1  cubic 
centimetre  of  oxygen,  are  surprisingly  concordant.  The  mean 
value  obtained  is  3*4  calories  per  cubic  centimetre  of  dry 
oxygen  measured  at  0°  C.  When  carbon  is  burnt  to  carbon 
monoxide  and  to  carbon  dioxide,  the  respective  amounts  of 
heat  liberated  are  2'6  and  4*4  calories  during  the  consumption 
of  1  cubic  centimetre  of  oxygen. 

Table  I. 


(1) 

(2) 

(3) 

(4) 

(5) 

(fi) 

Calorics 

evolved 

Oxygen 

Calorics 

pel'  cllli. 

Description  of 

― Ash. 

Iron. 

ahsoi-hcd 

of 

， centi- 

coal. 

at0° 

heat 

" metre 

cent. 

I'viilvni. 

of  oxy- 

gen ab- 

S()ll)('<l. 

Cubic 

(fiiti- 

metres 

Per 

Per 

drv  at 

Top  softs,  containing  43% 

cent. 

cent. 

N.T.P. 

40 

20-2 

321 

l，l;->8 

3-6 

132 

495 

3-6 

I  1 

0-1 

459 

1.275 

2-8 

3-2 

1,2 

60 

234 

3-8 

6-0 

0-1 

195 

705 

3-6 

Top  softs  ： ― 

First  part   

2-8 

0-8 

534 

1,684 

3-2 

1.041 

:i.t»S!l 

3  0 

Hani  coal  No.  2   

4-0 

0-1 

1. 110 

3,190 

2-9 

Slack   

3-2 

1  -4 

31 

115 

3-7 

Iron  pyrites  from  coal*  .... 

240 

800 

3-3 

*  The  word  '(  pyrites  "  has  been  used  throughout  to  designate  the  sulpli""' 
FeS-2  without  prejudice  as  to  its  luiturt1.  I'*n>m  its  cryslalliiu'  fui  in  it  、\a、 
evident  that  some  of  the  material  used  in  the  last  experiment  was  p\rih、 
and  not  marcasitr. 


All  the  samples,  with  the  exception  of  anthracite,  Bull- 
hurst, and  iron  pyrites,  were  from  tlie  Barnsley  Seam.  In  tlie 
case  of  "top  softs"  a  sample  of  gas  was  taken  during  the 


progress  of  the  experiment,  and  using  the  analysis  of  this 
sample,  cahrulations  were  made  of  the  thermal  value  of  the 
absorption  wliicli  or-curred  during  two  periods 一 the  first  Hix 
hours  and  tlie  following  17  hours  of  the  ex|"，rim*'，it .  It  will 
be  seen  that  the  values  in  the  two  parts  of  the  expeririKMit 
were  nearly  the  same. 

An  experiment  was  made  with  a  sample  of  pvnt'" 
occurring  in  coal.  The  material  was  collected  from  the  coal 
ilnown  away  during  uiiloading  in  a  large  coalyard,  an<J  t luk 
sample  was  apparently  free  from  carl" 川；" *'oiis  matter.  The 
thermal  value  of  tlie  total  chemical  changes  taking  pla<o 
during  the  oxidation  of  pyrites  proved  to  be  very  close  to  tli'' 
value  given  for  the  oxidation  of  carbonaceous  matter.  Certain 
peculiarities  of  this  experiment  make  the  result  rattier  less 
reliable  than  in  the  other  cases. 

Other  interesting  and  important  facts  concerning  the 
oxidation  of  coal  were  obtained  during  the  expf'rim'  i"  、，  ； md 
the  data  on  these  points  are  collected  in  Table  1 1 

Taiu.e  II. 


(1) 

(2) 

(3) 

(4) 

15) 

(6) 

(7) 

Carbon 
dioxide 

evolve*! 

Initial 

Final 

Oxy- 

< 'ai  l>Mii 

fM-r  100 

rate  of 

rato  of 

Final 

Description. 

gen 

<li((.\iilc 

cubic 

al,、"r|,- 

t'lll- 

(»f  ooal. 

ab- 

evol- 

centi- 

ti"" 

tion 

fK-ra. 

sorlx'il. 

ved. 

川' tr'、 

per 
liour. 

per 

tnro. 

of  oxy- 

hour. 

gen  ab- 

sorbed. 

( 'i 山 i'. 

Cubic 

<  'tlhir 

( 'ul'i'. 

( 'wl>i' 

De~ 

centi- 

centi- 

centi- 

centi- 

centi- 

'_'「'•'、 

iii''tn'.、. 

metres. 

Hi, •"'♦•、. 

metres. 

metre& 

cent. 

Top  softs,  containiiiLr  4.'? 

per  cent,  of  pyrites  . . 

321 

IIS 

37 

54 

55 

51-2 

Anthracite   

132 

0 

0 

59 

32 

4!) -4 

Top  coal   

450 

5-4 

1-8 

46 

4H 

• ；二'  -7 

00 

0-4 

0'6 

11  -2 

IT  J 

195 

2-7 

1  <i 

18(i 

22  0 

Top  softs  ： ― 

First  part  

534 

3-6 

0-7 

186 

Hard  coal  No.  2   

1.041 

2  0 

189 

fifi.4 

1,1  h) 

121 

10 

90 

78 

"2  ':、 

Slack   

31 

0  02 

0-06 

14  0 

13 '7 

4«  0 

Iron  pyrites  from  coal . . 

240 

102 

43 

475 

The  third  column  of  Table  II.  gives  the  volume  of  carbon 
dioxide  developed  during  the  oxidation,  and  for  comparison 
with  the  oxygen  absorbed  at  the  same  time  the  percentage 
ratio  of  these  two  quantities  is  given  in  column  4. 

As  the  duration  of  tlie  experiments  varied  from  about  four 
to  24  hours  the  initial  and  final  rates  of  absorption  of  oxygen 
are  given  in  columns  5  and  6  so  that  the  speeds  of  the  action 
for  different  coals  can  be  readily  compared.  The  partial 
pressure  of  oxygen  at  the  beginning  of  the  experiment  varied, 
with  an  average  value  near  0*75  atmosphere,  and  to  make 
these  initial  rates  comparable,  corrections  have  been  applied 
to  give  the  initial  rates  in  pure  oxygen,  assuming  that  the  rate 
of  reaction  is  proportional  to  the  partial  pressure  of  oxygen, 
similar  corrections  being  applied  to  obtain  the  final  rates. 
The  initial  temperature  was  always  near  45°  C,  and  the  final 
temperatures  are  given  in  column  7. 

From  the  values  for  the  amount  of  carbon  dioxide  evolve'l, 
it  is  at  once  seen  that  the  oxidation  of  the  coals  containing 
little  pyrites  gives  very  little  of  this  gas,  whilst  large  volumes 
are  produced  in  the  two  experiments  with  material  rich  in 
pyrites.  The  carbonaceous  matter,  which  includes  some  of 
the  higher  cyclic  unsaturated  hydrocarbons,  is  probablv 
oxidised  chiefly  by  the  addition  of  oxygen  to  the  complex 
molecules.  It  is  interesting  to  note  that  in  the  experiment 
conducted  quantitatively  in  two  parts,  the  production  of 
carbon  dioxide  is  much  greater  in  the  latter  part  of  the 
experiment. 

The  large  evolution  of  carbon  dioxide  was  responsible  for  a 
curious  phenomenon  in  the  experiment  with  pvrites,  a  similar 
effect  of  much  less  degree  being  noticed  in  the  experiment  with 
" top  softs  rich  in  pyrites."  The  heat  evolution  when  the 
pyrites  was  oxidised  was  at  first  very  rapid,  but  quickly  ceased, 
because,  owing  to  the  evolution  of  carbon  dioxide,  the  further 
inflow  of  oxygen  was  largely  prevented.  The  pressure  of  the 
gas  at  first  fell  considerably,  but  soou  a  minimum  pressure  was 
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reached,  and  this  fall  gave  place  to  a  rise,  owing  to  the  evolu- 
tion of  carbon  dioxide,  and  finally  atmosplieric  pressure  was 
slightly  exceeded.  Oxidation,  therefore,  almost  ceased 
because  the  oxygen  in  the  flask  was  exhausted,  and  none  could 
enter  to  continue  the  process.  The  taking  of  a  sample  at  this 
stage  admitted  oxygen,  which  gave  a  fresli  impulse  to  the 
reaction,  and  the  temperature,  which  had  become  stead v, 
again  rose  rapidly.  Again  the  pressure  curve  showed  a 
niiiiirniun  pressure,  owing  to  the  evolution  of  cHrl)on  dioxide  ； 
and  when  a  sample  of  gas  was  aiwilysed  the  next  morning, 
l'r〕  hours  later,  it  was  found  tliat  the  oxygen  in  cowi  act  wi\  h 
the  pyrites  had  become  reduced  to  4 '3  per  ceui . 

The  greater  part  of  the  carbon  dioxide  was  evolved  after 
most  of  the  oxygen  absorption  had  taken  place.  It  id  ay  be 
concluded  from  this  that  the  carbon  dioxide  is  produced  as  a 
result  of  a  reaction  brought  about  by  the  products  of  tlie 
oxidation  of  the  pyrites.  The  evolution  of  carbon  dioxide  is 
doubtless  clue  to  the  action  of  sulphuric  acid  on  limestone 
present  in  the  pyrites.  The  sulphuric  acid  is  formed  by  oxitla 
tion  of  the  pyrites  in  the  coal  and  by  hydrolysis  of  the 
sulphates  of  iron  produced  at  the  same  time.  If  this 
hydrolysis  was  complete,  and  there  was  no  retention  of  carbon 
dioxide  in  the  form  of  basic  iron  carbonates,  the  volume  of  the 
gas  evolved  should  be  equal  to  about  55  per  cent,  of  the  oxygen 
absorbed .  The  carbon  dioxide  evolved  in  the  pyrites  experi- 
ment was  some  43  per  cent,  of  the  volume  of  the  oxygen 
absorbed,  but  the  rise  in  pressure  caused  errors  which  could 
not  be  properly  estimated. 

For  the  proper  elucidation  of  the  reactions  occurring  in 
the  oxidation  of  pyrites,  a  modified  method  should  be  used,  in 
which  it  is  possible  to  remove  and  measure  the  carbon  dioxide 
continuously,  so  that  there  should  always  be  plenty  of  oxygen 
in  contact  with  the  material  to  continue  the  oxidation. 

From  the  rates  of  absorption  which  are  given  in  Table  II. ， 
a  valuable  opinion  may  be  formed  of  the  relative  extent  to 
which  these  different  varieties  of  coal  would  become  heated 
when  exposed  in  a  finely-divided  state  to  the  oxygen  of  the  air. 
The  most  rapid  absorption  of  oxygen  occurred  in  the  case  of 
pyrites  picked  from  coal,  and  the  figure  is  a  minimum  value, 
because  the  evolution  of  carbon  dioxide  would  probably  begin 
early  in  the  action.  Owing  to  the  low  specific  heat  of  pyrites 
(0'12),  as  compared  with  an  average  value  of  about  0'3  for  the 
other  samples  of  coal,  a  given  evolution  of  heat  produces  a 
much  greater  rise  in  temperature  in  pyrites  than  in  coal. 
Thus  for  pyrites  the  initial  rise  in  temperature  was  over  five 
times,  but  the  initial  rate  of  absorption  of  oxygen  was  only 
two-and-a-half  times  as  great  as  in  the  case  of  the  experiment 
with  il  top  softs." 

It  will  be  noticed  that  the  rate  of  absorption  of  oxygen  for 
top  softs  containing  43  per  cent,  of  pyrites  is  only  about  a 
ninth  as  great  as  in  the  case  of  nearly  pure  pyrites.  Possibly 
this  is  due  to  differences  in  the  structure  or  physical  form  of 
the  pyrites,  but  there  may  also  be  chemical  differences  to 
account  for  this. 

In  some  experiments  the  proportion  of  oxygen  in  the  flask 
became  considerably  diminished.  Thus  at  the  end  of  the 
pyrites  experiment  the  gas  contained  only  4*3  per  cent,  of 
oxygen,  whilst  the  proportions  were  8  and  20  per  cent,  of 
oxygen  respectively  in  the  experiments  with  top  softs  and  with 
top  softs  rich  in  pyrites.  The  corrected  rates  of  absorption  in 
the  two  last-named  cases  were  slightly  greater  at  the  end  than 
at  the  beginning  of  the  experiment,  but  the  temperature  was 
of  course  higher.  It  seems  certain  from  these  facts  that  the 
oxidation  and  heating  of  coal  dust  could  not  be  prevented  by 
any  moderate  reduction  in  the  proportion  of  oxygen  present 
in  mine  air. 

General  Conclusions. ― (1 )  The  heat  which  was  evolved 
when  coal  dust  was  heated  in  an  atmosphere  rich  in  oxygen 
was  nearly  proportional  to  the  volume  of  oxygen  absorbed,  the 
mean  value  being  3 '4  calories  of  heat  produced  during  the 
oxidation  brought  about  by  the  absorption  pi  1  cubic  centi- 
metre of  oxygen. 

(2)  The  production  of  heat  may  be  attributed  to  two 
chemical  changes,  namely,  the  oxidation  of  iron  pyrites  and 
t  he  oxidation  of  carbonaceous  matter. 

(3)  The  oxidation  of  carbonaceous  matter  in  coals  practi- 
cally free  from  iron  was  not  so  rapid  as  in  those  containing 
much  iron,  but  continued  for  a  long  time,  comparatively  little 
carbon  dioxide  being  evolved,  so  that  eventually  there  was 
considerable  heat  evolution  even  in  the  absence  of  ventilation. 


(4)  The  oxidation  of  iron  pyrites  was  at  first  very  rapid, 
but  soon  almost  ceased,  because  the  flask  became  choked  with 
carbon  dioxide,  which  prevented  further  admission  of  oxygen. 
With  conditions  under  which  there  is  diffusion  of  air  through 
the  coal  dust,  and  when  a  considerable  amount  of  iron  pyrites 
is  present,  1  lie  oxidation  of  this  mineral  would  possibly  be  the 
predominant  factor  in  the  spontaneous  heating  of  coal  dust. 

Oxidation  of  coal  dust  takes  place  in  contact  with  gas 
containing  "iu(  li  less  than  the  normal  proportion  of  oxygen 
present  in  air. 

(6)  The  oxidat  ion  of  carbonaceous  matter  and  the  total 
changes  occurring  in  pyrites  during  the  absorption  of  a  given 
volume  of  oxygen  produce  about  the  same  amount  of  heat,  so 
thai  the  rate  at  whicli  heat  is  given  off  in  the  oxidation  of  coal 
dust  due  to  either  process  may  with  surprising  nearness  be 
determined  by  the  volume  of  oxygen  absorbed. 


THEISEN^S   CENTRIFUGAL  APPARATUS   FOR  PURIFYING, 
COOLING,  AND  WASHING  GASES. 

The  accompanying  illustrations  show  several  designs  of  centri- 
fugal apparatus  for  purifying,  cooling,  and  washing  gases,  the 
invention  of  H.  E.  Theisen,  34，  Elisabethstrasse,  Munich. 
In  the  arrangement  shown  in  Fig.  1,  which  is  combined  witli 
a  gas  scrubber,  both  the  gas  and  washing  water  pass  radially 
through  the  disintegrator  apparatus  from  the  inside  to  the 
outside.  The  major  part  of  the  washing  water  is  thus  thrown 
against  the  inclined  surface  A  and  deposited  in  the  channel 
at  its  periphery,  and  runs  off  at  B.  The  gas,  on  the  other 
hand,  is  centrifugalled  further  after  the  manner  of  known 
gas  washing  fans  together  with  the  remainder  of  the  washing 

water  into  the  spirally 
enlarged  casing,  the  gas 
being  carried  off  through 
a  tangentially  arranged 
outlet  nozzle,  whilst  the 
remainder  of  the  washing 
water  runs  off  at  C. 

I n  the  apparatus 
shown  in  Fig.  2  the  gas 
enters  at  D  into  the 
annular  chamber  sur- 
rounding the  disintegrator 
apparatus,  and  first  comes 
in  contact  with  the  wash- 
ing water  in  the  lower- 
most part,  whicli  water 
is  ejected  here  from  the 
disintegrating  apparatus, 
whereby  it  is  first  prelim- 
inarily cooled  and  purified. 
Under  the  action  of  the 
fan  arranged  on  the  right- 
liand  side  the  gas  is  then 
drawn  in  the  direction 
indicated  by  the  arrows 
from  all  sides  equal  1  v 
through  the  disintegrating 
device  from  the  outside  to  the  inside  in  counter-current 
to  the  washing  water,  which  is  thrown  by  the  action 
of  centrifugal  force  from  the  inside  to  the  outside.  The 
washing  water  itself  escapes  below  at  D,  whilst  the  gas 
is  furtlier  centrifugalled  in  the  fan  arranged  at  the  right 
hand,  together  with  the  washing  water  carried  with  it,  and, 
as  described  in  connection  with  Fig.  1，  escapes  through  a 
tangential  outlet  nozzle.  The  washing  water,  which  in  any 
case  is  separated  in  only  small  quantities,  is  carried  off  at  any 
suitable  place  in  the  casing. 

Fig.  3  illustrates  another  arrangement  in  which  the  gas 
enters  at  D.  It  is  then  drawn  into  the  right-hand  outer  half 
of  the  disintegrator  in  the  direction  indicated  by  the  arrow? 
from  the  inside  to  the  outside,  i.ety  with  the  wasliing  wat-er, 
and  tlien  is  conveyed  again  into  the  left-hand  side  of  the 
disintegrator  again  from  the  outside  to  the  inside,  that  is  to 


w^m/////〃〃〃//〃//////》/. 


Fig.  1— Theisen 's  Apparatus  for  Cooi.ino 
and  Washing  Gases. 
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say,  flows  in  an  opposite  direction  to  the  washing  water,  and 
is  then  drawn  off  through  the  fan.  In  this  arrangement  a 
disintegrator  which  is  to  a  certain  extent  double  sided  is 
provided,  and  the  mixture  and  contact  of  the  gas  with  U"' 
washing  water  is  consequently  thorough.  The  introduct iuri 
of  the  washing  water  is  effected  by  means  of  tli"  pipe  F.  In 


Fig.  2.— Theiken'k  AprARATUb  for  Cooling  and  Washing  Gases. 

this  design  also  small  quantities  of  washing  water  may  be 
carried  into  the  fan  G，  and  therefore,  even  in  this  form  of 
construction,  the  gas  is  again  centrifugalled  in  the  fan  with 


Fig,  3.— Thkiben's  Appakatus  fob  Cooling  and  Washing  Gases. 

the  washing  water.  The  gas  is  carried  off  through  a  tangen- 
tial outlet  nozzle,  whilst  the  small  quantities  of  washing  water 
carried  with  the  gas  are  discharged  at  any  suitable  place. 


Self-contained  Breathing  Apparatus. ― Mr.  J.  R.  L.  Allott, 
in  a  paper  recently  presented  before  the  Institution  of  Mining 
aud  Metallurgy,  described  in  detail  the  success  of  self- 
contained  breathing  apparatus  worn  by  the  Rescue  Brigades 
when  Norton  Colliery  (N.  Staffs)  was  re-opened  after  the 
explosion  in  February  of  last  year.  He  said  that  the  first 
party  wearing  rescue  apparatus  descended  slowly  with  mice, 
a  canary,  and  safety  and  electric  lamps,  but.  without  leaving 
the  cage,  they  returned  to  the  surface  in  half-au-hour.  The 
mice  aud  cauary  were  not  affected,  but  all  the  safety  lamps 
were  extinguished,  it  being  estimated  there  was  from  5  to  6 
per  cent,  .of  fire-damp.  The  type  of  rescue  apparatus  used  was 
the  Proto  Fleus-Davis  pattern,  and  the  lamps  used  were  of  the 
Oldham  type.  Further  operations  proved  successful.  The 
brigades  worked  with  the  apparatus  for  120  days,  ahlmu" 小 
the  actual  time  worked  in  the  recovery  of  the  dips  was  only 
85  days,  and  they  actually  lived  on  their  oxygen  360  hours 
during  that  period .  This  work  at  Norton,  in  an  at  niospliero 
which  was  absolutely  irrespirable,  constituted  a  remarkable 
record .  He  looked  forward  to  the  increased  usefulness  of 
self-contained  breathing  apparatus,  and  its  application  for 
purposes  at  present  not  contemplated.  Dr.  J.  S.  Ilaldanr. 
who  examined  the  rescuers  at  Norton,  found  no  plivsi (  ； il 
deterioration,  except  what  a  short  holiday  would  repair. 


STEEL  CASTINGS  AND  THEIR  SUBSTITUTES. 

ItY   IIENKY  BOUTHEH. 

Thk  iiiiHapplication  of  tlie  term  "  steel  rastin^  •  is  iiotorioii' 
It  is  applied  to  ho  many  widely  different  iron  corn  pounds  that 
the  layman,  represented  by  the  purchasing  class,  finds  himself 
much  at  sea.  It  is  difficult  for  him  to  cornprfh^iHl  the 
diflVrence  between  real  steel  castings,  s*;m  i  -s""'l  '  :ist  mt/、 
inalleable  iron  castings  (often  called  ateel),  and  a  group  of 
metals,  hearing  trade  names  ami  having  a  composition 山 'tviw 
classification  by  metallurgists,  that  are  sold  as  steel  castings 
but  whicli  are  far  from  it.  Tlu*  term  "  steel  casting  "  Hliould 
mean  and  does  mean  something  definite.  Such  castings  are 
made  of  the  same  kind  of  materials  as  the  forged  or  rolled 
steel  of  commerce.  Whet  Iter  the  steel  be  melted  in  a  crucible, 
electric  furnace,  open-hearth  furnace,  or  in  a  Bessemer  con- 
verter of  the  standard  type,  or  a  modified  Bessemer  like  the 
Tropenas  or  Thomas  process,  does  not  alter  this  fart. 

Chemistry  of  Steel  Castings. ― The  chemical  cor'i!'o."it  i'm  of 
steel  castings  will  be  found  to  differ  slightly,  in  accordance 
with  the  preference  of  the  metallurgist  in  charge  of  the 
melting  operations,  or  to  suit  the  detail  specification  of  tli^ 
purchaser.  All  genuine  steel  castings  are  of  the  same  nature 
as  to  composition  and  may  be  described  in  a  general  way  as 
follows  ：  The  carbon  (entirely  in  the  combined  form)  may  varv 
as  desired ― from  015  to  080  per  cent.,  or  even  more.  The 
manganese  may  vary  in  like  manner,  from  0*20  to  100  per 
cent.  The  silicon  also  is  under  control  aud  may  range  from 
005  to  050  per  cent.  The  phosphorus  and  sulphur  are 
impurities,  and  the  amounts  present  in  the  final  product  are 
dependent  to  a  large  degree  upon  the  selection  of  the  melting 
stock  arid  the  melting  process.  A  characteristic  analysis  of  a 
steel  casting  suitable  for  general  machinery  purposes  may  be 
considered  to  be  about  as  follows  ： ― 

Per  cent. 

Carbon    0  30  to  0  40 

Manganese    0  50  to  0  80 

Phosphorus    0  06  to  0.08 

Sulphur    0  06  to  0  08 

Silicon    0'20  to  0  35 

Higher  carbons  may  be  ordered  for  certain  uses,  and  purer 
(/.'  "  lower  phosphorus  and  sulphur)  material  may  be  obtained 
if  desired.  Special  alloy  steels  are  also  cast,  as  for  railroad 
switch  frogs,  crossovers,  and  the  like.  All  these  steels  are 
melted  in  a  similar  manner,  are  cast  into  moulds  at  the 
characteristic  and  very  high  temperature  of  genuine  steel,  are 
of  a  crystalline  structure  when  cast  and  are  substantially  free 
from  graphite  or  any  form  of  carbon  other  than  combined 
carbon.  Such  material  may  be  annealed,  heat  treated,  and 
refined  the  same  as  all  carbon  steel  of  commerce.  They  are 
cast  steels  just  the  same  as  is  the  ingot  from  which  bar  stork 
is  subsequently  rolled. 

Semi  steel.  ―  This  name  is  most  misleading.  It  is  applied 
to  several  metals  (iron  compounds),  but  mostly  to  one  that  is 
nothing  more  or  less  than  ordinary  grey  cast  iron  to  which  a 
percentage  of  steel  scrap  has  been  added  during  the  melting. 
The  resulting  metal  has  all  the  characteristics  of  grey  iron. 
The  amount  of  steel  added  (from  10  to  30  per  cent,  generally) 
is  too  small  to  alter  materially  the  grey  iron  characteristics, 
and  the  material  remains  cast  iron. 

The  whole  process  of  steel  making  is  devoted  to  the  removal 
of  carbon  and  silicon  from  iron,  with  the  result  that  the 
product  obtained  contains  but  relatively  small  amounts  of 
these  elements  and  no  carbon  in  the  graphitic  form.  Whilf* 
steel  is  added  to  iron  up  to  as  liigh  as  50  per  cent.,  to  produce 
the  misnamed  "  semi-steel,"  even  this  large  amount  does  not 
a  1 1 c r  the  character  of  the  product  ；  it  retains  all  tlie  rhar- 
acteristics  of  cast  iron  and  has  none  of  those  peculiar  to  steel. 
The  addition  of  steel  to  the  iron  mixture  does  niodifv  th'、 
composition  of  the  resulting  cast  iron,  providing  1 1 i a t  t\w 
modification  be  not  offset  by  a  sirnultaiieous  rhan^'e  in  the  pig 
irons  used.  That  is,  the  tendency  of  the  steel  to  lower  the 
silicon  in  the  mixture  is  easily  offset  by  tlie  substitution  of  a 
higher  silicon  pig  iron.  This  is  also  true  to  some  sligl"  oxtont 
with  the  total  carbon. 

Characteristic  analyses  of  a  genuine  steel  casting,  grey  iron 
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casting,  and  grey  iron  castings  with  different  percentages  of 
steel  added  are  given  below  for  comparison  ：  - ~ 


Grey  iron 

Grey  iron 

with  10 

with  40 

Steel, 

iGrcy 

per  cent. 

per  cent. 

casting, 

iron , 

steel, 

steel, 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

0-35 

3-50 

3-25 

2-50 

None 

3-00 

2-65 

1-75 

0-35 

0-50 

0-60 

0-75 

0-50 

0-50 

0-50 

0-50 

0-00 

0-75 

0-70 

0.00 

0-06 

0.10 

0-10 

0-10 

0-20 

2-50 

2-25 

1-50 

The  marked  differences  between  a  steel  casting  and  semi- 
steel  or  grey  iron  as  to  composition  are  noticed  in  the  amounts 
of  total  carbon,  graphitic  carbon,  phosphorus,  and  silicon. 
Any  of  the  cast  irons  given  above  may  be  obtained  by  a  proper 
selection  and  mixing  of  pig  irons.  Consequently,  there  is  no 
warrant  for  the  name  ('  semi-steel."  Such  metal  is  not  steel 
in  any  sense  of  the  word  ；  it  is  grey  cast  iron. 

Malleable  Iron  Castings.  ―  This  is  a  proper  term  and  one  of 
long  standing.  It  means  what  it  says ― a  cast  iron  in  a 
malleable  condition.  Malleable  iron  castings  are  often 
improperly  called  and  sold  as  steel  castings.  Often  steel 
castings  are  ordered  and  needed,  and  malleable  iron  furnished. 
More  than  one  lawsuit  has  been  based  on  such  a  cause. 

Malleable  iron  as  cast  is  a  hard,  white  iron,  and  is  rendered 
malleable  by  prolonged  annealing  treatment.  This  white  cast 
iron  that  is  annealed  in  order  to  produce  malleable  iron  is  the 
same  as  found  in  chilled  car  wheels,  chilled  rolls,  and  other 
chilled  iron  castings  ；  and  no  other  iron  will  do  as  well  for  the 
purpose.  That  the  product  is  not  steel  will  be  readily 
observed  from  the  following  comparative  analyses  ： 一 


Total  carbon  . . . 
Graphitic  carbon 
Combined  carbon 

jNIanganese   

Phosphorus  

Sulpliur   

Silicon   


Malleable 

Genuine 

iron. 

steel. 

casting. 

casting. 

2-80 

0-30 

2-70 

None. 

0-10 

0-30 

0-50 

0-50 

0-20 

0-06 

0-06 

0-00 

0-75 

0-20 

The  differences  here,  as  with  the  grey  iron  and  so-called 
" semi-steel/'  are  in  the  total  carbon,  graphitic  carbon  and 
silicon  contents. 

Pscudo  Steel  Castings. ― Other  castings  masquerading  under 
the  name  of  <c  steel  castings  "  are  found  in  trade  and  partake 
more  or  less  of  the  nature  of  grey  iron  and  malleable  iron. 
They  are  made  by  mixing  special  pig  irons,  steel,  ferro-silicon 
compounds,  and  other  special  alloys.  The  physical  character- 
istics of  the  resulting  iron  castings  are  modified  to  some  extent 
by  special  methods  of  casting  and  cooling,  and  by  annealing 
and  partial  annealing.  The  following  analyses  are  from  cast- 
ings which  are  offered  for  sale  as  steel  and  are  examples  of  the 
misrepresentation  often  practised.  All  contain  graphitic 
carbon  in  considerable  percentages. 
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0-65 
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0-02 
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0-57 

G  .... 

2-91 

0-f)0 

2-22 

0-Ki 

0-044 

0-228 

0-00 

II   . . . . 

1  -27 

0-50 

0-71 

0-30 

0-192 

0-005 

1  -01 

1  -13 

0-3C 

0-77 

0-08 

0-052 

0-102 

0  -59 

J 

1-51 

0-45 

1  -06 

0-13 

0-082 

0-OSo 

0-49 

Physical  Qualities.  ―  Genuine  steel  may  be  made  of  any 
desired  composition  in  order  to  obtain  great  strength,  great 
toughness  and  powers  of  endurance  under  severe  loads.  In 
other  words,  the  carbon  content  may  be  increased,  alloys  may 
be  added,  and  heat  treatment  may  be  resorted  to  so  as  to 
produce  steel  castings  of  very  high  elastic  limit  combined  with 
considerable  toughness  as  indicated  by  elongation  and  reduc- 
tion of  area.  Elastic  limits  as  high  as  50，0001bs.  and 
60?000Ibs.  per  square  inch  are  easily  obtainable,  and  coupled 
with  such  strength  an  elongation  of  20  per  cent,  in  2in.  and  a 
reduction  of  area  of  40  per  cent"  are  possible.  These  figures 
are  not  extreme. 

In  contrast  with  this,  the  other  iron  alloys  passing  under 
the  name  of  steel  castings  are  not  under  any  such  control  and 
at  the  best  are  relatively  weak  and  brittle.  Such  castings 
cannot  be  depended  upon  to  show  more  than  40，0001bs.  to 
50，0001bs.  per  square  inch  tensile  strength,  with  a  very 
indefinite  elastic  limit  and  in  many  instances  none  at  all. 
This,  coupled  with  the  fact  that  the  reduction  of  area  and 
elongation  are  invariably  low,  limits  the  use  of  such  materials 
very  decidedly.  These  materials  are  not  in  the  same  class 
with  steel  castings  and  sliould  not  be  substituted  for  steel 
without  careful  investigation  and  consideration. 

Conclusion. ― Manufacturers  and  purchasing  agents  must 
guard  against  the  practice  of  substituting  these  misnamed 
metals  for  genuine  steel  castings  by  learning  what  kind  of 
metal  they  can  use  to  advantage  and  purchasing  under 
specifications  drawn  to  cover  such  material  in  a  clear  and 
practical  manner.  Some  of  these  misnamed  irons  may  be  just 
the  right  thing  for  certain  purposes  and  most  desirable.  But 
the  use  of  the  word  "  steel  "  is  not  at  all  likely  to  enable  one 
to  obtain  the  same  metal  twice  in  succession  under  the  present 
practice.  Such  practice  is  dangerous  and  costly.  It  may, 
however,  be  improved  by  the  use  of  the  same  amount  of  care 
in  the  purchase  of  steel  and  iron  castings  as  is  used  in  connec- 
tion with  the  purchase  of  other  commodities,  as,  for  example, 
babbitt  metal .  Not  all  castings  called  steel  should  be 
accepted  as  genuine  any  more  than  all  babbitts  are  accepted 
as  genuine.  Some  babbitts  are  50  per  cent,  lead,  at  6  c.  per 
pound,  and  some  90  per  cent,  tin,  at  50  c.  per  pound.  Pur- 
chasers have  known  this  for  many  years  and  have  guarded 
against  being  misled  by  a  trade  name.  Knowledge  as  to  steel 
castings  is  not  as  widespread,  and  it  is  for  this  reason  that 
this  article  is  published.  Buyers  should  not  accept  all  castings 
called  "  steel  "  as  such.  Take  precautions  to  buy  the  kind  of 
a  casting  intended  and  really  needed,  and  accept  no  casting 
as  steel  which  contains  graphitic  carbon. ― "  The  Iron  Age." 


INDUSTRIAL  AND  TRADE  NOTES. 

Egyptian  Petroleum  Production.— The  first  exportation  of  Eg\-ptian 
crude  petroleum  from  the  mining  areas  in  the  Red  Sea  took  place 
last  year,  the  total  amount  being  14,400  tons.  Wheu  the  refineries 
at  present  under  construction  at  Suez  have  been  completed,  the 
crude  petroleum  will  probably  be  brought  to  that  port  for  refine- 
ment, instead  of  being  exported  direct  to  the  Far  Eastern 
refineries,  as  at  present. 

Shipbuilding  Conference  at  Edinburgh. ― A  confereuce  betueen 
shiphuildiiig  employers  and  representatives  of  trades  signatory  to 
the  National  Shipyard  Agreement  met  in  Edinburgh  on  the  4th 
inst.  Though  no  conmumication  was  made  at  the  adjournment 
as  to  the  course  of  the  discussion,  it  is  understood  the  possibility 
of  some  compromise  being  reached  was  still  entertained.  The 
result  of  the  ballot  was  as  follows :  For  a  strike,  12321o  ；  for  accept- 
ing the  employers'  proposals  for  an  adjournment  of  the  que>tioii 
for  three  months,  4,348.  The  confereuce  was  resumed  on  Wednes- 
day last,  but  owing  to  our  having  to  go  to  press  early  ou  that  day 
we  cannot  give  the  result. 

Contracts  for  Electrical  Machinery. ― The  Xewpoi*t  (Mou.)  Town 
Council  have  approved  the  acceptance  of  the  tenders  of  the  A. E.G. 
(Electric  Company)  for  a  3,000  k\v.  turbo-generator  and  a  3.000  k\\ . 
condenser  at  £7,120,  and  of  the  Lancashire  Dynamo  Company 
for  a  (500  k\v.  direct-current  generator  at  £933.  It  was  stated  by 
the  chairman  of  tho  Electricity  and  Tramway  C'ommittee  that  tho 
committee  had  no  option  but  to  ask  the  Council  to  go  outside  the 
country.  There  were  36  tenders  for  the  plant,  and  no  English 
firm  came  anywhere  uear  the  price  quottxl  by  tlio  German  firm, 
which  meant  a  saving  of  £1,32G. ― A  contract  for  the  electrical 
equipment  of  over  40  traius  for  the  electric  section  of  tho  London 
and  North-western  Railway  has  been  arranged  with  the  Oerlikou 
Machine  Works  at  Oerlikou,  near  Zurich. 
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A  Large  Turbo  generator. ~ -  'I'lir  (Jpn('r;il  Kl(、Hrir  Coinpatiy  li.i  \ 
secured  a  contract  for  the  constiiiction  ("'  what  will  lx>  tho  l:iry,、t 
electrical  geiKM  ator  in  tho  world.  Th(、  unit,  u  Inch  is  to  I',' 
installed  in  the  North-west  generating  station  of  the  CJonunori- 
woalth  Edison  Compniiv,  ( 'liicn^o,  will  Ij,'  ;i  :i()，0(K)ku'.  liori/on  t  ;i  I 
turbo-generator,  and  will  bo  (l,'lm、iv(l  ahout  July  1st,  1914.  Tli。 
oxciier  will  bo  inst<alIod  on  tin*  slint'i  of  the  macli  inc,  u  li  icii  will 
havo  an  overall  length  of  00ft.  Gin.  The  width  will  \m  18i't.  lin . , 
and  the  height  14ft.  Tho  ycinMatin^  ond  of  tli<、  unit  will  be  a 
9, 000- volt,  25-cyclej  3-phase,  bipolar  machine  with  an  output  ol 
1,925  amperes  per  phase  and  a  sp('(、<l  of  1，*500  revs,  per  minulr. 
The  turbine  will  be  operated  by  steam  at  2301  bs.,  ！ siip("'li'':it<  fl 
200°  Fnh.    The  weight  of  the  entire  unit  will  bo  about  150  ioius. 

Launch  of  an  Oil-tank  Steamer. ― The  "San  Gregario,"  an  oil  tank 
Ntoainor  of  15,700  tons  (k'adu  t'ight  capacity,  w  as  launched  on  tho 
Gth  inst.  from  the  Wallseiul  shipyard  of  Swan,  Hunter,  &  Wighani 
Richardson.  Tho  vessel,  which  is  built  on  tho  Ishorwood  system 
and  is  fitted  with  qmidniplo  (^xpau.sion  olivines  and  boilers  dcsi^iird 
to  use  Mexican  oil  i、"、l，  is  the  third  which  has  Ixhmi  huincIitHl  i or 
the  same  owners  within  the  past  three  weeks,  and  the  sixth  of 
the  fleet  of  ID  ships  intoiulod  for  thv  distribution  of  the  Mexican 
oil  fuel  and  other  petroleum  products  of  the  Mexican  Eagle  Oil 
Croinpany.  The  sister  ship  "  San  Fraterno "  has  just  returned 
from  Mexico  with  a  full  cargo,  having  made  the  round  trip  at  an 
average  speed  exceeding  11  knots  on  a  consumption  of  only  38  tons 
of  Mexican  oil  fuel  per  day,  three  only  of  the  four  oil-fired  boilers 
being  employed.  The  outward  voyage  was  completed  two  days 
earlier  than  was  anticipated,  and  tho  homeward  trip  one  day. 

Trade  of  the  United  Kingdom,-1— Tho  first  volume  of  the  annual 
statement  of  the  trade  of  the  United  Kingdom  with  foreign 
countries  and  British  possessions  for  1912,  and  a  comparison  of 
the  four  preceding  years,  has  just  been  issued.  The  gross  total 
value  of  imports  of  merchandise  consigned  from  foreign  countries 
in  1912  was  £558,627,257,  compared  with  £508,897,796  in  the 
preceding  year.  The  gross  total  value  of  imports  from  liritish 
possessions  (including  protectorates)  was  £18ti，013,374,  compared 
with  £171,259,731  in  lyil.  Together  the  value  under  both  heads 
wuij  thus  £744,040,031；  compared  with  £(580,157,527  in  the  pre- 
ceding year.  The  exports  of  produce  and  manufactures  of  the 
United  Kingdom  to  foreign  countries  amounted  to  a  total  value 
of  £310,130,801,  compared  with  £295,275,154  in  1911.  The  total 
value  of  the  exports  to  British  possessions  (including  protectorates) 
was  £-187,223,439,      compared  with  a  total  of  £454,119,298  in  1911. 

Electrical  Enterprises  in  Corea. —— According  to  a  report  by  H.M. 
Consul-General  at  Seoul,  the  total  amount  of  capital  invested  in 
electrical  concerns  in  Corea  is  about  £1,225,000.  01  this  sum 
£(J80,U00  is  invested  in  concerus  already  working,  and  the  balance 
in  electrical  works  which  are  in  course  of  construction.  During 
the  year  two  new  companies  commenced  operations.  One  supplies 
the  towu  of  Gensan  with  light  and  power 3  and  is  the  only  hydro- 
electric company  in  the  couutry  ；  the  other  supplies  light  and 
power  to  the  town  of  Taikyu.  Eight  more  companies  which  have 
already  received  official  sanction  are  expected  to  commence  work 
during  1913.  For  the  moment  there  would  seem  to  be  a  general 
tendency  to  await  the  results  of  the  uudertakings  now  in  hand 
before  embarking  upon  new  enterprises.  Though  British  electrical 
luachinery  ia  perhaps  not  as  largely  represented  in  Corea  as  could 
be  desired ,  nevertheless  a  considerable  portion,  especially  prime 
movers  and  boilers,  is  of  United  Kingdom  manufacture. 

Belgian  Coal  Production. ― The  total  production  of  coal  in  Belgium 
during  1912  amounted  to  22,983,4(30  tons,  as  compared  with 
23,125,1^0  tons  in  1911，  and  23,927,230  tons  in  1910.  This  decre^r 
was  due  to  the  strike  in  the  Boriuage  district  at  the  beginning 
of  the  year,  and  also  to  the  limiting  of  the  day's  work  to  nine 
hours.  Although  this  decline  in  production  may  appear  dis- 
couraging, it  is  in  reality  not  unsatisfactory,  for  in  spite  of  tho 
further  reduction  of  the  working  day  from  hours  in  1911  to 
nine  hours  in  1912,  there  was  a  decrease  of  only  141, G80  tons, 
while  the  production  of  1911  was  800,000  tons  less  than  that  of 
1910.  If  the  strike  in  the  Borinago,  which  lasted  over  a  niontli , 
had  not  taken  place,  causing  a  reduction  of  500,000  tons  in  tho 
output,  the  total  output  for  1912  would  havo  been  considerably 
greater  than  in  1911.  The  conclusion  drawn  from  thin  in  Belgium 
is  that  the  limiting  of  the  working  day  has  not  had  tho  disastrous 
results  anticipated.  The  owners  of  tho  coal  mines  proceeded  to 
improve  their  machinery,  tools.  Arc.  th'、  results  t()r        '  v 

to  show  that  the  increased  effective  power  of  the  engineers  ofi、t  t， 
the  reduced  work  of  the  miners. 

New  Ironworks  in  Sweden. ― The  British  Vice-Consul  at  NykopiiiL: 
reports  that  a  powerful  syiulicato  is  plamiing  tho  erection  of  la r^o 
iron  works,  electricity  works,  and  ooke  ovens  in  Oxelosund,  w  lucli 
may  be  considered  as  an  exterior  port  of  Nykoping.  These  iron 
works  are  to  be  on  a  largo  scale  and  capable  of  an  annual  output 
of  about  80,000  tons  of  foimdi'y  pig  iron,  which  corresponds  to  tho 
present  entire  import  of  this  article  into  Sweden.  The  new  iron- 
works will  also  be  exceedingly  well  situated  for  exportation  io  the 


(•omitrips  rouiul  t\io    lialtic,    particularly     Finlati<l     aiul  Hiihhia. 
The  company  \h  ssiid  to  havt*  made  a  contiart  on  very  favom  aid*? 
terms  for  the  supply  of  iron  ore  from  tho  mincH  at  Gran^-slM-i  ^. 
It  will  ma ka  ooko  to  n"'<'t  its  ()、、ii  i^quiicincnts,  and  uill，  in  山 
tion,  bo  ablo  to  hcII  ubout  t(),(XK)  tons  ("  every  \*'av.  Tho 

prcsfiit  importation  of  ooke  inUi  Sucdori  amounts  to  :i2.;,"K» 
metric  tons,  out  which  about  422'3，0*)0  tons  uro  i for 
ftirnaoo  and  foundry  jjiuposos,  tho  fornuT  (  ommg  chiefly  from  tho 
【："it''(l  Kiiij^lom  :u"l  tlie  latter  I roin  \V«'st [>halia.  All  hv  pi oflucU 
will  be  utilised.  Tho  electric  power  plunt  will  1"，  of  l'irg'，  <  aj)arity. 
Tlio  capital  lU'cessiii-^*  for   ； ill  undcrt akin^N    amoiititH  to 

between  .£M0()，0(KJ  and  £4.j0,(XX),  anrl  has  alro;uly  U'cn  fully 
guaranteed.  The  British  Vice-C'oneul  adds  that  Oxelonund  in  opon 
all  tho  year  round  ；  it  has  no  liarhour  flues,  anrl,  u  ith  iU  oxccllent 
comniuiiications  l>y  land  and  water  in  all  dii x'f  tioiis,  is  s\na  to  nn 


Trade  Circulars  and  Catalogues. —  Messrs.  D.  Bridge  &  Co.,  Ciwtlt^ 
ton,  send  us  a  now  catalogue  of  friction  clutches  and  a[>paratuH 
in  connection  with  mill  gearniK  :uid  haulage,  illustratc<l  with 
photo  views  of  actual  installations  they  havo  erected. 一 The 
Schniowind  Electric  Company  send  us  an  illustrated  ( in'iilar 
price  list  of  various  types  of  electric  heaters. 一 Davi'i  Hrown  and 
Sons,  JAd.j  H u(Jdersfielcl3  send  us  an  illustrat^'d  painphlot  r"t''r 
ring  to  the  moimting  and  cutting  of  double  helical  gears. ― Messrs. 
Sleeper  Hartley,  of  Worcester,  Mass.,  U.S.A.,  send  us  a  、. 门 
of  leaflets  describing  types  of  machines  they  construct 
for  coiling  w i re  into  various  kinds  of  springs. ― The  M in  loos  Wat- 
son Company,  Ltd.,  Glasgow,  send  us  a  pamphlet  descrihin^  a 
surface  coiidonsin^  installation  supplied  by  them  to  tho  GI-< 
Corporation  Tramways,  for  the  Pinkston  electric  power  station, 
and  fitted  with  the  "  Mirrlees-Leblanc "  rotary  air  pump.  The 
results  obtained  with  the  new  plant,  both  iegaids  tho  vacuum 
and  the  mechanical  running,  have,  it  is  stated,  been  extn-m.-lv 
satisfactory,  and  the  type  is  particularly  recommended  when 
working  with  steam  turbines  requiring  a  high  vacuum. ― om 
Hans  Re n old,  Ltd.,  Manchester,  we  have  received  a  painphl<  t,  «  " 
titled  "  Driving  Chains  for  Speeding  Up/'  the  contents  of  uliu  h 
show  some  remarkable  results  in  lowering  "  production  costs"  as 
a  direct  result  of  using  chains. ― F.  J.  Down,  of  6，  Crutched 
Friars,  London,  E.C.，  sends  us  a  circular  relating  to  a  type  of 
spring  percussion  hammer  for  drilling  holes  in  concrete,  btoiu-. 
brickwork,  <&c.  The  percussion  effect  is  secured  by  turning  a 
handle  and  ratchet  wheel  with  its  axis  at  right  angles  to  a  tube 
carrying  the  spindle  and  spring,  which  is  alternately  compressed 
and  liberated  by  the  action  of  the  ratchet.  The  idea  is  rather 
novel,  iuid  the  tool  appears  to  be  a  very  convenient  one  for 
pliunbers,  electriciaiiSj  and  gas  unci  water  fittors;  who  lui\  v  i  i  - 
quently  tu  drill  small  holes  in  walU  and  t'ouiidations. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  10tu. 

Aluminiuin  ingot   95/-  per  cwt. 

,，         wire,  according  to  sizes,  &c  from  112/-  " 

„        sheets        ，,  „   ,  126/-  ,, 

Antimony  £31/10/-  to  £32/10/-  per  ton. 

Brass,  rolled   8Ad.  per  Jb. 

，,    tubes  (brazed)   10^d. ,， 

，,       ，，     (solid  drawn)   9Jd.  ，， 

，,       f>     wire   8Jd.  ，， 

Copper,  Standard   £05/7/0  per  ton. 

Iron,  Cleveland   .35/10.\  ,' 

,, Scotch   01/lof  ,, 

Lead,  English    £20/10/-  ', 

，， Foreign  (soft)    £20/5/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb, 

,，  ,,  ,,       medium   3/6  to  6/- 

，,  ，,  ，,       large   7/6  to  11/-  ,, 

Quicksilver   £7/10/-  per  bottle. 

Silver   27\tl.  per  oz. 

Spelter   •   £2.")/1.">/-  per  ton. 

Tin,  block   £200 /o/-  ,, 

Tin  plates   11/-  ,， 

Zinc  sheets  (Silesian)   £20/1.)/-  , 

,,  (Stettin  ；  Vieille  Montagne)   £20/17/6  " 


An  International  Fire  Library.  一  The  British  Kirr  l》iv、，'"- 
tion  Committee  having  established  a  teclinifal  lUuarv  t hat 
will  be  known  as  the  International  Fire  Library,  with  a 
nucleus  of  over  2,000  books  dealing  speriticallv  wit  li  inattors  ot" 
fire  prevention,  fire  service  and  fire  loss,  is  desirous  of  calling 
the  attention  of  authors,  public  authorities,  publishers  and 
collectors  to  tlie  fact  that  a  new  catalogue  is  in  preparation, 
and  that  any  books,  pamphlets,  or  reports  which  they  are  able 
to  spare  for  this  collection  should  be  addressed,  as  soon  as 
possible,  to  the  Honorary  Chief  Lihrarian,  Tho  Iuteruatioual 
Fire  Library,  8,  Waterloo  Place,  Pall  Mall,  S.W. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 
MECHANICAL,  1912. 

Buiners  for  liquid  fuel.    Kermode.  4()'J3. 
Acroplaiu's.    Scliniiedt'.  433(1. 

Valves  and  valve  gear  tor  fluid-pressu re  engines    and  pumps. 

Vane.    8 巢 
Gyroscopic  apparatus.    Gray  iV  Hurnside.  ！" 21';. 
Construction  of  iron,  steel,  or  mrtal  ships.    L (川 g  iV  Long.  11)119. 
Surface  feed-water  heaters.    Mori  son.    11  VMk 
Ships.    McVittie.  11(569. 
Manuiacturo  oi  fuel.    Butler.  11080. 
Ston ni  traps.    Paterson.  11G97. 
Metal-working  machines.    Veigiiault.  11707. 
Ships  or  vassels.    Stevenson.  117(58. 
Armour-plates.    Fischer.  11784. 
Gas  ronipietiisors.    Edwards  ct  Balfour. 

Gearing  for  the  transmission  of  power.  Paccagnini  A:  Carbone. 
12226. 

Rotary  gas  engines.  Trebert.  1^330. 
Mining  machines.    Van  Slyke.  123G4. 

Process  for  obtaining  gas  from  peat,  oil,  sawdust,  or  like  material. 

Oligny.    125G2  and  125(53. 
Internal-combustion  engines.    J^orster  &  Kai-atirek.  12777. 
Carburetters  for  internal-combustion  engines.    Player.  12799. 
Obtaiiiment  of  dry  air  for  uso  in  blastt'muaces.    Johnson.  130-50. 
Air  intake  fittings  of  curb u letters  tor  iiitenial-coinbustioii  engines. 

Charles  H.  Pugh,  Ltd.,  and  Starkey.  130(34. 
Navigable  vessels.    Macnab.  13114. 
Screw  propellers.    Le  Dantec.  1-3U". 
Heat  insulating  materials.    Sokal.  13248. 

Valve-operating  mechanism.  Vickers,  Ltd.,  and  McKechnie. 
13-585. 

Apparatus  for  scraping  and  cleaning  boiler  tubes.  Walker.  13G99. 
Steam  generators.    Brown.  14435. 

Mothods  of  mining  coal,  converting  it  into  gas,  and  then  convey- 
ing the  gas  from  the  mine.    Hoadley.  14494. 

Pruductiun  of  metal  castings.  Thomas  Holcroft  &  Sons,  Ltd., 
and  Holcroft.  1528G. 

Means  t'or  preventing  the  heating  of  bearings.  Aktiebolaget 
Ljungstroms  Angturbin.  10377. 

Valves  of  the  main  pumping  plants  of  floating  docks  and  poJitoons. 
Taylor.  15691. 

Steam  superheaters  for  locomotive  boilers.    Stirling.  1G68G. 
Brakes  tor  railway  wagons.    Locker.  16755. 

Automatically  working  hydraulic  draught  and  combustion  regu- 
lating devices.    Broux.  1(5947. 

Apparatus  for  the  adjustment  of  the  gauge  of  rails  on  railways. 
Williams.  17193. 

Fuel  supply  systems  for  explosion  engines.    Baysford.  17659. 

Feed  mechanism  for  machine  tools.  H.  W.  Ward  &  Co.，  and 
Deakin.  18875. 

Safety  devices  for  indicating  deficiency  of  lubricating  oil  in  engines. 

Rosentreter.  18999. 
Aeroplanes.    Lay  cock.  19502. 

Means  for  operating  tramway  point*s.    Coulombe.  19517. 

Vacuum  casting  machines.    Wright.  19552. 

Furnaces  of  the  tunnel  or  channel  type.    Marks.  1UG07. 

Internal-conibustion  engines.    Lafontaine  &  Lafoataine.  19G77. 

Shipbuilding  slips.    Evans.  19781. 

Differential  gears.    Morris.  19850. 

Siliceous  material  applicable  as  a  heat  insulator.  British  Thomson- 
Houston  Company.  19927. 

Carburetters  for  internal-combustion  engines.    De  Veulle.  20237. 

Composition  for  treating  belting.    Vacheron.  20553. 

Hydrocarbon  nozzles  of  spray  carburetters.  C'remiou-JaAul. 
21108. 

High-speed  drills.    Campbell.  211.j5. 

Means  tor  withdrawing  water  from  tho  casings  of  steam  tu rbines. 

G.  A:  J.  Weir,  Ltd.,  and  Petermoller.  21330. 
Valve  niefhanisin  of  internal-combustion  engines.       Perrot ,  and 

Argylls,  Ltd.  21701. 
Ventilating  mines  and  conveying  mined  material  to  the  surface. 

Hartmann.  21979. 
Distribution  of  air  for  pneumatic  hammers.    Van  de  Pool .  21980. 
Puddling  furnaces.    Millard  &  Hadlington.  22073. 
Governing    mechanism    for    elastic    fluid    turbines.  Warwick 

Machinery  Company  (1908).  22665. 
A pparatus  for  testing  piston  rings.    (1ampbell.  23182. 
Pwldug  for  pistons  and  piston  valves.    SuUurn.  23535. 
Airships.    Andersson.  24199. 

Tr;i nsmi.ssion  gear  for  motor- vehicles.  John  I.  'l'lioinycroft  iV:  Co. , 
and  Niblett.  24226. 


Worm  and  like  milling  machines.    Brown  &  Bostock.  25406. 
Gas  starters  for  internal-combustion  engines.    McCarthy  &  Booth. 

26568. 

Apparatus  and  appliance's  for  filtering  and  separating  lubricating 

oils.    Lister.  27353. 
Kxpansion  .joints  for  pipes.    Badger.  27717. 
Smoke  condiK  tors  for  locomotives.    Wheeler.  28034. 
Driving  boltw  for  machinery.    Booth.  28704. 
Steam  generator  furnaces.    Nordstrom.  29154. 
Uni  flow  steam  engines.    Davidson.  29802. 
Hacksaws.    Ciarkowski.    30095 . 

1913. 

Automatic  couplings  for  raih\ ay  vehicles.    PaynttM-.  1080. 
Piston  rings.    Ferber.  1094. 

Open  hearth  suction  gas  producers.    Cros.sU'y  iV  Kielden.  1121. 
Rotary  slide  valves  for  interiial-conibu.stioii  onginea.   Lentz.  2222. 
Aeroplanes.    Austin.  3214. 
Hydraulic  pnu*"'  transformer.    Heindl.  3<i!J3. 

Devices  for  automatically  adjusting  the  time  of  ignition  in 
internal  combtistiori  engines.    Robert  Bosch.  4693. 

Controlling  tapped  turbines.  Bergnianii  Elektricitatb  Werke 
Akt.-Ges.  7758. 

Furnace  grates.    Grabowsky.  8743. 

Devices  for  refuting  valves  and  valve  seats.    Noe.  897'J. 


ELECTRICAL  1911. 

28760. 

1912. 


Automat ic  td (卞 home  apparatus.    Do^eiiharclt.  3978. 
T*'"'ph (川. v.     Mi  ow  n.  4()(;7. 

Wireless  telephony.  Ditcham,  Matthews,  A:  Grindell  Matthews 
Wirt'lcss  Tclcphono  Syndicate,  Ltd.  G48G. 

Distrilmtion  of  electric  energy.    Waters.  115.jIJ. 

Electric  current  distribution  system.    Bloustein.  11581. 

Methods  of  equalising  the  load  on  systems  of  supply  for  direct- 
current  electric  motors.    Eckmann.  11.5JJ7. 

Wireless  telegraphy  or  telephony.    Merton.    1171  I. 

Devices  for  damping  the  oscillations  set  up  in  alternatin^-ciirreiit 
dynamos.    Siemens-Schuckertwerke  Ges.  119o7. 

Electric  heating  device.    Martin.  12075. 

Electrical  rt'sistaiices.    Soar.  13213. 

Appanitiis  for  starting  an  internal-coni!>u^tion  ongino  hy  means 
of  electric  energy.    Hartford  ct  Mastrangol.  14(J2(J. 

Electromagnetically-operated  switches  and  cut-outs.  Siemens  Bros. 
Dynamo  Work«,  Ltd.,  and  Brooks.  Io0o9. 

Ironclad  electric  snitch  and  distribution  boards.  Jk、i  rv  it  Mark- 
ham.  18349. 

Generator  regulators.    Lake.    184 2o. 

Electric  flame  arc-lamps.    An  gold.  18908. 

Electric  switches.    Page.  18980. 

( 'ontact  fingers  or  brushes  for  electric  controllers.    (  ox.    107 10. 
Electric  indicating  apparatus.      Tyler  Apparatus  C'oinpanv,  and 
Bishop.  21179. 

Electrical    regulating    apparatus.      Soc.  Ed.  Gabreau,  and  P. 

Delaux.  21813. 
Indicators  for  electric  switches.    Berry.  22039. 
Electromagnetic  ore  separators.    Rietkotter  tV  Claes.  *J4Vio. 

1913. 

Coiuiecting  terminal  tor  high-voltage  ciicuitii.    Haefely.  119. 
Combined  mechanical  locks  and  electric  circuit  Kreakers  tor  lift 

doors  and  gates.      Electromotor  Kmiipmont  ( 'omj>any.  and 

Brenner.  1433. 

Windings  ot  alternating-current  dynamo.s.  Allnianiia  Sveiibka 
Elektriska  Aktiebolaget.  777(3. 


The  Institution  of  Municipal  and  County  Engineers. —— The  Insti- 
tution of  Municipal  and  County  Engineers  has  decided  to  hold 
a  conference  at  Great  Yarmouth  on  July  16th  and  17th  next, 
with  delegates  from  the  various  corporations  and  local  autho- 
rities of  the  kingdom,  represented  in  the  membership  of  the 
institution,  on  tlie  subject  of  the  carrying  out  of  the  provisions 
of  the  Housing  and  Town  Planning  Act,  1909.  The  con- 
ference will  open  on  Wednesday  afternoon.  July  1 LU h.  when 
the  president  will  deliver  his  address  and  present  tlie  prenihnns 
of  the  Institution.  In  the  afternoon  there  will  be  a  con- 
ference on  the  Housing  and  Town  Planning  Act.  On  the 
Thursday  morning  papers  on  road  matters  will  first  be  dis- 
cussed and  then  the  conference  on  the  Housing  and  Town 
Planning  Act  will  be  continued.  In  the  afternoon  there  will 
be  further  papers  on  road  matters,  and  then  the  conference 
continued  and  concluded.  The  annual  dinner  will  t^ke  plat  e 
in  the  evening.  On  the  Friday  morning  there  will  be  papers 
on  road  matters  and  subjects  of  general  interest. 
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The  man  etnod  on  the  boiler  top,  whence  all  but  he  had  flown. 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twaa  there  wo  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  Always  wearing,  he's  found  '•  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 
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llUllLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 
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The  Choice  of  a  Prime  Mover. 

Those  members  of  the  profession  concerned  more  particularly 
with  the  problems  relating  to  the  use  and  production  of  power 
must  feel  at  times  a  little  difficulty  in  maintaining  familiarity 
with  the  varied  aspects  of  latter-day  developments,  and  even 
more  so  in  keeping  free  from  prejudice  when  called  upon  to 
weigh  their  relative  pros  and  cons.  Time  was  when  many  of 
us，  who  would  not  yet  like  to  be  regarded  as  old,  had  only  tlie 
varied  types  of  reciprocating  steam  engines  to  consider  when 
questions  of  power  were  involved.  It  is  true  discussions 
often  waxed  hot  round  such  points  as  the  respective  merits  of 
high  pressure  or  low  pressure,  horizontal  or  vertical,  compound 
or  single  cylinder,  condensing  or  non-condensing,  and  a  glance 
at  some  of  these  old  disputes  furnishes  amusiug  reading,  in 
the  light  of  the  exact  tests  and  classification  permitted  by 
later  scientific  knowledge  of  heat  and  its  application  to  power 
purposes.  These  differences  of  opinion  were,  however,  of  a 
minor  character,  compared  with  those  which  beset  engineers 
called  upon  to  consider  power  schemes  at  the  present  day.  The 
steam  engine  is  but  one  of  many  types  of  prime  movers  avail- 
able, each  with  its  distinctive  features,  limitations,  aud  sub- 
divisions claiming  special  advantages  or  conveniences.  The 
turbiue  may  be  operated  by  impulse  or  reaction  or  a  com- 
bination of  both.  It  may  be  arranged  horizontallv  or 
vertically.  The  gas  engine  may  be  four-cycle  or  two-cycle, 
and  the  latter  again  single-acting  or  double-acting,  while  it 
may  be  operated  with  producer  or  suction  gas.  The  same 
with  the  oil  engine,  which  is  even  more  widely  difTerentiated, 
for,  in  addition  to  the  cycles  and  methods  of  action,  we  have 
subdivisions  according  to  nature  of  fuel,  whether  petrol  or 
heavy  petroleum  ；  and  also  according  to  method  of  ignition, 
whether  by  an  extraneous  source  or  l)v  the  lieat  of  compression 
as  iu  the  Diesel,  or  a  combination  of  both  as  in  the  semi-Diesel. 
Upon  the  multitude  of  claims  to  merit  put  forward  by 
advocates  of  the  various  types  it  is  not  easy  in  particular  cases 
to  adjudicate,  however  well  versed  be  the  engineer  in  general 
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knowledge  of  the  subject,  and  it  is  iin possihlc  ")  be  expert  in 
every  branch,  though  fairly  cognisant  he  must  be  if  he  is  to 
avoid  serious  error  in  selection.    Superimposed  on  all  this  are 
other  matters,  such  as  superheating  and  the  extent  to  which 
electricity  may  be  employed  either  as  a  prime  mover  or  a 
subordinate  agent  in  power  transmission.      To  keep  au-fait 
with  the  subject  demands  constant  study  and  familiarity  witli 
current  literature,  for  opinions  that  may  be  justified  to-day 
may  be  wrong  to-morrow.    One  has  but  to  briefly  glance  at 
the  later  phases  of  power  development  to  be  impressed  with 
this  fact.    The  turbine  and  the  Diesel  motor  serve  as  illustra- 
tions.   It  is  not  long  since  the  Parsons  turbine  appeared  to 
be  the  only  practicable  one  available,  but  while  it  retains  a 
large  field  within  which  rivals  have  little  room  for  competition, 
there  is  ample  scope  for  various  other  types  that  have  been 
evolved  since  Parsons  demonstrated  the  utility  and  efficiency 
of  lliis  type  of  prime  mover,  and   opinions  based   on  an 
experience  of  the  working  of  his  design  alone  would  not  be 
suitable  for  general  application.    The  relative  advantages  of 
the  various  types  are  becoming  more  and  more  closely  defined 
and  practice  correspondingly  fixed.      The  Diesel  engine  at 
present  is  passing  through  a  period  of  transition  and  experience 
is  being  purchased  as  it  always  has  to  be,  more  or  less,  by  trial 
and  error.    It  is  only  some  13  years  ago,  when  one  of  about 
7  h.p.  was  exhibited  at  Paris,  that  it  entered  the  lists  of  com- 
peting prime  movers,  and  though  its  theoretical  advantages 
then   attracted   attention,  it   was   not   until   several  years 
afterwards  that  it  began  to  make  serious  headway.    Its  pro- 
gress since  has,  however,  been  rapid，  as  is  but  natural  with  a 
motor  capable  of  utilising  40  per  cent,  of  the  theoretical 
power  of  the  fuel  supply,  or  practically  double  the  efficiency 
of  the  gas  engine,  which  from  this  point  of  view  leaves  the 
steam  engine  far  behind,  though  incidentally  this  feature 
serves  to   illustrate   the  dangers  that  beset  the  path  of 
theoretical  pre-eminence  and  the  numerous  considerations  that 
have  to  be  taken  into  account  in  selecting  a  prime  mover  in 
practice.    Fuel  efficiency  is  but  one  of  many  factors  that  have 
to  be  considered,  and,  without  reference  to  cost  of  fuel,  may 
easily  mislead.      The  steam  engine  with  its  necessary  boiler 
seemed  to  have  a  poor  chance  of  surviving  in  face  of  its  gas 
and  oil  rivals  with  their  high  standards  of  efficiency,  but  for 
the  great  bulk  of  power  requirements  it  more  than  holds  its 
own,  and,  so  long  as  a  plentiful  coal  supply  is  available,  is 
likely  to  do  so.    The  Diesel  principle  has,  of  course,  power- 
fully   attracted    ingenious    minds    and    led    to  remark- 
able   developments.      The    7  h.p.    unit    shown    at  Paris 
has  rapidly  blossomed  into  units  of  1,000  b.h.p.  and  upwards, 
but  the  troubles  in  these  larger  sizes  have  shown  that  rapid 
progress  in  mechanical  construction  is  liable  to  be  attended 
with  disappointment.     At  all  events,  the  experiments  with 
the  German  battle-ships,  in  which  it  was  proposed  to  develop 
12,000  h.p.  in  six  cylinders,  resulted  in  failure,  and  led  to  the 
substitution  of  steam  turbines.    This,  however,  was  a  big  step, 
and  its  temporary  failure  in  no  way  detracts  from  the  merits 
attained  in  smaller  sizes  not  exceeding  250  h.p.  per  cylinder. 
Even  for  this  power  the  refinements  of  mechanical  construction 
are  pretty  heavily  taxed.    In  the  Diesel  system  ignition  of  the 
oil  charge  is  effected  by  the  temperature  due  to  pure  compres- 
sion of  the  air  charge,  and  only  those  familiar  with  pres- 
sures of   6001bs.  and  7001bs.  on  the  inch  can  appreciate 
the    difficulties     of     dealing    with     them.     Piston  and 
cylinder  require  to  be  a  beautiful   fit.  '  The   difference  of 
diameters  is  only  a  few  thousandths  of  an  inch,  and  in  some 
cases  only  corresponds  to  a  temperature  difference  of  100°  Fall. 
With      such      minute     clearances    'breakdowns  through 
seizure  of  cylinder  and  piston  are  scarcely  a  matter  of  sur- 


prise, and  needless  to  say,  the  utmost  care  and  attention  to 
lubrication  are  necessary  to  avoid  them.  These  troubles  with 
the  Diesel  engine  have  served  to  concentrate  attention  on 
what  is  known  as  the  semi-Diesel  type,  in  which  lower 
compressions  are  used  and  in  which  either  an  independent 
source  of  ignition  is  provided  or  in  wliicli  the  operation  is 
promoted  by  a  vaporiser  heated  witli  the  exhaust 
gases.  This  feature  promises  to  greatly  extend  the 
sphere  of  usefulness,  and  the  extent  to  which  the 
motor  is  capable  of  utilising  crude  oil,  whether  as 
a  residual  petroleum  or  tar  or  the  product  of  vegetable  or 
animal  matter,  is  undoubtedly  a  great  point  in  its  favour, 
while  the  lower  compression  and  temperature  tends  to  dimi- 
nish risks  of  seizure  troubles.  As  regards  the  pure  Diesel 
type,  the  resources  of  mechanical  ingenuity  are  not  exhausted, 
and  though  for  the  moment  there  has  been  a  set-back  in 
respect  to  large  units,  the  field  of  application  with  250  h.p. 
cylinders  is  very  wide.  The  ability  of  the  motor  to  start  at  a 
few  seconds'  notice  is  a  great  convenience  when  intermittent 
loads  have  to  be  dealt  with,  and  the  fact  that  when  it  is 
stopped  there  are  no  banked  fire  losses  is  often  an  advantage 
of  a  substantial  kind. 


TESTING  FOR  HRE-DAMP. 

At  a  recent  meeting  of  the  Mining  Institute  of  Scotland,  the 
discussion  was  resumed  on  the  paper  read  by  Mr.  Henry 
Briggs,  Heriot-Watt  College,  Edinburgh,  on  "  Testing  for 
Fire-damp  and  Black-damp  by  Means  of  a  Safety  Lamp." 
Mr.  J.  Balfour  Sneddon  said  it  would  be  recalled  that  at  t lie 
last  meeting  of  the  Institute  a  desire  was  expressed  for 
further  trials  of  the  loop  device  so  strongly  advocated  by 
Mr.  Briggs.  Accordingly  a  series  of  tests  arranged  for  by 
Mr.  Wm.  Walker,  H.M.  Inspector  of  Mines,  had  been  carried 
out  at  Valleyfield  Colliery,  belonging  to  the  Fife  Coal  Com- 
pany, and  Bothwell  Castle  Colliery,  belonging  to  Messrs.  、V"i. 
Baird  &  Co.  Personally  the  trials  had  proved  to  him  that 
the  loop  in  the  hands  of  an  expert  did  show  a  gas  cap  clearer 
than  the  lowered  flame  did  in  the  case  of  the  smaller  per- 
centages. The  conclusion  he  had  come  to  was  that  Mr.  Briggs 
had  given  them  a  device  that  required  probably  more  skilful 
handling,  but  this  could  be  acquired,  and  the  more  accurate 
and  better  results  got  would  well  repay  the  trouble  taken. 
Mr.  William  Walker,  H.M.  Inspector  of  Mines,  said  he 
thought  there  was  something  to  be  said  for  this  device,  chiefly 
because  of  the  fact  that  they  could  detect  with  it  the  presence 
of  gas  in  smaller  percentages  sooner  than  could  be  done  with 
the  lowered  flame.  His  suggestion  was  that  the  committee 
of  the  Institute  who  had  already  tested  with  the  loop  should 
be  continued  in  office  and  that  further  trials  should  be  made 
by  practical  firemen  and  colliery  managers.  Prof.  Burns, 
Glasgow,  said  the  committee,  of  which  he  was  convener,  had 
come  to  the  conclusion  that  the  naked  flame  without  the  loop 
was  better  as  a  gas-testing  device  than  the  loop  itself.  He 
still  adhered  to  that  opinion.  Mr.  Henry  Briggs,  in  replying 
to  the  discussion,  said  he  had  advanced  certain  claims  in 
regard  to  the  utility  of  the  loop  in  black-damp  testing,  yet 
the  report  by  the  committee  of  the  Institute  made  no  mention 
of  black-damp,  and  hence  he  concluded  they  made  no  tests 
on  that  mixture.  Although  the  loop  as  an  indicator  of  black- 
damp  was  only  a  rough  device  it  possessed,  he  thought,  some 
claim  to  attention  as  being  the  only  means  at  present  known 
of  enabling  an  estimation  of  that  impurity  to  be  made  with  a 
safety  lamp.  It  was  remitted  to  the  Council  of  the  Institute 
to  arrange  for  the  appointment  of  a  committee  to  carry  out 
furiher  experiments  with  the  loop. 
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PETROL  AND  TRACKLESS  TROLLEY  VEHICLES. 

At  the  recent  annual  conference  of  the  Municipal  Tr;mi、、;i、、 
Association  held  in  Sim(l("-Ian(j，  M  r.  ,J .  S})cncfM-  ( I^rad 
ford),  in  the  course  of  a  paper  on  '  Petrol  gnd  Tra'  !:l<' 
Trolley  Vehicles,"  said  it  was  coiinnon  ground  that  ； -one 
cheap  form  of  transit  was  needed  in  many  districts  where 
tramways  proper  were  prohihitive  owing  to  tlie  heavy  cMpital 
expenditure.  lie  left  out  of  roiisidt'raiioii  the  t'x i>('r"'n'' 's 
with  the  very  early  types  of  rail  less  trolley  voliiclcs  ； i  mi 
motor-'buses,  and  considered  what  tliey  ini^lit  roas{>ual)l v 
expect  with  vehicles  constructed  in  the  light  of  modern 
experience  and  capable  of  efficiently  ]>i'ovi(lin^  pulilic  scrvic'1. 
The  modern  motor -， l)us  certainly  did  not  run  so  sniooi  lily  as 
a  rail-borne  car,  and  could  not  be  expected  to  do  so.  W i ( 1 1 
the  motor-'bus  the  noise  of  moving  iiiacliincrv  was  r('(lur("l 
to  a  miliiinum,  and  with  proper  maiiiteiiancc  and  care  should 
not  exceed  the  traincar  in  that  respect.  But  whatever  mi^lit. 
be  the  case  at  present,  it  should  be  possible  to  const  nut 
railless  trolley  vehicles  to  run  more  quietly  and  with  less 
vibration  than  Tiiotor-oninibuses.  The  absence  of  spm'  war- 
ing,  or  chains,  iu  the  case  of  future  railless  trolley-ca rs  was 
bound  to  result  in  less  vibration  and  noise,  and  consequently 
smoother  running,  tlian  could  possibly  be  the  case  with  tlie 
internal-combustion  types.  With  regard  to  convenience  and 
facility  of  operation,  it  had  been  argued  that  there  \v;is  ； l 
considerable  advantage  in  a  railless  trolley  extension  sys""" 
in  connection  with  an  existing  tramway  system  of  consider- 
able size,  on  account  of  the  fact  that,  after  all,  a  railless 
trolley-car  was  little  more  than  a  tramcar  running  on  road 
wheels,  the  overhead  equipment  being  the  same.  On  tlie 
other  hand,  if  a  small  number  of  inotor-'buses  were  pur- 
chased the  position  was  altered  ；  their  design  was  altogether 
different  from  a  tramcar,  their  inspection  and  raainteiianc;1 
were  of  a  far  higher  order,  and  quite  another  type  of  fitter 
and  staff  was  required  to  handle  thein,  and,  where  their  uum 
ber  was  small,  it  was  difficult  to  get  the  fullest  economy  and 
efficiency  from  a  special  staff.  An  average  figure  for  traflir 
expenses  in  a  semi-industrial  area  would  be  2'67d.  for  the 
motor-'bus  and  2'5d.  per  car- mile  for  the  railless-trolley 
vehicle,  the  extra  *17d.  for  the  motor-'bus  being  for  lubrica- 
tion. General  expenses,  with  two  exceptions,  might  \)e 
assumed  as  common  to  both.  The  rates  on  railless  trolley- 
cars  were,  as  the  law  stood  at  present,  in  excess  of  those  jiaid 
for  omnibuses.  So  far  as  liis  knowledge  went,  the  railless 
trolley-car  was  rated  on  its  revenue-earning  capacity, 
and  the  petrol  omnibus  on  the  rateable  value  of  the  garage. 
What  the  ratio  of  these  two  figures  really  was  he  could  not 
say.  On  the  other  hand,  he  thought  it  ！ night  be  i'airlv 
argued  that  the  liability  to  accident  with  a  railless  trolley- 
car  was  less  than  with  a  motor-omnibus,  and  certainly  t  lie 
amount  paid  for  fire  insurance  would  be  higher  in  the  case  of 
the  motor-omnibus.  General  repairs  and  maintenance,  lie 
estimated  at  l'79d.  for  the  railless  trolley-car  and  2'24d.  for 
the  motor-omnibus,  and  power  at  2d.  per  car-mile  for  petrol 
and  Id.  for  electric  energy.  On  this  basis  the  total  cost  i"'r 
car-mile  of  running  the  respective  vehicles  was  6.09(1.  for  tiu* 
railless  trolley-car  and  7*71d.  for  the  niotor-omnibus.  Turn- 
ing to  capital  costs,  he  considered  that  the  petrol  vehicle  was 
the  more  expensive,  and  if  they  took  its  useful  life  at  100,000 
miles  and  the  capital  cost  at  £850，  with  a  life  of  five  years, 
they  would  have  to  pay  a  sum  of  2'27d.  per  car-niile  for 
interest  and  depreciation  charges.  Tn  the  case  of  tli"  r;ull"、、 
trolley  £750  should  be  a  fair  cost  of  the  vehicle,  and  with  a 
life  of  10  years,  or  200,000  miles,  the  cost  per  car-mile  in 
interest  and  depreciation  charges  would  be  109d.  Thus  the 
total  cost,  including  capital  charges,  was  9"98d.  for  the  motor- 
omnibus  and  7'18d.  for  the  railless  trolley  car. 


PREVENTION  OF  EXPLOSIONS  IN  MINES. 

The  views  recently  expressed  by  Dr.  Harger,  of  the  Liverpool 
University,  as  to  fire-damp  in  coal  mines  were  discussed  at  a 
recent  meeting  of  the  Mancliester  Geological  and  M iniii^ 
Society.  Dr.  Harger,  in  papers  read  before  this  society, 
submitted  that  if  the  quantity  of  oxygen  in  the  air  of  a  coal 
mine  were  diminished,  say  to  between  17  and  18  per  cent" 
there  would  be  an  end  to  disastrous  explosions  and  gob  iires. 
He  also  submitted  that  men  could  live  and  work  in  siu'li  an 


atmosphere.  Tliese  views  have  been  cliallenged  by  milling 
men,  cheinists,  and  oi  li«-rs. 

Mr.  Noah  T.  Williams,  Lecturer  in  Mining  at  the  Man- 
chester University,  starting  the  resumed  tliscufwion,  said  the 
detection  antl  esliniation  ('f  fue-dariip  in  mii"'s  was  a  matter 
of  importance  to  milling  men,  and  he  was  in  full  mrord  with 
Dr.  Ha  rger  that  coal-gas  was  not  a  very  satisfactory  HubHtiluU: 
l'()r  Mi^tliane  for  the  purpose  of  training  ttien  in  "  gaa  raps. ' 
Analyses  of  coal-gas  supplied  by  many  ；/; i  、、"jrks  in  Sout  h 
Wales  showed  clearly  the  variation  in  t \ic  romjHjsitioii  of  the 
g'，H,  Fov  instance,  the  nitrogen  present  varied  from  3  to  24 
per  cent.  Identical  "  caps  "  for  the  same  percentage  of  gas 
and  air  could  not  be  exi"'rh'(l  from  such  a  variable  mixture, 
nor  would  such  "  capr>  "  have  exactly  tlie  same  qualities  as 
，： 1''.、''  oht  aiiMMl  t  i  niu  lii  c  flamp  ； inW  air  TIm-  |'r' 屮', - ；,!  m;i'"' 
by  Dr.  J  larger,  M  r.  Williams  added,  of  re'iu'  in^  the  oxygen 
in  the  air  for  the  prevention  of  explosions  was  a  very  serious 
one  bolli  I'rorn  t  he  y.siological  and  romm''r«'i;tl  |ioint  '»f 
view.  Rightly  to  gauge  the  percentage  of  oxv^cn  necessary 
and  to  be  confident  that  such  a  reduction  would  not  he 
in  jurious  to  life  appeared  to  him  to  be  a  very  difficult  problem, 
and  the  margin  must  be  a  narrow  one.  Some  men  were 
stronger  and  would  be  better  able  to  withstand  these  effects 
and  continue  work  longer  than  others,  but  all  men  would  have 
to  accommodate  themselves  daily  to  the  abnormal  atmosphere 
of  1  lie  mine. 

Dr.  Coward,  of  the  Manchester  Municipal  School  of 
Technology,  directed  attention  to  points  raised  by  Dr.  Harger 
in  connection  with  the  chemical  problem  associated  witli  tlie 
gases  present  iu  fire-damp.  It  was  surprising  to  him,  he  said, 
to  read  that  Dr.  Harger's  metliane  was  "  often  contaminated 
with  considerable  amounts  of  nitrogen  from  leakages  and 
from  tlie  water,"  for  leakages  could  be  avoided,  and  the  use 
of  liquids  other  than  water 一 such,  for  example,  as  a  mixture 
of  equal  volumes  of  glycerine  and  water ― would  reduce  the 
nitrogen  content  of  the  gas  to  a  iniininum  without  adding 
inucli  to  the  cost  of  the  preparation.  A  more  important  point 
was  the  question  as  to  wliether  a  mixture  of  methane  and  air 
was  inflammable  when  the  oxygen  content  of  the  air  had  been 
reduced  below  17  per  cent.  Dr.  Harger's  experiments, 
unfortunately  done  with  a  gas  with  tlie  purity  of  wliich  "  he 
was  not  at  all  satisfied,"  were  in  sharp  contrast  with  the 
statements  of  G.  A.  Burrell.  On  the  other  hand,  experiments 
made  some  time  ago  by  Clowes  and  Failmann  and  by  Eitner 
were  quite  in  accord  with  Dr.  Harger' s  conclusion.  The 
whole  argument,  in  Dr.  Coward's  view,  had  evidently  been 
based  only  on  the  scantiest  experimental  evidence,  which  was 
totally  inadequate  to  permit  definite  conclusions  to  be  drawn. 

Mr.  Albert  Parker,  of  the  Manchester.  Univcrsit  \* 
(chemistry  department),  said  that  experiments  had  been  con- 
ducted recently  in  the  chemical  laboratories  of  the  Manchester 
University  on  the  inflammability  of  methane  with  air  con- 
taining diminished  oxygen,  and  it  liad  been  found  1 1 i a t 
methane  could  be  exploded,  or  rendered  inflanmiable,  when 
mixed  with  air  containing  only  13*5  per  cent,  of  oxygen  and 
the  rest  nitrogen.  Not  many  experiments  had  been  con- 
ducted so  far,  but  they  were  being  continued,  and  it  was 
hoped  the  University  chemists  would  be  able  to  furnish 
further  results  within  a  short  time.  This  particular  result 
showed,  however,  that  methane  could  be  exploded  with  air 
containing  less  than  1 7  per  cent,  of  oxygen. 


The  Society  of  Engineers. ― A  large  party  of  memln  rs  <>f  this 
society  visited  the  Chingford  Reservoir  of  the  Metropolitan 
Water  Board  on  Tuesday  afternoon,  the  17th  inst for  the 
purpose  of  inspecting  the  reservoir  and  the  Humphrey  ]»iun]>s 
that  are  installed  there.  The  reservoir  has  a  capacity  of 
3,000  million  gallons,  an  area  of  416  acres,  and  4h  miles  of 
embaiiktuents,  and  water  is  raised  from  the  River  Lea  by 
means  of  five  Hinnpluey  pumps,  four  of  wiiicli  have  a  capacity 
of  40  million  gallons  per  d ay  and  the  fifth  of  20  million  gallons 
per  day,  the  lift  being  25ft.  to  30ft.  The  pumps,  which  are 
the  invention  of  Mr.  H.  A.  Humplirev.  M .  Inst.C.E.,  em  ploy 
the  principle  of  internal  combustion,  and  liave  no  moving 
parts  except  the  mushroom  valves.  A  column  of  water, 
forming  part  of  the  water  pumped,  acts  as  a  re<*iprot-at  1111： 
flywheel,  and  also  as  a  piston ,  having  four  strokes  in  each 
cvcle.  An  explosive  rhar^e  is  ignited  niiu*  times  ]>er  minute 
in  each  pump,  and  15  tons  of  water  are  delivered  at  each 
explosion.  The  visitors  greatly  appreciated  the  opportunity 
of  viewing  this  novel  and  ingenious  application  of  a  well-knowu 
principle. 
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THE  PRODUCTION  OF  SOUND  STEEL  INGOTS. 

BY  LESLIE  E.  HOWARD, 

There  is  probably  no  manufactured  article  made  of  steel  in 
winch  the  production  of  absolutely  pipeless  and  sound  ingots 
is  of  more  importance  than  that  of  saws.  Seven  years  ago 
experiments  were  commenced  by  the  Simonds  Manufacturing 
Company  of  Fitchburg,  Mass"  aiming  to  develop  a  method 
for  the  production  of  sound  ingots  especially  for  the  manu- 
facture of  saws,  and  the  method  and  apparatus  briefly- 
described  below,  for  which  we  are  indebted  to  "  The  Iron  Trade 
Review,"  is  the  outcome  of  this  long  series  of  experiments. 

When  it  was  first  suggested  that  the  ingots  commonly  used 
in  crucible  steel  mills  be  made  sound  by  fluid  compression,  it 


Fig.  1.— General  Abrangement  of  Ingot  Press. 

was  felt  that  it  would  not  be  practical  to  develop  a  method 
and  apparatus  that  would  handle  the  very  small  ingots  which 
it-  would  be  necessary  to  operate  on,  and  it  was  found  by 
investigation  that  practically  no  plants  were  in  operation 
working  on  ingots  of  much  less  than  a  ton  weight. 

Having  this  in  mind,  the  first  experiments  were  made  on 
small  ingots  weighing  but  151bs.  each,  and  it  was  found  that 
there  was  no  difficulty  whatever  in  producing  these  absolutely 
sound  and  without  blowholes  or  pipes.  The  next  experi- 
ments were  made  on  slightly  heavier  ingots  of  rectangular 
cross-section  3Jin.  by  5|in.,  and  weighing  about  HOlbs.  A 
pressing  unit  was  then  built  capable  of  handling  one  4001bs. 
ingot  or  two  2001bs.  ingots  at  each  heat,  and，  with  modifica- 
tions from  time  to  time,  this  arrangement  has  been  found 
very  satisfactory.  At  present  there  are,  at  the  steel  plant  of 
the  Simonds  Manufacturing  Company  at  Lockport,  New 
York,  eight  presses  in  continuous  operation,  making  ingots 
ranging  from  1801bs.  up  to  and  including  6001bs.  in  weight. 

Early  in  the  series  of  experiments  above  referred  to,  it 
was  found  too  expensive  to  compress  ingots  in  the  same 
moulds  in  which  they  had  been  poured.  It  was  found  that 
an  ingot  of  approximately  square  cross-section  could  be 
operated  on  more  satisfactorily  than  any  other  (excepting 
round  or  octagon),  although  ingots  have  been  made  satis- 
factorily by  the  process  with  a  cross-section  4 in.  by  8in.  and 
8in.  by  12in.，  and  weighing  respectively  3501bs.  and  6001bs. 

Another  feature  which  our  first  investigations  revealed 
was  that  practically  all  attempts  to  compress  ingots  by  lateral 
pressure  previous  to  the  method  outlined  had  been  along  the 
lines  of  placing  a  large  number  of  moulds  tandem  style  in 
one  pressing  unit,  and  investigation  as  to  the  effect  of  this 
arrangement  showed  conclusively  that  there  is  practically 
only  one  ingot  in  the  series  that  could  possibly  receive  proper 
treatment.  Aside  from  this,  most  of  the  apparatus  of  this 
nature  was  rather  cumbersome  and  expensive  to  operate,  and 


the  press  had  to  be  practically  dismantled  to  get  the  ingots 
out  after  they  had  been  operated  on. 

It  was,  therefore,  considered  desirable  to  set  to  work  on 
the  lines  of  producing  an  apparatus  possessing  the  following 
general  features :  (1)  Have  the  units  small  and  extremely 
simple  so  that  if  one  unit  was  out  of  order  for  any  reason, 
it  would  not  in  any  way  affect  the  rest  of  the  plant.  (2) 
Design  these  units  so  that  the  plant  could  be  added  to  and 
the  system  extended  at  will,  and,  at  the  same  time,  have  each 
unit  entirely  separate  and  independent  of  the  others  so  that 
it  could  readily  be  lifted  out  of  its  place  with  a  crane  if  out 
of  order  or  damaged,  and  a  spare  unit  put  in  its  place.  So 
far,  it  has  never  been  found  necessary  to  do  this,  but  it  was 
considered  desirable  to  have  this  in  mind  in  developing  this 
method.    (3)  Be  able  to  operate  on  the  ingots  in  such  a  way 

that  every  individual  ingot 
receives  precisely  the  amount 
of  pressure  and  time  necessary 
to  get  the  best  results  without 
reference  to  any  of  t^ie  other 
ingots  being  cast  at  the  same 
time.  (4)  Develop  a  mechanism 
that  would  be  so  extremely 
simple  and  rugged  that  it 
would  not  require  a  different 
type  of  labour  to  operate  than 
is  commonly  found  in  melting 
shops. 

In  addition  to  the  above 
considerations,  it  is,  of  course, 
obvious  that  a  plant  of  tins 
nature  to  be  commercially  suc- 
cessful must  not  involve  a 
large  investment  as  compared 
with  the  returns,  and  that  the 
operating  costs  must  be 
extremely  low. 

In  a  general  way,  the 
method  consists  of  casting  the 
ingots  iu  moulds  made  of 
special  cast  iron,  and,  while 
the  ingots  are  still  internally 
fluid  but  sufficiently  set  so 
that  they  will  not  burst  by 
transferred  meclianirally  to 
steel  compression  dies,  where  they  receive  lateral  or  side 
compression  of  from  1|  to  3  tons  per  square  inch  of  greatest 
area  of  cross-section  operated  on,  this  pressure  depending 
largely  on  the  composition  of  the  steel,  temperature  of  the 
steel  when  poured,  &c. 

Fig.  1  shows  the  general  arrangement  of  presses  for  hand- 
ling ingots  up  to  lh  or  2  tons  and  as  small  as  may  be  desired, 
and  as  many  of  these  presses  as  are  necessary  for  a  given 
output  are  arranged  side  by  side,  supported  in  any  suitable 
"way,  dependent  on  local  conditions.  An  extension  of  the 
back  end  of  the  press  serves  as  a  support  for  a  working  plat- 
form, which  is  made  continuous  from  press  to  press,  this  work- 
ing platform  on  the  smaller  size  presses  being  approximately 
3ft.  wide,  and  the  length  of  course  varying  with  the  number 
of  presses  in  the  installation. 

In  the  case  of  ingots  up  to  the  sizes  mentioned  above  and 
also  up  to  and  including  3，000Ibs.，  split  mould?  are  satisfactory 
and  desirable,  as  they  greatly  facilitate  the  stripping 
operation,  and,  on  account  of  the  very  short  time  which  the 
ingots  are  in  the  moulds,  there  is  an  entire  absence  of  warp- 
ing and  distorting  of  the  moulds  commonly  met  with  in  split 
moulds,  where  the  ingot  is  allowed  to  cool  entirely  in  the 
moulds  to  a  point  where  it  usually  is  stripped.  Moulds  are 
in  use  in  Lockport  at  the  present  time  which  have  been  run- 
ning eight  months  night  and  day,  and  are  just  beginning 
to  show  slight  cracks  in  the  side  walls  of  the  moulds.  They 
are  good  for  another  six  weeks  or  two  months- 
Referring  to  Fig.  1，  it  will  be  noted  that  the  press  proper 
is  of  a  box  form,  this  being  found  desirable  on  account  of  the 
great  strength  for  the  total  weiglit  of  the  completed  press 
and  for  the  low  cost  of  machining,  aside  from  making  it  very 
rugged  and  not  easily  damaged  by  rough  handling.  The 
compressing  cylinders  form  one  end  of  the  "  box  ，， 


Fig.  2.— Vikw  showing  Fresh  Ingot 
being  Lowered  into  the  Press. 

careful    handling,    they  are 


and  a  heavy  steel  casting  forms  the  other  end,  these  two 
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members  being  tied  together  by  cast  steel  side  stress  rncni- 
bers,  inter-locking  joints  being  provided,  so  that  tlio  "'n'aj"r 
the  strain  between  tlie  back  head  and  t  he  rams  tlic  mor" 
closely  do  the  sido  inenihors  pull  in  on  t  lit'  cvlindcrs  and  back 
head.  The  tie  rods  holding  all  of  t,l"、  |)r('ss  nnMiihers  together 
have,  therefore,  only  to  keep  the  m('ml"'rs  in  place  when 
iliere  is  no  load  on  the  ranis  or  wli'Mi  liaudlin^  the  units. 

A  sini]>le  reiraciiti^  arr;m^(Mnciit  \'av  I  lie  rn)ssh(';"l  ainl 
hydraulic  ranis  is  provided,  which,  in  tlie  case  of  tlie  snialh'r 
size  units,  is  usually  a  spiral  spring,  and  which,  in  tli"  larger 
sizes,  is  a  hydraulic  ('、'lin(l("'  of  very  sm;ill  cross-socf  ion  fcl;i 


Fig  3.— Sections  of  C'oMrRKssKT;  and  rxroMrni  ssKp  St;-: fi.  Ingots. 

tive  to  the  cross-section  of  the  pressing  cylinders,  and  which 
is  piped  to  the  high-pressure  supply  without  any  pro\'isi()u 
being  made  for  valves  or  control. 

The  mechanism  for  lowering  the  partly-cooled  ingots  fro'n 
the  moulds  into  tlie  compressing  dies  coi^ists  of  a  liyd raulic 
cylinder  and  ram  carried  on  two  swinging  arms  (one  on  each 
side  of  the  press),  so  that  it  may  be  brought  out  of  vertical 
alignment  with  the  dies  when  desired  and  leave  the  pit  under 
the  dies  absolutely  clear  and  unobstructed.  The  niechaiiisni 
for  accomplishing  this  consists  of  a  small  low-pressure  cylinder 
usually  mounted  on  the  back  end  of  the  press  and  provided 
with  a  simple  cross-arm  and  connecting-rod  arrangement  con- 
trolling the  movement  of  the  swinging  arms  carrving  the 
lowering  ram  cylinder  referred  to  al)ove.  The  controlling 
valves  and  mechanism  are  extremely  simple.  All  of  the 
movements  of  the  ingot  after  it  leaves  tlie  mould  are  accom- 
plished by  one  low-pressure  controlling  valve,  the  handle  of 
which,  when  moved  from  notch  to  notcli,  causes  each  of  the 
parts  to  function  properly  and  in  their  j) roper  order.  The 
high-pressure  cylinders  are  controlled  by  a  simple  form  of 
stop  valve  and  a  simple  one-way  valve  for  discharge. 

Mounted  above  the  compressing  dies  is  a  mould-carrying 
rack ,  shown  clearly  in  Fig.  1.  The  moulds  are  split  ones,  and 
in  the  smaller  sizes  this  mould-carrying  rack  is  operated  by 
hand,  and  in  the  larger  sizes  by  a  small  hydraulic*  cylinder 
mounted  on  the  side  of  the  press  frame,  not  shown  in  Fig.  I  - 
Ingots  of  various  cro?s- sections  have  been  operated  on  In*  the 
regular  equipment,  but  the  present  moulds  and  dies  are 
designed  and  built  for  pressing  the  ingots  corner  wise,  that  is, 
with  one  of  their  cross-section  diagonals  at  right  angles,  and 
the  other  normal  to  the  direction  of  compression.  Ingots  of 
square  cross-section  have  been  found  to  work  out  better,  not 
only  from  the  compression  standpoint,  but  also  for  subse- 
quent operations  in  the  mills. 


The  bottom  of  the  split  mould  referred  to  is  formed  partly 
by  a  removable  round  taper  block  carried  on  the  lowering 
ram,  and  so  arran^orl  that  wIipii  tlu*  nujuhls  ； ire  "  set  up  " 
this  lowering  rain  is  in  its  uppermost  position,  and  the  taper 
block  forms  a  bottom  closure  to  prf'v'i"  st**cl  from  rmmm"' 
tlirou^h  i\w  hot  torn  of  the  moiiM.  It  is  found  tliat  theHe 
blocks  or  mould  bottoms  take  prart icall v  all  the  wear  of  the 
iiiould,  such  as  tlie  cutting  efTect  tlio  "ream  of  iiioIUmi 
steel  wlien  pouring,  and  they  are  practically  the  only  parts 
that  have  to  he  renewed  under  seven  or  eiglit  months,  and 
these  ordinarily  last  wlien  riiimin^  ni^lit,  and  dav  on  on*; 
'M)-pat  furnace  from  two  to  three  months.  Tli'*  ructlio^l  ni 
operation  on  ingots  wit  h  this  aj>)>arat  u>  i、  as  lollows  ： 

rriif  moulds  (having  hoen  previously  well  smoked  without 
removing  from  the  racks)  are  locked  togetlier  hy  tlie  toggle 
arrangement  shown  in  Fig.  1，  and  the  lowering  plunger  is 
l)rouglit  to  its  uppermost  position,  so  that  the  hottoni  of  tlie 
mould  is  closed  by  the  taper  block.  'I'lif  ""itrolliiig  valve  on 
the  high-pressure  cylinder  is,  of  course,  closed  and  the  dis- 
charge valve  open,  and  the  dies  are  tlius  opened  to  a  )>r*'- 
deterniined  point.  The  moulds  are  now  poured  by  any 
a])j>rovecl  pouring  device.  A  fter  pouring,  the  in^ot^  are 
allowed  to  set  a  pre-determinetl  length  of  tmic,  (lopHiidiii*:  on 
their  size,  composition,  &c.，  but  in  any  event  just  a、  short  a 
time  as  is  necessary  to  form  a  light  skin  wliicli  will  not  burst 
open  when  the  ingots  are  stripped.  Tliis  time  varies  from 
one  to  five  minutes  on  ingots  from  1 501  hs.  to  60011  >s.  in  weight 
and  of  varying  compositions.  The  stripping  mechanism  is 
now  operated,  so  that  the  moulds  occupy  the  position  shown 
in  Fig.  2  (whieh  shows  the  ingot  partly  descended  into  the 
dies),  leaving  the  ingot  supported  at  the  top  end  by  the 
moulds  (which  are  not  opened  much  if  any  at  their  top  ends) 
and  by  the  taper  block  at  the  bottom  end,  which  forms  the 
bottom  closure  of  the  mould  during  the  pouring. 

The  low-pressure  controlling  valve  handle  is  now  moved 
one  notch,  causing  the  ingot  to  descend  into  the  compressing 
dies,  the  speed  of  this  descent  being  controlled  by  a  stop  cock 
in  the  discharge  line.  The  lowering  cylinder  is  provided  at 
its  lower  end  with  a  spring  or  in  some  cases  with  a  hydraulic 
stop,  so  that  the  ingots  are  brought  to  rest  very  gentlv  and 
in  a  position  suitable  for  the  pressing  dies  to  operate  on 
them.  The  high-pressure  release  valve  is  now  closed,  and 
the  low-pressure  controlling  valve  handle  is  moved  to  the 
next  notch,  causing  low-pressure  water  to  flow  from  the  low- 
pressure  supply  through  a  liigli-pressure  check  valve  into  tho 
high-pressure  compressing  cylinders,  and  the  compressing  dies 
are  thus  rapidly  moved  up  to  and  in  contact  with  the  ingots 
and  the  cylinders  filled  with  water  under  low  pressure, 
usually  lOOlhs.  to  1251bs. 

The  high-pressure  controlling  valve  is  then  opened  verv 
slightly  and  compression  is  commenced.  At  this  point,  the 
ingots  are  still  fluid  internally,  and  have  not  begun  to  show 
the  slightest  sign  of  pipe  or  sinking  in  the  top  end.  The 
compressing  cylinders  are  allowed  to  come  up  verv  slowlv 
indeed,  so  as  to  just  keep  the  ingots  from  forming  pipe,  and 
tliis  is  continued  until  by  experience  it  is  known  that  the 
ingot  is  very  near  the  point  of  setting  or  becoming  solid 
throughout,  when  the  pressure  is  increased  slightlv,  and  a 


Fig.  4.— Sf.ction  thuocoh  HYnnAi  i.u*  Valve. 

small  amount  of  the  last  portion  of  tlie  ingot  to  cool  is 
squeezed  out  of  the  top,  this,  of  course,  being  the  liquated 
portion.  This  liquated  portion  contains  praoticallv  all  the 
segregation,  and  is  decidedly  higher  in  phosphorus,  sulpluir, 
and  other  impurities  than  the  hietal  left  in  the  ingot.  This 
liquated  portion  forms  a  rough  ball-like  knob  on  the  top  end 
of  the  ingot,  and  is  practically  the  only  portion  of  the  ingot 
not  suitable  for  finishing,  and  in  weiglit  varies  from  2A  to 
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4  per  cent,  of  the  total  weight  of  tlie  ingot.  This  squeezed - 
out  knob  is  shown  in  Fig.  3a. 

As  soon  as  the  compressing  dies  have  a  good  grip  on  the 
ingots  so  that  there  is  no  possible  danger  of  their  dropping 
through  into  the  pit,  the  low-pressure  controlling  valve  handle 
is  moved  to  the  fourth  notch,  causing  the  low-pressure  cylin- 
der to  move  the  ingot-lowering  cylinder  out  of  vertical  align- 
ment with  the  compressing  dies,  and  the  controlling  valve  is 
then  left  in  this  positon  until  compression  is  completed.  The 
pressure  is  kept  on  the  ingots  for  a  considerable  time  after 
they  have  ceased  to  "  rise  ，，；  in  fact，  after  they  have  reached 

the  point  where  they  are  con- 
sidered solid,  the  pressure  is 
quite  materially  increased  and 
the  ingots  then  receive  what 
is  virtually  a  hydraulic  forg- 
ing treatment,  which  tends 
to  break  up  the  coarse 
crystals  formed  in  cool- 
ing: into  a  fine  crystalline 
ingot  worked  under  a  hammer 


Fig.  5.— Showing  Swaging  given 
to  Saws 


structure  much  resembling  an 
or  forging  press. 

When  the  operation  of  compressing  is  completed,  the  high- 
pressure  control  valve  is  closed  and  the  discharge  valve 
opened,  when  the  dies  immediately  retract  and  the  ingots 
drop  through  into  the  pit,  and  this  may  be  provided  either 
with  a  bottom  of  sand,  so  that  the  ingots  may  be  given  a 
partial  annealing  before  going  to  the  stock  piles,  or  the  ingots 
may  be  dropped  upon  cars  or  a  conveyor. 

Fig.  3a  shows  a  4001bs.  ingot  which  has  been  subjected  to 
this  treatment  and  split  longitudinally,  while  Fig.  3b  is  an 
ingot  poured  at  the  same  time,  weighing  slightly  less  on 
account  of  its  decreased  length  and  not  compressed.  The 
presses  do  not  require  to  be  dismantled  to  discharge  the 
ingots,  and  the  operation  of  setting  up  for  another  heat  takes 
but  a  few  minutes.  In  fact3  the  first  of  the  presses  to  be 
poured  are  quite  often  set  up  before  the  last  of  the  series 
have  dropped  their  ingots.  The  total  operation  of  setting  up* 
eight  presses  occupies  but  10  or  12  minutes,  the  greater  part 
of  which  is  used  in  smoking  the  moulds. 

One  man  easily  operates  eight  presses,  which  are  so 
designed  that  they  may  take  care  of  two  to  three  30-pot 
crucible  furnaces,  providing  all  the  furnaces  are  running  on 
the  same  size  of  ingots,  so  that  it  is  not  necsesary  to  change 
the  moulds  and  dies  between  the  heats,  as  the  presses  are 
amply  provided  with  cooling  facilities  so  that  the  parts  do 
not  become  overheated. 

It  is  obvious  that  with  the  hot  ingots  in  contact  with  the 
mould  walls  only  about  one-twentieth  of  the  time  usual  when 
they  are  allowed  to  cool  in  the  moulds,  the  moulds  do  not 
get  overheated,  and  no  artificial  cooling  of  any  kind  has  been 
found  necessary.  The  crosshead  and,  on  large  presses,  the 
compression  dies  are  water-cooled.  The  high-pressure  cylin- 
ders are  also  piped,  so  that  when  they  are  not  under  actual 
load,  low-pressure  cooling  water  may  be  circulated  through 
them,  thus  keeping  the  rams  and  packing  leathers  at  a  reason- 
able temperature.  No  trouble  has  been  experienced  with 
packing  leathers,  all  of  these  having  on  an  average  run  10 
months  night  and  day  without  renewal. 

The  pressing  dies  are  of  cast  steel,  and  in  the  equipment 
described  there  are  two  grades,  one-half  of  the  dies  being  0'40 
per  cent,  carbon,  and  the  remainder  0'70  per  cent,  carbon 
steel  castings,  but  up  to  the  present  time  there  is  no  appre- 
ciable difference  in  their  performance,  as  all  of  the  dies  show 
practically  no  signs  of  wear,  and  should  last  at  least  one  year 
without  replannig,  and  as  the  design  has  made  allowance  for 
at  least  seven  or  eight  replanings,  they  should  last  four  or 
five  years  without  renewal. 

One  point  of  special  advantage  in  changing  from  one  size 
ingot  to  another  is  that  there  are  absolutely  no  fastenings  of 
any  kind  holding  the  moulds  or  dies  to  the  other  mechanism, 
excepting  that  the  moulds  are  provided  with  loose  links  which 
drop  over  one  of  the  cross  bars  in  the  mould  rack，  and  can 
be  readily  lifted  out  by  hand  or  by  using  a  pair  of  tongs. 
The  moulds  are  usually  lifted  out  of  the  rack  with  the  crane 
in  pairs,  special  hooks  being  provided  for  this.  The  com- 
pression dies  are  lifted  in  or  out  of  the  press  frames,  and 


gravity  alone  keeps  them  in  place.  The  retraction  of  the 
movable  dies  is  accomplished  by  a  loose  fitting  link,  one  end 
of  which  engages  a  pin  in  the  top  end  of  the  movable  die,  and 
the  other  end  a  pin  in  the  top  end  of  the  crosshead,  and  this 
is  readily  lifted  off  and  on  with  tongs  or  by  hand. 

The  plant  at  Lockport  is  served  by  a  single-acting  triplex 
high-pressure  pump  with  l]in.  rams  and  8in.  stroke  and 
driven  by  a  15  li.p.  motor,  and  the  low-pressure  supply  is 
obtained  by  a  3^in.  by  4in.  triplex  single-acting  pump  running 
at  lOOlbs.  pressure,  and  driven  by  a  3  h.p.  motor.  As  these 
pumps  are  only  run  about  one-half  hour  at  each  heat,  it  is 
obvious  that  the  power  consumption  is  extremely  low.  Both 
pumps  have  a  common  supply  tank,  and  the  discharge  from 
the  cylinders  is  piped  back  to  this  tank.  This  portion  of  the 
plant  was  so  designed  that,  if  found  desirable,  during  the 
extreme  cold  weather  incurred  at  Lockport,  a  solution  of 
alcohol  and  water  could  be  used  to  guard  against  freezing,  but 
so  far  this  has  not  been  found  necessary,  as  the  radiated  heat 
from  the  adjacent  furnaces  has  been  sufficient  to  obviate  any 
trouble  from  freezing. 

All  of  the  hydraulic  valves  on  the  high-pressure  side  of 
this  system  are  designed  on  the  lines  shown  in  Fig.  4，  so  that 
the  valve  and  valve  seats  can  be  removed  very  readily  for 
repairs  without  breaking  any  pipe  connections.  The  time  for 
】naking  a  change  on  any  of  these  valves  never  exceeds 
30  sees.,  and  on  a  test  has  been  done  in  9  sees.  It  has  been 
found  desirable  also  to  equip  the  hydraulic  pump  which 
operates  at  4,5001bs.  pressure  with  valves  of  this  general  type, 
so  that  there  is  never  any  shutdown  or  stoppage  on  account 
of  leaky  valves. 

Some  of  the  results  obtained  from  the  use  of  this  method 
are  extremely  interesting;  Probably  one  of  the  most  severe 
tests  which  could  have  been  made  was  in  the  manufacture  of 
sliingle  saws,  which  run  in  sizes  from  36in.  to  42in.  cliarn.,  and 
while  they  are  9  to  7  gauge  thick  at  the  centre  (where  they 
are  ground  "straight"  for  a  collar  or  reinforcing  plate), 
they  taper  from  that  collar  to  the  rim  until  they  are  only 
14  or  16  gauge  at  the  rim  or  cutting  edge.  These  saws  are 
left  just  as  high  temper  as  possible  to  file  them  properly  in 
fitting  and,  at  the  same  time,  nearly  all  of  them  are  "  full 
swaged,"  as  shown  in  Fig.  5，  thus  imposing  a  very  severe  test 
on  the  material,  even  when  the  steel  is  absolutely  sound  and 
normal.  While  going  through  some  tests  on  special  steels,  it 
was  decided  to  determine  how  close  these  saws  might  be  taken 
from  the  top  of  an  ingot  and  still  stand  the  severe  swaging 


Double -cut  Bandsaw 


Fig.  7  —Double  cut  Bandsaw  Split 
and  Inside  Edges  Toothed. 


tests.  The  results  were  very  satisfactory  indeed,  and  several 
ingots  were  cut  in  such  a  way  that  one  side  of  one  saw  from 
each  ingot  was  only  gin.  from  the  normal  top  line  of  the 
ingot.  Every  one  of  these  went  through  perfectly  souud. 
Later,  field  tests  on  these  saws  indicated  that  there  was  no 
difference  whatever  in  the  quality  of  the  saws,  whetlier  they 
were  made  from  the  top  or  bottom  portion  of  the  ingot. 

Another  test  which  indicates  the  absolute  soundness  of 
the  ingots  obtained  by  this  process  was  made  on  large  band- 
saws.  Fig.  6  shows  what  is  known  as  a  double-cut  bandsaw, 
that  is,  a  bandsaw  having  teeth  on  both  edges,  and  these  also 
are  full  swaged,  as  shown  in  Fig.  5.  These  saws  range  in 
size  from  6in.  of  16  gauge  \\p  to  as  large  as  18in.  of  11  gauge, 
and  it  is  apparent  that  any  unsoundness  of  any  kind  would 
render  the  saw  worthless.    Several  12iu.  saws  were  takeu  at 
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random  and  split  lengthwise  from  end  to  end  and  t 
'' inside  ，，  edges  toothed,  when  they  presented  the  appearance 
shown  in  Fig.  7.  These  were  then  swaged  so  that  each  tooth 
presented  the  appearance  shown  in  Fig.  5，  and  tlior (！  was  woi 
a  single  indication  of  split  or  pipe  anywhere  in  any  of  the 
saws,  proving  conclusively  that  the  steel  must,  liave  been  sound 
and  free  from  pipes  and  blowholes  from  "屮 to  bottom  of  the 
ingot,  as  these  handsaws  are  cut  very  close  to  the  top  of  t  In* 
ingot  at  tlie  present  time. 

Several  ingots  were  cut  open  longitudinally  and  t lie 
exposed  surfaces  planed  and  polished  and  a  r;"H'itl  study  of 
the  structure  made,  and,  so  far  as  these  tests  have  gone,  they 
show  that  the  ingots  were  homogeneous,  and  with  an  entire 
altsence  of  segregation  up  to  ingots  of  6()()lbs.  in  weight,  and 
that  the  structure  of  the  steel  as  it  leaves  the  compressing 
dies  is  absolutely  uniform.  Test)  pieces  cut  from  these  ingots 
without  any  work  of  any  kind  being  done  on  tliem  h;iv(i 
shown  that  steel  taken  from  the  top  centre  of  the  ingot  wIumt 
the  pipe  usually  forms  gives  precisely  the  same  physical  tests 
as  test  pieces  cut  from  other  portions  of  tlie  ingot,  while  in 
uncompressed  ingots  the  centre  of  the  ingot,  even  in  the  lower 
half  and  bottom  end,  does  not  test  out  nearly  as  well  as 
pieces  cut  from  the  sides. 

In  general,  tlie  method  is  not  intended  to  be  a  curative 
one,  as  tests  made  in  our  early  experiments  proved  to  us  con- 
clusively that  if  a  pipe  in  an  ingot  had  once  developed  and 
sulphides  and  oxides  formed  on  the  surface  of  the  cavity,  it 
was  practically  impossible  to  weld  it  up  or  cure  it  in  any  way. 
The  method,  however,  is  preventive  and  most  effectively  pre- 
vents a  pipe  forming.  Various  grades  of  steel  have  been 
operated  on  that  may  be  made  in  a  crucible  or  electric  fur- 
nace, but  practically  all  of  the  tonnage  so  far  handled  is  tool 
steel  used  in  the  manufacture  of  saws  and  machine  knives, 
this  including  straight  carbon  steels  of  the  usual  carbon  con- 
tent for  the  purpose  noted,  as  well  as  low  alloy  steels.  It 
has  been  found,  however,  that  in  the  case  of  strictly  high- 
speed and  semi-high-speed  steels  the  apparatus  must  be 
handled  carefully  and  the  ingots  at  once  annealed  after  press- 
ing, this  being  necessary  owing  to  the  increased  density  of 
the  already  very  dense  material,  due  to  compression.  Great 
care  must  also  be  taken  in  re-heating  ingots  of  this  type  that 
the  heat  is  brought  up  slowly  and  uniformly  to  prevent  the 
ingots  bursting. 

The  plant  as  described  above  has  been  working  night  and 
day  for  over  a  year,  and  at  present  all  of  the  bandsaw  and 
circular  saw  steel,  excepting  the  very  siiiall  circulars,  is  111;' 小' 
from  compressed  material.  It  lias  been  found  that  the  total 
cost  of  operating  this  plant  is  less  than  3  per  cent,  of  the 
value  of  ingots  operated  on,  and  this  will  be  reduced  some- 
what when  the  new  equipment  is  completed,  as  a  greater 
tonnage  of  ingots  will  be  handled,  with  no  increase  in  labour 
cost  and  a  decrease  in  capital  charge.  Experiments  are  also 
under  way  for  a  modification  of  tlie  device  to  be  used,  espe- 
cially on  large  ingots  in  which  the  split  moulds  are  replaced 
by  the  usual  form  of  solid  tapered  moulds  handled  by  an 
ingot  stripper.  The  process  and  apparatus  is  fully  covered  by 
patents  granted  to  the  author  and  assigned  to  the  Simonds 
Manufacturing  Company. 


Accident  to  a  Naval  Airship. ― The  naval  airship  "Astra 
Torres  ,'  was  brought  out  at  Farn  borough  on  the  12th  inst.  for 
a  trial  flight.  Unfortunately,  the  pressure  could  not  be  main- 
tained, as  the  belt  which  drives  the  fan,  by  means  of  whicli 
the  pressure  in  the  balloon  is  maintained,  was  slipping  badly, 
and  as  a  result  the  envelopes  began  to  sag.  The  pilot  in 
charge  thereupon  decided  to  land,  the  airship  coming  do w 1 1  on 
Farnborough  Common,  where  she  was  safely  re-housed,  and 
will  continue  her  trials  after  the  necessary  alterations  have 
been  made.  The  airship  is  approximately  twice  the  size  of  the 
largest  Army  dirigible  and  half  as  big  as  the  average  Zeppelin. 
Her  length  is  260ft.  and  her  breadth  50ft.  The  envelope  is  in 
three  lobes  similar  in  shape  to  a  shamrock  leaf.  It  is  made  of 
cotton  fabric  and  rubber,  and  has  a  capacity  of  about 
300,000  cub.  ft.  The  lifting  power  of  the  envelope  is  estimated 
at  seven  tons.  The  airship  is  capable  of  carrying  a  crew  of 
10  persons  for  800  miles  (a  20  hours'  journey)  and  two  tons 
of  petrol,  the  amount  necessary  for  such  a  trip. 


PETROL-ELECTRIC  MOTOR-VEHICLtS. 

JIY  J.  H,  G.  DAMOISEAU. 

(Continued  from  page  fj-iL) 
Swedish  Statk  】《ail、va、s  Motok  vkmicij.^. 

The  petrol-electric  motor-vehicles  at  present  undergoing 
trials  on  the  Swedish  State  Railways  are  particularly  interest- 
ing because  they  are  the  first  to  be  equipperl  wit  h  I)i«'s*'l 
engines  for  use  on  railways.  This  type  of  engine  has  been 
introduced  in  order  to  reduce  the  cost  of  fuel,  wliir-li  was  con- 
sidered too  high  in  the  case  of  the  petrol  engine.  These  cars 
are  of  the  petrol-electric  type  with  electric  trai)sini--ioii 
Each  motor-vehicle  has  a  Diesel  engine  of  7o  li  p.  at  7。"  r('\、. 
per  minute,  coupled  to  a  50  kw.  continuous-current  generator 
feeding  the  two  electric  motors,  each  of  30  h.p.  The  generat- 
ing set  is  placed  crosswise  in  one  of  the  two  driver  s  cabins. 

The  Diesel  engine  used  has  six  vertical  cylinders,  water 
cooled,  and  also  a  supplementary  cylinder  for  supplying  tl'e 
compressed  air  necessary  for  starting  the  engine  and  for 
injecting  the  petrol  for  starting.  This  engine,  which  is  pro- 
vided with  a  governor,  drives  an  oil  pump,  and  a  compressor 
for  supplying  the  air  for  the  brakes.  The  silencer  placed 
under  the  car  is  supplied  by  a  pipe  carried  on  to  the  roof. 
The  radiator  is  also  placed  on  the  roof.  The  water  for  cooling 
the  engine  is  circulated  by  a  pump  driven  through  gear  by  the 
engine.  The  reservoirs  for  the  oil  fuel  are  iti  the  cabin  con- 
taining the  generating  set,  and  the  water  reservoir  is  lodged  in 
the  baggage  compartment.  The  supply  of  fuel  and  water  is 
obtained  by  means  of  a  hand  pump  in  the  cabin.  The  fuel 
consumption  is  said  to  be  225  grammes  of  oil  per  horse-power 
hour  at  the  full  load  of  75  h.p. 

Tlie  generator  gives  a  variable  pressure  from  zero  to  a 
maximum  of  440  volts,  according  to  the  speed  of  the  eiw!'' 
It  has  commutating  poles  and  is  connected  to  the  engine  by 
means  of  a  leather-belt  flexible  coupling.  The  engine  and 
generator  stand  on  one  bedplate.  Eacli  driver's  cabin  cont  ains 
the  necessary  apparatus  for  starting  the  car  and  for  putting  on 
the  brakes  ；  also  the  controller  (which  has  two  handles),  a 
wattmeter,  a  brake  cock,  air  whistle,  &c.  A  battery  of  23  cells 
and  of  200  ampere-hours  capacity  is  automatically  connected 
with  the  generator  when  running  without  load,  i.e.}  when  the 
car  is  at  rest  or  running  down  an  incline.  This  provides  the 
lighting  of  the  car,  as  well  as  supplying  the  auxiliary 
apparatus  used  in  working  the  car. 

The  speed  of  the  engine  is  regulated  by  a  small  electric 
motor  operated  from  the  controller.  The  starting  of  the  car 
is  effected  as  follows  ：  The  petrol  engine  having  been  started 
by  means  of  compressed  air,  and  the  "  forward-reverse  "  handle 
of  the  controller  having  been  moved  to  the  notch  for  the 
direction  required,  the  driver  of  tlie  car  presses  the  button  on 
the  second  handle  of  the  controller  so  as  to  cut  off,  by  means 
of  the  main  switch,  the  circuit  of  the  generator  and  the  t wo 
traction  motors,  which  latter  are  connected  in  parallel  ；  £heu 
he  moves  the  handle  gradually  from  the  "  stop  "  position,  at 
which  tlie  engine  runs  at  350  revs,  per  minute,  to  the  position 
of  full  speed,  which  corresponds  with  a  speed  of  700  revs,  per 
minute.  During  this  procedure  the  speed  of  the  engine  is 
gradually  increased  by  means  of  the  small  control  motor,  and 
the  car  is  started  without  any  loss  of  energy,  as  no  starting 
resistances  are  employed.  When  the  normal  speed  of  the 
engine  is  reached,  the  regulation  of  tlie  car's  speed  is  effected 
automatically,  the  design  of  the  generator  and  of  the  elert  ri<- 
motors  being  such  that  the  power  taken  from  the  petrol  engine 
is  remarkably  constant  and  cannot  exceed  the  maximum  power 
that  the  engine  can  give. 

The  arrangement  to  ensure  the  greatest  measure  of  safety 
in  working  is  as  follows,  one  attendant  only  being  required 
On  the  roof  of  the  car  and  on  each  side  wooden  bars  have  been 
fixed  for  keeping  a  spring  mechanism  in  position.  If  tlie  car 
passes  beyond  a  signal  which  is  at  danger,  one  of  the  bars 
strikes  an  arm  fixed  to  the  signal,  opens  a  switch  in  tlie  motor 
circuit,  and  puts  the  air  brake  in  action,  thus  stopping  the 
train.  An  auxiliary  emergency  brake  placed  in  the  compart- 
ment for  passengers  allows  the  above  meclianism  to  he 
similarly  operated,  should  this  ever  be  necessary.  These 
motor-vehicles  are  of  the  3-axle  type,  in  which  two  of  the 
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engines  are  cooled,  and  comprise  a  driver's  cabin  (containing 
the  electric  generating  set),  a  baggage  compartment,  n 
passenger  compartment  with  seating  accommodation  for  39 
passengers,  a  platform  for  access  to  the  passenger  compart- 
ment, and  a  driver's  cabin.  They  weigh  26  ions  ； md  are  l)uilt 
for  a  maximum  speed  of  60  km.  per  hour.  The  electric  efjui])- 
ment  was  supplied  by  the  Alliniinna  Svenska  Elekiriska 
Aktiebologet. 

Motor- vehicles  of  the  Pieper  Type. 

The  principle;  of  all  Die  previously  described  cars  (•onsisls 
essentially  in  the  total  transformation  of  the  mechanical 
energy  of  the  internal -combustion  engine  into  electrical 
energy,  which  in  turn  is  transformed  into  mechanical  energy 
at  the  axles  of  the  car.  These  cars  have  electrical  transmis- 
sion. The  automobiles  on  the  Pieper  system  are  of  the  mixed- 
transmission  type,  with  energy  storage  and  regeneration.  In 
this  system  the  internal-combustion  engine  drives  the  axles 
directly  by  means  of  a  cardan  shaft  and  bevel  gear.  A  shunt 
dviiamo  fixed  on  the  engine  shaft  is  connected  to  a  battery  of 
accumulators.  This  dynamo  can  operate  as  a  generator  or  as 
a  motor  by  regulating  its  excitation.  When  the  power  of  the 
engine  is  insufficient,  the  battery  automatically  supplies  the 
supplementary  energy  to  the  dynamo,  which  then  receives 
energy  and  operates  as  a  motor.  When  the  power  given  by 
the  engine  is  in  excess  of  that  required  for  traction,  or  when 
the  kinetic  energy  of  the  car  can  be  recuperated,  i.e.,  when  the 
car  is  slowing  down  or  running  down  a  gradient,  the  dynamo 
works  automatically  as  a  generator  and  charges  the  battery. 

The  admission  of  the  gas  to  the  engine  is  controlled  by  an 
automatic  regulator  consisting  of  a  differential  solenoid  with 
two  windings.  In  one  of  these  windings,  that  fed  by  the 
battery,  a  current  flows  continuously  in  the  same  direction  ； 
the  other,  a  series  winding,  is  in  circuit  with  the  battery,  and 
the  dynamo  carries  a  current  the  direction  of  which  varies. 
This  "  series "  winding  is  arranged  so  that  it  reduces  or 
increases  the  amount  of  gas  admitted,  according  as  the  battery 
is  or  is  not  supplying  power.  An  electromagnetic  clutch  is 
interposed  between  the  engine  and  the  axle,  and  the  engine  is 
able  to  rotate  in  either  direction.  Reversing  is  effected  by 
means  of  an  electromagnet  controlled  by  either  of  the  con- 
trollers. The  type  of  controller  used  to  drive  the  car  has  two 
handles,  one  serving  the  purpose  of  starting  the  engine  in 
either  direction,  and  the  other  for  gradually  regulating  the 
speed  and  braking. 

In  order  to  start  the  car,  the  driver  puts  into  action  the 
electromagnet  for  changing  the  speed  of  the  engine,  by  means 
of  the  controller,  and  starts  the  engine  by  sending  the  current 
from  the  battery  into  the  dynamo,  which  is  excited  to  the 
maximum.  The  engine  having  been  started,  the  driver,  by 
means  of  the  other  handle  of  the  controller,  admits  current 
from  the  battery  gradually  into  the  electromagnetic  clutch. 
This  starts  the  car  smoothly,  and  its  speed  is  afterwards 
increased  by  gradually  diminishing  the  excitation  of  the 
dynamo.  The  car  having  thus  been  put  in  motion,  its  control 
is  afterwards  effected  automatically. 

When  the  car  reaches  a  gradient,  should  the  resisting 
torque  on  the  wheels  become  greater  than  the  turning  moment 
of  the  engine,  the  speed  of  the  latter  diminishes,  the  voltage  of 
the  dynamo  falls  and  becomes  less  than  that  of  the  battery. 
The  battery  then  discharging  into  the  dynamo  produces  a 
torque  which  assists  that  of  the  engine  until  it  balances  the 
resisting  torque  of  the  car.  The  assisting  couple  produced  by 
the  motor  is  moreover  a  maximum,  since  the  admission  of  the 
gas，  which  is  governed  by  the  discharge  current,  is  likewise  at 
a  maximuin . 

Similarly,  when  the  car  arrives  on  a  gradient,  if  the  resist- 
ing couple  is  less  than  the  turning  moment  of  the  engine,  the 
speed  of  the  latter  tends  to  increase,  the  voltage  of  the  dynamo 
rises  so  that  the  dynamo  begins  to  charge  the  battery.  This 
charging  current  passing  through  the  regulator  results  in  tlie 
rate  of  admission  of  the  gas  being  reduced  to  the  minimum  and 
the  torque  of  the  engine  becomes  zero.  For  each  section  of  the 
route,  equilibrium  is  obtained  between  the  three  torques,  viz., 
the  torque  of  the  car,  the  torque  of  the  engine,  and  the 
opposing  or  motoring  torque  of  the  dynamo. 

In  order  to  slow  down  or  accelerate  at  will  the  speed  of  the 
car,  it  is  sufficient  to  upset  this  equilibrium.  To  slow  down, 
the  resisting  torque  must  be  increased  ；  this  is  done  by  the 
driver  increasing  the  excitation  of  the  dynamo,  which  then 
begins    to    charge    the    battery.      This    charging  current 


diminishes  the  rate  of  admission  of  the  gas  and  consequently 
the  driving  torque.  The  loss  of  kinetic  energy  stored  in  tlie 
car  is  thus  restored  to  the  battery.  For  accelerating  purposes 
the  driving  torque  must  be  increased,  i.e.,  the  excitation  must 
be  diminished.  Wlien  the  car  is  at  rest,  the  engine  clutch  is 
disengaged.  The  engine  may  then  be  either  stopped  or 
changed  to  low  speed  in  order  to  charge  the  battery. 

This  discussion  shows  that  the  internal-combustion  engine 
owing  to  its  constant  connection  with  the  axles  of  the  car,  and 
owing  to  the  fact  of  its  being  automatically  governed,  works 
with  variable  cut-off.  On  gradients  especially  it  runs  at 
reduced  speed  and  full  admission,  whilst  on  the  level  it  runs 
at  maximum  speed  and  throttled  cut-off.  The  internal- 
combustion  engine  must  therefore  be  so  designed  that  the  total 
energy  supplied  during  the  various  stages  corresponds  with  the 
total  energy  developed  during  the  complete  return  journey  on 
the  route  in  question,  together  with,  of  course,  the  loss  of 
energy  in  the  dynamo  and  the  battery.  This  type  of  motor- 
vehicle,  which  requires  accumulators,  has  also  the  advantage 
of  storing  energy  when  the  car  is  slowing  down  or  running 
down  gradients.  The  motor-vehicles  in  operation  on  the 
Pieper  system  in  France,  by  the  Compagnie  des  Chernins  de 
Fer  de  Grande  Banlieue,  from  Saint-Germain  to  Poissy,  are 
arranged  as  follows  : — 

The  generating  set  with  its  two  clutches  is  suspended  on 
springs  by  two  longitudinal  girders  from  the  frame  of  the  car, 
between  the  two  bogies,  below  the  luggage  compartment.  Tliis 
set  drives  the  extreme  axle  of  each  bogie  through  a  cardan 
shaft  and  bevel  gear.  The  engine  has  four  vertical  cylinders 
of  155  mm.  diam.  and  200  mm.  stroke,  and  piston  valves  are 
used.  The  engine  is  water  cooled,  is  fitted  with  speed  gear, 
and  uses  benzol  as  fuel.  The  silencer,  the  radiator,  and  the 
fuel  reservoir  are  placed  on  the  roof.  The  car  has  two  driver's 
cabins,  each  supplied  with  a  controller  and  the  apparatus  for 
operating  the  hand  brakes  and  air  brake.  These  brakes  only 
act  on  the  wheels.  The  heating  of  the  car  is  effected  by  the 
circulation  of  the  cooling  water  and  the  current  for  electric 
lighting  is  taken  from  the  battery.  The  principal  dimensions 
of  the  car  are  as  follows  : —— 

Metres. 

Distance  from  axle  to  axle  of  the  bogies   8 

Wheelbase  of  each  bogie    1775 

Length  of  the  body  of  the  car    14  570 

The  car  has  two  compartments,  one  first  and  one  second  class, 
situated  on  either  side  of  the  baggage  compartment,  which  is 
in  the  centre.  There  are  two  platforms  with  side  entrances 
between  the  two  passenger  compartments  and  the  two  driver's 
cabins.  This  car  has  seating  accommodation  for  12  passengers 
in  the  first-class  and  21  in  the  second-class  compartment,  and 
standing  room  for  16.  It  weighs  21'7  tons,  and  can  haul  two 
10-ton  trailers  on  the  Poissy— Saint-Germain  line,  which  has 
a  gradient  of  50  mm.  in  a  length  of  500  metres. 

The  Thomas  Petrol-electric  System. 
A  motor- vehicle  of  this  type  with  mixed  transmission  is  in 
service  on  the  Central  South  African  Railway,  on  a  line  with 
a  gauge  of  1*167  metres.  This  car  has  a  petrol  engine, 
epicyclic  gear,  and  two  dynamos.  The  whole  works  on  M. 
Gasnier's  electro-mechanical  method  of  varying  the  speed. 
The  electric  generating  set  is  placed  in  the  centre  of  the  car 
and  drives  through  a  cardan  shaft  and  gear  the  extreme  axle 
of  each  of  the  two  bogies.  The  gear  box,  which  contains  a 
double  train  of  epicyclic  gear,  serves  as  a  flywheel,  aud  is 
directly  attached  to  the  engine  shaft.  A  dynamo  has  its 
armature  fixed  on  a  shaft  concentric  with  the  engine  shaft. 
On  this  shaft  there  is  a  small  pinion  wliich  engages  with  the 
planet  wheels. 

When  the  speed  of  the  car  corresponds  witli  the  normal 
speed  of  the  engine  the  whole  of  the  gear  remains  stationary, 
and  the  gear  box,  the  armature  of  the  dynamos,  aud  the  shafts 
rotate  as  one  piece.  The  transmission  is  then  direct,  and  all 
the  energy  is  transmitted  as  mechanical  energy.  When  the 
speed  of  the  car  does  not  correspond  with  tlie  normal  speed  of 
the  engine  the  above  parts  undergo  a  corresponding  displace- 
ment. Part  of  the  energy  of  the  engine  is  then  transmitted 
direct  througli  the  gear  as  mechanical  energy,  and  the 
remainder  is  transmitted  by  the  dynamos,  of  which  one  works 
as  a  generator  while  the  other  receives  electrical  energy. 

The  dynamos  are  series  wound  and  are  permanently  con- 
nected in  series.  The  car  is  started  and  its  speed  controlled  by 
varying  the  excitation  of  the  two  dynamos.    The  engine  has 
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six  vertical  water-cooled  cylinders,  eacli  of  1  7S  nun.  diam.  and 
228  mm.  stroke,  with  liigli-tcnsion  m;!'"iiH。  ignition,  and 
develops  120  h.p.  at  670  revs,  per  minute.  It  is  capable  of 
giving  200  h.p.  when  run  at  a  higher  sp<ie<l.  The  radiator  is 
placed  on  the  roof  of  Hie  car.  Each  of  the  dynamos  can 
generate  50  h.p.  for  a  period  of  30  minutes,  when  running  at  a 
speed  of  500  revs,  per  minute  and  weighs  454  kg.  A  baU'  i  v 
of  accumulators,  which  can  be  charged  from  one  of  the 
dynamos,  the  latter  being  converted  in  I  liat  case  into  a  shunt 
dynamo,  provides  the  lighting  of  the  car  ； nid  t  he  starling  u[) 
of  the  engine,  and  can,  if  necessary,  drive  the  car.  This 
battery  is  placed  beneath  the  seats  adjaccni  to  the  luggage 
compartment.    The  car  has  two  driver's  cabins. 

Tlie  equipment  allows  the  following  processes  to  be  per- 
formed : ( 1 )  The  engine  is  started  by  suppl viiig  current  from 
the  battery  to  one  of  the  dy n;unos,  which  then  operates  as  a 
motor.  (2)  The  car  is  started  either  forwards  or  backwards, 
and  the  speed  is  regulated  by  means  of  resistances  in  the 
exciting  circuit  of  the  dynamos.  At  full  speed  the  two  shafts 
of  the  dynamos,  by  means  of  a  device  operated  by  the  con- 
troller, are  locked  togetlier.  (3)  The  battery  is  charged  wlion 
the  car  is  at  full  speed  by  one  of  the  dynamos  which  has  been 
converted  into  a  shunt  generator,  resistances  being  inserted  in 
the  circuit.  (4)  When  required  the  car  can  l>e  driven  by  i  lio 
accumulators.  (5)  Electric  brakiiig  is  provided,  the  dynamos 
running  as  generators  when  short-circuited  through  resistances. 
(6)  The  change  in  the  direction  of  motion  of  the  car  is  brought 
about  by  the  change  in  the  direction  of  rotation  of  the  engine, 
which  is  stopped  and  then  started  in  the  opposite  direction  by 
means  of  tlie  battery. 

The  following  are  tlie  dimensions  of  the  car  :— 

Metres. 

Gauge    1*067 

Distance  from  axle  to  axle  of  the  bogies    7*450 

Wheelbase  of  each  bogie    1*520 

Length  of  the  car  body    11400 

The  car  has  a  luggage  compartment  in  the  centre,  directly 
above  the  engine.  Only  the  cylinders  of  the  engine  project 
above  the  floor  of  the  compartment.  Seating  accommodation 
is  provided  for  42  passengers.  The  total  weight  of  the  car  is 
21*5  tons,  of  which  7  tons  is  due  to  the  petrol-electric  equip- 
ment. When  running  without  a  trailer  a  speed  of  80  km .  pet- 
hour  was  reached  on  the  level,  and  with  a  16-ton  trailer  a 
speed  of  70  km.  per  hour. 

General  Considerations. 

The  Adoption  of  Motor-vehicles. ― The  advantages  of  inde- 
pendent motor- vehicles,  no  matter  of  what  type,  whether 
steam,  accumulator,  petrol  with  mechanical  transmission,  or 
petrol- electric,  depend  essentially  on  the  possibility  of  forming 
trains  of  less  weight,  and  consequently  of  employing  a  greater 
number  of  trains  than  is  the  case  with  steam  locomotives. 
This  increase  in  the  number  and  frequency  of  the  trains  should 
result,  in  general,  in  an  increase  in  traffic,  and  consequently 
in  the  revenue,  which  would  cover ― supposing  that  the  work- 
ing expenses,  viz.,  the  cost  of  fuel  and  maintenance,  are  not 
too  high ― the  initial  capital  outlay  of  certain  secondary  or 
local  lines  which,  if  operated  with  steam  locomotives,  could  not 
give  such  good  results. 

This  use  of  independent  motor-vehicles  could  even  be 
extended  to  certain  main  lines  of  important  railway  systems, 
and  would  allow  an  increase  in  the  actual  overall  speed  of 
long-distance  trains,  by  doing  away  with  stops  at  the  less 
important  stations,  such  stations  being  served  with  inde- 
pendent motor-trains.  This  method  of  working,  viz.,  separat- 
ing the  general  traffic  from  the  local  traffic,  would  make  it 
possible  to  do  justice  to  the  requirements  of  these  two  kinds  of 
traffic,  which  requirements  are  at  present  so  conflicting  ；  and 
in  that  way  it  would  bring  about  an  increase  in  the  speed  and 
frequency  of  communication,  both  of  which  are  so  much 
insisted  upon  by  the  travelling  public. 

The  Use  of  Petrol-electric  Motor  vehicles. ― The  introduction 
of  petrol-electric  cars  has  numerous  advantages.  By  using 
internal-combustion  engines  the  car  is  always  ready  to  start, 
and  only  a  short  time  is  required  to  take  in  fuel,  &c.，  for  long 
journeys.  The  starting  is  as  rapid  as  in  the  case  of  all  vehicles 
adapted  for  electric  traction,  consequently  the  net  speed  is 
increased.  One  man  only  is  required  to  drive  the  car,  which 
is  easy  and  safe  to  work.  The  driver,  having  neither  a  fire  to 
look  after  nor  a  pump  or  injector  to  attend  to,  can  concentrate 


all  his  attention  on  the  speed  of  the  car,  and  on  the  track  ami 
the  signals.  The  absence  of  smoke,  and  the  fact  tliat  lie 
stands  at  the  front  of  the  car,  facilitate  his  observation  of 
signals,  &c. 

Tlie  petrol-electric  cars  are  very  flexible  as  regards  Ui'  ir 
operation,  owing  to  the  system  of  control  employed.  If  tlie 
stops  are  of  long  duration  the  engine  can  be  sliut  down  and 
any  waste  of  fuel  thus  avoided.  Tlie  cylinders  oi'  tli**  intfrnal- 
coinbustion  engine  can  be  water  cooled,  which  could  not  be 
done  in  the  case  of  steam  cars.  The  inaintfiianr**  o\'  pet  rol- 
electric  cars  can  be  attended  to  without  iiitcrniptin^  t 
service,  whilst  the  maintenance  of  locomotives  and  steam  cars 
requires  Mieir  removal  from  service  for  the  frequent  < 小'； mi'i^ 
of  the  boilers.  Repairs  are  rarely  necessary  to  well -can  * I  i',【 
cars,  and  the  removal  from  service  for  t  his  purpose  is  row- 
(|Uontly  of  short  duration,  the  [)arts  to  be  repaired  or  replaced 
being  of  comparatively  small  weight.  Tli"  u  ol"  pel  \  <A 
electric  vehicles,  moreover,  cannot  result  in  the  burning  of 
vegetation  bordering  the  track,  which  often  happens  in  the 
case  of  locomotives  and  steam  cars  due  to  the  scattering  of 
sparks. 

Tlie  use  of  two  driver's  cabins  dispenses  with  the  necessity 
of  turning  the  car  at  the  terminus,  and  consequently  witli 
turning-tables,  loops,  or  reversing  triangles.  The  reduced 
weight  of  the  petrol-electric  cars  and  their  smooth  ruiuiirt^ 
reduce  the  wear  of  the  rails  to  a  minimum.  Petrol-electric 
cars  with  electric  motors  are  capable  of  working  either  from 
overhead  wires  or  from  a  third  rail  on  railway  sections 
equipped  for  electrical  working.  On  other  sections  of  the 
track  the  cars  work  by  means  of  their  own  electric  gsnsrating 
plant.  The  petrol-electric  cars  with  electric  motors  can  be 
coupled  togetlier  by  very  simple  contrivances  to  form  trains 
wliicli  can  be  operated  from  one  of  the  driver's  cabins,  as  is 
done  in  the  case  of  multiple-unit  electric  traction . 

Finally,  it  must  be  pointed  out  that  the  patrol-electric  car 
having  no  permanent  mechanical  connection  between  tlie 
engine  and  the  axles  may  be  placed  between  any  two  carriages 
of  a  train  hauled  by  a  steam  locomotive,  and  may  be  used  as  an 
ordinary  carriage.  At  any  point  en  route  the  petrol-electric 
car  may  then  be  removed  and  continue  its  journey  in  any 
desired  direction  by  its  own  means  of  propulsion.  In  this  way 
several  distinct  trains  may  be  combined  as  one  train,  each 
section  branching  off  as  required. 

The  principal  disadvantage  of  the  petrol-electric  car,  and 
one  not  to  be  overlooked,  consists  in  the  danger  of  fire,  con- 
sequent on  the  use  of  a  highly  inflammable  liquid  fuel.  How- 
ever, this  danger  can  be  completely  overcome  as  follows  ： 
(a)  By  using  a  car  entirely  constructed  of  steel  and  with  a 
concrete  floor.  (/；)  By  enclosing  the  engine  in  a  compartment 
with  a  duplicate  iron-sheet  partition,  tlie  space  between  the 
two  sheets  being  filled  with  fire-proof  composition.  (/  )  Hv 
automatic  admission  of  tlie  fuel  to  the  engine,  the  supply  bein^ 
interrupted  in  the  case  of  fire.  ((/)  By  keeping  the  liquid  (\w\ 
in  a  reservoir  under  an  inert  gas,  and  not  in  contact,  with  tlie 
air.    (e)  By  storing  the  fuel  with  an  inert  gas  under  pressure. 

As  to  the  seemingly  complicated  structure  of  the  car,  it  must 
be  pointed  out  that  the  component  parts  are  very  simple,  and 
the  most  complicated  part,  the  internal-combustion  engine,  lias 
been  so  extensively  adopted  that  this  point  need  not  be 
discussed. 

(To  be  continued.) 


MORISON'S  FEED  WATER  HEATER. 

We  illustrate  herewith  a  construction  of  tubular  surface 
feed-water  heater,  the  invention  of  Mr.  D.  B.  Morison,  of 
Hartlepool  Engine  Works,  Hartlepool.  In  this  design 
improved  facilities  are,  it  is  claimed,  afforded  for  the  separa- 
tion of  air  and  oil  from  the  feed  water,  and  for  the  easy 
examination,  cleaning,  jointing,  wit  hdrawal  and  replacement 
of  the  coils.  Fig.  1  is  a  sectional  elevation  on  line  K  in 
Fig.  2.  Fig.  2  is  a  plan  view  with  the  upper  portion  of  the 
apparatus  removed.  Fig.  3  is  a  side  elevation  showing  at  the 
top  of  tlie  apparatus  a  section  on  the  line  L  in  Fig.  4  ；  and 
at  the  bottom  a  section  showing  the  water  outlet  from  the 
heating  coils  ；  aaid  Fig.  4  a  sectional  plan  view  on  the  line  M 
in  Fig.  3. 

The  heating  vessel  A  is  cylindrical  and  vertical  and  is 
provided  with  a  door  B  at  the  side  for  the  removal  of  the 
coils.    Arranged  in  the  interior  are  multiple  tubular  coils  C, 
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vertically  disposed  between  two  water  receivers  I)  and  E  to 
which  they  are  connected  at  the  top  and  bottom,  the  receiver 
E  containing  a  circumferential  inlet  passage  F  and  a  central 
outlet  passage  G  for  the  feed  water  which  flows  from  the  inlet 
passage  F  upwardly  through  the  coils  C  into  the  top  receiver 
D  from  whence  it  passes  down  the  central  pipe  H  into  the 
outlet  passage  G，  the  central  pipe  H  forming  a  support  for  the 
top  receiver  D.  The  water  inlet  F  and  outlet  G  are  in  com- 
munication with  corresponding  water  inlet  and  outlet  passages 
U  J  formed  in  the  base  of  the  apparatus  to  which  the  bottom 
receiver  E  is  connected  by  flanged  joints  and  bolts,  the  bolts 
extending  through  the  base  of  the  heating  vessel  with  the  nuts 
outside.  The  top  receiver  D  has  attached  to  it  a  lifting 
device  O  which  extends  through  the  cover  of  the  heating 
vessel  with  suitable  provision  for  expansion  and  is  fitted  by  a 
nut,  so  that  by  disconnecting  the  bottom  receiver  E  from 
the  base  both  the  receivers  and  their  connections  may  be 
raised  vertically  whereby  any  one  of  the  coils  C  can  be  rotated 


FIG.  2 


Morison's  Feed-water  Heater, 


and  brought  opposite  the  door  B  for  inspection,  cleaning,  or 
removal.  The  top  receiver  D  is  extended  upwardly  in  the 
form  of  a  cone  which  forms  a  separating  chamber  for  the 
collection  of  air,  and  it  may  be  oil,  from  the  heated  water 
which  enters  the  receiver  D  and  is  caused  to  flow  in  an  upward 
direction  so  that  the  stream  of  water  travels  to  the  water  level 
in  the  receiver  and  thus  promotes  the  separation  of  air  and 
oil  which  accumulate  in  the  upper  portion  of  the  receiver  and 
may  be  discharged  continuously  or  periodically  through  a 
central  pipe  R  and  control  cock  T.  The  pipe  R  extends 
downwardly  into  the  cone,  in  order  to  maintain  a  quantity  of 
air  in  the  upper  portion  of  the  cone  so  as  to  provide  a  water 
surface  for  the  liberation  of  air  and  the  collection  of  oil,  the 
entrapped  air  also  forming  a  cushion  for  the  water  discharged 
from  the  coils.  The  steam  supply  pipe  may  be  connected  to 
the  chamber  N  and  the  steam  passed  through  a  cleansing 
chamber  V  before  entering  the  heating  vessel  A.  Or  if 
desired  this  chamber  may  be  omitted  and  the  steam  supplied 
direct  to  the  heating  vessel  A.  The  heater  is  provided  with 
the  usual  stop  valves,  safety  valves,  cocks,  gauges  and  other 
mountings  and  requirements  necessary  for  the  satisfactory 
working  of  the  apparatus. 


Boiler  Explosion  at  Hawksworth. 一 The  formal  investigation 
ordered  by  the  Board  of  Trade  to  be  held  in  regard  to  the 
boiler  explosion  at  Gaping  Goose  Farm,  Hawksworth,  is  fixed 
for  hearing  in  'the  Town  Hall,  Guiseley,  Yorkshire,  on 
Wednesday,  July  2nd,  at  11  a.m. 


THE  ILLMER  TWO-STROKE  CYCLE  GAS  ENGINE. 

The  first  gas  engine  of  American  origin  to  employ  the  double- 
acting,  2-stroke  cycle  has  recently  been  constructed  by  the 
Reading  Iron  Company  from  the  designs  of  Louis  Illmer,  jun. 
It  is  shown  in  the  accompanying  illustrations,  for  which,  along 
with  the  following  particulars,  we  are  indebted  to  our 
American  contemporary,  "  Power." 

The  engine  is  of  the  slow-speed  type,  designed  for  heavy- 
duty  service  along  the  lines  of  steam-engine  practice,  and 
the  aim  throughout  has  been  to  reduce  to  a  minimum  the 
number  of  working  parts.  In  carrying  out  tliis  idea  a  num- 
ber of  unusual  features  have  been  embodied.  In  the  first 
place,  all  previous  applications  of  the  double-acting,  2-stroke 
cycle  have  employed  separate  air  and  gas  pumps.  In  the 
Illmer  engine,  however,  this  work  is  accomplished  by  a  single 
pump  of  the  double-acting  type,  the  stratification  principle 
being  employed  in  scavenging  and  in  the  admission  of  the 
charge. 

A  second  mark  of  individuality  is  the  valve  gear,  wliich 
is  a  distinct  departure  from  usual  practice.  This  is  posi- 
tively actuated  by  means  of  an  eccentric  drive,  the  inlet  valves 
being  opened  and  closed  by  a  double-toggle  linkage,  as  sliown 
in  Fig.  1  ；  there  is  a  total  absence  of  springs,  except  for  the 
small  ones  on  the  igniters.  In  this  way  properly  accelerated 
and  retarded  movements  are  imparted  to  the  valves  and  cause 
them  to  seat  gently,  the  valves  being  pressed  on  their  seats 
by  a  slight  springing  of  the  rocker  shaft.  Provision  is  made 
for  independent  adjustment  by  having  all  the  link  pins 
bronze  bushed  and  the  links  provided  with  keepers  to  allow 
for  wear.  The  pump  valves  are  actuated  direct  from  the 
wristplate.  As  the  engine  is  of  the  2-stroke  cycle  type,  there 
are,  of  course,  no  exhaust  valves. 

The  inlet  valves  are  of  the  annular  poppet  type,  coaxial 
with  the  cylinder,  and  that  on  the  crank  end  surrounds  the 
piston  rod  (see  Fig.  2).  They  slide  in  housings,  and  suitable 
packing  is  provided.  This  arrangement  permits  a  large  inlet 
port  opening  into  the  power  cylinder  (about  25  per  cent,  of 
the  piston  area)  and  thus  tends  to  reduce  the  pump  work, 
which  is  said  not  to  exceed  5  per  cent,  of  the  indicated  power 
of  the  engine. 

Replaceable  liner  sections  are  fitted  to  the  power  cylinder, 
and  the  exhaust  ports,  drilled  into  the  inner  liner  ends,  are 
surrounded  by  an  annular  exhaust  chamber  cast  integral 
with  the  cylinder.  A  hand  hole  in  the  exhaust  chamber 
admits  of  cleaning  the  exhaust  ports  and  also  provides  a 
means  for  inspecting  the  piston  rings.  The  engine  is  of  the 
side-crank  type,  a  drag  crank  being  provided  for  driving  the 
pump  piston  and  the  governor. 

Fig.  2  is  a  section  through  the  power  cylinder,  inlet  valves, 
pump  cylinder  and  ducts  representing  that  position  in  which 
the  air  and  gas  are  being  drawn  into  the  pump  on  the  head 
end  (right)  and  the  charge  forced  into  the  working  cylinder 
on  the  crank  end  (left).  Following  through  the  pump  cycle, 
first  consider  only  the  head  end  with  the  pump  piston  just 
beginning  its  travel  toward  the  left.  The  valve  V  would 
then  be  rotating  counter-clockwise,  so  as  to  uncover  the  ports 
A  and  D,  B  and  C  already  being  open.  This  permits  air  to 
be  sucked  through  A  and  B  ；  also,  residual  air  from  the  pre- 
vious charge,  which  has  remained  in  the  upper  part  of  duct 
F,  is  drawn  into  the  pump  cylinder  through  passage  G.  The 
latter  creates  a  suction  in  duct  F,  and  draws  in  gas  through 
ports  C  and  D，  the  height  to  which  the  gas  rises  in  F  depend- 
ing upon  the  governor,  which  controls  the  throttle  valve  T. 
The  air  lying  behind  the  inlet  valve  in  the  pocket  I  is  not 
displaced  by  the  suction  of  the  pump,  but  remains  in  this 
position  during  the  entire  period  of  inlet  closure  to  be  intro- 
duced into  tlie  power  cylinder  as  scavenging  air  ahead  of  the 
next  charge.  The  relative  positions  of  the  air  and  gas  when 
the  pump  piston  has  just  passed  mid-travel  on  the  suction 
stroke,  are  indicated  in  the  sketch  (head  end). 

By  the  time  the  pump  piston  has  reached  the  end  of  its 
stroke,  the  valve  V  will  have  rotated  in  a  clockwise  direction 
so  as  to  close  ports  A  and  D  and  start  to  open  port  E.  During 
the  first  part  of  the  return  or  discharge  stroke  the  charge  is 
compressed  slightly.    Just  previous  to  the  pump  piston  reach- 
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ing  mid-stroke  the  power  piston  uncovers  the  exhaust  ports 
and  simultaneously  the  inlet  valve  opens.  Port  E  is  now 
entirely  uncovered,  and  a  free  passage  is  established  between 
tlie  piimp  cylinder  and  the  lower  end  of  duct  F.  Hence  pari 
of  tlie  air  is  forced  through  |>orts  1J  and  K,  )>usliin^  Uio 
column  of  gas  ahead  of  it,  and  at  the  same  time  the  rest  of 


and  has  for  some  time  been  carrying  the  entire  shop  load  of 
the  Scott  Foundry  Department  of  tlie  Reading  Iron  Com- 
pany. It  operates  on  producer  gas.  A  similar  one  of 
500  li.p.  is  nearing  completion.  Fig.  3  is  a  reproduction  of 
an  indicator  diagram  taken  under  operating  coiHlitions,  and 
Fig.  4  shows  an  indicator  diagram  taken  from  the  pump. 


I  l,I,.Mi;ii    I  Wo-S'l'ltnK  I      ('Ni  I.I     (  i  \s    |  ：\(.1\1：. 


the  air  is  forced  through  passage  G，  around  F,  and  meets  the 
gas  at  the  mixing  ports  H. 

The  residual  air  in  the  pocket  I  and  any  air  ahead  of  the 
body  of  gas  will  have  been  forced  ahead  of  the  mixture  to 
scavenge  the  cylinder  of  burnt  gases.  The'  crank-end  view 
of  Fig.  2  represents  the  position  taken  by  the  mixture  charge 
at  the  instant  of  entering  the  power  cylinder.  When  the 
inlet  valve  closes,  the  mixture  will  have  been  forced  into  the 
power  cylinder,  and  the  air  lying  behind  it  serves  as  scaveng- 
ing air  for  the  next  charge. 

A  by-pass  (not  shown)  connects  the  two  ends  of  the  pump. 
By  setting  the  valve  in  this  the  air  may  be  so  regulated  as  to 
control  the  position  of  the  mixture 
within  the  power  cylinder.  The 
air-check  valve  (not  shown)  in  the 
passages  G  and  Gf  opens  inward 
so  as  to  provide  a  free  passage  of 
air  toward  the  pump.  On  the 
discharge  stroke  of  the  pump  the 
check  closes  and  the  air  has  to 
pass  around  the  valve,  the  opening 
being  made  adjustable  by  the 
setting  of  a  lever.  Accordingly 
a  relatively  large  body  of  gas  may 
be  sucked  into  the  duct  F  with- 
out being  affected  perceptibly  by 
any  throttling  adjustment  made 
for  the  air  discharge  through  the 
connections  G  or  &'，  whereby  to 
adjust  the  ratio  of  air  to  gas  in 
the  mixture  charge.  The  pur- 
pose of  the  walls  J  and  J7  is  to 
form  pockets,  which  cause  the  air 
to  eddy  and  spread  before  dis- 
charging into  the  neck  of  the 
ducts. 

An  important  feature  of  the 
power-cylinder  design  are  the  lugs 
of  baffles  K  and  K'.  The  charge 
enters  the  cylinder  in  the  form  of 
a  hollow  cone  around  the  inlet 
valve,  and  strikes  the  baffle  K  or 
K'  approximately  normal  to  its 
direction  of  flow.  This  causes  the 
mixture  to  whirl  and  lose  much  of 

its  velocity,  spreading  over  the  cylinder  and  driving  out  the 
scavenging  air.  Proper  spreading  of  the  charge  is  largely 
facilitated  by  a  new  principle  embodied  in  the  cylinder-head 
construction,  namely,  the  turning  of  the  working  charge  ami 
imparting  to  it  a  direction  of  flow  parallel  to  the  power 
cylinder  axis  before  discharging  it  through  the  inlet  port. 
The  engine  shown  in  the  illustration  is  rated  at  300  h.|)+. 


In  the  following  table  are  given  the  results  of  a  33i-hour 
full-load  test  on  this  engine  ： ― 

Test  of  ^00  n.v.  Illmek  Gas  Engine. 

Duration  of  test,  hr   33 i 

(ir;ulo  of  coal... "Westmoreland  bituminous  @  14,100  B.T.U. 
\wv  pound  as  ustnl 

Character  of  load   Water  rheostat 

Average  load  re^isterocl  on  calibratod  recording  ammotor, 

ampere    774 

Average  voltage  (corrected)    253 

Average  developed  load,  kw   196 

Average  developed  load,  b.h.p   284 


Power  required  for  auxiliaries,  kw. 
Power  required  for  auxiliaries^  b  li  p 


11 
It; 


Fig  2.— Illmer  Two-stroke  Cycle  Gas  Engine.    Section  through  Cylinder  and  Pump, 
Illustrating  Stratification  op  Charge. 

Coal  Burned ― 

Fed  to  hopper,  lb  10M2 

Equivalent  ro(iuired  for  steam  jet  hlower,  ib   502 


Total  coal  used  in  33i  hr.,  lb  10,854 

Cold  cleaned  gas  measured  in  holder,  foot  per  pound  of 

total  coal  used   ：   t>5*4 
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Analysts  of  Gas ― 

CO  a    2*91  per  cent,  by  volume. 

(jx    0*2    percent,  by  volume. 

C2H4    0*7    per  cent,  by  volume. 

CO    27*51  per  cent,  by  volume. 

Ha    6' 52  per  cent,  by  volume. 

CH4    2  (24  per  cent,  by  volume. 

Avt'i'age  B.T.U.  of  g:»s  l,v  (:il(>rin"'t('r  (3-1  determinations 
corrected  for  holder  teinpornturo,  and  pressure)  B.T.U. 

per  foot  higher    144 

Average  B.T.U.  of  gas  l>y  calori motor  (35  determinations 
rnrivctwl  for  hokl*ir  tenipci'Mtui-o,  and  pressure)  B.T.U. 

per  foot  lower    138 

Pioducor  oflicieiu'v  on  lias  is  of  cold  cleanod  gas  and  total 

coal  usod,  per  eont.  on  hif^lier  Fi.T.U.  of  gas   67 


Fig.  3.— Powrk  Indicator  r  tag  rams  fuom  Cvlindkii. 


Fig.  4.—Indicatoh  Diacram  from  Vump. 
Producer  efficiency  on  basis  of  cold  cleaned  gas  and  total 


coal  used,  per  cent,  on  lower  B.T.U.  of  gas    64 

Thermal  efficiency  of  engine,  lower  B.T.U.  per  b.h.p.  hour...  10,300 

Total  coal  used  por  developed  b.h.p.  hour,  lb   1'14 

Total  coal  used  per  developed  k\v.  hour,  11)   1'65 

Total  coal  used  pi»r  b.h.p.  hour,  delivered  for  use,  lb  

Total  coal  used  per  kw.  hour,  delivered  for  use,  lb   \  7o 


The  instruments  on  which  the  results  were  obtained  have 
bean  checked  with  the  general  electric  standards,  and  it  was 
found  that  the  instruments  read  a  little  low  ；  hence  the 
revised  results  are  even  more  favourable  than  the  original 
figures. 


INSTITUTE  OF  MARINE  ENGINEERS. 

On  Saturday,  June  7th,  a  visit  of  inspection  was  paid  by  a 
party  of  members  cf  the  Institue  of  Marine  Enigneers  to  the 
paint  and  varnish  works  of  Messrs.  R.  Gay  &  Co"  Ltd.,  and 
Root.  Ingham,  Clark,  &  Co.，  Ltd.,  Stratford. 

The  firm  of  Robt.  Ingham,  Clark,  &  Co.，  Ltd.,  enjoys  a 
high  reputation  for  the  quality  of  varnish  produced,  and  it 
was  this  part  of  the  works  which  proved  of  especial  interest. 
It  consists  of  about  25  buildings  of  moderate  dimensions,  so 
constructed  that  the  windows  of  one  building  do  not  face 
those,  of  another.  This  formamon  is  adopted  in  order  that 
any  building  may  be  readily  isolated  in  case  of  fire,  aud  a 
very  efficient  and  well-equipped  works  fire  brigade  is  a 
further  precaution  against  such  an  event.  Previous  to  the 
inspection  of  the  works,  the  visitors  were  shown  various 
specimens  of  the  fossilised  gum  which  forms  the  basis  of  the 
varnish.  These  gums  are  in  a  fossil  form  up  to  2,000  and 
3,000  years  old,  and  require  a  temperature  of  about  600。  Pali, 
to  melt.  After  visiting  the  gum  stores,  containing  supplies 
of  varying  qualities  and  colours,  the  running  or  boiling  room 
was  inspected.  Large  copper  cauldrons  containing  the  gum 
are  placed  ever  sunken  fires  at  a  high  temperature.  About 
25  per  cent,  of  the  material  is  given  off  in  fumes,  which  are 
drawn  through  pipes  by  means  of  electrically-driven  fans. 
These  fumes  are  condensed,  and  the  residue  s('ltl  for  com- 
mercial purposes.  The  reinainiii^  liquid,  after  a  process  of 
filtering  and  straining,  is  conveyed  to  the  maturing  ware- 
houses, which  have  a  total  tank  capacity  cf  500,000  galls., 
where  it  is  left  for  a  period  of  from  9  to  12  months  to  settle 
and  mature.  The  total  output  cf  varnish  from  the  factory  is 
about  500,000  galls,  per  annum,  and  of  this  a  large  quantity 
is  exported,  the  colonial  and  continental  wareliouses  showing 


the  extent  of  the  business  done,  apart  from  the  home  trade. 
The  manufacture  of  the  "  Pearline  "  enamel  was  then  sliown, 
the  mixing,  grinding,  and  other  machines  being  electrically 
operated.  The  preparation  of  linseed  oil  was  also  a  process 
wl"(,h  excited  much  interest. 

The  paint  factory  of  Messrs.  R.  Gay  &  Co"  Ltd.,  in  which 
about  250,000  galls,  are  produced  annually,  was  next  visited, 
and  an  opportunity  was  given  of  seeing  the  various  processes 
of  manufacture.  A  speciality  in  this  department  is  the 
orange  red  lead  made  by  the  firm,  wliich,  in  addition  to 
having  special  preservative  qualities,  retains  its  original 
colour  for  long  periods  under  exposure  to  the  weather.  The 
firm  also  specialise  in  the  manufacture  of  zinc  white  paint 
for  decorative  purposes,  and  this  also  was  shown  in  process 
of  manufacture.  In  the  handsome  exhibition  room  were  seen 
beautiful  specimens  of  the  work  accomplished  with  materials 
manufactured  by  the  firm,  also  specimens  of  the  raw  mate- 
rials, &c. 

A  vote  of  thanks  to  the  company,  and  to  Mr.  R.  S.  Clark, 
Mr.  T.  W.  Bamford,  and  other  gentlemen,  under  whose  guid- 
ance the  visit  was  made,  was  heartily  accorded,  on  the  pro- 
posal of  Mr.  Jas.  A clamson  (hon.  secretary),  seconded  by  Mr. 
Jas.  Shanks. 

In  the  evening  the  members,  through  the  courtesy  of  the 
General  Steam  Navigation  Company,  paid  a  visit  of  inspec- 
tion to  the  company's  steamer  ' '  Fauvette,"  at  present 
engaged  in  the  London -Bordeaux  service.  The  vessel,  which 
is  the  latest  addition  to  the  company's  fleet,  has  been  con- 
structed and  fitted  throughout  on  a  generous  scale,  and  with 
commendable  forethought  for  the  comfort  of  passengers  and 
the  expeditious  handling  of  cargo.  At  the  conclusion  of  the 
visit  a  vote  of  thanks  was  heartily  accorded  to  the  company, 
on  the  proposal  of  Mr.  W.  T.  Seaton,  seconded  by  Mr.  A.  II. 
Mather,  also  to  Mr.  G.  L.  Florence,  engineer-in-chief  to  the 
company,  under  whose  guidance  the  inspection  was  made. 


GOVERNMENT  COMPETITION  FOR  AEROPLANE  ENGINES. 

The  War  Office  have  issued  particulars  of  a  naval  and  military 
aeroplane  engine  competition,  which  will  begin  at  the  Roval 
Aircraft  Factory,  Farnborough,  on  February  1st  next  vea r. 
A  prize  of  £5,000  will  be  awarded  to  the  maker  of  the  engine 
which  in  tlie  opinion  of  the  judges  best  fulfils  the  stipulated 
requirements  and  which  is  entirely  suited  for  adoption  for 
the  aeroplane  service.  Orders  up  to  the  value  of  £40,000  will 
be  given.  Competitors  who  enter  engines  up  to  tlie  nunib?r 
of  10  which  do  not  prizes  but  which  ara  useful  will 

receive  £100  in  respect  of  each  engine.  Engines  of  British 
manufacture  throughout  are  specified,  with  a  horse-power  of 
90  to  200，  with  more  than  four  cylinders,  and  weighing  not 
more  than  lllbs.  per  horse-power.  Desirable  qualities  are 
light  weight,  economy  of  consumption,  absence  of  vibration, 
smooth  running,  slow  running,  sileuce,  absence  of  deteriora- 
tion, simplicity,  suitability  to  head  resistance,  precautions 
against  accidental  stoppage,  accessibility,  adaptability  for 
starting,  freedom  from  risk  of  fire,  absence  of  smoke  or 
ejections  of  oil  or  petrol,  convenience  of  fitting,  relative 
invulnerability  to  small  arm  projectiles,  econoniv  of  space, 
part  equipment,  excellence  of  material  and  \vorki?ianship, 
reasoiiability  of  price,  and  satisfactory  running  under  climatic 
variations.  The  tests  will  include  two  runs  of  six  hours  each 
at  full  power  on  throttle  down,  and  short  special  runs  in 
inclined  positions  not  exceeding  1 5°.  Entries  will  be  received 
up  to  August  1st  this  year,  and  the  engines  are  to  be  delivered 
at  tlie  factory  by  January  15th  next. 


Pit  Ca^c  Accidents.  ― Twelve  men  were  <U  sceiulin^  the 
Langtree  Pit,  Standiyh,  in  the  cage  on  Saturday  last,  wlien 
there  was  a  violent  collision  between  that  and  tlie  ascending 
cage.  Fou r  men  were  badly  injured,  two  sustaining  fractured 
legs.  A  fatal  accident  occurred  in  No.  7  shaft,  Capiingstone 
Pit,  near  Dreghorn,  cu  Sunday  last.  Some  repairs  were 
being  carried  out  in  the  shaft,  and  two  young  men  were  in  a 
cage  in  the  shaft  when  sometliiiiij  went  wrong  with  the 
machinerv,  and  the  cage  was  dashed  to  the  bottom  of  the 
shaft,  a  distance  of  over  100ft.  One  of  the  men  was  killed 
instantaneously,  and  the  other  was  seriously  injured. 
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WATER  PURIFICATION. 

The  filtration  and  puriiication  of  water  for  public  or  indus- 
trial purposes  is  a  subject  to  which  tlie  firm  of  Messrs.  Matlicr 
and  Piatt,  Lt'd.，  of  Maiu^liester,  liave  devoted  consi(k'n 山 1" 
attention,  and  for  wliich  they  possess  s])c<'i;il  facilities.  1 11 
the  early  stages  of  the  development  of  meclianical  filters,  they 
devoted  special  attention  to  the  design  of  clieiiiical  apparatus, 
and  they  have  placed  on  the  market  several  types,  suitable 


Dukinfield  Waterworks.  The  contract  comprised  33  filters, 
each  8ft.  diarn.,  divided  into  two  installations.  Sonic  montli- 
ago  a  small  installation  was  put  down  for  the  Fraserborough 
Town  Council,  and  again  with  such  satisfactory  results  that  a 
repeat  order  has  been  given  for  an  extension  of  the  plant. 
All  the  foregoing  installations  were  for  filters  fitted  with  tlie 
special  clieniical  apparatus  and  tlie  improved  washing  device 
previously  described.  The  firm  also  have  in  liaiuJ  at  the  pre- 
sent time  a  contract  for  a  complete  plant  of  special  design 
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General  View  of  Agitator-type  Pressure  Filter  with 
Piping  and  Valves. 

for  different  working  conditions.  The  advantages  of  such 
apparatus  are  greatest  when  the  water  to  be  dealt  with  is 
discoloured  or  contains  finely  divided  matter  in  suspension, 
and  it  is  necessary  to  adopt  some  form  of  chemical  treatment 
prior  to  filtration,  by  which  the  water  so  treated  is  rendered 
bright  and  clear,  perfectly  free  from  suspended  matter  and 
colour,  and  the  bacteriological  purity  obtained  is  nearly  100 
per  cent. 

The  special  feature  of  the  filters  is  the  washing  device, 
which  consists  of  a  central  vertical  tube  fixed  in  the  centre  of 
the  filtering  bed  of  quartz  crystals,  extending  upwards  to 
within  a  few  inches  of  the  top  level  of  the  filtering  material. 
Suspended  in  the  tube  is  the  steel  shaft,  on  which  are  fixed 
a  short  distance  above  the  top  of  the  tube  two  jets  connected 
with  the  filtrate  main,  and  blades  in  the  form  of  a  propeller 
situated  in  the  upper  end  of  the  tube.  The  shaft  is  driven 
from  outside  the  filter,  and  after  the  bed  is  suspended  by  an 
upward  flow,  the  shaft  is  revolved  at  a  high  speed,  causing 
the  contents  of  the  bed  to  be  brought  by  the  propeller 
through  the  tube,  where  the  quartz  is  cleansed  by  clean  water 
issuing  at  a  high  velocity  from  the  jets.  When  the  shaft  is 
stopped,  the  quartz  slowly  sinks  to  the  bottom,  and  the 
impurities  are  carried  away  with  the  wash  water  through 
the  discharge  pipe  at  the  top  of  the  filter.  With  this  arrange- 
ment the  whole  bed  is  absolutely  scoured,  and  the  filter  gives 
better  results  which  last  for  a  longer  period  before  it  is  again 
necessary  to  wash  out.  This  is  of  paramount  importance  in 
municipal  work,  where  it  is  essential  that  the  water  supply 
should  be  as  pure  as  it  is  possible  to  make  it. 

Messrs.  Mather  &  Piatt,  Ltd.,  recently  completed  a  large 
contract  for  the  Sheffield  Corporation  comprising  32  pressure 
filters,  each  8ft.  diam.,  for  dealing  with  the  Loxley  Valley 
water  supply.  The  results  were  so  satisfactory  that  a  repeat 
order  has  been  placed  for  a  further  24  filters  to  deal  with  the 
Derwent  supply.  Another  large  contract  recently  com- 
pleted  was   for  the   Ashton-under-Lyne,   Stalybridge,  and 
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Sectional  View  op  8ft.  Diameter  Filter. 

for  dealing  with  the  water  supply  to  a  rubber  estate  in  the 
Malay  States. 

Messrs.  Mather  &  Piatt,  Ltd.,  have  also  carried  out  some 
very  important  contracts  for  water  softening.  They  were, 
indeed,  the  pioneers  of  water  softening  on  a  mechanical  scale, 
as  they  were  the  sole  licensees  for  the  Arch  butt  Deeley  type 
of  plant,  which  is  so  largely  adopted  by  waterworks  in  Great 
Britain  where  the  supply  is  considered  too  hard  for  domestic 
purposes.    By  the  Archbutt  system  the  impurities  are  quickly 
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Wateji-soften ing  Plant  at  the  Willksben  Works  of  the 
metltopolitan  electric  supply  company.  ltd. 

precipitated  and  settled,  thus  reducing  the  actual  first  cost 
and  ensuring  a  saving  of  chemicals,  as  well  as  more  satisfac- 
tory purification.  The  plant  consists  of  two  cast-iron  tanks 
capable  of  treating  600  to  10,000  gallons  per  hour,  according 
to  size.  For  more  than  10,000  gallons  per  hour  three  or  more 
tanks  are  used.  The  main  feature  of  the  apparatus  is  that 
the  whole  water  supply  is  held  under  complete  control.  Each 
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tankful  is  treated  separately,  so  that  any  imperfections  in 
the  treatment  can  be  rectified  before  the  water  is  turned  on  to 
the  mains.  This  is  impossible  with  the  continuous  type  of 
water-softener,  as  in  that  case  imperfections  in  treatment 
cannot  be  ascertained  until  the  water  has  passed  through  the 
softener.  A  large  installation  carried  out  at  the  Ilkeston 
and  Heanor  Waterworks,  Matlock,  has  been  giving  exceed- 
ingly good  results.  It  comprises  a  plant  capable  of  dealing 
with  nearly  2\  millions  per  day.  An  installation  at  Swad- 
lincote and  Ashby  Waterworks,  near  Burton- on-Trent，  deal- 
ing with  over  a  million  gallons  per  day,  is  likewise  giving 
most  satisfactory  results. 

For  the  manufacture  and  installation  of  sewage  works, 
Messrs.  Mather  &  Piatt,  Ltd.,  are  also  well  known,  and  many 
of  the  largest  sewage  works  in  England  are  equipped  with 
their  spreaders.    At  Huddersfield  Corporation  Sewage  Works 


NOTES  ON   "GASEOUS  HEATING."* 

,        BY  E.  W.  SMITH  AND  C.  M.  WALTER. 

Illuminating    Power    v.    Calorific    Value. —  The  illuminating 

power  of  town  gas  is  rapidly  becoming  of  less  and  less 
importance,  and  the  calorific  value  has  assumed  the  premier 
position.  With  the  rapidly-increasing  use  of  incandescent 
lighting,  even  illumination  no  longer  depends  on  the  candle 
power  of  the  naked  flame.  Perhaps  a  useful  purpose  will  be 
served  if  we  ask  you  to  review,  briefly,  what  quality  of  gas 
is  best  suited  for  use  in  heating  processes.  It  will  he  agreed 
at  the  outset  that  it  is  of  much  more  importance  that  the 
cjuality  of  the  gas  should  be  fairly  constant,  whatever  it  is, 
tlian  that  it  should  be  high.  If  the  calorific  value  be  high 
and  very  irregular,  less  satisfaction  will  be  given  to  the  con- 
sumer than  if  the  calorific  value  be  much  lower  but 
more  constant.  A  satisfactory  gas  for  a  town  gas  is 
one  averaging  520  B.Th.U.  net,  and  not  varying  by 
more  than  3  per  cent.,  or  15  B.Th.U.  either  way. 

With  modern  plant  and  proper  supervision, 
where  only  coals  of  the  same  class  are  used,  there 
sliould  be  little  difficulty  in  attaining  this  standard, 
it  being  a  much  easier  one  to  work  to  than  the 
present  illuminating  power  standard.  But  evenness 
in  calorific  value  is  not  the  only  factor  to  be  taken 
into  account  Where  water  gas  is  employed  for 
enrichment  purposes  naturally  it  is  only  used  when 
enrichment  is  necessary.  Its  high  specific  gravity 
and  high  calorific  value  will  have  a  tendency  to  make 
the  town  gas  streaky,  varying  considerably  in  calorific 
value  and  also  in  specific  gravity.  This  latter  should 
not  be  allowed  to  vary  too  much,  as  the  volume  of 
gas  passing  through  the  jets  of  the  apparatus  in  which 
the  gas  is  being  burnt  will  vary  inversely  as  the 
square  root  of  the  specific  gravity  of  the  gas.  With 
high-density  gas,  less  gas  will  be  burnt  than  with 
low-density  gas,  and  consequently  less  heat  be  gene- 
rated and  temperatures  will  drop.  The  effect  of 
increase  in  density  is  equivalent,  in  furnace  working, 
to  a  drop  in  the  calorific  value  of  the  gas.  For 
example,  it  is  not  an  unheard-of  thing  in  bad  cases 
for  a  specific  gravity  to  vary  from  "45  to  '60  on  town 
gas.  This  would  mean  that  the  amount  of  gas 
passing  through  a  given  jet,  passing  100  cub.  ft.  an 
hour  at  '45,  will  decrease  to  86'5  at  "6. 


Cross-sfxtion  op  Water  Softeneb  (Archbutt  Deeley 
System). 


， x  V^6 


= 86-5 


1，  Hard  Water  Supply.  2,  Chemical  Tank.  3，  Blower  for  Air  and  Mixing  Chemicals. 
4,  Perforated  Rose.  5,  Three-way  Tap  to  Treating  Tanks.  6,  Upper  Perforated  Pipes. 
7.  Three-way  Tap  to  Chemical  Tank.  8，  Air  Tap  on  Blower.  9,  Lower  Perforated 
]*ij.es.  10，  Floating  Discharge  Pipe.  11,  Coke  Stove.  12,  Blower  for  Fuel  Gas. 
13,  Discharge  Mouth.    14，  Ball  Tap  for  Regulating  Outlet.   15,  Vent  Pipe. 


there  are  16  large  spreaders  of  special  design,  all  electrically 
driven,  13  of  them  being  each  207ft.  diam.  The  present 
type  of  spreader  is  operated  automatically  by  the  head  of 
water  without  the  assistance  of  motive  power.  The  spreader 
is  of  the  overflow  type  in  which  the  sewage  flows  through  a 
central  fixed  stand  pipe  into  a  revolving  receiving  chamber, 
to  which  are  connected  two  of  the  arms  taking  the  minimum 
flow.  As  the  flow  rises  the  sewage  overflows  two  weirs,  into 
special  pockets,  to  which  are  attached  the  two  arms  whicli 
take  the  maximum  flow.  By  this  means  joints  or  seals  are 
unnecessary.  Amongst  the  municipalities  equipped  with 
spreaders  of  this  type  are  Rugby,  Melton  Mowbray,  Keighley, 
Haslingden,  Rawtenstall,  &c.，  while  the  firm  have  at  present 
in  hand  a  large  contract  for  spreaders,  together  with  pumps 
and  electrical  equipment,  for  the  Accrington  and  District 
Sewage  Board. 


Fatal  Boiler  Explosion  on  a  Steamer. ― Wliile  the  Ameriran 
lake  steamer  "  E.  M.  Peck  '，  was  discharging  her  cargo  of  coal 
at  Racine  a  few  days  ago,  the  starboard  boiler  burst.  Five 
men  were  killed  and  six  injured.  The  steamer  took  fire,  and 
the  fire  was  not  extinguished  until  much  damage  was  done. 


Most  frequently  high  specific  gravity  is  accom- 
panied by  higher  calorific  value,  a  '6  gas  in  all 
probability  having  a  calorific  value  of  600  B.Th.U., 
or  an  increase  of  12  per  cent.  Serious  variations 
of  quality  一  calorific  value  and  density  ―  will  produce 
a  further  difficulty  ；  the  aeration  of  the  mixtures  in  the 
burners  will  vary  too.  These  are  all  controllable  factors 
in  heating  efficiencies  ；  but  they  none  the  less  have  to  be  borne 
in  mind  and  carefully  watched.  We  believe  we  are  rapidly 
approaching  the  time  when,  although  the  sulphur  clauses  be 
all  removed,  it  will  be  necessary  for  gas  undertakings  to  com- 
pletely abstract  the  sulphur  compounds  contained  in  the  gas. 
This  is  as  necessary  for  lighting  gas  as  for  heating  gas.  When 
the  carbonic  acid  and  sulphuretted  hydrogen  of  coal  gas  are 
extracted  with  ammonia,  very  little  difficulty  will  arise  in 
removing  the  sulphur  compounds  by  means  of  sulphided  lime. 
The  quantity  of  gas  used  in  a  furnace  will  also  vary  with  the 
barometric  pressure  and  the  temperature  of  the  gas.  It  is 
possible  to  get  extremes  of  28in.  and  30in.  barometric  pres- 
sure. In  such  a  case  the  number  of  B.Th.U.  passing  per 
liour  would  be  67  per  cent,  more  at  the  higher  pressure  than 
the  former.  A  difference  in  temperature  of  15°  Fah.  is  not 
exceptional.  This  would  make  a  difference  of  3  per  cent.  It 
must  be  remembered,  however,  that  these  variations  never 
occur  at  once  all  in  the  same  direction,  they  usually  having 
a  nullifying  effect  one  on  the  other. 

*  Abstract  of  paper  read  before  the  Institution  of  Gas  Engineers,  June,  1913. 
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Constant  Pressure  Essential.  -  Constant-  pressures  at  the  I'm' 
nace  jets  are  perha]>s  us  iii)|)or1.aiit  as  unvarying  quality.  The 
only  difficulty  that  arises  is  ； is  t,<)  l"'st,  means  of  main 
taining  constant  pressures  at  the  consumers'  jets.  Some 
prefer  governors  at  each  furnace,  others  one  ^ovcrnov  nt  tJic 
meter.  In  the  latter  case,  (ks|>('('ially  in  knv-pn'ssiin'  installa- 
tions, it  is  necessary  that  the  supply  pipes  should  be  well 
above  the  capacity  of  the  work  tliey  are  called  upon,  or  are 
likely  to  be  called  upon,  to  do. 

Assuming  that  a  correct  gas  is  being  supplied  in  an  effi- 
cient way,  what  is  the  best  way  of  burning  that  gas  to  give 
the  best  results  and  higlicst  eflTuMencies  I  Wlien  gas  of  known 
composition  is  burnt  completely,  a  certain  (|uaiitity  o ('  heat 
is  generated.  However  it  may  he  burnt,  the  amount  of  heat 
so  generated  is  invariable.  It  may  be  burnt  so  slowly  that 
the  products  are  not  raised  more  tlian  a  few  degrees,  and  ii 
may  be  burnt  at  sucli  a  rate  that  the  temperature  of  the 
flame  reaches  well  over  2,000°  C.  The  total  heat  evolved  is 
the  same  in  either  case. 

For  the  purpose  of  this  discussion  of  the  subject,  it  may 
be  said  that  the  methods  of  heating  may  be  divided  into  two 
classes :  (1)  Direct  heating  from  flames  by  means  of  such 
appliances  as  ring  and  bar  burners.  (2)  Indirect  heating,  as 
in  the  instances  in  which  the  gas  is  burnt  in  contact  with 
refractory  material,  wliicli  is  raised  to  a  high  temperature 
and  radiates  its  heat  on  to  the  object  it  is  primarily  desired 
to  raise  in  temperature.  All  muffle  and  oven  furnaces  are  of 
this  type. 

The  effects  to  be  obtained  in  each  of  these  processes  can  be 
varied  almost  to  infinity.  In  the  first  method,  more  espe- 
cially, heating  efficiences  depend  very  largely  on  the  tempera- 
tures attained  in  the  flames.  It  has  been  well  pointed  out 
by  Prof.  Dalby,  in  his  paper  on  "  Heat  Transmission/'  how 
high  initial  temperatures  affect  heating  results.  As  an  illus- 
tration, lie  examines  the  lieat  changes  that  take  place  in  the 
firebox  of  a  steam  boiler,  and  traces  the  drop  in  head  of  heat 
in  its  transmission  from  one  medium  to  another.  The  com- 
busting gases  in  the  firebox  have  a  temperature  of  over  1,000' 
C.  These  give  up  their  heat  to  the  film  of  non-circulating 
gas  found  on  the  surface  of  the  boiler  plate  at  an  average 
thickness  of  ^th  of  an  inch.  The  heat  has  then  to  be  trans- 
ferred to  the  scale  on  the  plate,  through  the  scale,  from  the 
scale  to  the  plate,  through  the  plate,  from  tlie  plate,  through 
any  scale  or  grease  that  may  line  the  inside  of  the  boiler,  to 
the  film  of  non-circulating  water,  and  from  this  film  to  the 
main  bulk  of  the  water. 

Each  stage  in  the  transmission  reduces  the  initial  head  of 
heat ~ say,  1,000°  C. ― until  a  temperature  of  about  100°  C.  is 
attained  in  the  water.  It  is  shown  that  well  over  90  per  cent, 
of  this  head  of  heat  is  lost  in  its  transference  through  the 
thin  gas  film  on  the  firebox  side  of  the  boiler  plate.  As  is  to 
be  expected,  the  better  and  more  rapid  the  circulation  of  the 
gases  in  the  firebox  the  thinner  will  be  this  gas  film,  and  the 
less  will  be  the  drop  in  temperature  head.  The  higher  the 
initial  temperature  is,  the  higher  will  be  the  final  temperature 
of  the  containing  box  and  the  quicker  will  be  the  flow  of 
heat.  This  all  has  a  very  important  bearing  on  the  results 
to  be  obtained  in  gaseous  heating  by  means  of  naked  flames. 
It  may  safely  be  assumed  that  no  more  than  10  per  cent,  of 
the  heat  generated  in  the  flames  of  industrial  ring  burners  is 
radiated,  and  little  more  than  half  this  will  be  radiated  in  a 
useful  direction.  Consequently,  the  heating  will  have  to 
depend  very  largely  on  the  actual  contact  of  the  hot  gases ― 
completely  combusted  and  partly  <'。mlmstet1 ― with  the  vessel 
to  be  heated.  Here  we  have  similar  conditions  to  those  pre- 
sent in  the  experiments  described  by  Prof.  Dalby. 

Some  time  ago  we  were  asked  what  we  should  suggest  as 
the  most  efficient  apparatus  in  which  to  melt,  and  maintain 
at  a  given  temperature,  large  bodies  of  white  metal.  Two 
important  points  had  first  to  be  settled.  Firstly,  what  in 
this  instance  would  be  the  best  way  of  applying  the  gas  to  the 
pots  ；  and,  secondly,  what  shape  of  pot  would  give  the  best 
results.  Let  us  take  the  second  of  these  points  first.  When 
considering  the  melting  of  such  metals,  it  will  be  evident  that 
the  fuel  costs  will  to  a  great  extent  depend  on  the  quantity 
which  has  to  be  dealt  with  at  oue  time  in  relation  to  the  shape 


of  the  pot.  For  example,  if  wo  compare  a  bowl-sliaped  pot, 
the  internal  diameter  of  which  is,  s;iv，  。m*  imit  ,  with  anot  \u-r 
pot,  the  internal  diameter  of  which  is  (say)  2  units,  then  the 
capacity  of  the  latter  pot  will  )>a  approxifnalc] v  ^i^lit  times 
that  of  the  former,  while  the  heating  surfaces  of  the  two  poLs 
are  approximately  in  the  ratio  of  1:4.  This  m<';" 卜 t  liat  t  In* 
lieating  surface  of  the  larger  pot  per  pound  of  metal  '  '"it;n'i'  d 
in  it  is  only  half  that  in  tlie  case  of  the  smaller  pot.  Tlii> 
explains  why  tlie  cost  of  melting  such  metals  in  "mvl-slia|"''l 
or  conical  pots  increases  as  the  quantity  to  be  dealt  with 
increases.  The  converse,  however,  also  holds  good  ；  and  if  we 
consider  the  cooling  effect  on  tlie  metal  we  have,  in-^l*-<  t  m'j 
the  surface  effects ~ the  smaller  pot  losing  heat  at  tuic«-  tli'' 
rate  of  the  larger  pot— thus  the  cost  of  maintaining  the  m'";il 
in  the  molten  state  will  he  much  less  in  the  case  of  the  larger 
pot  than  in  the  case  of  the  former  pot.  It  will  tlms  I".  •  '  h 
that  the  shape  of  the  pot  adopted  will  to  a  large  extent  ； ilh—t 
both  the  melting  and  maintaining  costs. 

Fig.  1  represents  a  section  through  a  lead  melting  pot 
sotting  heated  by  means  of  a  high-pressure  gas  chamber 
burner  (Fig.  2).  It  will  be  seen  that  the  combustion  spar-o 
C  (Fig.  1)  is  shaped  to  tlie  pot  P，  the  space  between  tli*-  pni 
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Fig.  1. ― Section  through  Melting  Pot  Setting. 

itself  and  the  furnace  wall  not  exceeding  2iin.  in  the  case  of 
the  largest  pots,  having  a  capacity  of  upwards  of  2  tons.  Tlie 
high-pressure  duplex  burner  is  fitted  with  injectors  I  (Fig.  2), 
the  burner  chamber  being  closed  by  a  door  having  an  open- 
ing left  in  it  for  the  admission  of  secondary  air.  The  flue 
outlet  F  (Fig.  1)  is  placed  at  the  back  as  near  to  the  rim  of 
the  pot  as  possible,  and  should  take  the  shape  of  a  horizontal 
slit  having  a  height  not  exceeding  2in.，  the  width  being 
arranged  according  to  the  amount  of  gas  burnt.  The  main 
flue  should  also  be  fitted  with  a  damper  D. 

The  firebrick  wall  of  the  setting  should  be  rough-cast  、vitli 
broken  firebrick  and  ganister,  so  as  to  expose  to  the  flames 
as  large  a  heating  surface  as  possible.  If  conical  pots  are 
used,  these  should  preferably  be  made  of  close  grained  cast 
iron,  having  a  minimum  thickness  of  ^in.  in  the  case  of  small 
pots  and  2in.  in  the  case  of  the  larger  pots.  Wrought-iron 
pots  of  this  type  have  been  tried,  but  owing  to  their  short 
life  they  have  had  to  be  abandoned. 

Fig.  3  represents  a  bath-shaped  pot  composed  of  .lin. 
wrought-iron  plate  with  the  ends  welded  in,  which  was 
designed  with  a  view  to  obtaining  a  greater  heating  surface 
as  compared  with  that  of  a  conical  pot  of  tlie  same  capacity. 
A  pot  of  this  type  having  dimensions  27in.  by  27in.  by  24in. 
deep  was  constructed  for  the  melting  of  a  solder  composed  of 
lead  and  tin  in  equal  proportions.  Two  single  burners  were 
fitted,  each  having  a  consumption  of  about  225  cuh.  ft.  |"  r 
hour,  the  gas  being  supplied  at  a  pressure  of  11  Albs,  per 
square  inch.  With  the  setting  lieated  up,  it  was  found  tliat 
35  cwt.  of  such  metal  could  be  reduced  to  a  molten  state  and 
raised  to  a  temperature  of  650°  Fah.  in  one  hour  35  minutes, 
the  gas  rate  during  this  period  being  450  cub.  ft.  per  hour 
and  the  gas  used  having  a  net  calorific  value  of  530  B.Th.U. 
per  cubic  foot.    When  iu  the  molten  state,  the  consumption 
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of  gas  required  to  maintain  the  metal  at  a  temperature  of 
600°  Fah.  was  200  cub.  ft.  per  hour,  this  correspoiHlin^  to  a 
gas  consuniption  of  203  cub.  ft.  per  cwt.  for  complete  melt- 
ing, and  57  cub.  ft.  per  cwt.  per  hour  for  maintaining  at  a 
temperature  of  600°  Fah.,  these  figures  comparing  very 
favourably  with  those  obtained  in  the  case  of  conical  pots. 

Fig.  2  represents  a  section  of  the  duplex  burner  used,  B 
being  the  double  chamber  cast-iron  head,  L  the  detachable 
lid,  T  ^in.  gas  piping  cut  to  any  required  length,  and  I  tlie 
injectors  fitted  with  the  jets  J  and  air  regulating  cones  D. 
These  burners  are  also  used  for  sugar  boiling,  varnish  mak- 
ing, and  for  the  boiling  of  liquids  in  vats. 

Fig.  4  represents  a  section  through  the  ordinary  basin- 
shaped  conical  cast-iron  lead  melting  pot.      Owing   to  tlie 


Fig.  2.— Duplex  High-pressure  Chamber  Bubneb. 

shape  of  these  pots  departing  considerably  from  the  hemi- 
sphere, we  have  deduced  the  following  formula  for  obtaining 
the  approximate  capacity,  which  is: ― 

If  R  =  radius  of  surface  of  molten  metal  in  inches. 

d  =  depth  from  centre  of  metal  surface  to  centre  of 
bottom  of  pot  iu  inches. 
Then  W  =  capacity  of  pot  in  pounds  lead  =  '215  (R2d  +  d3). 

Perhaps  the  more  important  point  to  be  considered  is  the 
method  of  applying  the  gas  to  the  pots  to  be  heated.  A 
number  of  important  conditions  have  to  be  fulfilled  if  the 
highest  efficiencies  are  to  be  attained.  The  temperature  of 
the  flames  must  be  as  high  as  possible.  The  flame  shall  be  as 
close  to  the  pot  as  possible  without  combustion  being  retarded. 
The  film  of  gas  always  present  on  the  outer  surface  of  the 
pan  shall  be  reduced  to  a  minimum,  in  order  that  the  tem- 
perature head  shall  not  be  lowered  any  more  than  is  abso- 
lutely necessary.  If  it  can  be  arranged,  it  is  an  advantage  to 
introduce  a  mechanical  stirrer  into  the  molten  metal.  This 
serves  the  double  purpose  of  interfering  to  some  extent  with 
the  thin  film  of  non-circulating  metal  in  contact  with  the 
sides  of  the  pot,  and  also  bringing  the  large  bulk  of  the  metal 
into  intimate  contact  with  the  hottest  part  of  the  pan. 

What  do  we  know  about  the  temperatures  of  flames  ？  And 
how  are  the  highest  temperatures  to  be  attained  in  flames 
formed  by  the  combustion  of  coal  gas  and  air  ？  We  know 
that  the  temperature  of  a  flame  depends  on  :  (1)  The  total 
heat  generated  by  the  combustion  that  has  taken  place.  (2) 
Tlie  weight  of  gases ― either  products,  diluents,  or  uncom- 
busted  gases 一 that  hold  this  heat.  (3)  The  specific  heat  of 
these  gases  at  the  temperature  attained  in  the  flame. 

Undoubtedly,  very  useful  relative  figures  may  be  obtained 
if  such  calculations  are  made.  They  are  chiefly  useful  as 
indicating  the  conditions  that  will  affect  the  temperatures 
attainable.  The  phenomenon  of  flame  is  not  observable  except 
when  gases  and  vapours  are  undergoing  combustion.  It  is, 
therefore,  composed  of  the  hot  vapours  and  gases  undergoing 
combustion,  and  frequently  diluted  with  inert  gases  and  pro- 
ducts. The  experiments  of  Smithells  and  Ingle  (1892)  are 
particularly  interesting  and  useful  in  the  light  they  throw 
on  the  structure  of  flames. 

Complete  Combustion. ― As  has  already  been  indicated,  com- 
plete combustion,  even  in  explosion,  is  never  instantaneous. 
The  presence  of  any  foreign  gas  interferes  with  combustion. 
Every  portion  of  flame  must  contain  combustible,  burning, 
and  already  burnt  substances.  A  certain  space  is  required, 
and  the  temperatures  will  be  unequal  in  different  parts  of  it. 
The  following  are  some  of  the  factors  that  cause  the  actual 
temperatures  attained  in  flames  to  diverge  widely  from  those 
calculated  : —  • 

(1)  Combustion  is  not  instantaneous,  and  not  confined  to 
one  spot. 


(2)  The  reaction  H2  +  0  — H20  is  a  reversible  one  at  high 
temperatures.  A  different  state  of  equilibrium  exists 
between  H2，  H20,  and  02  at  each  temperature,  and, 
consequently,  heat  is  not  only  being  generated,  but 
it  is  being  absorbed. 

(3)  The  specific  heat  of  certain  gases  increases  considerably 

at  】iigh  temperatures.  Holborn  and  Austin  have 
shown  that ~~ 

Between  110。  C.  and  280°  C.  the  ruean  specific  heat  of  steam  is  '465,  while 
,，       110。  C      1,400°  C,         ,,  ,，  ,，  ，，  -53*2,  and 

110°  C  ，，    200°  C         ,,  ，，  CO  .  ，，    217,  while 

"       110°  C.   „  1,400°  C.         ，'  ，.  CO*  -272,  and 

,,       110°  C  ，，    200。  C.         ，，  ，，  N3  '，  "240,  while 

，， - 110°  C.   ，，  1,400°  C.         ，，  ，，  N2  ,,  -262. 

As  the  temperature  found  in  different  parts  of  the  flame  is 
known  to  vary  very  considerably,  it  is  impossible  to 
take  an  accurate  figure  for  any  of  these  specific  heats. 

(4)  There  is  an  appreciable  loss  of  heat  by  radiation ― 

perhaps  amounting  to  10  per  cent,  in  an  average  coal 
gas  bunsen  flame. 

If  none  of  these  variations  occurred,  the  temperature  of 
detonating  gas  (H2  +  O)  would  be  calculated  as  7,700°  C.  It 
is  most  nearly  2,000°  C.  When  any  but  theoretical  quanti- 
ties of  gases  for  the  complete  combustion  of  the  gases  are 
present,  lower  temperatures  will  be  attained.  Flames  of  coal 
gas  and  oxygen  in  theoretical  proportions  will  have  higher 
temperatures  than  flames  of  coal  gas  and  air.  In  the  latter 
case，  the  nitrogen,  which  is  present  in  large  proportions,  acts 
as  a  diluent  and  absorber  of  heat.  In  a  similar  way,  mix- 
tures in  which  there  is  an  excess  of  gas  will  produce  flames 
of  lower  temperature  than  correct  mixtures ~ the  excess  of 
gas  acting  as  a  diluent. 

Where  gas  and  air  are  used,  the  highest  flame  tempera- 
tures are  obtained  when  a  correct  and  efficient  mixture  of  air 
and  gas  is  made  previous  to  combustion  commencing,  assum- 
ing, for  the  moment,  that  the  question  of  preheating  either 
is  out  of  consideration.  These  correct  mixtures  may  be 
obtained  either  by  means  of  higli-pressure  gas  and  injected 
atmospheric  air,  or  by  means  of  air  under  pressure  and  low- 
pressure  gas.  We  find  that  the  most  constant  conditions  are 
given  by  the  former  of  these  methods. 

Reverting  back  to  the  original  proposition,  then ― that  of 
soft  metal  melting  in  iron  pans ― the  highest  efficiencies  a  re 
obtained  by  means  of  the  apparatus  described,  using  liigh- 
pressure  gas  and  chamber  burners.  The  reasons  are  as  fol- 
low ： The  combustion  space  is  reduced  to  a  minimum.  The 
high  velocity  of  the  mixture  of  air  and  gas  in  contact  with 
the  pot  clears  away  the  inert  gas  film  that  reduces  the  head 
of  heat  in  the  flame.  The  temperature  of  the  air-coal  gas 
flames  is  at  a  maximum  because  the  mixture  is  complete 
before  combustion  takes  place,  and  there  are  no  diluents  in 
the  flames  due  to  excess  of  air  or  gas.  [Very  little  secondary 
air  is  necessary.] 

Compare  these  conditions  with  those  found  when  using  the 
best  types  of  industrial  low-pressure  ring  burners.    The  flame 


Fig.  3.  —Bath-shaped  Lead 
Melting  Pot. 


Fig. 


.— Basin-shaped  Lead 
Mklttsg  Pot. 


temperatures  are  from  200°  to  300°  C.  lower  thau  high-pres- 
sure flame  temperatures.  The  temperature  "  head"  is  con- 
sequently much  lower.  The  velocity  of  the  gases  escaping 
from  the  burner  is  not  high  enough  to  interfere  with  the  pad 
of  inert  gases  round  the  pot.  After  very  exhaustive  experi- 
ments, we  find  that,  working  with  a  pot  as  shown  in  Fig.  1， 
containing  3  cwt.  of  white  metal,  it  is  possible  to  maintain 
the  metal  at  650°  Fah.  with  a  consumption  of  165  cub.  ft.  of 
high-pressure  gas  per  hour  ；  whereas  it  takes  250  cub.  ft.  of 
low-pressure  gas  to  do  the  same  work.  By  means  of  low- 
pressure  gas,  it  was  found  impossible,  whatever  the  consump- 
tion, to  attain  a  temperature  in  the  metal  of  800°  Fah., 
whereas  there  was  no  difficulty  in  doing  this  with  high-pros- 
sure  gas.    With  a  larger  quantity  of  metal,  2  tons,  in  a  larger 


June  20,  1913] 


THE    MECHANICAL  ENGINEER. 


681 


pot,  even  600°  Fah.  could  not  be  attained  by  means  of  1  nv- 
picssure  gas  flames. 

Indirect  Healing.  -  1 1  h;is  ； ilr("i(lv  l>('('u  si alcd  thai  \'ov  11:*' 
purpose  of  the  present  discussion  heating  by  means  of  gas 
may  be  considered  as  (1)  direct  (flame)  and  (2)  '('1 
(radiation).  I  n  most  heating  appliances  both  systems  are 
employed,  but  where  the  best  results  are  to  be  obtained,  it 
is  necessary  to  distinguish  between  tlioin  in  order  t'lmt,  each 
may  be  manipulated  and  adjusted  as  l>est  suits  the  coiulitious 
to  be  fulfilled.  In  crucible  furnaces,  by  far  the  greatest  part 
of  the  heating  of  the  pot  is  l)y  radiation  t'rofii  t lie  furnace 
walls,  but  some  heat  is  also  conveyed  to  the  pot  from  the 
flame  and  the  hot  products  encircling  the  pot.  In  glory  holes 
and  ovens,  the  whole  of  the  heating  is  by  radiation,  as  the 
products  do  not  come  into  contact  with  either  tlie  metal  to 
be  heated  or  with  the  pot,  where  one  is  used.  Radiant  heat- 
ing, though  indirect,  is  the  more  efficient  if  the  furnace  lin- 
ings are  satisfactorily  made  and  tlie  niiiiimiun  amount  of  heat 
is  allowed  to  escape  through  the  furnace  walls. 

Recently,  in  melting  furnaces,  owing  to  the  use  of  the 
sectional  block  linings  and  antithermic  cement,  it  lias  been 
possible  to  reduce  the  gas  consumpt ion,  in  1601bs.  ]>oi,  bfass 
melting  furnaces,  by  15  per  cent.,  the  temperatures  and  times 
of  melting  being  the  same  as  employed  with  the  old  type  of 
linings.  With  these  linings  it  is  much  easier  to  get  the  tem- 
peratures required  in  nickel-melting  furnaces. 

It  will  have  occurred  to  all  furnace  makers  that  to  have 
to  pass  the  heat  in  metal-melting  furnaces  through  the  walls 
of  the  retaining  pots  must  be  a  source  of  serious  loss.  Direct 
heating  of  the  metal  would  be  an  advantage  if  praci icahlr. 
In  all  metals  containing  spelter  this  would  not  be  practic- 
able, as  the  losses  of  metal  through  localised  lieating  would 
far  out-balance  the  saving  in  gas.  The  reverberatory  type  of 
furnace  is  of  this  kind.  The  Le  Chatellier  oil  furnace  is  in 
use  in  many  places  ；  but  the  metal  losses  must  be  enormous. 

The  relative  advantages  of  low-pressure  gas,  air  blast,  and 
liigh-pressure  gas  systems  depend  on  the  local  circumstances 
and  the  description  of  work  that  has  to  be  carried  out.  Mucli 
experimental  work  remains  to  be  clone  in  the  design  of  low- 
pressure  gas-heated  furnaces.  In  this  type,  there  are  great 
possibilities  for  regeneration 一 in  pre- heating  the  air  used  in 
combustion.  There  are  very  satisfactory  furnaces  of  this  type 
at  present  on  the  market. 

Surface  Combustion. ― During  recent  years  much  lias  been 
heard  of  this  system  for  gaseous  lieating.  Birmingham  is 
perhaps  the  city  that  has  the  most  to  gain  hv  improvements 
of  this  kind,  and  we  had  hoped  to  install  many  of  these  fur- 
naces if  the  results  to  be  obtained  were  what  we  had  antici- 
pated, and  if  the  furnaces  had  been  sufficiently  lasting  in  con- 
struction to  stand  the  wear  and  tear  of  normal  works  condi- 
tions. So  far,  we  have  had  no  evidence  of  any  long  period 
practical  tests  upon  which  to  judge. 

(To  be  continued.) 


The  Junior  Institution  of  Engineers  ：  Gustavc  Canct  Lecture. —— 

The  members  of  flie  Junior  Institution  of  Engineers  have 
cause  to  congratulate  themselves  upon  the  announcement  that 
the  second  Gustave  Canet  lecture  will  be  delivered  on  the 
29th  anniversary  of  the  foundation  of  the  Institution — Mon- 
day, June  30th ― by  Dr.  Dugald  Clerk,  F.R.S.  It  is  also  a 
happy  coincidence  that  Sir  Trevor  Dawson,  who  delivered  in 
so  able  a  manner  the  first  Canet  lecture  in  1909，  is  this  year 
the  president,  and  has  consented  to  preside  on  this  occasion. 
The  subject  chosen  by  Dr.  Clerk  for  his  lecture,  viz.,  "  The 
Working  Fluid  of  Internal-combustion  Engines/'  is  one  upon 
whicli  he  is  particularly  well  qualified  to  speak .  The 
importance  of  the  subject  itself  at  the  present  time  can  hardlv 
be  exaggerated.  The  internal-combustion  engine  is  almost 
daily  increasing  its  sphere  of  action  ；  in  aerial  locomotion  it 
is  the  only  prime  mover,  and  in  marine  work  it  is  making 
rapid  strides  ；  on  land,  for  both  transit  and  stationary  power, 
it  is  continually  gaining  ground,  so  that  altogether  the  subject 
is  one  upon  which  it  would  be  difficult  to  bestow  too  much 
attention.  Visitors  wishing  to  attend  should  make  early 
application  for  tickets  to  Mr.  A.  Clifford  Swales,  secretary, 
39,  Victoria  Street.  West::iinstei\  S.AV. 


VAPORISER  FOR  OPEN  HEARTH  SUCTION  PRODUCERS. 

An  arrangement  of  vaporiser  for  generating  the  steam  used 
by  open-hearth  suction  gas  producers  has  r«'«'iitlv  been 
patented  by  Messrs.  Crossley  Bros.,  Ltd.,  Openshaw,  Man 
chester.  This  is  sliown  in  tlie  accompanying  rut  s,  ； m,l  com- 
prises means  for  supplying  water  to  the  stepped  firegrate 
vaporiser  in  combination  with  two  S  sealed  water  )>i]>*'s  so 
arranged  that  by  maintaining  a  constant  feed  to  one  an  in"'r- 
mittent  feed  to  tlie  vaporiser  is  obtained,  in  arcoivlaiiro  witli 
the  requirements  of  the  engine. 

Fig.  1  is  a  sectional  elevation  and  plan  of  tlu*  ]>roducer  ； 
Fig.  2  is  a  sectional  elevation,  on  a  larger  scale,  of  the 
vaporiser  ；  and  Fig.  3  is  a  similar  view  of  the  arrangement  of 
two  S  sealed  water  pipes.  In  these  views  A 山 'si'"i;it *'s  the 
producer,  which  consists  of  a  steel  case  witli  a  cast-iron  base 
ring  B  carrying  the  firebrick  lining  C.  Tlie  casting  H 
supported  by  feet  D，  which  also  act  as  supports  for  the  stepped 
firegrate  E.  The  firegrate  is  com  posed  of  a  series  of  circular 
plates  arranged  in  steps  in  such  manner  as  to  be  suitable  for 


Fig.  1.— Vaporiser  for  Open-hearth  Suctios  PnouucEits. 


the  vaporisation  of  water  run  directly  on  to  them  from  a 
supply  pipe  and  funnel  F.  The  external  vaporiser  consists  of 
a  casing  G  which  affords  communication  between  the  gene- 
rator A  and  the  scrubber  H.  Placed  in  the  casing  or  com- 
municating pipe  G  are  a  number  of  gilled  tubes  J 
which  are  supported  from  a  plate  K  in  any  suitable  manner 
so  as  to  allow  for  free  expansion  aud  contraction.  Inside  each 
gilled  tube,  with  the  exception  of  one,  is  fixed  a  small  pipe  for 
creating  or  inducing  a  regular  circulation  of  the  water.  The 
arrangement  of  gilled  tubes  is  such  that  the  water  for 
vaporisation  passes  into  a  funnel  L  and  down  to  the  bottom 
of  the  small  tube  M  into  the  bottom  of  the  gilled  tube,  up 
which  it  rises  and  overflows  at  the  top  into  tlie  centre  pipe 
of  its  neighbouring  gilled  tube,  and  falls  again  to  the  bottom 
through  the  small  tube  and  again  rises  in  the  gilled  tube 
itself.  This  action  proceeds  through  the  entire  nest  of  gilled 
tubes,  whatever  their  number  may  be,  and  since  the  heat  is 
greatest  at  the  tops  of  these  gilled  tubes,  by  reason  of  their 
position  relatively  to  the  gas  outlet  of  the  generator,  con- 
vection currents  are  assisted  by  the  particular  method  of 
circulating  the  water.  The  last  gilled  tube  N，  as  shown  in 
the  sectional  plan,  Fig.  1，  is  arranged  without  any  internal 
small  tube  so  that  any  water  overflowing  into  this  tube  ( wliirii 
is  ])rimarilv  used  as  a  steam  heating  tube)  is  carried  away  l>v 
the  U  shaped  bend  O  showu  iu  Fig.  1.    The  bottom  of  each 
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filled  tube  is  provided  with  a  detachable  flange  so  as  to 
facilitate  cleaning  internally.  The  outside  cover  plate  P  is 
shaped  to  allow  a  suitable  steam  space  at  the  top  of  the 
external  vaporiser.  A  liot  water  overflow  connection  Q  may 
be  provided  for  the  purpose  of  feeding  the  funnels  F  wit  h  I  ml 
water  for  the  stepped  grate  vaporiser,  but  such  funnels  may 


Fig. 


Fig.  3.— Vaporising  Arrangements  fob  Open-he  a  hth  Suction  Producejrs. 

be  supplied  directly  from  the  water  main.  The  bottom  of 
the  casing  or  communicating  pipe  G  is  carried  with  its  open 
end  into  the  seal  box  as  shown  in  Fig.  1，  and  between  this 
communicating  pipe  and  the  scrubber  H  a  cascade  pipe  R  is 
so  placed  as  to  ensure  the  hot  gas  passing  through  two  or  more 
cascades  of  water  overflowing  from  the  scrubber.  The 
blow-off  pipe  may  be  placed  either  at  S  or  alternatively  at  T， 
as  indicated  on  Fig.  1.  The  water  supply  for  the  external 
vaporiser  consists  of  tiie  arrangement  of  two  S  sealed  water 
j)ipes  Y  and  Z  and  casing  X，  as  shown  best  in  the  detail  view 
Fig.  3.  Normally  all  the  water  flowing  into  the  funnel  U  over- 
flows and  runs  to  waste  through  the  cock  V.  When  the  engine, 
however,  takes  a  charge  of  gas  a  partial  vacuum  is  created  in 
the  pipe  W  connecting  the  gas  generator  with  the  casing  X， 
with  the  result  that  water  is  drawn  over  the  top  bend  of  the 
tube  Y  and  drops  into  the  lower  tube  Z  and  thence  to  the 
funnel  L  shown  in  Fig.  1.  It  will  be  seen  that  the  lower  tube 
Z  acts  as  a  seal  to  the  casing  X. 


International  Mining  Congress,  1915. ― The  InternatioiKil 
Congress  of  Mining,  Metallurgy,  Applied  Mechanics,  and 
Practical  Geology  is  to  be  held  in  London  in  1915.  Several 
preliminary  meetings  of  the  Organisation  Committee  have 
already  been  held,  and  a  decision  arrived  at  that  the  sections 
of  the  Congress  be  divided  into  four  groups  as  follows  :  Group 
1，  mining  :  section  A，  coal  mining  ；"  section  B，  metal  mining  ； 
Group  2，  metallurgy  :  section  C，  ferrous  metals  ；  section  D, 
non-ferrous  metals;  Group  3，  applied  mechanics  :  section  E， 
mechanical  engineering  ；  section  F,  chemical  engineering  ； 
section  G,  electrical  engineering  ；  Group  4?  -geology.  The 
presidents  of  the  associated  institutions  in  office  at  the  time  of 
liolding  the  Congress  are  to  be  invited  to  act  as  chairmen 
of  the  sections,  as  follows :  Coal  mining,  President,  Institu- 
tion of  Mining  Engineers  ；  metal  mining,  President, 
Institution  of  Mining  and  Metallurgy  ；  ferrous  metals, 
President,  Iron  and  Steel  Institute  ；  non-ferrous  metals, 
President,  Institute  of  Metals  ；  mechanical  engineering, 
President,  Institution  of  Mechanical  Engineers  ；  chemical 
engineering,  President,  Society  of  Chemical  Indust rv  ； 
electrical  engineering,  President,  Institution  of  Electrical 
Engineers  ；  geology,  President,  Geological  Society. 


SINGLE-PHASE  TRACTION.* 

ItV   M.  LATOUK. 

In  the  first  place  the  author  proposes  to  make  a  few  general 
observations  in  regard  to  the  mechanical  construction  of 
single-phase  locomotives  and  to  the  erection  of  overhead  con- 
ductors. Some  cognate  questions  will  then  be  discussed,  such 
as  the  very  important  subject  of  the  disturbance  caused  to 
telephone  and  telegraph  lines.  Finally,  some  solutions  of  the 
problem  of  single-phase  traction  will  be  indicated. 

Mechanical  Considerations.  ―  There  are  some  general  mecha- 
nical considerations  which  have  no  special  relation  to  single- 
phase  traction.  In  all  cases  there  is  the  alternative  of  a  crank 
or  a  direct  drive.  Opinions  on  this  point  are  still  divided. 
As  regards  the  crank  drive,  some  adopt  dummy  axles 
(Thomson-Houston)  and  others  do  not  (Westinghouse).  The 
respective  methods  are  outlined  below.  It  is  convenient  here 
to  mention  that  the  Oerlikon  type  of  locomotive,  however,  is 
not  fitted  with  dummy  axles.  Using  cranks,  the  motors  may 
or  may  not  drive  through  gearing  without  the  normal  working 
being  thereby  altered  to  any  extent.  A  point  to  which  atten- 
tion must  be  drawn  in  the  case  of  single-phase  traction  is  the 
advantage  obtained  by  using  springs. 

The  torque  being  oscillatory,  an  objection  lias  already  been 
raised  that  the  whole  weight  of  the  locomotive  is  thereby 
not  fully  available  for  traction,  and  there  will  also  be 
dangerous  vibrations.  As  a  matter  of  fact,  this  criticism  does 
not  seem  to  be  entirely  justifiable.  In  any  case  the  use  of 
springs  is  a  complete  safeguard  against  this.  With  springs 
dangerous  resonance  effects,  such  as  arise  at  certain  speeds 
with  mechanical  transmission,  can  be  avoided,  in  so  far  as 
these  arise  from  fluctuations  in  the  torque.  Equipments  with 
springs  exhibit,  moreover,  a  somewhat  curious  property  which 
I  shall  mention  here.  In  this  respect  it  can  be  said  that  the 
motor  does  not  rotate  at  a  constant  speed  throughout  a  whole 
cycle,  but  has  an  oscillatory  movement  in  addition  to  its  mean 
speed  of  rotation.  It  is  by  paying  attention  only  to  this 
oscillatory  movement  that  it  will  be  seen  to  be  liable  to  pro- 
duce a  leading  wattless  electromotive  force  in  the  armature. 
This  phenomenon  has  not  been  utilised  in  locomotives  up  to 
the  present  time,  and  will  not  have  a  promising  future. 

Overhead  Conductors. ― The  overhead  conductors  have  gene- 
rally a  catenary  suspension.  In  the  case  of  the  catenary  sus- 
pension the  conductor  is  suspended  from  one  or  more  overhead 
wires  by  means  of  hangers,  of  which  the  ends  grip  the  upper 
half  of  the  conductor,  which  is  in  the  form  of  the  figure  8. 
The  object  of  this  method  of  suspension  is  to  ensure  that  the 
conductors  shall  be  horizontal.      Where  there  is  onlv  one 
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Fig.  *2. 


supporting  wire  there  is  a  simple  catenary  suspension.  Wliere 
two  supporting  wires  are  used,  and  the  second  is  supported  by 
the  first,  it  is  called  a  double  catenary.  When  two  supporting 
wires  are  used  for  the  suspension  of  the  conductor  we  have 
the  triangular  catenary  suspension.  This  last  has  been  set 
aside  because  it  is  too  rigid.  The  double  catenary  suspension 
has  greater  flexibility,  but  it  is  also  more  expensive,  and  it  is 
found  that  when  the  speed  does  not  exceed  80  km.  per  hour 
the  simple  catenary  suspension  is  adequate. 

In  order  to  avoid  the  effect  of  changes  in  the  length  of  the 
cables,  due  to  temperature  variations,  and  the  variable  sag 
which  results  therefrom,  balance  weights  or  springs  are  often 
utilised,  but  this  arrangement  is  not  always  considered 
advantageous.  Passage  through  tunnels  and  over  level 
crossings  requires  adjustments  in  the  height  of  the  conductor, 
and  such  adjustments  would  otherwise  appear  to  be  essential. 
As  it  is  easily  adaptable  in  this  respect,  provided  that  adjust- 
ments are  made  on  a  sufficiently  low  gradient,  variations  in 
the  sag  resulting  from  the  diurnal  temperature  changes  will 

*  Paper  read  at  the  Joint  Meeting  of  the  Institution  of  Electrical  Engineers 
and  the  Societe  Iuternat:ouale  des  Electriciens,  Paris.  May  21st-*24th.  1913. 
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not  influence  appreciably  the  proper  working  of  the  line.  The 
use  of  balance  weights  or  springs  increases  the  cost  of  the  line, 
and  their  value  is  somewhat  uncertain  when  the  track  has 
many  curves. 

It  is  desirable  to  avoid  hard  points  in  the  line  ；  and, 
similarly,  heavy  rolling  stock  should  not  be  used  lest  the 
pantograph  after  being  quickly  depressed  should  break  con- 
tact with  the  conductor  owing  to  the  shock.  Care  should  be 
taken  that  the  conductor  is  not  made  too  heavy  or  too  ligl" . 
In  the  latter  case  the  pantograph  can  raise  the  conductor,  and 
if  the  suspension  yields  the  pantograph  in  ay  cause  trouhle. 
The  type  of  pantograj)li  to  ho  adopl ed  dopcnds  upon  1  lie  kind 
of  conductor.  The  more  rigid  I  lie  line  the  more  flexible  the 
collector  must  be,  and  vice  versa  . 

Another  important  question  arises  in  regard  to  tlie  con- 
ductors, and  that  is  their  insulation.    In  the  case  of  a  scheme 


Fig.  3.  Fig.  4. 

for  working  jointly  by  steam  and  electricity,  care  must  be 
taken  to  use  double  insulation  in  tunnels  and  under  bridges, 
since  a  good  conducting  carboniferous  deposit  liable  to  cause 
leakage  may  be  formed. 

The  spacing  of  the  standards  being  fixed  at  100  metres,  the 
Compagnie  du  Midi  insisted  on  the  use  of  "  anti- oscillating  " 
standards  in  the  middle  of  each  span.  In  view  of  the 
appreciable  increase  of  cost  due  to  these  precautions,  it  may 
be  convenient  to  adopt  a  smaller  spacing.  That  which 
appears  to  be  most  suitable  is  one  of  from  60  to  70  metres. 
As  regards  the  construction  of  the  standards,  it  is  proposed  to 
use  reinforced  concrete  posts  as  well  as  metal  posts. 
Reinforced  concrete  posts  have  the  advantage  of  a  very  long 
life,  but  they  have  the  drawback  of  being  heavy,  and  their 
total  mass  renders  them  cumbrous.  Metal  posts  have  the 
advantage  that  they  can  be  built  up  of  two  parts,  and, 
generally  speaking,  they  are  cheaper.  The  above  considera- 
tions lead  to  the  conclusion  that  the  line  should  be  made  as 
simple  as  possible. 

Motors.  ―  The  tests  carried  out  by  the  Compagnie  du  Midi 
have  been  very  interesting,  because  every  type  of  motor  has 
been  tried.  Perhaps  a  definite  outcome  will  result  from  the 
tests  which  are  proceeding  in  various  countries,  and  possibly 
single-phase  traction,  with  all  the  facts  before  us,  will  finally 
be  appreciated  equally  by  its  advocates  as  well  as  by  its 
opponents.  Reference  will  now  be  made  to  the  various  types 
of  motor  which  have  been  supplied  to  the  Compagnie  du  Midi, 
and  to  the  various  speed-regulating  devices  of  these  motors. 
A  few  general  observations  will  first  be  made.  The  motors 
experimented  with,  excluding  the  well-known  Westinghouse 
series  type,  have  been :  (1)  the  simple  repulsion  motor 
(Brown,  Boveri)  and  the  compensated  repulsion  motor 
(A. E.G.)  ；  (2)  the  series  motor  with  a  transverse  local  field 
for  compensating  the  electromotive  force  of  short-circuit  under 
the  brushes  (Jeumont)  and  the  series  motor  with  an  elliptical 
field  (French  Thomson-Houston  Company). 

Repulsion  Motors.  ―  (1)  The  simple  repulsion  motor  is 
shown  in  Fig.  1.  As  the  present  author  has  shown,  there  is 
found  in  the  repulsion  motor,  due  to  the  current  produced  in 
the  short-circuited  coil  by  its  rotation,  a  transverse  field  which 
interacts  with  the  main  field  so  as  to  give  a  synchronously 
rotating  field,  thus  ensuring  satisfactory  commutation  at  that 
speed.  This  simple  observation,  which  previous  authors 
(Steinmetz  and  others)  have  overlooked,  has  settled  the  future 
of  the  repulsion  motors.  At  speeds  above  synchronism,  how- 
ever, the  transverse  field  increases  in  strength,  the  commuta- 
tion becomes  unsatisfactory,  the  iron  losses  increase,  and  afc 
speeds  above  ^2  times  synchronous  speed  the  commutation  of 
the  repulsion  motor  becomes  worse  than  that  of  the  series 
motor. 

(2)  I  have  given  the  name  compensated  repulsion  motor 
to  the  motor  shown  in  Fig.  2.  This  motor  has  the  essential 
characteristics  of  an  ordinary  repulsion  motor.    It  has,  more- 


over, the  advantage  of  working  at  approximately  unity  power 
factor,  due  to  the  property  of  commutator  motors  with  shrjrt- 
circuited  brushes  having  no  inductance  at  synchronous  speed 
and  negative  inductance  above  that  speed ,  even  when  supplied 
with  simple  alternating  current. 

Scries  Motors  —  The  arrangement  in  a  series  motor  with  an 
artificial  transverse  field  which  neutralises  the  elect roniotiv** 
force  of  short-circuit  as  happens  naturally  in  repulsion  motors 
at  synchronism,  was  first  described  in  the  German  Patent 
No.  162781  of  the  Maschinenfabrik  Oerlikon,  March,  1904, 
and  in  the  author's  Austrian  Patent  No.  235502  of  April, 
1904  (French  Patents :  Latour,  No.  342571  ；  Oerlikon, 
No.  354449). 

(3)  A  series  motor  of  the  type  described  in  iliis  last  patent 
is  shown  in  Fig.  3.*  The  winding  h  can  be  connected  in 
shunt  to  the  terminals  of  the  motor.  If  it  is  assumed  that  the 
compensation  in  the  motor  is  provided  so  as  to  ensure  perfect 
commutation  with  continuous  current,  it  is  clear  that  the 
winding  h  should  carry  a  current  90°  out  of  phase  with  t  hf 
main  current.  But  the  winding  h  can  be  allowed  to  assist 
compensation,  and  in  this  case  such  winding,  in  addition  to 
the  current  which  is  90°  out  of  phase,  will  carry  a  current  in 
phase  with  the  main  current.  If,  on  the  other  hand,  over- 
compensation takes  place  with  the  winding  C,  the  winding  h 
will  carry  a  current  opposed  to  the  main  current. 

(4)  I  have  given  the  name  elliptical  field  motor  to  the 
motor  arranged  as  shown  in  Fig.  4.  In  this  arrangement  a 
short-circuit  is  established  between  the  point  G  of  the  exciting 
winding,  which  can  be  extended  for  this  purpose,  and  the 
point  h  of  the  transformer  supplying  the  motor.  Apart  from 
the  ordinary  compensation,  which  would  give  good  commuta- 
tion in  the  case  of  continuous  current,  a  local  strengthening  of 
the  field  can  be  provided,  as  is  shown  in  Fig.  4  ；  it  follows 
that  the  point  g  should  not  be  so  far  removed  from  the  rotor. 
I  have  already  published  a  detailed  theory  of  this  motor. 
Attention  has  since  been  called  to  somewhat  similar  earlier 
arrangements  of  this  nature,  but  it  will  be  clearly  seen  that 
no  one  previous  to  the  author  had  either  understood  or  indi- 
cated precisely  the  correct  conditions  for  securing  perfect 
commutation.  Having  reviewed  these  four  types  of  motors,  it 
is  now  proposed  to  make  a  systematic  comparison  between 
them. 

Contact  Surface.  ―  By  rubbing  surface  we  mean  the  contact 
area  of  the  brushes  on  the  commutator.  The  reduction  in  the 
contact  surface  is  the  important  feature  in  alternating-current 
machines  provided  with  a  commutator.  If  the  starting 
torque  with  satisfactory  commutation  is  represented  by  C，  and 

O  :  © 

Fig.  5.  Fig.  6. 

o)  represents  the  maximum  angular  velocity  wlien  the  motor 
is  running,  we  have  already  suggested  in  the  "  Electrical 
World  "  tlaat  the  following  produce ― 

C  (0  =  P 

should  be  taken  as  one  of  the  essential  characteristics  of  the 
power  of  the  motor. 
Thus;  if— 

/= frequency  of  the  supply  current, 

《= peripheral  speed  of  the  commutator  at  angular 

velocity  o>, 
a  =  widtli  of  the  brushes, 

v  =  the  pressure  between  the  two  edges  of  the  brush, 

and ― 

I  =  current  in  the  commutator, 
we  have  already  proved  that  whatever  the  type  of  motor  and 
the  number  of  its  poles,  or  whatever  form  of  winding  is 
adopted,  in  every  case  we  have  the  relation ― 

v  I  =  !LiL/  p  (l) 

For  a  given  power  P,  if  f ,  ay  and  v  are  given,  it  is  only 
necessary  to  reduce  I，  that  is  to  say  the  surface  of  contact,  in 
order  to  increase  the  peripheral  velocit  v  t .  Thus  until  t  has 
been  chosen,  the  product  v  1  may  be  taken  as  constant  in  the 

*  In  accordance  with  my  Patent  No.  3-1-2j71,  the  winding  h  could  bo  dis- 
tributed round  thu  surface  ot  tho  stator. 
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case  of  the  motor  undei*  consideration,  and  if  we  suppose  the 
contact  resistance  of  the  brushes  to  be  constant  in  these  cir- 
cuirstances,  it  is  easily  shown  that  the  losses  on  the  com- 
mutator are  a  minimum  when  the  losses  due  to  the  current 
are  equal  to  the  losses  due  to  the  short-circuit  currents.  If 
we  denote  }>v  /■  the  decrease  of  resistance  under  the  brushes 
due  to  the  current  I，  this  is  exactly  what  occurs  when  the 
pressure  between  the  segments  is  such  that  e  =  2'A5  h  when  tlio 
brushes  cover  only  one  segment,  and  such  that  e  =  l'55  k 
when  the  brushes  cover  two  segments  of  the  commutator. 

In  this  connection  it  should  be  remembered  that  the  losses 
due  to  the  short-circuit  currents  under  the  brushes  are  all  tlie 
smaller,  for  a  pressure  v  between  the  edges  of  the  brushes, 


when  this  pressure  is  divided  up  among  a  large  number  of 
segments.  With  an  infinite  number  of  segments  the  losses 
would  be  reduced  to  half  those  for  a  commutator  having  only 
one  segment.  And  with  two  segments  they  are  already 
reduced  to  |ths. 

Let  us  assume  that  the  working  conditions  are  so  arranged 
that  there  is  a  minimum  loss  at  starting,  and  let  q  stand  for 
the  quantity  of  heat  set  free  per  square  centimetre  of  contact 
surface  on  the  commutator,  a  quantity  which  defines  exactly 
the  character  of  the  commutation.  We  have  then  shown  that 
in  the  case  where  the  brushes  cover  one  segment  the  total 


to— 
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rubbing  surface  is  equal 
S  = 

The  total  quantity  of 
given  by — 

Q  = 

■  、  x/l-5 

The  following  relations  hold 
segments —— 
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heat  liberated  on  the  commutator  is 
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when  the  brushes  cover  two 
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It  should  be  noticed  that  these  expressions  take  no  account 
of  the  nature  of  the  brushes.  To  ensure  a  minimum  loss  the 
nature  of  the  brushes  should  be  chosen  according  to  the  pres- 
sure v  between  their  extreme  edges.  We  shall  then  have 
either  brushes  of  high  conductivity  with  a  low  value  of  v  and 
a  high  value  of  I，  or  brushes  of  a  high  resistance  with  a  higli 
value  of  v  and  a  low  value  of  I.  It  follows,  therefore,  that 
the  better  results  obtained  by  working  at  low  densities  will 
lead  to  the  choice  of  brushes  of  high  resistance  adapted  for 
use  where  v  is  high  and  I  is  low. 

All  the  above  formulae  show  the  decided  advantage  of  a 
high  peripheral  speed  for  the  commutator.  To  obtain  these 
high  peripheral  speeds  high-speed  motors  should  be  used.  But 
high  speed  requires  the  introduction  of  gearing.  This  is  the 
feature  of  the  Jeumont  and  Westinghouse  locomotives,  as  well 
as  of  the  Oerlikon  locomotive  at  Lotschberg.  Gearing  appears 
to  give  entire  satisfaction  from  the  mechanical  point  of  view. 

It  is  well,  however,  to  notice  that  a  reduction  in  the  area 
of  the  contact  surface,  S，  if  it  involves  a  corresponding  reduc- 
tion in  the  electrical  losses  on  the  commutator,  does  not  result 
in  a  corresponding  reduction  of  the  mechanical  losses.  With 
constant  pressure  on  the  brushes  the  latter  losses  are  indepen- 
dent of  the  permissible  peripheral  speed.  From  this  point  of 
view,  theoretical  working  would  consist  in  running  at  all 
speeds  at  the  maximum  flux  which  gives  the  short-circuit 
pressure  v  whilst  making  it  possible  to  lift  those  brushes  whicli 
have  become  unnecessary  owing  to  the  reduction  in  the 
current.    I  had  already  proposed  this  previously. 


It  should  be  noted  here  that  liigh  speed  is  not  in  principle 
incompatible  with  any  type  of  repulsion  or  series  motor.  But 
it  so  happens  that  in  the  case  of  the  repulsion  motor,  where 
the  number  of  poles  is  determined  by  the  number  of  con- 
ductors, a  frequency  of  15  leads  to  a  motor  with  a  small 
number  of  poles.  Let  us  next  consider  in  turn  the  dis- 
advantages which  arise  from  this  situation. 

(1)  It  would  seem  to  be  difficult  to  obtain  a  pressure 
between  the  segments  low  enough  for  large  powers,  but  the 
arrangement  of  having  two  short-circuits  has  been  suggested 
(see  Fig.  5),  in  whicli  the  brushes  would  be  placed  in  a  position 
where  tlie  pressure  between  the  segments  is  still  lower  ；  and  I 
have  also  suggested  the  use  of  independent  overlapping  wind- 
ings, and  especially  the  arrangement  of  two  overlapping 
windings  with  two  commutators. 

(2)  A  doubt  may  arise  whether  it  is  possible  to  arrange  for 
a  sufficient  number  of  sets  of  brushes  to  carry  the  current. 
My  arrangement  of  multiple  brushes  (see  Fig.  6)  would,  how- 
ever, at  the  same  time  do  away  with  this  difficulty. 

(3)  Trouble  may  arise  due  to  lateral  lack  of  room,  but 
recourse  may  be  had  to  short-pitch  flat  connections,  as  has 
already  been  seen. 

(4)  At  the  same  time,  it  may  be  feared  that  it  will  be 
impossible  exactly  to  compensate  what  certain  authors  term 
" reactance  pressure,"  but  this  may  be  provided  for  by  suitable 
windings  on  the  stator  and  rotor.  In  this  connection  it  should 
be  noticed  that  the  bad  commutation  of  repulsion  motors  is 
often  wrongly  attributed  to  over-synchronism .  Faulty  com- 
pensation is  alone  responsible  in  such  cases. 

From  this  it  should  not  be  imagined  that  the  repulsion 
motor  cannot  be  constructed  for  the  same  speed  variation  as 
the  series  motor.  It  should,  however,  be  observed  that  for  a 
given  power  a  certain  pressure  between  the  segments  at  start- 
ing is  more  dangerous  when  the  machine  has  fewer  poles. 
This  depends  on  the  fact  that  the  impedance  of  the  short- 
circuited  sections —— which  is  due  to  leakage  and  to  the  resis- 
tance of  the  windings,  and  which  has  an  influence  in  limiting 
the  short-circuit  current ― is  relatively  much  greater  as  the 
power  per  pole  is  smaller. 

Weight.  ―  The  inferiority  of  the  repulsion  type  of  motor 
at  a  frequency  of  15  appears  to  lie  in  its  weight,  and  indirectly 
in  its  lower  efficiency.  In  consequence  of  the  smaller  number 
of  poles,  the  repulsion  motor  requires  a  greater  amount  of 
iron  ；  a  larger  external  diameter  is  necessary,  or,  on  the 
other  hand,  for  a  given  external  diameter  a  smaller  bore  has 
to  be  used,  thus  leading  to  a  less  advantageous  utilisation  of 
the  material.  We  have  already  observed  that  whatever  may 
be  the  frequency  the  efficiency  of  the  repulsion  motor  remains 
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Fig.  9. 

in  principle  identical  with  that  of  a  single-phase  alternator  of 
the  same  frequency,  whilst  the  efficiency  of  a  series  motor 
tends  at  lower  frequencies  towards  that  of  a  continuous- 
current  machine.  The  difference  in  efficiency  between  the 
two  types  of  motor  is  thus  appreciable  at  a  frequency  of  15. 

Commutation  at  Variable  Speed.— The  transverse  field,  which 
is  90°  out  of  phase,  and  is  required  to  neutralise  the  short- 
circuit  electromotive  force  varies  directly  as  the  current  and 
inversely  as  the  speed.  Supposing  the  excitation  is  provided 
by  constant  current  the  resultant  field  of  commutation  is  a 
function  of  the  speed,  as  represented  by  the  hyperbola  in 
Fig.  7.    All  the  types  of  motors  to  which  we  have  referred 
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above,  even  the  series  motor  of  which  the  auxiliary  pole  is  in 
shunt  with  the  terminals,  possess,  so  long  as  their  circuits  arc 
not  modified,  a  transverse  field  90°  out  of  phase,  which 
increases  linearly,  as  is  shown  by  the  line  in  Fig.  7.  Accord- 
ingly, the  electromotive  force  v  of  short  circuit  can  only  be 
neutralised  satisfactorily  for  a  certain  speed  w.  The  result  in'—, 
pressure  which  appears  in  the  short-circuit  at  speed  o)  is  pro- 
portional to  r  (1-^). 

It  is  therefore  quite  natural  to  think  of  adjusting  the 
transverse  field  according  to  the  speed.  In  the  repulsion 
types  of  motor  it  is  possible  to  screen  locally  the  transverse 
flux  at  speeds  above  synchronism.  In  series  motors  the  supply 
in  the  coil  h  of  Fig.  3  can  be  adjusted,  or  the  connection  shown 
as  g  h  in  Fig.  4  may  be  moved.  These  adjustments  can  be 
carried  out  by  a  centrifugal  governor,  or  by  an  electrico- 
dynamical  speed  device.  Complications,  however,  arise  in  this 
respect.  It  should  be  noticed  that  the  presence  of  true  com- 
mutating  poles  in  repulsion  motors  detracts  from  the 
simplicity  of  their  construction  and  connections  as  compared 
with  the  series  motor.  If  simple  arrangements  could  be  fitted 
so  as  to  ensure  a  transverse  field  suitable  for  all  speeds  and  for 
effecting  satisfactory  commutation,  sucli  arrangements  would 
then  be  preferable.  It  is  from  this  point  of  view  that  we  shall 
study  the  current  in  the  winding  h  of  Fig.  3  connected  across 
the  terminals  of  a  resistance  r  through  which  the  principal 
current  of  the  motor  flows  (see  Fig.  8). 

It  is  seen  at  once  that  with  this  arrangement  the  transverse 
field  will  be  proportional  only  to  the  current,  and  will  be 
independent  of  the  speed.  It  is  represented  by  the  horizontal 
line  III  in  Fig.  7.  The  pressure  in  the  short-circuited  coil, 
which  will  appear  this  time  at  a  speed  ^  differing  from  the 
speed  o>  for  which  there  is  perfect  neutralisation  of  all  electro- 
motive   force,   will  be  i' (1  -         instead  of  v  (1  — ，, ). 

In  other  words,  with  variable  speed,  the  commutation  of  a 
ployphase  series  motor  is  substituted  for  that  of  a  repulsion 
motor. 

The  arrangement  with  the  resistance  is  therefore  of  greatest 
. interest,  and  we  now  have  to  determine  what  energy  is  dis- 
sipated in  the  resistance.  Let  us  suppose  that  we  have  a 
winding  h  of  n  turns,  and  that  by  means  of  a  suitable  series 
transformer  we  could  always  supply  it  with  a  current  I，  say. 
The  winding  h  not  only  encloses  the  flux  which  is  90°  out  of 
phase  and  which  should  neutralise  the  pressure  v9  but  it  also 
encloses  the  opposing  flux  the  object  of  which  is  to  ensure  good 
commutation  with  continuous  currents.  This  opposing  flux 
can  be  produced  either  wholly  by  the  compensating  winding 
C  or  wholly  by  the  winding  h,  if  the  compensation  only 
neutralises  the  rotor  field  in  the  stator  in  the  same  manner  as 
the  short-circuited  winding  C.  It  can  be  finally  produced  iu 
part  by  the  winding  h. 

Whatever  method  be  used,  however,  as  soon  as  the  number 
of  turns  n  is  determined,  the  pressure  at  the  terminals  of  the 
winding  h  will  be  constant  whatever  the  function  of  h  may  be. 
As  a  first  approximation  we  shall  neglect  the  resistance  of  the 
winding  h.  Let  us  take  as  our  standard  of  reference  the 
phase  of  the  current  I，  which  is  that  of  the  main  field  of  the 
motor.  The  resultant  flux  <py  enclosed  by  the  winding  h,  is, 
for  a  given  motor,  determined  in  magnitude  and  phase.  The 
electromotive  force  induced  by  the  flux  0  at  the  terminals  of  h 
has  a  direction  perpendicular  to  that  of  <p.  The  current  I 
which  circulates  in  the  resistance  has  a  direction  opposed  to 
this  pressure.  The  current  circulating  in  the  winding  h  is  at 
first  the  current  J1?  capable  of  producing  a  transverse  field 
which  is  90°  out  of  phase,  and  afterwards  a  current  J0  in  phase 
with  I,  which  has  a  variable  value  depending  on  the  amount 
of  compensation  provided  by  the  winding  h .  The  resultant  of 
Jx  aud  J2  is  I,,.  We  know  that  the  resultant  of  I'  and  lh, 
i.e.,  Ij  must  be  in  phase  with  I  ；  from  this  fact  I,  mav  he 
determined,  if  Ih  is  known,  by  drawing  a  line  parallel  to  O  V 
from  the  point  Ih. 

It  is  seen  from  Fig.  9  that,  whatever  may  be  the  value  of 
the  current  J2  in  phase  with  the  curreitt.  I  wliich  circulates  in 
the  winding  //，  the  poini  Ih  remains  on  a  line  parallel  to  O  I， 
and  that  consequently  the  current  I,,  remains  constant  as  well 
as  V.  The  losses  in  the  resistance,  equal  to  V  I,，  accordingly 
remain  constant,  whatever  adjustment  may  be  made.  The 
adjustment  of  J2  has  simply  the  effect  of  varying  the  value  of 


the  current  II  which  we  require  according  to  the  munhor  of 
turns  n  selected  for  the  winding  /'.  J.  can  be  clioscn  in  sucli 
a  way  that  It  is  equal  to  I. 

As  the  losses  are  independent  of  tlie  value  of  J2,  we  can 
consider  the  special  case  where  the  winding  h  carries  the 
current  90°  out  of  phase  with  reference  to  I  (see  Fig.  10),  We 
shall  study  tlie  losses  a  in  this  case.  Let  R  be  the  reluctance 
of  the  magnetic  circuit  of  the  winding  h  and  0  he  the  ； in 乂  1" 
10  0，  then ― 

V  =  2  7T  n  /  </» 


iJ  ,  =  --         ff>  .sin  (t, 
4  7T  71 


L  =      1  . = 
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d>  tan  Q, 
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V  x  Ir  =       I  f  tan  H 


The  flux  is  the  resultant  of  two  fields  90°  out  of  phase, 
i.e.,  a  reversed  field  <pT  in  phase  with  I  and  a  transverse  field 

0t  90°  out  of  phase  in  regard  to  I .    The  expression 小， is  exactlv 

equal  in  jnagnitude  to  tau  6,  and,  other  things  being 
equal,  it  is  immediately  seen  that  this  expression  is  propor- 
tional to  the  frequency  of  the  supply  current.  We  liave 
therefore ― 

tan  0  =  k  f} 

<f>2  =  <f>i  +  <f>c  =  0r2  (l  +  /cT)- 

The  expression  for  the  losses  a  then  takes  the  form ― 


This  becomes,  for  a  motor  having  '2  p  poles ~ 
R 


(4) 


(4«) 


It  will  be  understood  to  how  great  an  extent  they  are 
affected  by  the  frequency  f,  since  it  is  almost  the  fourth  power 
of  the  frequency  which  is  involved.  Whilst  the  use  of  a  resis- 
tance may  be  practicable  at  15  periods,  it  may  be  expected  to 
be  inadmissible  at  25  periods.  It  is  equally  importani  t  <> 
notice  the  effect  of  the  number  of  poles  on  these  losses.  It  is 
found  that  the  total  losses  A  for  the  motor  vary  at  least 
inversely  as  the  number  of  poles.  It  is  therefore  desirable, 
with  a  view  to  reducing  the  losses  a,  to  increase  the  number 
of  poles. 

It  may  also  be  asked  what  happens  in  a  motor  having  a 
given  number  of  poles  when  its  speed  of  rotation  is  increased. 
Under  these  conditions  the  more  the  speed  rises  above 
synchronism  the  smaller  the  out-of-phase  field  needed  ；  this  is 
expressed  in  the  formula  by  the  fact  that  k  varies  inversely 
as  the  speed.  The  losses,  however,  diminish  proportionally 
with  R3.  It  is  clear,  therefore,  that  the  narrower  tlie 
auxiliary  poles,  tlie  smaller  are  the  losses.  To  bring  about 
this  reduction,  a  small  tooth  pitch  must  be  used  for  the  rotor. 
The  effect  of  the  width  of  tlie  poles  is  shown  in  formula  (4«) 
above,  by  the  presence  of  the  term  R0r-  (=  R«  +  ^>r  +  0X)， 
a  value  independent  of  the  width,  but  <pr  is  determined  by  the 
width  of  the  poles.  The  importance  of  small  air  gaps  is 
thus  seen  ；  for  R  diminishes  as  <px  diminishes. 

It  follows  from  formula  (4a)  that  in  order  to  reduce  the 
losses  a  it  is  convenient,  a  low  frequency  and  narrow  auxiliary 
poles  having  been  chosen,  to  work  with  reduced  air  gaps,  high 
speeds,  and  a  large  number  of  poles.  At  a  frequency  of  15 
periods  these  losses  can  be  reduced  to  the  negligible  value  of 
^  or  ^  of  1  per  cent. 

It  might  be  thought  that  the  author  has  been  led  to  the 
idea  of  the  artificial  creation  of  a  transverse  field  in  the  series 
motor  (Austrian  Patent  No.  23502)  as  a  result  of  his  observa- 
tions on  the  repulsion  motor.  As  a  matter  of  fact,  the  author 
arrived  at  his  results  in  exactly  the  opposite  way.  An  article 
on  the  use  in  a  series  motor  of  auxiliary  poles  excited  by  a 
current  suitably  out  of  phase  was  sent  by  the  author  to 
" Eclairage  Electrique  "  iu  January,  1901  ；  this  article  was 
not  published,  but  the  original  communication  was  returned 
to  the  author  with  some  comments  by  Prof.  Guilbert.  It  is 
as  a  result  of  the  automatic  formation  of  a  similar  transverse 
field  in  repulsion  motors  that  the  author  at  first  condemned 
the  series  motor  with  auxiliary  poles. 
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KERMODE'S  LIQUID  FUEL  BURNER. 

Mr.  J.  J.  Kermode,  of  62,  Dale  Street,  Liverpool,  has  intro- 
duced several  improvemenls  in  Ms  design  of  liquid  fuel 
burner,  and  these  are  shown  in  the  accompanying  illustra- 
tion. The  perforation  A  is  made  conical,  instead  of  sharp 
edged,  on  the  side  next  to  the  central  spindle  B，  the  other  side 
being  widely  flared  at  C.  The  angle  of  the  cone  is  com- 
paratively obtuse,  say  90。，  and  the  conical  projection  D  is 
made  to  the  same  angle,  so  that  when  the  spindle  is  screwed 
up，  the  conical  projection  fits  and  closes  the  conical 
central  opening,  the  axial  pressure  being  distributed 
over  the  whole  of  the  conical  surfaces  and  thus  pre- 
venting damage  to  the  nozzle  or  the  projection  by  rough 


KkRMODE'S  OIL  BURNEB. 


usage.  This  is  an  important  matter,  as  the  best  results 
cannot  be  obtained  unless  the  substantial  accuracy  of  these 
surfaces  is  maintained.  The  axial  position  of  the  spindle  B 
when  the  closing  takes  place  is  such  that  the  annular  end  E 
of  the  spindle  is  some  distance  back  from  the  inside  face  of 
the  nozzle,  so  that  when  in  this  position  the  body  of  the 
spindle  does  not  obstruct  the  oil  ways  F  cut  in  the  face  of  the 
plug  end  G  of  the  inner  barrel  H.  When  therefore  the 
spindle  is  retreated  so  as  to  open  the  nozzle,  there  is  always 
a  free  way  for  the  oil  from  the  oil  ways  F  to  the  nozzle,  round 
the  conical  projection.  The  nozzle  is  formed  in  a  separate 
plate  or  plug  J,  of  hard  steel.  This  plug  has  a  short  cylin- 
drical part  fitting  in  the  bore  of  the  main  body  and  it  has  also 
a  coned  part  fitting  in  a  correspondingly  coned  seating  in  the 
end  of  the  main  body,  so  that  it  is  adapted  to  be  firmly  held 
oil-tightly  and  in  accurate  alignment  by  screwing  up  the 
capped  nut  K. 


INDUSTRIAL  AND  TRADE  NOTES. 

Last  Year's  Coal  Exports; ― Last  year  64^444^395  tons  of  coal  were 
exported  from  the  various  ports  of  the  United  Kingdom  to  places 
abroad,  of  which  54,741,963  tons  sent  were  from  England  and 
Wales.    In  1911  the  quantity  exported  was  64^599^266  tons. 

Destructive  Fire  at  a  Blackburn  Engineering  Works. ―  The  exten- 
sive engineering  works  of  Messrs.  Yates  &  Thorn,  Ltd.,  Blackliurn, 
were  partly  destroyed  by  fire  on  Sunday  morning  last,  and  the 
damage  is  estimated  at  £150,000 

Mansfield's  New  Railway. 一 There  was  opened  for  traffic  on  Mon- 
day last  half  the  ten-mile  line  of  railway  which  is  to  connect 
the  Great  Central  main  line  at  K i r kby-in-A sh field  with  that  at 
Clipstone,  and  reduce  the  journey  from  Grimsby  to  London  by 
18  miles  or  so.  The  new  line'  which  the  G.C.  Railway  will  work, 
is  of  importance  to  Mansfield,  where  it  will  serve  the  coal  pits  in 
that  rapidly- developing  district. 

Proposed  Engineering  Works  for  Canada. 一 It  is  officially  announced 
that  Messrs.  Armstrong,  Whitwortlij  &  Co.  have  purchased  250 
acres  on  the  south  shore  of  the  St.  Lawrence,  opposite  the  city,  as 
a  site  for  large  steel  works.  A  million  dollars  is  to  be  spent  at 
once  on  the  construction  of  buildings  covering  70  acres.  It  is 
understood  that  this  is  likely  to  be  an  important  addition  to  the 
enterprises  of  the  Els  wick  firm.  Sir  Percy  Girouard  and  Sir 
G.  H.  Murray,  directors  of  the  firm,  have  just  returned  from 
(:i  (la,  where  they  have  been  negotiating  for  the  site.  Other 
British  shipbuilding  interests  have  been  prospecting  ou  the  banks 
of  the  St.  Lawrence. 


Contracts  for  Motor  and  Train  Equipment  for  the  L.  and  S.-W.  Railway. ― 

The  London  and  South-western  Railway  Company  has  let  the 
contract  for  motors  and  train  equipment  for  the  first  portion  of 
its  electrification  scheme  to  the  British  Westinghouse  Electric 
and  .Manufacturing  Company,  Ltd.,  Manchester.  The  conduotor 
rails  it  is  purchasing  from  Messrs.  Bolckow,  Vaughan,  &  Co., 
M  iddlosljrough,  while  the  high-tension  cables  are  being  obtained 
from  Messrs.  Siemens  Brothers  &  Co.,  Ltd.,  Woolwich.  The  con- 
tract for  the  power-house  has  not  yet  been  let3  but  it  is  under- 
stood that  10,000  k\v.  and  5,000  kw.  units  will  be  installed,  generat- 
ing at  a  pressure  of  11,000  volts.  The  substation  equipments 
have  been  placed  with  the  British  Thomson-Houston  Company. 
Ltd.,  Rugby.  The  first  section  to  be  completed  will  be  the  two 
lines  to  Hampton  Court. 

Production  of  Copper  in  the  United  States. 一 An  advance  report  on  the 
production  of  copper  in  1912,  issued  by  the  United  States  Geologi- 
cal Survey,  states  that  the  smelter  production  of  primary  copper 
in  the  United  States  last  year  was  l，243,268，7201bs.,  as  compared 
with  l，097;232，7491bs.  in  1911,  an  increase  of  about  13*6  per  cent. 
The  total  value  of  the  1912  output  at  an  average  price  of  L5'6c. 
per  pound  was  $205,139,338,  as  compared  with  $137,154,092  in 
丄 Ull.  The  total  output  of  new  refined  copper  in  1912  was 
lJ568,104J4781bs.J  which  wa^Si  the  largest  in  the  history  of  the  in- 
dustry,  and  exceeded  the  output  of  1911  by  134?229j4o21bs.  Re- 
turns from  all  smelting  and  refining  companies  show  that  on 
January  1st,  1912,  the  stocks  of  electrolytic,  lake  casting,  and  pig 
copper  were  88,372jl951bs.j  and  that  on  January  1st，  1913；  the 
stocks  on  hand  were  1053497,6831bs. 

Improvements  of  Kaiser  Wiihelm  Canal. ― H..M.  Consul-General  at 
Hamburg  reports  that  the  work  of  widening  and  deepening  the 
Kaiser  Wiihelm  Canal  is  nearing  completion,  and  that  the  canal 
； viU  be  open  to  the  largest  ships  probably  by  October  next.  The 
new  works  include  locks  at  Briinsbuttel  146ft.  broad  and  l3072ft. 
long,  and  a  navigable  channel  45  J  ft.  deep  throughout  the  whole 
length  of  the  canal.  The  new  line  of  the  caual  is  a  considera  Ijle 
modification  of  the  old  one,  with  the  result  that  two  islands  have 
been  formed,  one  of  which  is  to  serve  as  a  coaling  station.  Rail- 
way lines  have  had  to  be  diverted,  and  the  line  to  F  lens  burg  will 
be  carried  over  the  canal  by  a  high  level  bridge,  146t't.  above  the 
level  of  the  water.  This  bridge  is  one  of  three  arches,  and  the 
centre  span  (453ft.)  carries  the  girders  and  rails  of  the  aerial 
ferry  (Schwebefahre)  which  has  been  provided  for  road  traffic. 
It  is  understood  that  the  total  cost  ot  the  present  works  will 
exceed  12^  millions  sterling. 

Shale  Miners  and  Safety  Lamps. ― The  Home  Secretary  has  now 
forwarded  his  reply  to  the  Scottish  Shale  Miners'  Association 】ii 
regard  to  the  two  petitions  recently  lodged,  asking  that  shale 
miners  should  be  exempted  from  the  use  of  safety  lamps,  and 
also  from  the  Explosives  Order  contained  in  the  Coal  ； Mines  Act 
of  1911.  The  general  terms  of  the  Home  Secretary  s  reply  are 
unfavourable  to  the  granting  of  the  petitions.  The  letter  states 
that  there  is  no  power  to  exempt  any  class  of  mines  from  the 
provisions  regarding  safety  lamps.  The  section  of  the  Act  only 
gives  power  to  the  Secretary  of  State  to  exempt  particular  miues; 
and  only  where  he  is  satisfied  that  on  account  of  the  special 
character  of  the  mine  the  use  of  safety  lamps  is  not  required. 
Each  case  therefore  mu&t  be  considered  as  it  arises,  and  due 
weight  would  be  given  to  all  the  circumstances  prevailing.  As 
regards  the  Explosives  Order,  the  Home  Secretary  fiuds  no 
grounds  for  distinguishing  between  oil  shale  mines  and  other 
mines,  and  regrets  that  he  cannot  see  his  way  to  vary  the  provi- 
sions in  question. 

British  Engineers  and  the  Chinese  Market. ― A  meeting  of  the  British 
Engineers'  Association  was  held  at  Glasgow  on  the  12th  inst..  with 
the  object  of  directing  attention  to  unfair  competition,  particularly 
in  regard  to  China,  and  with  a  view  to  devising  meaus  to  overcomo 
the  obstacles  which  tell  against  the  interests  of  British  manufactur- 
ing engineers.  Captain  Fitz  Hugh,  chief  commissioner  of  the  asso- 
ciation in  China,  said  that  the  progress  of  events  in  China  showed 
that  presently  there  would  be  a  huge  marke^  for  engineering 
plant.  China  during  the  last  twelve  years  had  built  u3000  miles 
of  railway,  and  soon  there  would  be  an  enormous  market  for  rail- 
way material.  If  the  country  continued  to  prosper,  as  he  believed 
it  would,  it  would  need  an  efficient  army  and  navy,  and  a  market 
would  be  opened  for  miuiitions  of  war.  If  the  present  apathy  in 
regard  to  Chinese  trade  continued  this  country  would  find  that 
her  prestige  Avould  dwindle  to  a  mere  fraction  of  what  it  used 
to  be.  The  British  Engineers*  Association  had  been  recognised 
by  the  Foreign  Office,  and  their  members  were  now  in  a  position 
to  claim  official  support.  Meml)ers  could  by  collective  action  con- 
trol the  conditions  of  tendering  both  in  the  home  and  foreign 
markets.  In  this  way  objectionable  clauses  could  be  successfully 
combated.  Moreover,  members  could  obtain  business  from  their 
fellow-members.  Iiuleed,  there  was  a  growing  tendency  for  mem- 
bers to  place  orders  with  each  other.,  and  the  socr  ?tary  was  often 
applied  to  for  the  names  of  member*  who  uianuiactured  some 
particular  article. 
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Extensions  at  the  Spring  Vale  Steel  Works.— Alfred  Hickman,  Lt<i., 
Spring  Valo,  ;in>  at  pres(Mit  (、ng;w(l  upon  extensive  alterations 
and  additions  Avliich  will  result  in  (o"si(l"r:il,l.v  increasing  onl 
put  of  steel.  Within  the  last  three  weeks  a  new  Siemens  planl 
has  been  inaugurated  and  is  now  in  n'yn:ir  (ipcration.  It  con- 
sists of  ;i  40  GO  ton  tilting  funiaco,  which  is  tlic  first  ol'  ； i  raw 
it  is  proposed  to  erect,  ami  it  is  stated  that  the  i、mi:"'t'  will  in:""' 
from  700  to  800  tons  of  tho  lii^lu'si class  stcrl  per  week.  'Hi" 
furnace  is  served  by  a  Wt'llman-Seavor  ('harging  niacliiiu',  a  40  toil 
hot  motal  crane,  and  a  75-ton  steel  casting  craiuv  In  ('"im('(  "'"' 
with  the  steel-mnkin»i;  plant  a  ~>()0  ton  mixer  furnace  is  being  put 
down,  and  this  will  be  served  by  ^\lond  prodncors  at  im'si'iit  in 
course  of  erection.  To  provide  for  tho  additional  output  -slag' 
a  lid  tr>  ma ！"、  room  i'or  th(、  law  niixtM-  fiu'ii:""',  .Messrs.  11  icknuui 
:"•(、  ivnioving  their  existing  sla;;  ^riiidii)^  phmt  to  ； i!mtl"'r  silt1. 
Tho  slag  pl:mt,  wIhmi  completed,  w  ill  have  a  ^rindin^  <'ai):i(  it,v  of 
1 ,')()()  tons  ptM-  \v*H'k  of  Bilstmi  l>;isic  phosplintf.  Tl"、' iit'、v  |>lant  is 
(Mitiroly  driven  by  gas  opt-rMtt^l    l>y    blast  i"ur";"'o  ^as. 

AnotluT  law  cn^int*  atul  dynamo,  to  provide  the  additional 
po\v<'i*  n'quiivd  in  llif  works,  arc  U'iii; 丄 rr('('ti'd  in  t lui  new  power 

is  of  1,000  li.p,,  and  its  inst;ill;itioti  u  ill 
tlio  is,ns  power  plant  at  Messrs. 卜 li('kin;m ，-、  works  a  capacity  of 
14,000  li.p.     A  I'riqiiettiiig  plant    lor    ("'aliiig    with    fint'    o'vs  is 
； i Iso  iii  coiicst1  oi"  construction. 

The  Proposed  Manchester  International  Exhibition.  Two  important 
nit't't  in^s  \v(M-*>  lii'ld  in  、l ;uu'lu>sU、r  hist  week  in  con ncction  with 
tlio  ptoposed  intci'iiatiotKil  exhibitioii  i'or  M aiiclicster.  At  the 
first  of  these,  held  on  the  11th  inst.,  tk、  sclicme  was  ('<msi(l,、n'd  l>y 
tlie  directors  of  the  》l:uicl"'st<、r  ('liMinher  of  ConiimTcc,  and  it 
was  unaniinou.sly  rosolvod  ：  u  That  tho  proposal  to  hold  ati  inter 
national  oxhil>ition  in  i\I anchoster  docs  not  coniniaiid  the  approval 
of  the  Board  of  this  Cham))er.  It  is  the  opinion  of  tlie  ropi*esent;i- 
tives  of  all  sections  of  trade  and  nianufiu'turo  than  au  t  xliihi 
tion  is  not  desired,  would  not  contribute  to  the  (lrvcloi  imnit  oF 
the  industries  and  commerce  of  the  district,  and  is  not  likely  in 
these  circumstances  to  he  a  suewss."  The  second  meeting  was  a 
public  one,  and  was  held  in  the  Manrliester  Town  Hall  on  tlio 
13th  inst.,  with  the  Lord  Mayor  in  tlie  cliair.  The  general  feel- 
ing of  tlie  meeting  was  that  the  exhibition  should  not  under  any 
circumstances  be  held  before  191o  or  191G.  The  meeting  finally 
voted  in  favour  of  an  exhibition,  SS  \'ov  ； uul  1 S  ；] gainst.  The  reso- 
lution in  favour  of  the  exhibition  was  mo\-ed  l>y  Mr.  Albert 
Nicholson,  who  declared  that  those  ho  spokt1  for  wero  determined 
to  have  no  exhibition  for  profit.  He  l>elieve(l  that  1915  would  he 
a  more  suitable  time  to  hold  the  exhibition  than  next  year.  The 
only  thing  the  committee  had  done  so  far  was  to  secure  the 
option  of  taking  a  piece  of  land  suitaM*1  for  their  i 川 rp(is,'.  Tl"' 
n  roa  was  90  acres  and  was  approached  by  two  railway  systems, 
and  there  would  be  good  tramway  facilities.  The  Lord  、【； iv<>r 
said  he  was  a  little  disappointed  tli''r<'  ha<l  not  b(、en  a  larger 
gathering  to  consider  such  an  important  proposal.  If  the  resolu- 
tion were  carried  it  should  be  submitted  to  a  further  meeting, 
which  he  hoped  would  be  better  attended.  The  resolution  "as 
carried,  as  stated,  and  it  was  thou  proposed  that  tlui  ^xliihition 
should  be  held  in  1916,  but  an  ameiulnicnt  、、- :is  ca rried  to  Icjut 
this  question  to  the  decision  of  the  committer.  Those  who  wore 
present  at  the  meeting  were  re(| nested  to  send  their  names  to 
Mr.  J.  H.  Worthingtoii,  secretary  to  tlie  Kxhil)ition  Committee, 
13,  Spring  Gardens,  Manchester. 

Eight-hours  Day  in  the  Shipbuilding  Trades. ― The  June  report  of 
the  Boilennakoi's  aiul  Iron  and  Steol  Shipbuilders  oont;i ins  the 
result  of  the  voting  of  the  members  of  that  association  on 
the  following  questions :  (1)  Are  you  in  favour  of  an  ei^ht-honrs 
day  in  a  form  suitable  to  the  exigencies  of  your  trade,  with  ri^i<l 
restrictions  of  overtime  ？  For  5,287,  against  578 ― majoi  ity  for 
4,709.  (2)  Are  you  in  favour  of  (山 t:i iiii iig  an  。iglit- hours  day  and 
rrstrictions  or  almlition  of  ovortimo  h.v  negotiations?  For  4,426, 
against  607 ― majority  for  3,819-  (3)  Failing  in  negotiations,  art' 
you  in  favour  of  giving;  support  through  tli»i  Parli;um'iit:u'y  Com- 
mittor to  any  affiliated  societies  or  ft  、山' rations  in  fixin<j;  u  da  to 
on  ； uul  after  which  none  of  their  mp"i'>'"、  w  ill  work  moro  than 
eight  hours  in  any  one  day ？  For  4,509,  against  67o ― majority 
for  3,834.  (4)  Aiv  you  in  favour  of  the  Parliamentary  Committee 
]>ressino;  forward  an  Eight  Hours  Bill,  and  thus  supporting  in- 
dustrial action  by  political  action  so  as  to  ma ko  a  general  eight- 
hours  day  the  law  of  the  land  ？  For  5,340,  against  581 ― majority 
for  4,759.  These  results,  it  is  addod,  hav,、  liecn  scut  to  、lr.  Bm\。r 
man,  secretary  of  the  Trade  Union  Con^ross  ；  ;ind  Mr.  Mosses, 
secretary  of  the  Federation  of  Engineering  and  Shiplniiklin<: 
Trades.  In  his  remarks  Mr.  John  Hill,  tl"'  wit'ral  secri'tary  of 
the  society,  states  that  "  our  votes  on  the  eight  hours  (|Uestion 
liavo  resulted  in  big  majorities  for  each  of  tho  fnuv  propositions. 
All  trades  are  marching  together  on  this  question.  It  takes 
time  to  move  and  organise  the  many  thousands  concerned,  but 


they  are  now  moving  to^othor  along  ronver^iiiK  linow  towards  a 
common  object,  ； ind  its  ('"mph't"  accomplisliiiM'iit  oii^lit  not  to  ho 
itiucli  longer  delayed." 

The  Conference  on  Shipyard  Wages. 一 The  strike  of  shipyard 
workers,  wliicli  wan  to  have  innumir.itod  at  the  end  of  last 

\vc<>k  if  tlie  S)iipl)tiil<linu  Kmploycrs'  l'，d'i  :it  ioii  did  not  ^rant  tho 
full  advance  of  、v:ws  (l''m:"""'<l  I'.v  tlu*  Si ;i m<I i 川 miH'''  ol 
tlie  SliipvMid  'I'radi'.s  and  the  Kxccuti Coiincil  ot  tli"  Hoilcr 
maktM's'  Society,  has  1, (屮" postponod  p«'i,di"u  :i  1  n'、li  l,:ill',t 
the  members  of  tho  trade  unions  conc^riicd.  At  tl"'  ivsunio<l  con 
icrt'iH'i'  hcl<l  in  l^linliiir^li  mi  tlui  1  I  th  inst.  1>,'"、  ."'ii  tin-  l':、'"  iiti 、 '• 
Hoard  of  the  l'V(l"r:itioii  atirl  rf'|"','s''iit:iti、  《's  '"'  tl"'  iii*'M  11m-  «'m 
])loyors  stated  oinpliatically  th;it  tlw\v  could  not  ;imci»<]  in  ;in.v 
way  the  offer  which  tl"»y  nuulo  to  t\u*  unions  ;it  tlie  pr"、  imi、 
Ti"','tiiig.  This  off(M'  was  that  thov  would  gr;"it  an  n*1  v;i nee  ol 
Is.  per  weelv,  oi*  \<1.  \H'V  liour,  to  all  tinu*  woi'kcrs,  to  t;il"'  (  (  t  I  roni 
tiic  first  full  pay  in  August:  this  offer  to  I"'  Mil>j''(.t  to  acrcpt  ;t  in  »• 
l>y  the  Boil(M*mak(*rs'  Society  as  a  full  scttlt-mciit  oi  their  rl:,im 
for  i\  wi"'r:il  advance  ；  that  thoy  、v<"，l<】  grant  tho  special  a<l、  :m('<' 
of  2\  per  ront.  to  riv<»ttin^  s(|u;uls 一- on  hehalf  of  tl"'  1ioI<1*ts  up 
ami  that  thei'e  should  lu»  no  further  al  tor  a  tion  in  wam»s  inv  ； i 
p<^riod  oi'  t、v(>lv<'  months.  Tli<、  r(kpr<'scnt;iti\ cs  oi  the  nicii  fonl<l 
not  see  tht'ir  w  ay  to  aocopt  this  off(、r.  as  tl""r  original 山' maii'l 
li;id  iiifhuled  a  request  tor  a  :)  per  <vut  advanc-o  to  all  pi<'(<'- 
\vork<4rs.  A Itof  ('onsi(k'ral 山、 disrussion  tl"'  rcpirscntiiti vos  of  the 
woiknuMi  (l*'ci<lr(I  to  put  tlie  eni])Ioyrrs'  proposals  li.-lnrr  ； t II  tin- 
triulos  in  tlio  shipyards  affoeted  for  their  vote  and  dofision.  ;ind 
that  moantimo  tho  -strike  notice,  wliich  was  to  have  t:ik''，i  t  fi'  i  t 
on  June  143  be  suspended. 

Employment  in  the  Engineering  Trades. ― Tin-  rc])ort  ni  the  U",'!' 
Department  of  the  Board  of  Trade  on  tho  stato  of  tho  Inhonr 
market  in  May,  states  that  employment  continued  on  tl"1  w  liolc 
very  good.  There  was  a  oonsi<loraMe  improvcnuMit  in  the  tin- 
plate  industi-y.  On  tho  other  h;uul.  employment  at  iron  and 
steel  works,  though  still  good,  showed  a  further  decline.  Em- 
ployment in  coal- milling,  on^inoorin^,  nncl  *shipl>uil(ling  remained 
at  about  the  same  high  level  as  in  April.  Tho  upward  nio\  fiiu-m 
in  wages  continued.  Compared  with  a  year  ago,  most  of  the  prin- 
cipal industries  showed  an  improvement,  wliifh  \v;is  most  markofl 
in  the  coal  mining,  engineering,  and  shipbuilding;  trades.  Trade 
unions  with  ;i  net  momborship  of  910,692  roporte<l  lT.LSft  (or  1*9  por 
cent.)  of  their  mombers  as  uneniploved  at  tlio  ond  of  May,  "191:3. 
com  pa  red  with  1*7  per  oont.  at  the  end  of  April,  1913. 
and  2*7  per  cent,  at  tho  end  of  May.  1912.  Returns  from  firms 
eniployin^;  420,327  workpeople  in  the  wook  enrlod  M;iv  24th,  1913. 
showed  a  decrease  of  0*1  per  cent  in  the  number  of  workpeople 
employed  and  of  1*6  in  the  amount  of  wages  mid  compared  with 
a  month  ago.  Compared  with  a  year  ago  there  was  a  (l*'(.r'  ;i、'' 
of  0*3  per  cent,  in  the  number  of  workpeople  employed,  and  of 
0*6  per  cent,  in  Avagos  paid.  The  number  of  disputes  hegi li- 
ning in  May  was  136,  and  the  total  mimlx'r  of  workpeople  in- 
volved in  all  disputes  in  progress  during  the  month  was  149,812, 
compared  with  80,110  in  April,  1913.  and  99.156  in  May.  1912. 
The  estimated  number  of  working  days  lost  by  disputes  in  May 
was  1,088,800,  as  compared  with  588,400  in  April,  1913.  and 
981,700  in  May,  1912. 

German  Trade  in  1912. ― The  Consular  report  on  the  tr;i'l(、  of  r:ennan\- 
for  the  year  1912,  just  issued,  states  that  from  a n  economic  point 
of  view  the  year  was  one  of  many  records,  due  to  a  record  demand 
at  homo  and  abroad.  Tho  value  of  the  Gornia n  exports  amounted 
to  over  £450,000,000,  against  £410,000,000  in  1911  -  the  value  of 
the  imports  amountod  to,  rou^hlv.  £"-">3.">.(M  M).(H  10.  ； m;iin>t 
£500.000.000  in  15)11.  The  amount  *  of  ooal  producwl  was 
177,000,000  tons,  as  compared  with  last  year's  figures  of  160,000.000 
tons.  Continuing,  the  report  says  the  steamshio  companies  beno- 
fited  from  the  great  industrial  activity,  and  1012  will  always  1"、 
rookonod  amongst  their  host  yon rs.  For  German  shipbuilding 
(mercantile  ma rine)  1912  establishes  a  record.  I n  (">rm:m  yarcN 
there  wero  constructed  in  1912  375.31 7  tons  against  tons 
in  1911 .  an  increase  of  nearly  o0  per  cent.  Tho  orders  in  liand 
at  the  end  of  1912  by  far  exceed  all  previous  returns.  Generally 
spoa king,  it  can  be  said  that  the  international  trade  l>，'t、、。、ii 
the  United  K  in^doin  ( 1""'  U、t  customer)  aiul  (；， 'rman.v  .show  > 
fewer  changes  in  1912  than  in  1911.  The  great  boom  of  191 'J  has. 
with  the  exception  of  the  iron  trade,  had  less  effect  upon  the 
trade  hotwecn  the  two  coimtrieii  than  uii^ht  ha ve  Ihhmi  expocttMl. 
In  the  total  for  1912  increases  were  l>alanco(l  l>y  d，'（  iv:i、，'、  Tl"'、e 
two  highly- developed  economic  entities  have  for  a  lon^  tonn  ot' 
years  indulged  in  such  an  intiinato  exchange  of  goods  that  its 
general  possibilities  appeal*  nearly  exhausted.  In  spito  of  very 
great  efforts  tlu're  is  hardly  any  pnt^rcss  ；  :»  sta^o  of  satiety  li:'s 
been  all  hut  roachod.  Haw  materials,  agricultural  nnxluce.  and 
iron  products  a ro  tho  pillars  supporting  this  wholo  Toroi»xii  trade 
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The  best  chances  of  future  developments  seem  to  lie,  as  far  as  the 
German  export  to  the  United  Kingdom  is  concerned,  in  the  re- 
sults which  German  scientific  methods  achieve  in  thoir  applica- 
tion to  industry  ；  as  far  as  the  British  import  into  Gormany  is 
<  mi'  ,'rnp(l  in  an  increasing  taste  which  grows  with  this  German 
prosperity  for  British  comfort,  refinement,  an<l  luxury.  Th('r<> 
can  he  little  doubt  that  if  the  British  traders  made  determined 
'•Hurl  s  iii  thai  direct  ion  tlicy  coulil  succeed  in  stil!  considcra  M  y 
increasing  the  value  of  British  exports  to  Germany. 


NEW  PATENTS, 

Specifications  of  the  jollowing  are  now  published,  and  ive  shall 
hf  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mich  an  'aal  Entjlneer^  53,  New  Bailey  Street,  Manchcst  ci . 

MECHANICAL,  1912. 

Automatic  safety  apparatus  for  pit  cages  and  lifts.  Adams  and 
Bythway.  4710. 

\';il\c  iiii'chanism  of  iiitornal-comltustion  tMi^ines.    Vickors,  1,"卜, 

and  Bourcior.  9927. 
Internal-combustion  olivines.    X'ickers,  Ltd.,  and  Bourcier.  9938. 
I ,i 山 rir:it  m":  philips.     \' ick:Ts,  Ltd.，  and         r('i('r.  """I; 
ftuparheaters.    Heenan       Froiule,  Ltd.,  and  Coates.  10007. 
Furnaces  for  molting  and  alloying  metals  in  vacuo.  Simpson. 

12067. 

Driving  gear  i'or  iiiechanically-propelled  tramcars.  Nelson.  12184 
Motor  cars.    Bishop,  \22t\9. 

iManufacture'of  metallic  bars  from  finely-divided  metallic  powders. 
Gladitz.  12244. 

Axle-trucks  for  railway  vehicles.    Warner  Intornational  and  Over 

seas  Engineering  Company,  nnd  Hour.  12329. 
Aerial  craft.    Cody.  12348. 

Furnaces  for  metal  lioatin^:  and  niot:tllur^ic.il  purposes.  Hill. 
12349. ' 

Safety  ； i])para ins  for  siynnllintr  on  and  stopping  trains  in- 
(lepj'iulontly  of  the  driver.    AVittlnke.  12371. 

Sbock-iibsorbinfi;  devices  for  p-3rcnssi\  e  hand  tools.    Clark.  12404. 

Starting  mechanism  for  interna  ion  engines.  Lanchaster. 

12418. 

Explosion  engines.    Frangon.  124-j9. 
Self-centring  chucks  and  tool  holders.  Donkin. 
Variable-speed  gearing.    Hansen.  112473. 

Gas  generators  of  tho  blast-furnace  type.      Soc  des  Gazogenes 

Marconnet.  12470. 
Safety  cranking  device  tor  explosion  on^iin^s.    Ma rkonzie.  1^.*3G7. 
Gas  producers.    Roots.    12601 . 

Devices  for  regulating  or  controlling  fluid  compressors.  Newton. 

12610  and  12611. 
Flying- machines.  Pippart  &  Noll.  12632. 
Aerial  machines.    Curtiss.  12648. 
Oil  fuel  burners.    Brooke.  13035. 

Extraction  of  the  core  keys  of  pipe  moulds.    J  agger.  l^Ooo. 
Railway  signalling.    Tarrant  <fe  Sykes.  13125. 

Stirring  devices  for  use  in  roasting  furnaces.  De  Lummen.  13ool. 
Charging  and  cooling  apparatus  for  furnaces.    Hillel)rancl.  136o0. 
Construction  of  floating  vessels.    Isherwood.  13742. 
Rolling  of  bars  or  girders.    Puppe.  14005. 
Steam  superheaters  for  locomotive  boilers.    Stirling.  14134. 
Carburetters  for  intenuil-coinhustion  engines.    Bond.  14297. 
(Urates  of  puddling  furnaces.    Hingley  &  Triiiham.  14419. 
Furnaces.    Yano.  14609. 

Apparatus  for  regulating  the  supply  of  liquid  to  vapour  genora 

tors.    British  Thomson-Houston  Company.    1  ~>169. 
Driving- belt  fasteners.    Morris  A:  Tlioi-nliill.  l.?2<)^ 
Blast  furnace.    Hicks.  15635. 
Lathes.    Walker.  16037. 

Process  of  extracting  iron  and  steel.    Hiorth.  1627-"). 
Casting  of  iron.    Lester.  17227. 

Pressure-regulating  devices  for  controlling  the  speed  of  a  prime 

mover.    Horr.    1 74H 
Steam  generators.    Shepherd.  175G7. 

Transmission  gearing  for  motor  vehicles.    Halley  &  Scott.  17S92. 

Traction  vehicles.    Paine.  18198. 

Steam  boilers.    Belletti.  18841. 

Transporters.    Livens.  19028. 

Clutches.    Dallison.  19846. 

Belts  for  pulleys.    Gray.  199；14. 

Automatic  couplings  for  rolling  stock.    Lee.  20698. 

Punip-buckot  and  piston-ring  packings.    Clegg.  21035. 

Method  of  increasing  the  calorilif  value  of  blast-furnace  gas. 

ZimniLMiiKiiin.  kJ1359. 
Two-stroke  cycle  internal-combustion  engine.    Hen  nig.  232G1. 
Piston  packing.    Glover,  Bony,  <V:  Meters,  Ltd.  2:id%2A. 


Apparatus  for  spraying  liquid   fuel    in    steam-boiler  furnaces. 

Gruenwald.  24224. 
Apparatus  for  covering  iron  pipes  nnd  bars  with  zinc.  Krieger, 

Rauchfuss,  &  Co.  24240. 
Aerial  machines.    Parson.  24825. 
Flying-machines.    Kclsey.  25387. 

Worm  wheel  milling  machines.    Brown  &  Bostock.  25408. 
Acetylene  gas  generators.    Allen.  26087. 
Blast  furnaces.    Kunz.  26806. 

Apparatus  for  antomaticallv  raising  liquids  and  compressing  air. 

Leigh.  27354. 
Uahmcod  stop  valves.    Koenig.  27604. 
Valvo  gear  for  steam  engines.    Losson.  27622. 
Valves  (\si)ociaIly  applicable  for  steam  of  high  velot  itv.  Koenig. 

29704. 

Kuril  are  grates.    Pellegrino  <fe  Pellegrino.  29989. 

1913. 

Means  for  putting  a  worm  and  、vorni-、、  h(»ol  in  and  out  of  engage- 
ment.   Jilioini.s<  ho  Mctaliw  aar**]i  mid  Maschineiifabrik.  66. 

Mccliaiiically  discharjj;i*ig  mt'tallur^ic-al  furnaces.  Franz  Meguin 
:uid  Co.,  and  ^Killer.  494. 

Compound  metal  plates  for  tanks  and  vats.    Goold.    1 PG4. 

Jiiilnicating  apparatus.    Daimler- Motoren  Ges.  2413. 

Liquid  transmission  apparatus.    IJarhey.  27B4. 

Cutting  tools  of  shaping,  planing,  and  slotting  rn;u  hines.  Win. 
Muir  &  Co.，  and  Melloy.    2!H 丄 

Indexing  or  dividing  mechanism  for  chucks.  Brow  i!  it  Bostork. 
3200. 

Airships.    Low  is.  4025. 

Reversing  gearing    for    intoi-nal-combustion    engines.    Cernock v. 

4206. 

Crucible  furnaces.    Wade.  4908. 

Valvo  gear  for  machines  and  tools  operated  by  compressed  air. 

Evans.  5222. 
Furnace  grate  bars.    Silva.    5461 . 
Treatment  of  dust  in  mines.    Belger.  G343. 
Ingots  and  ingot  moulds.    Gathmann.  6660. 
Mechanical  stoking  apparatus  for  furnaoos.    Ekl.  7771. 
Smoke-consuming  and  fuel-efononiisiiig  devices.    Johns.  702o. 
llotary  pumps  and  engines.    Nielsen.    9222  and  d2'2:i. 

ELECTRICAL  I9s2. 

Clim'ging  storage  l)att(M'ies.    Wilson.  973o. 

I': ！  M-trical  hea ting  ； i pparatus.    Matthows.    1  '」:i'il I. 

Holders  lor  inca ndcsceiit  electric  lamps.    Navlor  &  Xayloi^raph, 

Ltd.  12381. 
Tclr])!i')in'  exchange  systems.    Corwin.    ]^*> 1 7. 
Electric  heating  and  cooking  devices.    Vernier.  12569. 
Electric  searclili^hts.    Pasqualini.  1.SO0. 
Automatic  electric  supply  system.    Leitner.  1(5174. 
Electrodes  for  arc  lamps.    British  Thomson-Houston  Companv. 

18220. 

Polarised  telegraphic  relay.    Colonna.  18369. 

Electric  fl.'xihle  conducting  cords.    Connor  &  Healey.  19807. 

Wireless  telegraphy.    Girai  (loan.  2434o. 

Fittings  for  electric  incandescent  lamps.    Pickard.  29736. 

1913. 

Electric  arc  lamps.    Crompton  &  Co.,  and  Crompton.  237. 
Kleotric  .safoty-fuse  plug.    Weiss.  3732. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  17th. 

Aluininiuin  ingot   95/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  ]  12/-  ,， 

,，        sheets        ，，  ，,   ，  126/-  ，, 

Antimony  £31/10/-  to  £32/10/-  per  ton. 

Brass,  rolled    8^d.  per  Jb. 

，，    tubes  (brazed)   ]6d.  ，， 

,，       ，，     (solid  drawn)   8;d.  ,， 

，，       ，，     wire     7|d.  ，, 

Copper,  Standard   £65/10/-  per  ton. 

Iron,  Cleveland   56/ —  „ 

,, Scotch   65/— 

Lead,  English    £20/15/-  ，, 

，， Foreign  (soft)    £20/12/0  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ,，  ，，       medium   3/6  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- ,， 

Quicksilver   £7/10/ —  per  bottle. 

Silver   27Jd.  per  oz. 

Spelter    £22/12/0  per  ton. 

Tin,  block   £205/10/- ,， 

Tin  plates   13/9  ，, 

Zinc  sheets  (Silesian)   £26/15/-  ， 

，，  (Stettin  ；  Vieille  Montagne)   £2G/17/6  " 
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morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Fatigue  in  the  Steel  Hulls  of  Ships. 

The  phenomena  of  fatigue  in  metals  is  familiar  enough  to 
engineers  who  have  to  deal  with  structures  containing  rapidlv 
moving  pieces  of  mechanism  subject  to  repetitive  or  alter- 
nating stresses,  and  engine  details  furnish  only  too  manv 
examples  of  its  effects  in  the  shape  of  sudden  failures  without 
any  external  evidence  of  weakness.  Similar  effects  are  also 
known,  though  less  frequently  recognised,  in  steam  boilers  and 
other  apparatus  subject  to  variations  of  pressure,  where 
panting  action  combined  with  corrosion  often  sets  up  local 
furrowing  or  grooving.  In  the  latter  case,  although  break- 
down may  eventually  result,  unless  relief  in  some  shape  is 
afforded,  the  development  of  the  defect  is  usually  slow  and 
sufficient  warning  given  of  its  existence  to  allow  of  measures 
being  taken  to  prevent  further  development  of  the  trouble. 
The  existence  of  cracks  in  the  skins  of  ships  is  perhaps  not, 
a  priori,  an  effect  to  be  wondered  at,  having  regard  to  the 
nature  of  the  stresses  to  which  they  must  inevitably  be 
subject,  though  we  imagine  few  people  would  expect  their 
occurrence  to  be  so  pronounced  as  they  are  shown  to  be  by 
facts  presented  in  a  paper  l)v  Dr.  Thearle  at  the  recent 
meeting  of  the  Institute  of  Naval  Architects.  The  effects  in 
question  were  first  drawn  attention  to  by  cracks  observed  in 
the  shell  plating  on  each  side  of  a  vessel,  a  short  distance 
forward  of  the  collision  bulkhead  and  extending  right  through 
the  plating,  and  a  special  feature  in  connection  with  them 
was  that  they  were  of  irregular  form,  they  did  not  break  into 
rivet  holes,  nor  were  they  near  the  edges  of  the  plating. 
Soon  after  the  occurrence  of  these  defects  was  first  observed,  a 
nuinher  of  other  vessels  came  at  intervals  under  survev 
affected  in  a  similar  way.  The  vessels  ranged  in  size  from 
3,000  to  5,000  tous  gross  register  and  from  two  to  16  vears 
in  age,  the  average  age  being  about  nine  years,  while  thev 
included  all  types  ranging  from  single  deck  to  three  deck 
and  shelter  deck  to  spar  deck  ；  some  had  web  framing,  while 
others  were  made  with  ordinary  deep  frames.    There  was 
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nothing,  therefore,  as  regards  type  of  design  or  framing  thai 
was  unique,  but  all  of  them  were  of  steel,  though,  as  the 
material  was  the  product  of  13  different  builders  and  seven 
different  ports,  no  special  brand  could  be  regarded  as  tlie 
precipitating  cause.  Careful  investigation,  however,  showed 
that  the  defects  were  the  result  of  fatigue  in  the  material  of 
the  margin  plates  due  to  frequent  alternating  pull  and  pusli 
stresses  brought  upon  the  plate  by  the  heels  of  the  frames  and 
continued  over  a  long  period  of  time,  and  the  remedy  was 
found  in  giving  the  frame  heels  a  better  connection  to  the 
double  bottom  by  using  double  instead  of  single  angle  attach- 
ments and  a  more  extensive  use  of  gusset  plates  and  angles  for 
connecting  the  frames  to  the  inner  bottom  plating.  The 
defects  as  well  as  the  remedy  will  remind  boiler  engineers  of 
the  steps  that  have  frequently  to  be  taken  to  relieve  abnormal 
stresses  that  sometimes  reveal  themselves  in  flat  end  plates, 
though  it  not  infrequently  happens  that  relief  is  sought 
not  by  imparting  additional  stiffness,  but  by  according 
increased  elasticity,  especially  when  stresses  are  set 
up  by  expansion  or  contraction  arising  from  varia- 
tions of  temperature.  The  study  of  what  the  late  Mr. 
William  Denny  termed  the  "  morbid  anatomy  of  ships  "  is,  as 
Dr.  Thearle  remarks,  profitable  both  to  the  shipbuilder  and 
the  shipowner,  nor  are  its  benefits  confined  to  them  alone. 
There  are  few  engineering  structures  that  do  not  under  certain 
conditions  develop  eccentric  behaviour,  and  a  knowledge  and 
study  of  these  often  constitutes  the  basis  of  valuable 
experience. 

Failures  of  Drying  Cylinders  in  Textile  Mills. 

The  Boiler  Explosions  Acts  have  happily  reduced  serious 
failures  of  steam  apparatus  in  this  country  to  a  minimum  by 
stimulating  the  efficiency  of  boiler  inspection  on  the  one  hand 
and  the  sense  of  responsibility  of  steam  users  on  the  other.4 
This  is  strikingly  evidenced  by  the  comparatively  trivial 
nature  of  the  casualties  that  form  the  basis  of  the  bulk  of 
enquiries  that  are  held  and  reported  upon.  The  character 
of  many  of  them  is  so  trivial  in  fact  that  they  require  some 
little  straining  of  language  to  rank  them  as  "  boiler  M  explo- 
sions, since  they  relate  largely  to  failures  of  apparatus  such  as 
steam  pipes,  bakers'  ovens,  smoke  tubes,  &c.  But'  failures  of 
this  kind  are  occasionally  not  without  their  lessons,  and  two 
explosions  of  drying  cylinders  such  as  are  extensively  used  in 
textile  and  calico  printing  mills,  referred  to  in  a  batch  of 
reports  recently  issued,  serve  as  a  reminder  of  the  risks  that 
may  be  incurred  by  the  careless  working  of  such  vessels  even  at 
low  pressure.  These  cylinders  as  a  rule  range  from  3ft.  to  5ft. 
diam.  and  are  made  of  sheet  iron  or  copper  from  ^th  to  -J^th 
of  an  inch  in  thickness,  the  joints  being  lap  riveted  and 
made  tight  with  solder.  The  working  pressures  are  usually 
from  81bs.  to  lOlbs.  on  the  inch,  but  the  steam  supply  is 
nearly  always  obtained  from  boilers  working  at  a  much 
greater  pressure  and  regulated  by  means  of  a  reducing  valve. 
Before  the  Boiler  Explosions  Acts  came  into  operation  failures 
were  very  frequent,  and  investigation  showed  them  to  be 
nearly  always  due  to  the  absence  of  suitable  safety  appliances, 
especially  in  the  shape  of  pressure  gauges  and  safety  valves. 
Everything,  in  fact,  depended  on  the  reducing  valve  being  in 
working  order,  or  on  the  attendant  adjusting  the  steam 
supply.  The  infliction  of  costs  by  the  Board  of  Trade  Com- 
missioners on  careless  owners  acted  as  a  salutary  check  on  this 
neglect.  Safety  valves  and  pressure  gauges  were  generally 
applied  and  this  type  of  failure  is  now  seldom  heard  of.  It 
seems  desirable,  however,  to  point  out  to  users  of  these  drying 
machines  that  while  suitable  fittings  may  go  a  long  way  to 
make  them  foolproof,  fittings  alone  are  not  sufficient.  Where 
there  is  steam  and  moisture  there  is  always  a  risk  of  corrosion, 


and  w】iere  tlie  plating  is  no  thicker  than  a  shilling  to  hegiu 
with  a  very  slight  wasting  may  be  serious.  For  this  reason, 
therefore,  tlie  interiors  of  these  drying  cylinders  require 
inspecting  at  periodic  intervals  to  ascertain  their  condition. 
Had  this  precaution  been  observed  in  the  two  failures  before 
us,  one  of  which  resulted  in  serious  injury,  they  would  not 
have  occurred. 


THE  TECHNICAL  SOCIETY  AS  AN  INFLUENCE  IN  EDUCATION. 

In  the  course  of  an  address  delivered  at  the  University  of 
Illinois,  Mr.  Albert  Reich  in  ann,  President  WV^lern  Societ  v 
of  Engineers,  said  that  the  development  of  any  single  industrv 
invariably  resulted  in  the  development  of  other  industries 
which  spring  therefrom,  until  the  ramifications  were  so  exten- 
sive as  to  be  almost  inconceivable.  For  example  ：  The  advent 
(jf  the  steam  locomotive  immediately  quickened  development 
in  the  manufacture  of  iron  and  steel,  far  beyond  the  concep- 
tion of  even  the  most  optimistic.  This  was  followed  by  great 
activity  in  the  development  of  the  sciences  of  lelegrapliing, 
signalling,  and  interlocking.  It  also  made  possible  and, 
indeed,  created  the  conditions  wliich  were  responsible  for  tlie 
development  of  modern  bridges,  grain  elevators,  and  other 
storage  plants.  These,  in  turn,  necessitated  the  development 
of  industrial  and  commercial  centres  to  a  degree  before 
unknown  in  history,  and,  following,  or  accoinjjanying,  this 
development  of  the  industrial  centres  came  the  study  and 
development  of  such  enterprises  as  municipal  water  supply, 
lighting,  and  urban  and  interurban  transportation. 

It  must  further  be  evident  that  the  development  of  these 
various  lines  of  industry  and  commerce  called  for  the  employ- 
ment of  men  of  constructive  genius.  Now  the  ordinary 
artisan,  with  his  necessarily  limited  education,  was  not  capable 
of  performing  the  required  tasks,  and  it  at  once  became 
apparent  that  to  successfully  cope  with  all  the  various 
problems  entailed  it  was  necessary  that  men  should  be 
especially  trained,  and  it  was  this,  undoubtedly,  which  led  to 
the  development  of  the  technical  schools  ；  schools  which 
furnished  the  means  whereby  the  embryo  engineer  might  form 
the  foundation  upon  "which  to  build  his  future  success. 

Engineering,  however,  was  not  an  exact  science.  There- 
fore, to  be  proficient,  an  engineer  must  have,  in  addition  to 
his  theoretical  training,  the  requisite  amount  of  practice  and 
experience.  The  training  that  an  engineer  received  at  a 
university  was  so  broad  that,  to  a  limited  degree,  it  enabled 
him  to  commence  the  practice  of  almost  any  branch  of  his 
profession.  But  so  very  broad  was  the  field  of  engineering 
and  so  keen  the  competition  in  every  line  that  if  he  expected 
to  excel,  an  engineer  must  choose  a  comparatively  narrow 
field  in  order  that  lie  might  become  thoroughly  proficient 
therein.  The  progress  of  the  world  was  so  rapid,  the  field  of 
human  achievement  so  complicated,  that  a  man  must  be 
unusually  able  to  anywhere  near  keep  step  with  the  omvani 
march  of  events. 

An  engineer  must,  therefore,  specialise  along  definite  or 
certain  lines  if  he  hoped  to  attain  success  ；  he  must  not  only 
give  the  best  that  was  in  him  to  his  immediate  calling,  but  he 
must  also  study  and  observe  the  relation  of  his  work  to  that 
of  the  other  lines  wliich  had  a  bearing  thereon.  For  instance, 
the  expert  in  the  construction  and  maintenance  of  railroad 
track  should  not  only  master  the  subject  of  track  construction, 
but  he  must  also  watch  the  developments  that  were  taking 
place  in  the  motors  and  the  rolling  stock  which  passed  over 
the  road.  The  man  who  designed  an  engine  must  absolutely 
know  the  uses  to  which  that  engine  was  to  be  put.  We  had 
a  notable  example  of  this  in  connection  with  tlie  development 
of  the  steam  engine.  After  it  was  generally  believed  that 
this  machine  had  attained  its  maximum  efficiency  it  was  found 
that  it  was  not  entirely  suitable  for  generating  electricity,  and, 
as  a  result,  the  steam  turbine  was  evolved. 

It  was  very  evident,  therefore,  that  an  engineer,  in  order 
to  be  successful,  could  not  be  a  recluse.  He  must  associate 
with  his  fellow  engineers.  Now  lie  could  best  secure  such 
association  through  the  technical  societies.  The  meeting  of 
engineers  under  conditions  where  all  were  on  a  common 
footing  fostered  a  spirit  of  kindly  co-operation  and  helpfulness 
which  bound  them  together  and  made  each  of  greater  useful- 
ness to  the  other.  It  was  only  by  wide  co-operation  that  the 
best  advancement  could  be  made  in  engineering  science  ami 
achievement.    As  in  the  legal  profession,  tlie  derisions  of  tlie 
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judges  were  entered  and  published,  thus  forming  a  basis  of 
precedent  for  future  use,  so  also  it  was  desirable'  that  records 
of  important  engineering  work  should  be  published  in  order 
tliat  we  might  benefit  by  the  experience  of  others.  Many  of 
the  larger  engineering  undertakings  were  the  result  of  the 
co-operation  of  several  engineers  who  were  proficient  in  tlieir 
respective  fields.  It  was,  of  course,  customary  to  have  a  chief 
engineer  at  the  head  of  any  important  enterprise  ；  neverthe- 
less, the  work  which  he  supervised  was  usually  the  product, 
not  of  Iiimself  alone,  but  of  those  also  who  were  associated 
with  him.  It  frequently  liappenecl  that  on  large  undertakings 
experts  in  various  lines  of  the  work  were  employed  and  the 
duty  of  the  chief  then  consisted  in  determining  the  general 
scope  of  the  work,  the  special  features  being  developed  by 
these  experts  in  their  respective  line.  For  instance,  the 
building  of  a  large  steel  plant  required  expert  metallurgical 
engineers,  electrical  engineers,  meclianical  engineers,  and 
structural  engineers.  It  was  manifest,  then,  that,  as  the  work 
became  of  great  m agnilude,  it  was  most  important  that 
accurate  records  of  the  same  should  be  made  available.  These 
records  could  best  be  promulgated  through  the  proceedings  of 
technical  societies. 

Such  published  proceedings  found  their  way  around  the 
world  and  furnished  material  to  the  universities  whereby 
recruits  might  be  trained  to  successfully  solve  the  problems  of 
the  day.  The  literature  published  by  the  technical  societies 
kept  the  student  abreast  of  the  times,  familiarising  him  with 
the  large  problems  with  which  engineers  had  to  cope  ；  and 
putting  him  in  touch  with  the  opinions  and  investigations  of 
professional  engineers  who  had  devoted  their  lives  to  the 
development  and  progress  in  some  special  branch  of  engineer- 
ing. The  articles  carefully  read  would  be  of  great  value  to 
the  student  in  solving  his  own  problems  in  after  life.  Techni- 
cal societies  also  afforded  the  younger  engineers  the  oppor- 
tunity of  securing  information  of  the  experience  of  older 
engineers,  resulting  from  the  fact  that  they  were  permitted 
to  participate  on  an  even  footing  in  the  discussion  of  the 
papers  presented. 

The  influence  of  the  technical  society  and  its  value  to  the 
professional  engineer  was  probably  even  greater  than  to  the 
student.  The  practising  engineer  was  no  longer  under  the 
guidance  of  professors  and  instructors  and  his  opinions  and 
development  of  ideas  must  be  largely  moulded  by  those  with 
whom  he  associated.  To  be  well  educated  involved  not  merely 
the  mastery  of  knowledge,  statistics  and  current  events,  but 
must  also  embody  the  broadmindedness  which  could  see  the 
justice  and  good  sense  of  the  other  fellow's  opinions  and  beliefs. 
A  comprehensive  judgment  of  various  views  and  solutions  was 
only  possible  through  the  assimilation  of  ideas  and  associations 
such  as  an  engineering  society  offered. 

In  the  technical  societies  the  various  steps  of  mechanical 
development  were  depicted  both  from  the  practical  and 
theoretical  standpoint.  They  afforded  the  engineer  an  oppor- 
tunity to  supplement  his  own  knowledge  by  the  experience  of 
his  fellow  engineers.  Thev  afforded  him  the  opportunity  to 
present  to  the  world  what  he  himself  had  accomplished  and  to 
receive  criticisms  and  suggestions  from  his  fellow  men  and, 
resulting  from  the  discussion  of  the  various  subjects  which 
were  presented,  the  engineer  learned  to  appreciate  the  benefits 
of  co-operation,  by  means  of  which  both  the  giver  and  receiver 
were  benefited. 


Electrical  Fatality  at  Blaydon. ― An  inquest  was  held  in 
Newcastle,  on  the  18th  inst.,  on  F.  D,  Hasdell,  electrician, 
employed  by  the  Newcastle  Electric  Supply  Company,  who 
received  fatal  shock  and  burns  while  at  work  at  the  company's 
sub-power  station,  Blaydon  Haughs,  about  seven  weeks  ago. 
Evidence  showed  that  Hasdell  had  been  making  some 
re-adjustments  to  a  switchboard,  and  at  the  time  was  at  the 
back  of  the  board.  Earlier  in  the  day  he  had  explained  to  a 
superior  officer  how  he  proposed  to  make  the  re-adjustments, 
and  had  been  told  distinctly  he  must  not  go  behind  the  switch- 
board while  the  current  was  on,  but  must  operate  from  a 
transforming-room.  He  held  the  key  which  admitted  him 
to  the  rear  of  the  board,  and  directly  contravened,  not  only 
instructions  given  him,  but  also  the  general  regulations  on 
the  subject.  While  behind  the  board  lie  accidentally  kicked 
something  over,  and  this  fell  upon  a  live  ，'  terminal,  forming 
a  short-circuit,  with  the  result  that  there  was  a  sudden 
ignition,  and  Hasdell  was  shockingly  burned.  An  assist  ant 
also  sustained  burns,  but  has  sinre  recovered. 


CUTTING  TOOLS  OF  SHAPING,  PLANING,  AND  SLOTTING 
MACHINES. 

In  removing  internal  rectangular  pieces  from  steel  forgings, 
such  as  webs  of  cranks  or  the  centres  of  spring  buckles,  great 
difliculty  has  been  experienced  in  making  a  self-relieving  tool 
that  will  cut  a  groove  its  own  width  and  that  will  cut  auto- 
matically the  sides  of  the  rectangular  space  without  re-setting 
the  tool  for  each  direction  of  traverse.  Tlie  accompanying 
illustrations  sliow  an  arrangement  of  cutting  tool  pa，'  nl'"i  Kv 
Messrs.  Wm.  Muir&Co.，  Ltd.,  Hrilannia  Works,  SImmIh>iu/m- 
Street,  Manchester,  and  Mr.  J.  II.  Melloy,  designed  to 
meet  this  want.  The  tool  is  rectangular  in  form  so  as  to  give 
four  cutting  edges  which  will,  it  is  claimed,  remain  rigid  under 
tlie  heaviest  cuts  and  yet  provide  a  relief  to  wlii(  l"'v«'r  cutting 
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edge  is  acting  in  oidt-v 
that  the  cutting  edge  may 
he  preserved  wlien  passing 
lm<  k  over  tlie  work  on  the 
return  or  idle  stroke. 
Further,  the  tool  presents 
a  cutting  edge  that  will 
cut  a  groove  its  own  width 
and  will  automatically  re- 
lieve that  cutting  edge  on 
the  return  stroke  irrespec- 
tive of  the  side  of  the 
rectangle  upon  which  the 
tool  is  at  work.  Tims  a 
rectangular  piece  of  metal 
can  be  completely  parted 
from  the  main  portion  at 
one  operation  without  in- 
terfering with  or  re-set- 
ting the  tool. 

Referring  to  the  illus- 
trations, A  designates  the 
cutting  tool  of  known 
rectangular  form  so  as  to 
give  four  cutting  edges,  but 
formed  with  a  projection 
B  on  its  back  or  upper 
part,  which  fits  into  a 
corresponding  tapered 
hole  in  the  sliank  C 
of  the  tool  holder. 
This  projection  B  and  its  corresponding  recess  in 
the  shank  are  of  the  shape  shown  or  of  any  other  suitable 
shape  which  will  hold  the  tool  rigid  and  prevent  it  from 
turning.  A  rod  D  is  screwed  into  tlie  top  of  the  projection  B 
and  this  rod  passes  through  a  hole  E  in  the  shank  C  and  is 
screwed  at  its  upper  end  to  receive  an  adjusting  nut  F  which 
acts  to  compress  a  spiral  spring  G  between  two  washers  on  the 
rod  D，  the  compression  of  the  spring  G  acting  to  draw  th^ 
cutting  tool  A  up  to  the  face  H  of  the  shank  C.  The  tool 
holder  is  attached  to  the  reciprocating  ram  or  slide  of  the 
machine  in  any  suitable  manner  and  by  any  convenient  means. 
Before  connnencing  to  cut,  the  spring  G  is  adjusted  to  draw 
the  projection  B  of  the  tool  A  into  its  recess  in  the  shank  C 
to  hold  it  firmly  in  this  position  during  the  cutting  stroke. 
On  the  return  or  idle  stroke  the  operative  cutting  edge  of  the 
tool  comes  into  contact  with  the  work,  which  draws  the  tool  A 
slightly  away  from  the  face  of  the  shank  C  against  t  he 
resistance  of  the  spiral  spring  G,  thus  increasing  its  compres- 
sion and  permitting  a  small  backward  movement  of  the  tool 
in  tlie  direction  of  the  least  resistance,  namely,  away  from  the 
work.  It  will  be  obvious  that  the  effect  of  this  relieving 
motion  will  be  to  prevent  the  destruction  of  the  cutting  edge 
when  passing  over  the  work  on  the  idle  stroke.  The  instant 
the  tool  gets  clear  of  the  work  on  its  backward  stroke  the 
spiral  spring  G  pulls  the  projection  B  into  the  recess  in  the 
shank  C  and  thus  brings  and  holds  the  tool  rigidly  in  its  true 
cutting  position. 


Cutting  Tool  foii  Shapino,  Planimg. 
and  Slotting  Machines. 


Memorial   Statue   of   Lord    Kelvin    Unveiled.  ―  sir    丄 、 

Larmor,  M.P.  for  Cambridge  University,  on  the  19th  inst. 
unveiled  the  statue  erected  in  tlie  Botanir  Gardens  Park, 
Belfast,  to  tlie  meniorv  of  Lord  Kelvin. 
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BOOK  REVIEWS. 

The  Resistance  of  the  Air  and  Aviation.  Experiments  con- 
ducted at  the  Champ  de  Mars  Labor:" m  v  I'v  Kiffel， 
past-President  of  la  Soi-i*-!  i-  des  J  ii^'iiirm's  Civils  de 
France .  Second  edition.  Revised  and  enlarged.  Trans- 
lated by  Jerome  C.  Hunsaker,  Assistant  Boston  Naval 
Constructor,  U.S.  Navy.  London :  Constable  &  Co. 
12|in.  by  lOin.  ；  242  pp.  ；  27  folding  plates  j  price, 
42s.  net. 

This  book  is  a  record  of  exp(M  inif'iif  researches  coikIucI  ctj 
by  the  eminent  author  at  tlie  aerodynamic  laboratory  at  I'at  is 
specially  erected  by  him  to  continue  previous  invest  ijj-'it  i<tns 
made  from  the  Eiffel  Tower  with  a  dropping  apparatus.  Tlie 
experiments  have  entailed  great  expense,  as  well  as  labour, 
owing  to  the  large  scale  on  which  they  were  made  and  the 
painstaking  way  in  which  the  results  were  recorded.  The 
extraordinary  development  of  aviation  during  the  last  year  or 
two  has  lent  added  interest  to  all  questions  on  aeronautical 
research,  and  the  extent  to  which  Mons.  Eiffel  has  been  work- 
ing in  this  field  lias  excited  considerable  interest  amongst  t.he 
elect.  Some  of  the  main  results  of  his  experiments  have  been 
given  out  from  time  to  time,  and  their  obvious  bearing  on 
aeroplane  design  and  progress  makes  the  publication  of  t  lie 
complete  records  specially  interesting  at  the  present  stage  of 
aviation  progress.  The  work  consists  of  three  chapters  and  an 
appendix.  Chapter  I.  consists  mainly  of  a  description  of  the 
laboratory  and  arrangements,  with  a  complete  calculation  of 
the  resistance  of  a  plate.  Chapter  II.  is  mainly  devoted  to 
the  action  of  air  on  inclined  rectangular  plates,  the  study  of 
plates  of  different  curvatures,  as  well  as  parallel  plates  and 
round  bodies  ；  while  Chapter  III.  records  studies  made  of 
various  aeroplane  wings,  some  designed  by  M.  Eiffel  himself 
and  others  as  used  on  existing  aeroplanes.  This  chapter  con- 
cludes with  a  discussion  of  a  method  for  determining  the 
principal  dimensions  of  an  aeroplane  wing  and  of  selecting  the 
profile  to  meet  the  conditions  given  in  any  problem.  The 
volume  is  supplemented  with  an  appendix  giving  the  numerical 
results  which  are  presented  graphically  in  the  text.  The 
volume  is  one  that  will  doubtless  be  highly  appreciated  in  the 
small  but  eminently,  select  and  influential  circle  of  engineers 
for  whom  it  has  been  written. 

Steel  Rails  ：  Their  History,  Properties,  Strength,  and  Manu- 
facture, with  notes  on  the  Principles  of  Rolling  Stock  and 
Track  Design,  by  W.  H.  Sellew,  Principal  Assistant 
Engineer,  Michigan  Central  Railway.  361  illustrations. 
London  :  Constable  &  Co.  lO^in.  by  8in.  ；  521  pp. ； 
and  33  folding  plates.    Price,  52s.  net. 

For  years  considerable  attention  has  been  drawn  to  this 
subject  in  the  States  as  a  result  of  the  number  of  rail  failures 
that  have  occurred,  and  hence  it  possesses  an  interest  to 
American  engineers  that  scarcely  exists  amongst  their  British 
confreres.  Naturally,  the  subject  is  treated  mainly  from  the 
American  standpoint,  though  it  is  not  by  any  means  exclu- 
sively so.  Indeed,  the  work  is  the  most  comprehensive 
collation  of  historical  facts  and  data  at  present  available.  A 
glance  through  its  pages  is  sufficient  to  show  the  enormous 
amount  of  labour  that  must  have  been  expended  by  the  author 
in  its  compilation.  There  is  scarcely  an  aspect  of  the  matter 
which  is  not  treated  upon  exhaustively,  or  a  reliable  sou  roe 
of  information  that  has  not  been  focussed  upon  its  pages,  with 
a  view  to  elucidate  the  problems  involved,  whether  in  the 
process  of  manufacture  or  the  subsequent  behaviour  of  rails 
in  practice.  The  matter  is  arranged  in  seven  chapters,  apart 
from  copious  abstracts  of  reports  and  records  embodied  in  an 
appendix.  The  first  chapter  deals  with  the  development  of  the 
present  design  of  rail  and  a  comparison  of  American  pi'act  \cr 
with  that  prevailing  in  this  country  and  on  the  Continent  . 
In  the  following  four  chapters  the  external  forces  acting  on 
the  rail  and  the  corresponding  stresses  produced  are  very  fully 
discussed.  Much  information  on  particular  defects  lias 
been  written  at  various  times,  but  it  is  widely  scalterec) 
through  the  technical  press  and  in  the  proceedings  of  1  lio 
various  engineering  societies,  and  this  is  the  first  serious 
attempt  to  glean  and  analyse  this  information  with  a  view  to 
elucidating  the  broad  principles  of  rail  design  in  reference  to 
rolling  stock  and  track  structure.     The  following  chapter 


deals  in  detail  with  the  manufacture  of  the  rail  in 
the  steel  works,  and,  without  attempting  a  complete  treatise 
on  steel  manufacture,  wliicli  would  be  outside  the  scope  of  the 
work,  the  author  deals  sufficiently  with  the  different  stages 
of  t  he  process  to  enable  the  reader  to  appreciate  their  influence 
on  the  finished  product.  Tn  the  last  chapter  are  given  rail 
specifications  representing  the  best  modern  practice  and  the 
forms  recommended  by  the  standard  authorities  both  in 
America  and  abroad.  Although  the  subject  matter  of  the 
work  is  essentially  a  compilation,  it  has  been  made  witli  great 
pains,  so  that  the  work  may  be  regarded  as  the  latest  standard 
of  reference. 

■*  *  *  . 
Annual  Tables  of  Constants  and  Numerical  Data,  Chemical, 
Physical,  and  Technological.  Published  under  the 
patronage  of  the  International  Association  of  Societies 
by  tlie  Internationa]  Cmumittee  nominated  at  the  seventh 
Congress  of  Applied  Chemistry,  London,  June,  1909. 
London  :  J.  &  A.  Churchill.  1  lin.  by  91in.  ；  758  pp.; 
price,  28s.  6d.  net. 

This  volume  of  tables  gives  in  four  languages,  German, 
English,  French,  and  Italian,  the  latest  data  respecting  the 
physical  and  chemical  properties  of  practically  every  element 
or  compound  that  is  of  importance  in  manufacturing' industry. 
As  a  work  of  reference  it  is  quite  unique,  and  the  eminence 
of  the  international  collaborators  who  are  responsible  for  its 
publication  are  a  guarantee  of  the  accuracy  of  the  data 
publislied. 

The  Theory  and  Practice  of  Mechanics,  In  S.  E.  Slocum,  B  E., 
Ph.D.,  Professor  of  Applied  Mathematics  in  the  Univer- 
sity of  Cincinnati.  London  :  Constable  &  Co.  9iin.  bv 
6Ain.  ；  438  pp.  ；  price,  15s.  net. 

Of  books  on  mechanics,  both  theoretical  and  applied,  there 
is  no  end,  and, without  detracting  in  any  way  from  the  merits 
of  this  one,  which  we  may  remark  is  well  printed  and  illus- 
trated and  provided  with  carefully-selected  problems  and 
examples,  we  feel  constrained  to  say  it  does  not  bring  to  bear 
any  features  of  special  novelty  upon  the  matters  discussed, 
which,  from  the  nature  of  the  subject,  have  to  a  large  extent 
become  stereotyped,  while,  in  common  with  American  text 
books,  it  has  the  disadvantage  of  being  relatively  dear,  as 
compared  with  those  available  to  British  readers. 

The  Properties  of  Saturated  and  Superheated  Ammonia  Vapour, 

by  Prof.  G.  A.  Goodenough  and  Mr.  W.  E.  Mosher. 
Bulletin  No.  66  of  the  Engineering  Experiment  Station 
of  the  University  of  Illinois.  London  ：  Chapman  and 
Hall.    Price,  50  cents. 

The  increasing  importance  of  mechanical  refrigeration 
makes  an  accurate  knowledge  of  the  properties  of  refrigerating 
fluids  extremely  desirable.  The  experimental  data  on  the 
most  important  of  these  fluids,  ammonia,  are  meagre  and 
somewhat  discordant,  and  tables  of  the  properties  of  ammonia 
that  have  heretofore  been  used  are  known  to  be  quite  inaccu- 
rate in  many  particulars.  The  authors  of  this  Bulletin  have 
analysed  the  available  data  and  have  worked  out  tables  of 
the  properties  of  both  saturated  and  superheated  ammonia 
that  probably  represent  most  accurately  the  present  know- 
ledge of  the  subject.  A  convenient  chart,  witli  directions  for 
use，  gives  an  easy  means  for  solving  graphically  the  usual 
practical  problems  met  in  refrigeration  practice.  * 


A  BOILER  EFFICIENCY  INDICATOR. 

One  of  the  difficulties  in  ensuring  efficiency  and  economy  of 
operation  in  large  boiler  plants  is  that  of  maintaining  "full 
boiler  efficiency.  Failure  in  this  respect  mav  result  in 
excessive  fuel  consumption,  a  high  degree  of  smoke,  and 
irregular  steam  pressure.  To  maintain  this  efficiency  it  is 
necessary  to  keep  the  fireman  informed  as  to  the  varying  con- 
ditions, so  that  lie  may  regulate  his  firing  accordin^lv".  While 
C02  recorders  and  steam-flow  meters  are  valuable  adjuncts  for 
the  operating  engineer,  they  are  expensive  instruments.  A 
device  now  being  introduced  indicates  the  conditions  at  each 
furnace  in  a  graphic  manner,  for  the  guidance  of  the  fireman. 
This  device,  described  iu  a  recent  issue  of  "  Engineering 
News,  is  shown  in  the  accompanying  cuts,  and  fulfils  the 
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purposes  of  Hit;  、  recorder,  I  ln^  slram  llmv  m,'(('r，  ami  Uic 
draught  gauge.  It  may  he  litled  wiili  an  autf  apliir 
recording  attachment. 

The  operation  is  based  upon  the  relation  of  drauglit  (•(" 卜 
ditions  to  tlie  efficiency  of  the  boiler.  The  C( content-  of  t  he 
products  of  combustion  is  a  good  indication  of  the  ('nin'  ii'  v 
of  combustion,  but  it  gives  no  ii)di<'at ioit  of  t  lie  ca])arii  v 
developed  by  the  boiler.  The  draught  conditions,  limv(，v('r， 
a (Vorcl  a  direct  indication  of  both  efficiency  and  capacity. 
When  a  boilei'  is  working  at  its  nonnal  ('aparity，  a  decicasc  in 
I  lio  normal  draught  resistance  at  t  lie  ^raic  (due  to  ； i  1  liin 
lire  or  to  holes  in  the  fire)  will  result  in  an  increase  in  1  In' 
drop  of  draught  pressure  through  the  boiler,  and  a  consequent' 
rcdiK't ion  in  efliciency  due  to  the  excess  supply  air.  On 
the  other  hand,  an  increase  in  i  lie  normal  resist  ； inc(i  al  t  lie 
grate  (due  to  heavy  iirin^  or  fiiilure  to  clean  the  grates)  will 
result  in  a  decrease  in  t\w  drop  ol'  draught;  pi'essiu'c  tJirou^li 
the  boiler,  and  a  consequent  reduction  in  the  capacity  or  rat <• 
of  steaming.  It  results  also  in  loss  of  furnace  efficiency  due  to 
imperfect  combustion. 

The  device  mentioned  above  shows  two  tilings  simul- 
taneously in  relation  to  the  above  conditions :  (1)  Tlie 
draught  or  air  pressure  in  the  furnace  ；  (2)  the  drop  in 
draught  pressure  through  the  boiler,  or  between  the  furnace 
and  the  damper  in  1  lie  smoke  flue.  It  consists  essentially  of  a 
pair  of  d rauglit  gauges,  the  indicating  portion  being  a 
pair  of  inclined  tubes  in  which  t  he  movements  of  a  body  of 


To  A  tmosphen 


To  Furnace 
lb  Damper 


IncTica  +  ions 


Boiler  Efficiency  Mkter. 

1,  Normal  operation  of  boiler;  2,  too  luucli  aii\  fuel  bed  too  thin,  or  holes  in 
fire  ；  3,  too  little  air,  fuel  bed  too  thick,  or  tire  choked  with  slag  ；  4，  boiler 
running  with  overload  ；  5,  boiler  running  with  underload. 

oil  (coloured  for  convenience)  show  the  variations  in  drauglii . 
The  construction  is  shown  in  the  accompanying  cut,  aiul  "t 1 1 is 
part  of  the  device  is  mounted  in  a  convenient  position  in  1  ho 
boiler-room. 

The  lower  gauge  tube  A  lias  a  ^in.  pipe  couneL'tiou  B  to 
the  interior  of  the  furnace,  just  above  the  lire  level,  while  1  lie 
pipe  C，  from  its  upper  end,  is  open  to  the  atmosphere.  Thus 
the  gauge  A  gives  a  direct  reading  of  the  draught  or  air 
pressure  in  the  furnace,  and  shows  variations  in  pressure  tl ue 
to  heavy,  light,  or  dirty  fires.  The  upper  gauge  tube  D  is 
in  a  closed  loop  :  its  lower  end  is  connected  to  a  pipe  E  leading 
to  a  point  just  inside  the  damper  at  the  smoke  flue  or  upt  ake 
Its  upper  end  is  connected  by  a  pipe  F  with  the  furnace  tube 
B  of  the  other  gauge.  Thus  the  gauge  D  is  influenced  by  the 
pressure  at  the  furnace  and  at  the  damper,  and  becomes  a 
differential  gauge  showing  the  drop  in  draught  pressure 
between  these  points.  A  high  reading  on  this  gauge  indicates 
an  excessive  drop,  meaning  an  excess  of  air,  while  a  low 
reading  indicates  too  low  a  drop,  which  results  from  an 
insufficient  supply  of  air.  The  relations  of  the  two  gauges 
indicate  the  causes  of  the  defective  conditions,  some  of  wiiich 
are  indicated  on  the  cut. 

The  gauges  are  adjusted  for  each  hoiler.  While  t lie  Imilt'r 
is  operating  under  normal  condit i<ms  as  to  steam  pressure, 
load,  and  fire,  the  two  lettered  plates  are  shifted  to  bring  the 
arrows  at  the  positions  indicated  by  the  coloured  fluids  in  tl"' 
tubes.  They  are  then  secured  in  position.  In  firing,  the  aim 
is  to  maintain  the  coloured  fluids  in  line  with  the  respective 
arrows.  This  device  is  being  introduced  by  W.  A.  Blonck 
and  Co.,  Fisher  Building,  Chicago,  and  is  already  in  use  in 
the  boiler-rooms  of  large  office  buildings  and  power  stations, 
while  it  is  being  used  also  by  the  U.S.  Navy  Department. 


SUB-BITUMINOUS  AND  LIGNITIC  COAL  AS  LOCOMOTIVt 

FUEL* 


HV    SAM  I  KI.    H.  Y\.M,i,. 


The  varied  ])rohIern  of  fuel  utilisation  to  f'e  jnet  and  solve* I  I'v 
large  railway  systems  to-day,  call  for  not  only  a  proper 
anticij)aiion  of  the  dcniaiids  for  fuel  and  judicious  purchasing 
of  it,  but  also  for  the  best  design  of  (*(|ui|»iuMit  and  proper 
metliods  of  operation  il"  fuel  costs  ar<*  to  \>f  k**pt  down 
Availability  is  one  of  the  |)rinci|)Hl  factors  ^ovcriiin^  tlie  '  ',、t 
of  fuel  for  any  road  and  for  t his  reason  larg'.ly  home  roads  or 
divisions  are  using  wood,  others  are  using  oil,  and  still  othors 
ant Inacite,  bituminous,  suh-hit umiiious,  or  lignit**  ,'"al、 "， 
coke.  In  some  foreign  countries  peat  lias  also  been  tried,  but, 
so  far  as  the  aut lior  knows,  without  ^n*at  sii','  *'、s.  Th'-  efTorL 
to  reduce  operating  costs  has  resulted,  on  t  one  li;m'l,  in  h 
demand  for  mucli  more  powerful  locomotives,  and,  on  tlie 


^^^^^ 

r  ― 



_ 1 

More  Large  German  Liners.  ―  It  is  reported  that  the 
Norddeutscher  Lloyd  have  ordered  two  liners  whose  dimen- 
sions are  to  exceed  those  of  the  "  Imperatoi'." 


Fig.  1.— Front-end  Arrangement  fob  Lignite-burning  Locomotivi 个 

other  hand,  in  a  tendency  to  utilise  lower  grades  of  fuel, 
among  which  may  be  mentioned  the  lignitic  aud  sub- 
bituminous  coals. . 

Unfortunately  the  dividing  line  between  lignitic  and  sul 卜 
bituminous  coals  and  also  between  sub-bituminous  and 
bituminous  coals  cannot  be  sharply  drawn .  In  general ,  how- 
ever, lignitic  coals  are  characterised  bv  a  liigli  moisture  and 
liigh  volatile  matter  content,  by  a  fairly  low  percentage  of 
ash,  and  by  a  low  lieat  value.  Tliey  are  of  a  brownish  colour, 
have  a  woody  appearance  as  regards  their  struct  lire,  and  ei、'、 
up  their  moisture  and  disintegrate  rapidly  u|)on  exposure  t" 
the  atmosphere.  The  lower  grades  of  sub-bituminous  cor\ 
diflVr  from  the  lignites  mainly  in  their  appcaramo,  ； i、  卜 
indicated  by  the  designation  "black  lignites  thai  is  fre- 
quently given  them.  These  lower  grades  of  sub-bituminous 
coal,  like  the  lignitic  coals,  are  high  in  tlieir  moisture  and 
volatile  matter  contents  and  low  in  heating  value.  Tlif'ir 
behaviour  upon  exposure  to  the  air  is  also  similar  to  that  ot 
the  brown  lignites,  but  the  structural  resemblance  to  wood  is 
much  less  marked,  and,  in  many  cases,  is  absent.  The  better 
grades  of  these  sub-bituminous  coals,  on  the  other  hand,  have 
a  much  lower  moisture  content  and  a  higher  heat  value  ；  in 
fact,  the  heat  values  of  some  of  them  are  considerably  higher 
than  those  of  many  of  the  bituminous  coals.  Even  these  high- 
grade  sub-bituminous  fuels,  however,  have  the  same  tendency 

*  Abstract  of  paper  read  at  the  convention  of  tho  International  Railway 
Kuel  Association,  ChicH^o,  May  -21,  1913. 
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to  disintegrate  upon  exposure  to  the  air,  and  the  same  is  true 
upon  exposure  to  heat  in  a  furnace.  Another  elm racteristir 
feature  of  both  the  lignitic  and  sub-bituminous  coals  is  their 
liability  to  heat  in  the  pik、  or  bunker  and  to  take  lire 
spontaneously.  Tins  difficulty  is  experienced  with  mai'v  of 
the  bituminous  coals  as  well,  l;ut  is  not  to  unifornil v 
encountered  with  such  coals  as  with  the  lower-grade  t'uols. 

The  tendency  of  both  the  types  of  hnv-^radr  I'ucl  to  (lis 
integrate  upon  exposure  to  the  air  has  already  been  mentioned, 
and  it  is  unnecessary  to  point  out  the  desirability  of  keeping 
as  low  as  possible  the  percentage  of  slack  in  locomotive  fuel. 
Because  of  the  disintegrating  effect  of  heat  upon  these  coals, 
however,  it  is  especially  important  that  the  coal  in  the  tender 
should  contain  lit  tie  slack.  Nearlv  ； ill  "f  t  \w  suh-lii!  umitious 
coals  suffer  more  or  le?s  seriously  from  breakage  also,  unless 
carefully  handled  in  the  screening  and  loading  processes. 

The  question  of  storing  such  coals  involves  not  only  the 
slaking  and  the  deterioration  resulting  therefrom,  but  also  the 


Fig.  2.— Front-end  Abrangement  fob  Lignite- burning  Locomotives. 

liability  of  spontaneous  combustion.  It  is  held  by  some  that 
sub-bituminous  coals  can  be  stored  for  periods  ranging  from 
eight  months  to  a  year  withou\t  impairing  their  value  for 
locomotive  use,  but  others  state  that  storage  for  any  length  of 
time  is  impracticable  and  that  the  fuel  must  be  used  soon  after 
it  is  mined.  The  author's  limited  experience  with  coals  of 
this  type  leads  him  to  the  belief  that  they  may  possibly  be 
stored  for  a  short  time  without  serious  deterioration  from  the 
standpoint  of  their  steaming  value  in  locomotive  use,  but  that 
the  coals  which  are  not  impaired  after  storage  for  a  year  are 
more  likely  medium-grade  bituminous  coals  than  either  sub- 
bituminous  or  lignitic.  The  liability  of  spontaneous  coin- 
bustion,  although  greater  for  the  lignitic  fuels,  is  considerable 
in  the  case  of  the  sub-bituminous  coals  and  dust  or  slack 
must  not  be  allowed  to  accumulate. 

The  substitution  of  these  low-grade  coals  for  bituminous 
fuel  introduces,  in  addition  to  the  difficulties  already 
mentioned,  a  number  of  problems  of  operation.  Because  of 
the  generally  lower  heat  value  and  the  difficulty  of  realising 
this  value  in  the  firebox,  it  is  obvious  that  a  much  larger 
quantity  of  coal  must  be  burned  in  a  given  time  in  order  to 
develop  the  required  horse-power.  For  this  reason  the  grate 
area  must  be  greater ― one  authority  says  50  per  cent,  greater 
― than  would  be  required  for  good  bituminous  coal.  The 
disintegrating  action  of  the  heat  further  complicates  matters 
by  increasing  the  resistance  of  the  fuel  bed  to  the  flow  of  air 
through  it.  High  drauglits  are  necessary  in  order  to  over- 
come this  resistance  and  maintain  the  required  rates  of 
combustion,  and  to  get  them  the  exhaust  pressures  must  h? 
increased  to  such  an  extent  that  the  efficiency  of  the  locomotive 
is  reduced  5  to  10  per  cent,  thereby.  One  point  in  i'a vour  of 
these  sub-bituminous  coals  that  should  not  be  overlook(、（l  is 
the  freedom  from  clinker  troubles.  The  percentage  of  enrt  li v 
matter  in  them  is  usually  low,  in  inanv  instances  under  5  per 
cent.,  and  the  sulphur  coutent  is  also  low.    If  the  refuse  has 


any  clinkering  tendency  at  all,  the  clinker  is  of  such  a  nature 
that  it  is  easily  broken  up  and  tlierefore  introduces  no  serious 
operating  difficulties. 

In  f'ome  sections  the  gre;itest  problem  connected  with  the 
use  of  suh  hii  uniinous  fuels  has  been  the  one  of  preventing 
spark  troubles.  Because  of  the  liigh  draughts  necessary  for 
burning  these  coals  and  on  account  of  the  absence  of  nnv 
caking  properties  of  the  fuels,  large  quantities  of  sparks  are 
carried  out  of  the  firebox.  These  sp;i rks  must  either  be 
caught  by  some  arrangement  of  screens  or  so  delayed  in 
passing  out  that  they  are  cooled  down  to  a  temperature  at 
which  they  will  do  no  harm,  or  they  must  be  broken  up  into 
particles  of  such  small  size  that  tln-v  will  l)e  dead  before 
reaching  the  ground.  The  first  attempts  to  solve  this  problem 
were  made  with  different  sizes  and  arrangements  oi  screens 
and  usually  included  two  screens  for  the  gases  to  pass  tlirough. 
It  was  usually  found,  however,  that  one  of  the  screens  clogged 
and  prevented  the  free  steaming  of  the  engine.  By  using  a 
single  screen  properly  set  most  of  the  clogging  trouble  can  be 
done  away  unless  there  is  a  steam  leak  in  the  smokebox  or  wet 
slack  coal  is  being  used,  and  some  roads  claim  to  have  found 
the  screen  as  satisfactory  and  effective  as  any  means  for 
eliminating  spark  troubles.  Screens  set  horizontally  will, 
with  some  forms  of  stacks,  remain  clear  longer  and  give  less 
trouble  than  if  set  on  an  incline,  and  likewise  small  mesh 
netting  of  small  wire  is  more  satisfactory  than  small  mesh 
netting  made  of  large  wire.  In  using  these  small  mesh  screens 
in  locomotives  burning  sub-bituminous  coals  it  is  very 
important  that  no  holes  be  left  around  the  edges  of  the  screen 
or  where  it  comes  in  contact  with  steam  pipes,  as  anv  holes 
of  this  sort  will  give  serious  trouble.  The  front  ends  should 
be  so  arranged  that  they  may  be  readily  inspected  and  cleaned, 
and  it  is  of  the  greatest  importance  that  inspections  be 
frequently  and  thoroughly  made. 

A  front-end  arrangement  designed  to  reduce  in  size  the 
sparks  or  cinders  and  also  delay  their  delivery  from  the  stack 
is  shown  in  Fig.  1，  patents  on  which  are  held  by  the  American 
Locomotive  Company.  On  the  western  lines  of  one  road  a 
number  of  locomotives  have  been  equipped  with  this  device, 
and  it  is  stated  that  the  sparks  are  reduced  to  such  small  size 
that  they  give  no  trouble.  Some  of  the  engines  so  equipped 
have  been  in  service  as  long  as  four  years  aud  others  for  over 
two  years,  and  during  this  time  no  fires  have  been  set  out  by 
sparks  from  them,  although  they  are  operated  on  the  most 
dangerous  divisions  of  the  line.  The  sparks  upou  leaving  the 
front  end  of  the  flues  strike  the  baffle  plate  d,  and  are  deflected 
downwards.  In  front  of  the  baffle  plate  is  a  table  plate  with 
an  adjustable  end  (f  ，  under  which  the  sparks  and  gases  pass. 
Deflector  plates  attached  to  the  boiler  front  and  to  the  top  aud 
bottom  of  the  smoke  arch  and  a  flat  plate  attached  to  the 
front  end  door  again  deflect  the  gases  and  solid  particles,  after 
which  they  pass  through  a  4  by  4  mesh  netting  c,  which 
surrounds  the  gy?Gs  vanes  b.  These  vanes  are  separate 
castings  attached  to  the  bottom  end  of  a  bell-shaped  casting 
suspended  from  the  base  of  the  stack  and  set  with  about  a 
2in.  opening  between  them.  In  passing  between  these  vnnes 
the  particles  are  further  pulverised  and  by  the  time  they  leave 
the  stack  are  harmless. 

Another  front-end  arrangement  for  sub-bituminous  coal 
burners  is  shown  in  Fig.  2.  This  device  was  designed  by  one 
of  the  engineers  of  a  western  road.  With  tliis  arrange- 
ment the  sparks  do  not  pass  through  any  screens  or  netting, 
the  success  of  the  device  depending  rather  upon  the  delaved 
delivery  of  the  solid  particles,  thus  allowing  them  time  to  cool 
down.  A  roughened  plate  of  \in.  steel  is  attached  to  the 
regular  baffle  plate  at  the  front  flue  sheet  and  this,  together 
with  the  table  plate,  fastened  to  a  flange  on  the  upper  end 
of  the  exhaust  pipe,  deflect  the  sparks  and  gases,  causing 
them  to  pass  to  the  front  of  the  smokebox.  A  liner  plate 
attached  to  the  front-end  door  serves  as  another  deflecting 
plate.  From  this  point  the  paths  of  the  sparks  and  gases 
are  indicated  by  the  direction  lines  and  arrows.  The  top  and 
bottom  sides  of  the  plate  midway  between  the  two  petticoat 
pipes  are  faced  with  4  bv  4  mesh  No.  8  netting  shaped  as 
shown  in  the  illustration.  Sparks  in  passing  between  the 
housing  surrounding  the  petticoat  pipes  and  entering  the 
latter,  strike  these  screens  and  are  broken  up  into  smaller 
particles  before  being  discharged  out  of  the  stack.  It  is  stated 
that  this  device  will  absolutely  control  the  giving  off  of  sparks, 
floaters,  or  fires  of  auy  description. 
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BROWN  S  WORM  WHEEL  GENERATING  MACHINE. 

We  illustrate  he  re  wit  li  a  tlcsi^n  oi'  worm  whct'I  ^enerat  in^ 
machine,  tlic  invcnl ion  of  M rssis.  David  Hiown  &  Sons 
(卜 1  udilm'slicld  ),  Lid.,  Park  (:(':ir  W'mks,  Lock  wtuxl,  1 1  it'hlci  s 
field,  in  wliicli  means  are  jM'ovidcd  、vli('r('l)v  11"'  t ； i itlc  '  ； m 
disconnected  from  its  drivt*  ； it  w  ill  ； i nd  rol  ;\\r<\  freely  hy  lt;nid 
in  order  to  test  the  t rutli  of  1  lie  \\(»ik  lo  l>o  cut  and  ； ilsu  in 
admit  of  ad  justiuent  of  t  lu*  wlici'l  blank  ivlat iv(、l_v  to  I  lie 
hobbing  cutter  to  cause  this  cut  I  vv  1  o  operate  on  (lilVri-ciil 
teeth. 

Fig.  1  is  a  |)hiM  view  of  the  work  supporlin^  (lri、,iii ！々 
portion  of  the  riiachine  ；  Fi^'. '」 is  .i  seel  ioiwtl  clcvat  ion  (； ikrn 
on  the  line  A ― A，  Fig.  1  ；  Fig.  :5  is  a  front  vi<'\v  of  the  table- 
driving  device,  disconnected  ；  and  Fig.  4  is  an  eiul  view  i>|' 
Fiji.  :i，  looking  in  t  lit*  dirrcl  ion  of  I  hr  ； i now  li.  Tin1  l;»l>l''(' 
has  a  depending  cvliiicl ric;)l  \)ov\  ion  which  is  mounlod  in  a 
long  j>arallcl  1h 、； iriii"r.  Near  its  tipjirr  。ml  t lie  tV;inic  is  j»i  < » 
vided  wil  h  a  conical  hearing  on  which  rests  a  rorrespoiulin^ 
conical  portion  on  tlie  table.  Tlicse  |>;ir;ill(>l  and  miii ('； '1 
bearings  support  1  he  table  rigidly,  ilic  downward  Uinisf 
during  cutting  being  taken  by  the  conical  bearing.  Formed 
integral  with  the  table  C  is  a  worm  wheel  D  wlio.se  dinmclcr 


(  ~W) 


Fig.  1.— Brown's  Wcbm  Wheel  Generating  Machine. 

is  approximately  twice  the  diameter  of  the  largest  wheel  that 
can  be  cut  on  the  machine,  whereby  great  accuracy  is  ensured 
when  the  machine  is  cutting  at  its  maximum  r;ip;icii  v.  I  n 
the  upper  portion  of  the  table  are  formed  a  series  of  slots 
which  admit  of  the  cuttings  from  the  work  falling  or  hoiii^ 
forced  through  them  through  a  cavity  E  iniu  ； i  receiver,  t'roin 
which  they  can  be  removed  from  time  to  time.  A  sieve  or 
reticulated  false  bottom  allows  the  lubricant,  supplied  during 
the  cutting  operation,  to  drain  from  the  cuttings  into  a  well 
from  which  it  can  be  returned  through  an  outlet  to  the  pump 
well  for  re-use,  or  the  said  lubricant  may  l>o  tl rawn  off,  as 
desired,  by  the  drain  cock  shown. 

Supported  in  suitable  bearings  is  a  rr;idlc  V  in  \vhi<  h  is 
journalled  a  spindle  G  (Fig.  13)  having  l';tst,  t  lioroon  ； i  worm  1 1 
adapted  to  mesh  with  and  drive  the  worm  wheel  D  on  tin* 
table.  Also  fast  on  the  spindle  G  are  spiral  wheels  .1  wlii'  li 
rcspertively  mesh  with  spiral  wlieols  K  fast  on  a  sh;il'l  L 
extending  within  the  lower  part  ol"  t  Ik*  cradle.  This  shaft  is 
driven  hy  change  gearing  M  and  i)(、v(、l  wheels  N  from  tl"、  ni;iin 
driving  shaft  of  the  machine.  Fast  ()，i  t  lie  boss  O  of  the 
cradle  is  a  partially  toothed  wheel  ur  toothed  seginent  P  with 


1 1  u '  tf«'l  li  of  whirl  I  (iir*sli«:s  a  、v',rm  *)  ，'； •.  t  ,i  、,ip- 
|nnlr<l  in  ； l  vortic;il  l"',iriii  乂.  Hv  n,f;"i''ii  ol  t  lir  w',rm  (},  the 
s|>iii<ll(»  of  which  is  provide"  wit  li  a  Ii;iimI  、vl""'l,  tlu*  (  r;"JI"  K 
can  he  rocked  or  turned  about  its  pivol  al  '  «'iitr''，  whirli  is  I  h;it 
of  the  sliaft  L,  and  l>v  rc;isoii  of  the  ecrontrir  ,lis|">:  i"oii  of  t  Id* 
spindle  (j|  carrying  the  worm  II，  llii、  wnrm  will  h'-'li  ii?;,'」' 'i 
from  I  Im*  worm  wheel  D  on  t  lie  f; 山 1"  ； nul  I  Ik*  lat  If-r  t  litis  he 
lelX   l  ive   to  1)0  rohitofl    l»v  I  n   or<l''r   io  lock  t\m 

iMcrliaiiism ,  wIhmi  t  luv  n  ;ullr  has  I>«m*ii  lurnod  or  m''lu''l  I  n 
cause  the  worm  J I  lo  inosli  wit  It  tin-  worm  、vli''l  I »,  ；■  liaii'J 


Fig.  2.— Brown's  Worm  Wheel  Genkrating  Machine. 


wheel  R  is  provided  whose  boss  works  on  a  screw  carried  bv 
the  cradle,  rotation  of  the  hand  wheel  in  one  direction  forcing 
a  locking  collar  against  the  worm  or  segment  wheel  P  and 
pressing  the  opposite  face  of  this  wheel  against  a  facing  on 
the  framework.  A  projection  on  the  cradle  is  adapted  to  abut 
against  a  part  of  the  framework  to  limit  tlic  inward  movcnu  nt 
of  the  worm  H.  This  arrangement  for  enabling  the  work 
table  to  be  disengaged  is  of  considerable  advai";i"'('.  ； uid 
enables  the  operator  to  freely  revolve  the  table  whenever 
desired,  to  test  the  truth  of  the  work  being  cut,  or  to  adjust 
the  work  relatively  to  the  cutter  in  order  to  present  fresh  or 
uncut  spaces  in  the  work  opposite  the  teeth  of  the  cutt'  r. 

The  worm  H  meshes  with  a  worm  S，  mounted  on  the  shaft 


Fig.  3.  Fig. 
Brown's  Worm  Wheel  Gfnkratin».  Ma*,  him. 


L  and  running  in  an  oil  bath  formed  in  the  cradle  F,  the 
worm  S  automatically  conveying  lubricant  from  the  bath  and 
applying  it  to  the  tooth  surface  of  the  driving  worm.  An 
annular  channel  T  fonned  on  the  inner  walls  of  the  framework 
beneath  the  worm  wheel  D,  as  shown  at  Fig.  'J.  receives  any 
lubricant  wliicli  may  d rop  from  the  worm  wheel  ami  ,  '、mv"vs  it 
back  to  pockets  in  the  cradle  F,  from  which  it  f'm'ls  its  way 
back  through  openings  into  tlio  oil  hath.  Shields  ov 
prevent  the  ent  rv  into  tlu»  oil  hat  li  and  annular  channel  T  of 
any  metal  cuttings  or  foreign  bodies. 
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A  sleeve  U，  extending  down  within  the  depending  portion 
of  the  table  and  provided  at  its  upper  end  with  a  flange 
adapted  to  be  bolted  to  the  table,  receives  at  its  uj)pei  cud 
a  micrometer  screwed  adjusting  nut  V  and  bush  W，  the  laUt'r 
being  provided  with  a  keyway  to  slide  on  a  key  carried  by  the 
work  spindle  X,  the  latter  being  made  conical  at  its  lower  end 
and  being  secured  in  a  correspondingly  shaped  opening  in  the 
sleeve  by  a  screwed  plug  Y.  The  blank  to  be  cut  is  secured  on 
the  spindle  X  and  rests  upon  the  top  of  the  bush  W，  whose 
adjustment  relatively  to  the  sleeve  U  enables  the  vertical 
height  of  the  blank  to  be  adjusted  to  position  it  accurately 
with  respect  to  the  cutter.  By  this  means  tlie  table  can  be 
run  at  such  a  speed  that  the  inaximuni  advantage  of  a  high- 
speed cutter  can  be  utilised,  whereas  at  present  the  cutter 
cannot  in  many  cases  be  run  at  its  maximum  speed  owing  to 
the  construction  of  the  work  table  and  its  operating 
mechanism. 


ALLOYING  OF  ALUMINIUM.* 

BY  C.  H.  IVINSON. 

It  is  generally  admitted  that  pure  commercial  aluminium  is 
entirely  unsuited  for  most  engineering  purposes,  owing  to  the 
fact  that  it  is  too  soft,  has  little  mechanical  strength,  is  rather 
difficult  to  cast,  and  does  not  lend  itself  to  easy  working.  In 
general  engineering  work  the  alloys  of  aluminium  are  much 
more  important  than  the  pure  metal  ；  but  the  indiscriminate 
use  of  metals  to  form  aluminium  alloys  has  given  the  latter 
metal  a  bad  reputation.  Aluminium  alloys  with  every  known 
metallic  element,  accompanied  by  disengagement  of  heat,  and 
is  particularly  active  in  combining  with  copper.  Most  of  the 
alloys  are  chemical  combinations  of  the  metal,  rather  than 
mechanical  mixtures,  the  alloys  with  lead,  antimony,  and 
mercury  being  exceptions,  as  these  metals  do  not  alloy  very 
easily  with  aluminium. 

The  useful  alloys  of  aluminium  seem  to  fall  in  three  groujis, 
viz.  :  (1)  Aluminium  containing  not  more  than  10  to  25  per 
cent,  of  added  metals.  (2)  Metals  containing  not  more  than 
10  to  15  per  cent,  of  aluminium.  (3)  Alloys  of  rare  metals 
with  aluminium  containing  from  0'5  to  5  per  cent,  of 
added  metal. 

工 li  order  to  make  aluminium  harder,  stronger,  and  of 
better  wearing  properties,  at  the  same  time  keeping  its  valu- 
able lightness  and  beautiful  colour,  it  is  alloyed  with  small 
percentages  of  such  suitable  metals  as  manganese,  zinc,  tin, 
copper-nickel,  It  has  been  the  writer *s  privilege  to  alloy 

aluminium  with  almost  every  metallic  element,  some  of  the 
resultant  alloys  being  only  curiosities,  the  cost  of  production 
making  them  of  no  commercial  value. 

For  the  purpose  of  the  present  paper  the  writer  will  first 
briefly  deal  with  the  commoner  alloys,  the  best  known  being 
an  alloy  of  copper  and  aluminium  containing  from  4  to  10  per 
cent,  of  copper,  and  the  aluminium-zinc  alloys  containing 
from  8  to  30  per  cent.  zinc.  Zinc  is  the  cheapest  known 
hardener  of  aluminium,  and  in  quantities  of  up  to  15  per  cent, 
combines  to  increase  the  rigidity  and  strength  of  the 
aluminium.  Tin  when  alloyed  alone  with  aluminium  appears 
to  develop  brittleness,  and  alloys  of  15  per  cent,  of  tin  and 
aluminium  have  been  known  to  entirely  disintegrate  in  the 
course  of  a  few  days.  Nickel  added  by  itself  to  aluminium 
produces  unstable  alloys.  An  alloy  of  4  per  cent,  nickel  has 
been  shown  to  disintegrate  in  a  very  short  space  of  time  after 
being  cast,  but  the  introduction  of  a  third  element  such  as 
copper  is  an  advantage.  Phosphide  of  copper  added  in 
([uantities  of  1-^  per  cent,  to  a  zinc-alumiinuni  alloy  containing 
from  12i  to  15  per  cent,  zinc  gives  fluidity  to  the  moll  <mi 
metal.  Phosphide  of  zinc  containing  25  per  cent,  phosphorus 
ni;i v  be  substituted  in  the  proportion  of  0'05  per  cent.  This 
is  one  of  the  best  fluxing  and  cleansing  agents  the  writer  knows 
for  all  aluminium  alloys,  and  should  be  added  to  the  molten 
alloy  for  a  few  minutes  before  pouring  by  wrapping  in  paper 
and  plunging  to  the  bottom  of  the  crucible  by  means  of  tongs 
and  stirring  briskly. 

Magnesium-aluminium  alloys  containing  1  to  10  per  cent, 
magnesium  are  much  improved  by  the  addition  of  5  per  cenl . 
zinc,  as  this  addition  imparts  better  wearing  properties  to  the 
inetal  and  aids  in  producing  homogeneous  castings.  By  the 
addition  of  1  per  cent,  phosphide  of  copper  less  oxidation  of 
the  metal  takes  place  during  the  melting  operations. 

A  few  notes  on  the  behaviour  of  the  alloys  of  copper, 
nickel,  magnesium,  and  zinc  may  be  appreciated.    All  these 

*  Paper  presented  at  the  annual  convention  of  the  British  Foundryiuca's 
Association,  June  21st  to  24th,  1913. 


alloys  have  good  tensile  strength  when  newly  made,  but  in  the 
course  of  time  chemical  and  electrolytic  actions  render  some 
of  them  very  brittle,  and  in  a  good  many  cases  lead  to  the 
entire  disintegration  of  the  alloy,  especially  if  iron,  sodium, 
and  silicon  are  in  the  metals  as  impurities.  Aliuninium  is 
very  liable  to  take  up  silicon  from  the  crucible,  especially  if 
overheated.  It  is  most  important  that  these  alloys  should  be 
melted  without  fluxes ~ fluxes  such  as  mixtures  of  sodium  and 
potassium  chloride.  Zinc  chloride  acts  on  the  crucible, 
thereby  causing  the  aluminium  to  wet  the  sides  of  tlie  crucible 
and  dissolve  out  the  silica  which  in  the  presence  of  moisture 
liberates  silicon  hydride,  which,  in  time,  causes  the  entire 
disintegration  of  the  alloy.  Too  much  stress  cannot  be  put 
upon  the  fact  that  the  metal  must  be  melted  at  as  low  a 
temperature  as  possible,  namely,  a  temperature  which  will 
cause  the  metal  to  become  fluid.  Aluminium  absorbs  sulphur 
at  a  bright  red  heat,  and  the  gas  is  liberated  when  the  metal 
is  poured  into  the  moulds,  causing  porous  and  "  blow-holey 
castings.  Aluminium  alloys  sliould  always  be  melted  in 
crucibles  having  good  tight-fitting  lids  to  prevent,  to  some 
extent,  the  absorption  of  sulphur  from  the  fuel  being  used. 
Aluniinium  when  heated  to  too  high  a  temperature  also 
absorbs  nitrogen  and  -liydro-carbons.  The  writer  has  found  a 
small  piece  of  potassium  nitrate  (an  egg-spoonful  to  lOOlbs.  of 
metal)  wrapped  in  filter  paper,  to  be  the  best  means  of 
removing  these  occluded  gases.  A  brisk  reaction  takes  place 
which  expels  these  occluded  gases.  After  the  reaction  has 
ceased  the  metal  is  poured  at  as  low  a  temperature  as  possible, 
the  pouring  temperature  affecting  the  tensile  strength  in  a 
very  marked  degree. 

After  numerous  tests  the  writer  is  of  the  opinion  that 
silicon  and  sulphur  are  two  of  the  deadly  enemies  of 
aluminium  alloys,  especially  when  the  metal  is  overheated. 
One  of  the  best  types  of  furnaces  the  writer  has  found,  aft^r  a 
great  many  trials,  for  melting  aluminium  and  its  alloys  is  a 
furnace  which  uses  gas  and  air  under  pressure,  which  is  blown 
in  by  means  of  a  Leimans7  blower.  Such  a  furnace  is  made 
by  Messrs.  Fletcher,  Russell,  &  Co.，  Ltd.,  of  Warrington,  and 
is  ideal  for  melting  metal,  especially  if  fitted  with  a  tilling 
device.  The  pressure  used  on  the  blower  is  41bs.  to  61bs.  per 
square  inch. 

It  is  always  advisable  when  making  up  an  alloy  of 
aluminium  to  make  a  concentrate  of  the  metal  which  is  to  be 
alloyed  with  the  aluniinium,  i to  first  make,  say,  a  20  or 
25  per  cent,  concentrate  metal  aud  add  this  iu  the  proper 
proportions  to  the  molten  aluniinium  - 

During  the  last  few  years  metallurgists  have  been  experi- 
menting with  some  of  the  rarer  metals,  and  this  part  of  the 
subject  is  most  interesting.  The  writer  has  personally  alloyed 
aluniinium,  as  previously  stated,  with  almost  all  the  rarer 
metallic  elements,  such  as  cerium,  neodviniuin,  laiitliaiiiu", 
tantalum,  zirconium,  and  beryllium,  and  some  of  these  alloys 
gave  most  remarkable  results  even  in  quantities  of  only  1  per 
cent,  and  under.  Cerium  aud  beryllium  are  particularly 
iwteresting,  0"5  per  cent,  of  cerium  exerting  a  most  wonderful 
effect  on  the  aluminium,  raising  the  tensile  strengtli  of  the 
metal  from  4  5  tons  per  square  inch  to  10  3  tons  per  square 
inch,  and  giving  an  elongation  of  8'5  per  cent,  on  2iu.  Tlie 
's  operandi  is  to  reduce  the  fluoride  of  cerium.  This 
alloy  was  placed  in  sea  water  and  boiled  for  60  hours  ；  the 
sample  was  carefully  weighed  before  and  after  the  boiling 
process,  and  it  was  found  that  the  metal  was  the  same  weight 
as  before  being  experimented  upon.  One  side  of  tlie  metal 
was  polished  and  after  the  boiling  it  was  found  to  be 
untarnished. 

Another  interesting  alloy  is  one  of  bervlliu 川 or  glucinum. 
An  alloy  of  2  per  cent,  beryllium  gave  a  tensile  strengtli  of 
11*8  tons  per  square  inch  with  an  elongation  of  10  per  rent  - 
on  2 in.  It  was  of  a  beautiful  silver-white  colour,  and  could 
be  hammered  out  cold  into  leaf  ；  it  also  withstood  the  action 
of  sea  water  perfectly.  This  alloy  was  made  by  the  reduction 
of  beryllium  fluoride. 

A  good  many  experiments  have  been  made  during  the  past 
two  or  three  years  with  alloys  of  manganese,  titanium, 
chromium,  inolvbdemun,  tungsten,  &c.，  and  a  few  notes  may 
be  here  given  on  the  behaviour  of  these  metals  when  alloyed 
with  aluminium.  They  form  a  very  interesting  series  of 
alloys,  either  when  alloyed  by  themselves  or  in  the  presence  of 
copper.  Titanium  and  chromium  alloys  are  both  affected  by 
sea  water  and  ordinary  atmospheric  conditions.  The  former 
alloy,  when  polished  in  the  presence  of  sea  water,  develops 
white  spots  on  the  metal  which,  when  removed,  show  deep  pit 
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marks  on  the  surface  of  the  metal  ；  and  the  same  remarks 
apply  to  the  alloys  of  chromium.  Two  methods  li;'v,'  \u-rw 
employed  to  manufacture  these  two  alloys  ：  (1)  The  roduct  ion 
of  titaniiun  and  chromiinn  oxide  in  a  iiui^iiesitc  lincii  (  rm-ihlc 
by  means  of  powdered  aluiniiiium  ；  (2)  the  reduction  of  t  lie 
oxide  of  the  metals  by  molten  alinninium,  using  cryolite  and 
potassium  chloride  as  fluxes.  The  modux  operandi  is  lirst  to 
melt  the  cryolite  in  the  crucible  and  dissolve  the  oxide  oi"  tl"' 
metal  in  the  molten  cryolite  and  adding  to  the  same  molten 
aluminium,  when  a  complete  reducl  ion  of  the  titanium  and 
chromium  takes  place.  Calculating  the  amount  of  metallic 
titanium  required,  3  Ti  02  +  4  Al.  3  Ti  +  2A1203.  Tliese 
metals  give  very  rigid  and  hard  alloys.  The  tensile  si  ron^l  h 
("' ilie  one  containing  2  per  cent,  of  metallic  titanium  w;is 
10*4  tons  per  square  inch,  and  the  elongation  4*5  per  cent .  on 
'Jin.  The  alloy  with  chromiuni,  containing  15  per  cent, 
metallic  chromium,  had  a  tensile  strength  of  9'34  tons  per 
square  inch,  with  elongation  of  2\  per  cent,  on  2in.  But  the 
behaviour  of  these  alloys  in  resisting  atmospheric  conditions 
was  far  from  satisfactory. 

Tungsten  has  been  recommended  as  being  a  suitable  metal 
to  alloy  with  aluminium  to  resist  corrosion,  but  in  the  hands 
of  the  writer  this  has  not  proved  very  satisfactory.  An  alloy 
containing  2  per  cent,  copper  and  0  5  per  cent,  tungsten 
rapidly  disintegrated  under  ordinary  atmospheric  conditions. 
At  least  100  different  samples  of  this  alloy  were  prepared  in 
t  lie  varying  proportions  of  0'2  to  5  per  cent,  pure  tungsten 
alloyed  by  itself  with  the  aluminium,  and  also  in  conjunction 
with  nickel,  manganese,  copper,  &c.  The  results  of  some  of 
these  were  disappointing.  The  alloy  of  zinc  and  nickel  con- 
taining 3  per  cent,  nickel  and  0*75  per  cent,  zirconium  gave 
extraordinary  results  as  far  as  tensile  strength  was  concerned, 
having  12'2  tons  per  square  inch,  with  elongation  9  per  cent, 
on  2in.  Its  behaviour  in  sea  water  was  very  extraordinary  ； 
it  was  boiled  for  72  hours  in  sea  water,  and  when  tested,  after 
the  boiling  process,  it  only  showed  4  tons  per  square  inch 
tensile  strength  ；  its  fracture  was  very  crystalline,  and  it  was 
also  very  brittle. 

Zirconium  075  per  cent.,  when  alloyed  with  aluminium 
without  the  presence  of  nickel,  gave  the  same  tensile  strength 
after  the  boiling  process  as  before,  namely,  9"3  tons  per  square 
inch.  Molybdenum  when  alloyed  with  aluminium  had  the 
opposite  result.  An  alloy  was  made  containing  1'5  per  cent, 
molybdenum  with  aluminium  which,  after  being  boiled  in 
salt  water,  gave  a  lower  tensile  strength  than  before  the 
boiling  ；  but  when  the  molybdenum  was  alloyed  with  the 
aluminium  in  the  presence  of  copper  in  the  proportions  of 
molybdenum  1.5  per  cent.,  and  copper  1*5  per  cent.,  the  tensile 
strength  of  the  metal  after  the  boiling  process  was  the  same 
as  originally.  This  makes  the  theoretical  alloying  of 
aluminium  a  very  fascinating  subject,  as  it  is  almost  impossible 
to  theorise  or  to  account  for  the  peculiar  behaviour  of  these 
different  elements  when  combined  alone  or  in  conjunction  witli 
another  in  aluminium.  Within  recent  years  several  alloys 
have  been  put  on  the  market  for  which  sea  water  resisting 
properties  and  resistance  to  ordinary  atmospheric  influences 
are  claimed.  It  is  no  doubt  working  on  the  above  lines  th.it 
such  alloys  have  been  made  possible.  The  only  drawback  of 
the  rare  elements  is  their  prohibitive  costs,  but  it  is  to  be 
hoped  that  chemists  and  metallurgists  will  go  on  experi- 
menting to  produce  these  rare  elements  at  a  commercial  price  ； 
and  no  doubt  a  lot  has  been  done  in  this  direction  since  the 
advent  of  the  Goldschmidt  process  for  the  reduction  of  the 
rarer  metals  from  their  oxides  by  means  of  powdered 
aluminium. 

There  is  no  doubt  that  aluminium  has  obtained  its  bad 
reputation  through  the  unscientific  mixing  of  metals,  and  the 
compositions  of  some  of  the  most  successful  alloys  which 
withstand  the  action  of  sea  water  are  rigidly  guarded  as 
secrets.  Aluminium  was  boomed  too  greatly  some  years 
back  ；  it  was  put  forward  as  being  the  cure-all  for  blow-holes 
in  brass,  iron,  and  steel,  also  for  promoting  the  fluidity  of 
zinc  for  galvanising  processes,  &c.  In  the  writer's  opinion 
aluminium  ought  to  be  added  very  sparingly  to  brass, 
especially  if  the  latter  has  to  be  remelted  several  times,  as  on 
each  re-melting  the  aluminium  oxidises,  rendering  the  brass 
porous  and  reducing  greatly  its  mechanical  strength.  Tlui 
same  applies  to  steel  ；  the  aluminium  ought  to  be  added 
extremely  sparingly.  For  steel  it  is  better  added  as  a 
titanium-aluminium  alloy  and  for  the  brass  as  a  Tnanganese- 


aluniiuium  or  titauiuni-uluiniiiiuin  alloy  ；  for  titanium  and 
manganese  seem  to  counteract  tlie  evil  effects  of  tlie 
aluminium.  The  writer  has  used  an  alloy  of  50  per  '(  'it 
t itaiiiurii  ； I iid  50  per  cent,  aluminium  with  very  good  reHuIts, 
whereas,  wlien  tlie  aluminiuui  was  used  alone,  very  'l'  i、  '  ii  ♦ 
castings  resulted. 


WEIGHT  OF  SOLID  METAL  SPHERES  OF  VARIOUS  DIAMETERS. 

ItY   It.  I1KKHV. 

In  the  many  engineering  text  books  one  frequently  im 屮 Is 
with  tables  sliowing  weiglit  in  pounds  |>er  liiifal  i'"'， 
run  of  metal  bars,  both  round  and  stjuare,  also  in  \  lu*  、l"''  t, 
but  rarely  does  one  meet  with  a  tal>lo  sliowing  wf*i^li(  in 
pounds  por  inch  diameter  of  spheres  or  halls  f!orn|>o-**(l  r>f  tho 
difFerout  kinds  of  metal.  Qiiiie  recently,  wliil.st  carrying  out 
experiments,  the  writer  had  occasion  to  use  different-sized 
balls  of  various  metals,  where  weight  of  same  played  a  most 
important  part,  and  it  may  be  of  interest  to  many  of  your 
readers  to  have  some  simple  method  of  calculating  weights  of 
various  sized  spheres,  also  tables,  showing  at  a  glance  weights 
of  different  sizes  composed  of  metals  mostly  in  use. 

It  may  not  be  generally  known  that  surface  or  area  of  a 
sphere  is  just  equal  to  the  area  of  a  cylinder,  whose  length 
and  diameter  =  diameter  of  sphere.  As  an  in、t;m(  (',  t lie  art*a 
of  a  cylinder  lOin.  diam.  x  lOin.  long  will  be  length  x  diarn. 
x  tt  or  10  x  10  x  3*14  =  314  sq.  in.,  and  this  will  also  be  the  area 
of  a  sphere  lOin.  diam. 

Hence  it  is  stated  D2  x  t  =  area  of  sphere. 

Now,  17  =  contents  in  cubic  inches, 

b 

Tt  is  remarkable  to  note  that  the  number  of  cubir  inrhes 
of  copper  per  pound  weight  is  just  equal  to  the  value  of  ^-. 
Therefore,  a  very  simple  yet  useful  formula  for  calculating 
weight  of  solid  copper  spheres  is 

D3  x  314       D3      „        ,  ^  c 
g  x  3.14  or  —  =  lbs.  weight  for  copper. 

A  more  general  formula  for  any  solid  sphere  is 
D3  x  spec,  grav.  of  any  solid   _  . . 

6  x  spec.  grav.  of  copper 

and  from  the  above  a  table  of  weights  has  been  compiled. 

This  gives  the  weight  when  diameter  is  known.  Tf，  on 
the  other  hand,  weiglit  was  known  and  diameter  required, 
then  the  inverse  would  be 

3/  .6  X spec. grav. of  copper  X  lbs.  • . ， 

V        〜八  ~~ - ~ e  —— r^j ~~  =  diameter  in  inches. 
T         spec.  grav.  of  any  solid 

Table  showing  Weights  of  Solid  Metal  Spheres  taken 
from  the  "Berry  ，、  Formula. 
D3  x  spec.  grav.  of  any  solid 
 6  X  spec,  grav.  of  copper 
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TRIALS  OF  THREE  FERRY  STEAMERS  PROPELLED  BY 
GEARED  TURBINES. 

BY  J.    INGLIS,    I 丄. D, 

The  following  paper  is  offered  in  response  to  a  suggestion  from 
Dr.  Ar'  liikil'l  Ih'miv  during  1 1 1 e  disrussifjii  on  Sir  ('harles 
Parsons1  ]);ipor  read  ;tl  1  In*  spring  inoci  in'.'s.  I  »r.  Denny 
expressed  a  wish  to  have  the  results  of  the  trials  of  three  small 
vessels  tit  t  ed  with  geared  t  inhiin's,  l>ut ,  at  thai  i  inn-,  11"'" 
t  rials  were  incomjilelo.  The  vessels  are  named  "  Curzon/' 
" Elgin,"  and  "  Hardinge/'  niter  tliree  Viceroys  ol'  India,  and 
are  intended  to  cumiect  Ceylon  with  the  1  tidian  maiiilaiMl  l>、.' 
a  short  sea  passage  in  smooth  water  instead  of  the  long  and 
occasionally  disagreeable  voyage  which  hitherto  has  been  the 
only  available  means  of  transit. 

The  South  Indian  Railway  Company,  owners  of  the  vessels, 
applied  for  guidance  to  the  late  Sir  William  H.  White,  who 
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Fig.  1.— T.S.S.  "  Curzon."   Dotted  Curves  by  Tank  Trial  ；  Full 
Curves  by  Observation. 

furnished  them  with  an  outline  design  of  the  internal  arrange- 
ments and  a  specification  covering  all  the  requirements  of  the 
service,  at  the  same  time  leaving  the  builder  a  very  free  hand 
as  to  the  form  of  the  vessel,  scantlings  of  material,  power  of 
propelling  machinery,  and  other  details.  Sir  William  White's 
foresight  was  evinced  by  the  fact  that  the  whole  contract  has 
been  completed  without  any  alterations  on  the  working  ns 
or  any  extra  charges  of  importance. 

The  vessels  are  250ft.  long  by  38ft.  broad,  and  displace 
about  SGT)  tons  on  6ft.  draught  of  water.  The  principal  con- 
ditions of  the  contract  were  that  the  vessels  should  carry 
160  tons  of  dead  weight  on  a  draught  of  water  not  exceeding 
"I  t  .、  and,  while  so  loaded,  be  capable  of  steaming  20  sea  miles 
at  the  rate  of  16.\  knots,  starting  from  rest,  no  allowance  being 
made  for  the  time  occupied  in  getting  under  way.  The  fuel 
used  on  trials  was  to  be  as  nearly  as  possible  equivalent  in 

*  Paper  read  at  the  Suniiuer  Meetings  of  the  Fifty-fourth  Session  of  the 
Institution  of  Naval  Architects,! Juue,  1913. 


heating  power  to  tlio  Indian  coal  available  on  service,  a  sample 
analysis  being  furnished  which  showed  63*26  per  cent,  of  fixed 
carbon.  The  coal  actually  used  contained  63'86  per  cent .  of 
fixed  carbon,  being  a  rather  poor  sample  of  Scotch  coal,  but 
almost  exactly  what  was  wanted.  Yarrow  boilers  were  fitted, 
the  heating  surface  being  7,000  sq.  ft.,  and  the  grate  168  sq.  ft. 
The  boilers  were  arranged  to  be  fired  with  oil  if  that  should 
be  found  advantageous.  It  will  be  observed  that  the  actual 
full  speed  to  be  attained  was  not  stated  in  tlie  conditions,  nor 
were  any  data  available  whereby  it  might  be  computed.  Tt 
was  considered  safe  to  assume  1 7  knots,  and  estimates  were 
made  on  1  liat  basis,  as,  if  1 7  knots  could  be  maintained  for 
1!J  miles,  there  would  be  left  one  mile  of  distance  and  over 
five  minutes  of  time  to  attain  full  speed.  This  was  deemed  to 
be  sufficient. 

A  preliminary  trial  of  the  "  Curzon "  was  made,  on 
December  】0Ui  last,  to  test  the  working  of  the  turbines,  and, 
the  weather  being  very  calm,  advantage  was  taken  of  the 
divisions  on  the  measured  mile  in  the  Gareloch  to  learn  some- 
thing about  the  acceleration  of  a  vessel  starting  from  rest. 
The  results  are  shown  on  the  diagrams.  Diagram  (Fig.  1) 
shows,  on  a  base  of  one  nautical  mile,  tlie  time  ior  each 
fraction  of  a  mile  and  the  increasing  speed  during  acceleration. 
Diagram  (Fig.  2)  shows,  on  a  base  of  speed  in  nautical  miles 
per  hour,  the  revolutions  of  propellers,  the  slip  in  knots  and 
the  slip  per  cent,  during  acceleration.  Diagram  (Fig.  3) 
shows  the  revolutions,  slip  and  shaft  horse-power  during  a 
progressive  trial  of  the  "  Elgin/'  also  the  effective  horse-power 
(which  Messrs.  Denny  were  so  kind  as  to  ascertain  for  us  in 
their  experimental  tank),  and  the  ratio  of  effective  to  shaft 
horse- power. 

The  dotted  curves  on  Fig.  1  sliow  the  computed  speed 
during  acceleration,  also  the  time  required  to  run  one  mile 
starting  from  rest.  These  were  constructed  by  "Mr.  Mumford, 
superintendent  at  Messrs .  Denny's  experimental  tank,  from 
calculations  based  on  the  resistance  of  the  model.  The  agree- 
ment between  tlie  curves  constructed  from  calculations  made 
on  a  model  and  those  from  experiment  on  a  full-sized  sliip  is 
extremely  close.  If  Mr.  Mu 川 ford  is  present  I  hope  he  will 
tel!  us  how  this  clever  piece  of  work  was  done. 

The  20  miles  distance,  starting  from  rest,  was  steamed  by 
the  "  Curzon  "  in  65  niinutes,  equal  to  a  mean  speed  of 
18'4G  knots,  the  tide  being  with  her  for  the  first  half  and 
against  her  for  the  second  half,  the  wind  fresh,  about  three 
points  abaft  tlie  beam.  The  time  occupied  by  the 
" Hardinge M  was  G6.1,  mimites,  equal  to  18  045  knots,  she 
having  a  stiff  breeze  against  her  and  a  weak  tide  in  her  favour, 
high  water  at  Greenock  being  about  8  o'clock  on  that  day- 

It  was  not  considered  necessary  to  repeat  this  trial  with  the 
third  vessel,  and  instead  of  this  a  progressive  trial  was  made 
on  the  measured  mile,  and  a  run  of  two  hours  at  lii^h  speed 
was  utilised  in  measuring  the  water  consumption.  During 
the  latter  tlie  revolutions  were  somewhat  reduced  by  a  strong 
head  wind,  the  average  being  482*8  per  minute,  corresponding 
to  a  speed  of  17'8  knots.  Tlie  mean  shaft  horse-power  was 
2,390  and  the  consu】nption  of  steam,  for  turbines  only, 
12'551bs.  per  hour  per  shaft  horse-power. 

The  consumption  of  steam  by  the  auxiliaries  amounted  to 
nearly  31bs.  per  hour  per  shaft  liorse-power  of  main  engines. 
Among  the  auxiliaries  are  reckoned  the  engine  driving  a  large 
dynamo,  and  the  steam  steering  gear.  The  temperature  of 
the  feed  was  205°  Fall.  The  air  pressure  in  the  stokehold  did 
not  exceed  a  quarter  of  an  inch  of  water  column. 

An  attempt  was  made  to  record  the  noise  of  the  gearing  on 
a  new  phonograph  obtained  for  the  purpose,  but  although  the 
gound  of  the  engine-room  telegraph  gong  and  some  vocal 
efforts  were  clearly  rendered  by  the  instrumeut,  tlie  sound  of 
the  gearing  conltl  not  be  recognised  amidst  the  scraping  of  the 
reproducer  on  the  wax  cylinder. 

Prof.  Biles,  in  his  interesting  remarks  on  Sir  Charles 
Parsons'  paper,  quotes  a  sliipowning  friend  repelling  the  sug- 
gestion to  permit  the  innovation  of  "  cog-wheels "  in  a 
passenger  steamer's  propelling  machinery.  The  use  of  cog 
wheels  cannot  be  regarded  as  a  novelty  even  in  high-class 
ocean-going  passenger  steamers.  T  can  remember  the  build- 
ing, in  1855，  of  the  steamer  "  Oneida,"  wliioli  was  then 
deemed  large,  seeing  that  only  25  steamers  of  the  same  or 
greater  register  tonnage  were  on  the  Mercantile  Navy  List  at 
that  date.  This  vessel  was  307ft.  long  by  39ft.  beam.  Her 
gross  tonnage  was  2,284,  and  her  uet  register  1,372  tons. 
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Hor  engines  were  direct-acting,  but  the  results  were  so  unsat  is-  I'm'l  fur  .-crl  ； 

factory  tliat,  before  she  was  two  years  old,  that  is  in  I  ST)  7,  slic  |"'、、ti  I'm'lu 

was  put  into  on r  hands  to  undergo  c(M  l;iiu  ;il(cral  ions  and  must  coiisini 

receive  new  geared  engines  of  about  :i,u(>。  h . |>.    Tl"we  eiigiii:'s,  ! i ； H ：  1 卜 
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' Curzon."   Curves  on  Speed  Base. 


cog  wheels  and  all,  appeared  to  work  satisfactorily  for  17 
years,  though  I  fear  they  could  not  luive  \>een  remarkable  for 
eroiiomy  (jf  steam,  and  in  1875  she  was  converted  into  a  sailing 
ship.  Thirty  years  later,  being  tlien  50  years  old,  she  dis- 
appeared from  the  British  register,  having  found  a  new  owner 
in  Chili. 

High  speed  of  piston  being  somewhat  of  a  bugbear  to 
engineers  ill  the  'fifties,  geared  engines  were  common  enough 
in  channel  and  coasting  steamers,  and  even  Robertson's 
frictional  gearing,  where  the  wheels  and  pinions  bad  grooves 
in  place  of  teeth,  was  not  unknown  in  marine  work.  AVMiat 
was  tolerated  60  years  ago,  with  cast-iron  pinions  and  mortise 
wheels,  might  surely  be  adopted  now  with  the  refined  niPtluuls 
of  gear-cutting  which  Sir  Charles  Parsons  and  others  have 
made  available. 


ut  it  out,  of  tho  rjtiosl  ion  far  '/.'ii.'r:'  I 
iirst,  place,  the  autoii!(jl>il  •  on  land 
m('，  ami  even  now  consumed,  large  quantities  of 
For  the  Navy  oil  was  so  eminently  suitable  as  fuel 
that  I  In;  (Ifinaii'l  iu  tlii  i 
*lire<  tion  woulrl  a  I  way  i  r;n  • 
its  price  above  that  due  to 
its  heat  value  l'、m。ier- 
more,  if  there  wa3  ever  a 
surplus  aftsr  supplying  the 
Navy,  there  remained  the 
vast  and  ever-inrraasing  de- 
mand by  iUft  Mercantile 
Marine,  who  would  always 
be  able  to  pay  more  for  it 
than  land  consumers  could 
do.  It  was  therefore  clear 
that  coal  must  be  our  fuel 
where  operations  were  car- 
ried on  on  a  large  scale.  In 
the  future,  the  oil  con- 
sumers above  mentioned 
would  even  Ik-  partly  sup 
plied  from  the  by-products 
of  our  coal,  instead  of  our 
burning  any  appreciabl  3 
amount  of  oil  for  making 
electricity.  It  was  there- 
fore vital  that  our  power- 
•urning.  Tlie  plant  must  bs 
lot  fuel  found  to  suit  a  par- 


))rO(]u<'inij;  |'lai",  slioul*)  r('a 
made  suitable  for  the  fuel,  an< 
1  icular  \'avu\  o(  machinery. 

Tlie  thermal  efficiency  of  the  plant  for  producing  electricity 
was  next  considered.    A  good  steam  turhine  and  boiler  plant 


PRIME  MOVERS  FOR  ELECTRIC  POWER. 

A  short  paper  on  the  above  subject  was  read  by  Dr.  S.  Z. 
de  Ferranti,  at  the  18th  annual  convention  of  the  Incorporated 
Municipal  Electrical  Association,  held  in  London  during  the 
past  week.  He  remarked  that,  notwithstanding  tlie  amount 
that  had  been  written  regarding  the  different  systems  of 
driving  electric  generators,  the  subject  still  seemed  to  be  one 
of  considerable  interest.  The  position  to-day  was  that  the 
steam  turbine  was  in  possession  of  the  field,  and  that  gas  and 
oil  engines  were  looked  upon  as  likely  alternatives.  Many 
people  believed  that  it  was  only  prejudice  or  the  fear  of  doing 
something  】iew  that  prevented  engineers  from  using  these  two 
latter  methods  for  generating  their  power.  The  author,  how- 
ever, did  not  agree  with  this  view,  and  believed  that  engineers 
were  using  the  only  means  that  were  at  present  economically 
available  for  the  work  they  had  to  do.  Electricity  was  beiii'u- 
produced  on  a  larger  scale  every  day,  and  it  appeared  certain 
that  to  obtain  the  full  benefits  of  electric  working  the  current 
must  be  produced  in  large  stations  supplying  extensive  areas 
embracing  all  classes  of  demand. 

Considering  the  question  from  the  point  of  view  of  the 
comparatively  large  generatino  station,  he  observed  that  the 
essential  qualities  of  a  power-producing  plant  were  reliability 
and  low  cost  as  regards  capital  running  and  inaintenaih'e. 
The  question  might  be  considered  in  detail  under  the  following 
headings  :  Nature  of  fuel  consumed,  its  availahilit  v  and  cost  ； 
amount  of  fuel  consumed  per  unit  generated  ；  stand  l»y  losses  ； 
labour  involved  in  running  ；  mst  of  upkeep  of  plant  ；  capital 
cost  of  plant  ；  size  of  miits,  simplicity  or  coniplicatioji  ；  and 
reliability  and  proved  capacity  for  work  retjuired.  As  we 
were  a  coal-producing  country  it  was  evident  that  roa\  was  our 
natural  fuel.    The  very  fact  of  oil  being  so  sought  after  as 


Fio.  3.— Progressive  Trial  Results. 

would  to-day  give  back  15  per  cent,  of  the  energy  of  the  iu，'l 
as  electricity.  As  high  an  ertirieiu-v  ns  IS.1,  per  cent,  had 
actually  been  obtained  in  practice.  It  was  probable,  however, 
that  this  was  bv  no  means  the  limit  of  ecoiioniv,  and  that 
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developments  in  this  class  of  machinery  would  result  in  an 
efficiency  of  25  per  cent,  being  obtained  in  the  near  future. 

The  next  coal-burning  machine  considered  was  the  gas 
engine.  With  it  we  had  to  consider  not  only  the  efficiency  of 
the  machine  itself,  but  also  that  of  the  gas-producing  plant. 
When  the  system  was  considered  from  this  point  of  view  its 
efficiency  was  probably  between  20  and  22  per  cent.  With 
this  process  there  should,  of  course,  be  worked  by-product 
recovery.  Although  it  appeared  evident  that  in  the  future 
all  coal  must  be  gasified  and  its  by-products  recovered,  it  did 
not  seem  that  present  knowledge  enables  tins  to  be  done  at 
sufficient  profit  for  it  to  be  generally  adopted. 

Tn  the  oil  engine  we  had  a  machine  whicli  represents  t  ho 
highest  efficiency  yet  realised.  Moreover,  test  figures  and 
those  obtained  in  practice  agreed  very  closely.  The  efficiency 
as  already  defined  mi»ht  )je  taken  at  between  28  and  30 
per  cent. 

Dealing  next  with  the  question  of  stand-by  losses,  he 
mentioned  that  in  the  oil  engine  there  was  practically  no  loss 
under  this  heading.  In  the  gas  engine  there  was  the  pro- 
ducer loss  and  in  the  turbine  the  boiler  loss.  These  would 
vary  very  much  with  the  nature  of  the  load,  and  where  the 
plant  was  well  designed  and  run,  and  the  load  factor  was 
good,  they  might  be  reduced  to  a  small  quantity.  Both  tlie 
oil  engine  and  the  gas  engine  were,  however,  badly  handi- 
capped in  relation  to  the  steam  turbine  by  their  incapacity 
for  dealing  with  overloads,  which  the  station  must  always  be 
in  a  position  to  meet. 

With  regard  to  the  question  of  the  labour  involved  in 
running  and  maintaining  the  plant,  as  matters  stood  to-day 
the  turbine  installation  was  undoubtedly  the  best,  but  it  was 
hard  to  make  a  direct  comparison,  as  the  number  of  generating 
units  with  either  gas  or  oil  would  be  so  great.  It  was, 
however,  certain  that  the  plant  which  was  the  simplest  would 
always  have  the  advantage,  and  where  one  was  purely  rotary 
and  the  other  reciprocating  there  could  be  no  question  at  all. 

In  the  matter  of  capital  cost  the  turbine  system  was  again 
much  the  best,  the  simplicity,  large  units,  and  small  space 
occupied  contributing  to  this  result.  The  size  of  the  units 
on  the  turbine  system  compared  with  those  on  the  other 
systems  was  perhaps  the  greatest  determining  factor  in  the 
case.  The  turbine  was  to-day  adequate  in  fulfilling  the 
demand,  whereas  the  other  two  systems  were  not.  Moreover, 
combined  with  its  boilers  and  auxiliary  plant,  it  was  a  simple 
means  of  generating  power.  Reliability  of  operation  was,  of 
course,  vital,  and  here  again  the  turbine  system  scored  on 
account  of  its  great  simplicity,  and  because  in  working  its 
parts  were  not  subjected  to  either  high  or  uncertain  stresses. 

In  practice  the  turbine  system  had  proved  its  capacity  to 
meet  the  demand  that  was  made  on  power-producing  plant. 
All  this  showed  that  the  course  now  followed  by  engineers  in 
the  selection  of  their  plant  was  the  right  one,  and  that  they 
really  had  no  option  in  the  matter.  Looking  at  the  question 
in  the  light  of  possible  developments  of  the  future,  the  author 
could  not  help  thinking  that  as  long  as  engines  were  used  the 
rotary  principle  would  be  followed.  For  the  moment  the 
steam  turbine  system  would  be  perfected  so  as  to  improve  its 
efficiency  and  fuel  consumption  ；  later  on,  when  the  turbine 
could  be  made  of  the  internal-combustion  type,  better 
economies  still  would  be  obtained. 


THE  MARCONI  COMPANY'S  WORKS  AT  CHELMSFORD. 

On  Saturday,  June  14th,  a  large  party  from  the  Institute  of 
Marine  Engineers  visited  the  Chelmsford  Works  of  the 
Marconi's  Wireless  Telegraph  Company,  Ltd.  The  works 
were  originally  established  in  1898，  but  the  rapid  increase  in 
business  necessitated  extensions,  until,  ultimately,  a  new  site 
comprising  about  10  acres  was  secured,  on  part  of  which  were 
erected,  in  the  early  part  of  1912,  workshops  to  accommodate 
the  700  persons  employed,  and  of  dimensions  which  give  an 
idea  of  the  extent  to  which  this  new  industry  has  been 
developed.  The  workshops  occupy  a  space  about  460ft.  long 
by  150ft.  wide.  They  are  lofty  and  well  lighted  ；  a  large 
number  of  wooden  shafts  in  the  roof  form  an  efficient  means  of 
natural  ventilation  ；  and  the  heating  is  adequately  effected  by 
means  of  low-pressure  hot  water  radiators.  For  protection 
against  fire,  water  sprinklers  are  fitted  throughout,  and  by  an 
ingenious  arrangement  the  doors  connecting  the  various 
departments  are  automatically  closed  through  the  rise  in 
temperature.    The  water  supply  is  obtained  from  a  450ft. 


borehole  and  is  conveyed  to  a  water  tower  in  which  is  a  tank 
of  8,000  galls,  capacity. 

The  first  department  visited  was  the  mounting  room,  where 
coils  of  various  sizes  were  seen  in  course  of  construction  ；  also 
various  field  sets  for  military  work.  In  another  section  were 
seen  condensers  in  various  stages  of  progress.  These  are  in 
the  form  of  a  number  of  sheets  of  tinfoil,  separated  by  waxed 
paper,  the  alternate  sheets  of  tinfoil  being  connected  so  as  to 
form  two  separate  areas.  Most  of  the  fittings  required  are 
made  in  the  works,  and  the  machine  shop,  which  contains  a 
large  number  of  machines  of  various  descriptions,  is  roomy  and 
well  laid  out  with  a  view  to  facility  in  turning  out  the  work . 
All  the  machines  are  electrically  driven,  the  power  l'('iny 
obtained  from  the  works  power  station,  which  is  equipped 
with  De  Laval  turbines.  The  two  steel  masts  for  the  aerials. 
470ft.  in  height,  are  a  ronspicuous  feature  of  the  works. 
They  are  4ft.  Gin.  diam.  up  to  a  height  of  450ft. ，  and  are 
made  of  |in.  pressed  steel  in  sections  of  15ft. ，  the  distance 
between  them  being  700ft. 

After  looking  through  the  carpenter's  shop,  mounting 
shop,  and  stores,  some  time  was  spent  in  the  testing  room, 
which  is  very  completely  equipped.  The  generating  plant  in 
this  section  includes  two  30  kw.  motor  generators,  a  50  li  .]>. 
motor,  2  kw.  converter,  giving  100  volts  at  50  periods  ；  a 
3  kw.  motor  generator,  giving  300  volts  ；  a  -h  kw.  motor 
coupled  to  a  Dixddell  high-periodicity  generator,  giving  1'rou) 
500  to  2,000  periods  witli  a  maximum  speed  of  9,000  revs,  per 
minute  ；  an  alternating-current  generator  of  10,000  volts; 
and  two  direct-current  machines,  giving  3,000  volts.  Tliwe 
are  six  alternating-current  testing  panels,  for  lh  kw.,  3  kw., 
5  kw.,  15  kw.,  30  kw.,  and  60  kw.  respectively  ；  also  six  direct- 
current  distribution  boards  for  up  to  3,000-volt  circuits  ；  and 
six  high-tension  3-terminal  boards  for  connecting  to  a  volt 
meter  reading  up  to  30,000  volts.  A  series  of  36  tin  plates 
hung  on  porcelain  insulators  in  the  roof  of  the  building  form 
an  artificial  aerial  of  variable  capacity,  resistance,  and  induc- 
tance ； and  four  large  oil  baths  containing  galvanised-steel 
plates  form  another  artificial  aerial  for  measuring  energy 
losses.  An  apparatus  which  will  dissipate  20  kw.  and  will 
stand  a  pressure  of  100,000  volts  is  installed  to  represent  the 
energy  lost  by  radiation  in  aerials.  A  Duddell  oscillograph 
shows  voltage  and  current-wave  forms  and  the  distorting  effect 
of  sparking  ；  and  a  large  number  of  other  instrument?  are 
used  for  tests  of  various  kinds,  the  majority  of  which  are  of  a 
special  nature  and  are  designed  by  the  Marconi  Company's 
stafE. 

Demonstrations  and  explanations  were  given  of  the  various 
instruments  under  working  conditions,  including  a  h  kw.  set 
as  used  on  cargo  vessels.  Ships'  installations  are  supplied  up 
to  the  15  kw.  sets  used  on  the  large  passenger  liners.  In  one 
of  the  silence  boxes  in  the  instrument  room,  a  number  of  tlie 
party  had  an  opportunity  of  hearing  messages  transmitted 
from  vessels  at  sea  and  from  other  stations. 

The  office  buildings,  which  are  constructed  of  brick ,  witli 
stone  facings,  are  well  designed  and  well  equipped.  In  one 
of  the  rooms  the  visitors  were  entertained  to  tea,  and  after- 
wards a  hearty  vote  of  thanks  was  accorded  to  the  company 
and  to  the  various  assistants  whose  explanations  had  assisted 
in  making  the  visit  of  such  an  interesting  nature.  Mr.  John 
McLaren  (Member  of  Council)  proposed  the  vote  of  tlianks, 
which  was  seconded  by  Mr.  J.  E.  Elmslie  (member),  and 
responded  to  on  behalf  of  the  company  by  Mr.  Eddington. 


Maiden  Voyage  of  the  "  Impcrator." ― Tlie  Hamburg-America 
liner  "  Imperator,"  the  world  s  largest  vessel,  arrived  at  New 
York  on  Thursday  morning,  the  19th  iust.,  on  the  completion 
of  her  maiden  trip.  In  spite  of  various  delays  caused  by 
fog  and  occasionally  very  stormy  weather,  the  vessel  attained 
an  average  speed  of  21*13  knots. 

Explosion  in  Liner's  Hold. ^  An  explosion  occurred  on  the 
Royal  Mail  Steam  Packet  Company's  liner  "  Avon  "  in  South- 
ampton Docks  on  the  17th  inst.  It  was  caused  by 
spontaneous  combustion  in  No.  3  hold,  and  blew  up  the  hatches 
with  a  loud  report.  One  of  the  hatches  was  hurled  over  the 
bridge,  about  60ft.  in  the  air,  descending  cm  the  quayside. 
Flames  and  smoke  belched  out  of  the  liatches,  and  it  was  at 
first  feared  serious  consequences  would  follow.  Fortunately, 
only  three  men  were  working  in  tlie  hold  at  the  time,  and  thev 
escaped  with  slight  injuries. 
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NOTES  ON   "GASEOUS  HEATING." 


SMITU  AND 


(Continued  from  page  (iSI .) 


Injectors.— Wlien  considering  U"'  ijucst  ion  。f  ait-  in  i(m, 
due  attention  must  be  paid  to  the  controlling  factors,  wlm-li 
may  be  enumerated  as  follows :  (1)  The  ； unotuii.  oi'  air  injected 
will  depend  upon  the  mass  rate  of  dischar^o  of  < lie  gas 
through  the  jet,  since,  as  will  l)e  seen  lai.er,  we  depend  entirely 
on  the  momentum  of  the  issuing  stream  of  ^as  for  impai  tin^ 
the  requisite  velocity  to  surrounding  air.  (2)  The  area  oi'  tl"' 
surface  of  the  gas  stream  in  contact  with  the  air  sliould  be 
as  large  as  possible,  consistent  with  clear  injection ― namely, 
that  obtained  without  interference  due  to  eddies  brought 
about  by  unsatisfactory  design  of  jets.  (3)  The  entrance  to 
the  "  vena  contracta  "  should  be  designed  so  as  to  impede, 
in  as  small  a  degree  as  possible,  the  passage  of  the  mixture 
through  it,  this  being  brought  about  by  suitable  shaping.  (4) 
The  diameter  of  the  "vena  contracta  "  should  be  such  that 
sufficient  velocity  of  the  mixture  is  obtained  to  prevent  back- 
firing. 

The  completeness  of  the  mixture  will  be  largely  dependent 
on  the  expansion  space  beyond  the  <l  vena  contracta."  We 
will  assume,  for  purposes  of  calculation,  that  the  mixture 
passes  into  a  zone  at  atmospheric  pressure,  although  under 
actual  works  conditions  we  shall  have  a  slight  back  pressure 
in  the  furnace  which  will  tend  to  reduce  the  injection.  Fur- 
ther, we  shall  assume  that  the  air  to  be  injected  is  also  at 
atmospheric  pressure,  and  at  rest.  Having  then  obtained  the 
pressure  of  the  gas  which  will  produce,  at  the  jet,  a  velocity 
which  is  consistent  with  the  obtaining  of  tlie  maximum  mass 
rate  of  discharge,  we  can  then  obtain  the  theoretical  volume 
of  air  which  may  be  injected  by  equating  the  momentum  of 
the  gas  to  the  momentum  of  the  mixture.  The  variations 
from  this  figure  in  practice  will  be  due  partly  to  the  imper- 
fect intermingling  of  air  and  gas  and  partly  to  such  effects 
as  friction  in  the  injector4  throat,  and  back-pressure  in  the 
burner  tube.  If  we  assume  gas  to  flow  adiabatically  from  a 
vessel  where  tlie  pressure  is  p。  in  pounds  per  square  foot 
absolute  to  a  place  where  its  pressure  is  p、  pounds  per  square 
foot  absolute,  then  we  find  that  the  velocity  of  flow  of  the 
gas  v  is  equal  to 


V 


27  V 


1  ― 


1- 


r  )VoY 


ft. /sec 


(1) 


w。  y  -  l 

Where  w0  =  weight  of  gas  in  pounds  per  cubic  foot  at  pressure 

Po 

g  ―  Acceleration  due  to  gravity  =  32*2  ft. /sec.  per  sec. 

, ― j^atiQ  specific  heat  at  constant  pressure  — Cp. 

)  specific  heat  at  constant  volume  Cv 

- ― i.e.,  weight  of  gas  which  will  flow  /sec.  through  an  orifice  A. 
sq.  ft.  providing  we  have  no  friction 


A  x 
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Vol~  r-Vi1"  r )  To  y  x 


(2) 


w0  y  -  l 

and  ii\  ―  wa  h 
Thus  w  =  quantity  of  gas  flowing  per  second  in  pounds 

For  the  weight  flow  per  second  to  be  a  maximum  we 
have ： —— 


上 l= (丄） 


v。  vy 

/'i  =  ！ 


(3) 


2  )^ 


、y  +  1 

Substituting  this  value  for  p、  in  equation  given  above  for 
v  we  get  Vi  ―  limiting  velocity   for  niaximuni   niassrate  of 


discharge 


y  + 


— *p0  ft. /sec. 


(4) 


From  3  we  have  (for  coal  gas  of  dennity  and 
=  1  33) 

Cy 

or  p{  =  540  t?0 

Substituting  this  value  in  equation  4  and  taking  px  = 
atmospheric  pressure,  we  have 

p0  =  atmospheres 

q  =  32-2 
y    =  1*33 

w0  =  ―  where  v0  =  volume  per  pound    at    pressure  p0 


also  'p0v0  ―  RTC 


VQ  —  -    。  or  w'，  =    'r'l   where  R 
Po  RTG 

J  (c,,  ―  cv)  and  T。  =  absolute  temperature 

R  =  110  ••.  w。  =  ^  x  no  ^Mt  =  0684 


Limiting  velocity  Vi  = 
V  64-4      133  -    147  x  144 


•0684      2  33 


•540 


1450  ft.  /sec. 


(5) 


Thus  it  will  be  seen  that  the  limiting  velocity  of  such  a 
, for  an  adiabatic  flow,  if  the  condition  of  maximum  mass 

rate  of  discharge  holds,  amounts 
to  1 ,450ft.  per  second,  whicli 
velocity  will  be  obtained  wit  It  a 
gauge  pressure  of  2 5  Sin.  of 
mercury  if  the  discharge  is  into 
atmosphere.  This  fact  will  in- 
ciflentally  explain  why  fittings, 
cocks,  &c.，  if  capable  of  with- 
standing this  pressure  of  gas,  are 
satisfactory  for  working  at  con- 
siderably higher  pressures.  1 1 
will  be  at  once  understood  that  from  an  injection  point  of 
view  the  most  eronomical  results  will  be  obtained  when  t  lit- 
mass  rate  of  discharge  from  the  gas  jet  is  a  maxinium. 

Let  us  suppose  that  a  stream  of  gas  having  velocity  r  ( 
comes  in  contact  with  air  at  rest  near  an  orifice  through 
which  the  flow  is  guided.  Then,  assuming  that  there  is  no 
frictional  loss  through  the  orifice  and  that  perfect  inter- 
mingling of  gas  and  air  takes  place  if  V  =  velocity  with  which 
the  combined  stream  will  pass  through  the  orifice, 


5.— Section  through  Gas- 
h rat ed  Oven  Ku unacf.. 


Then  V  - 


where 


I  +  y  weight  of  gas  passing  per  second. 

Then  if  K  =  sp.  gr.  of  gas  (air  =  1). 
air  . 

Then  the    ^  ratio  theoretically  obtainable  for  a  gas  velocity 


weight  of  air  passing  per  second. 
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v{  and  mixture  velocity  V  =  Ky  =  K  (    J  —  1 

Taking  %\  =  1450,  corresponding  to  a  pressure  of  25  5iu. 
of  mercury  (gauge) 
and  V  =  45ft.  per  second. 

and  K  =  48,  then  theoretical  、 ^   ratio  obtainable 

gas 

=K (；:  l) 
=  1498 

In  practice,  the  figure  obtained  is  very  much  lower,  owin^, 
in  the  first  place,  to  the  fact  that  the  friction  effect  betw  et*ti 
the  stream  of  gas  and  the  surrounding  air  is  not  sufficient  to 
obtain  perfect  intermingling  ；  ami,  secondly,  owing  to  the 
pressure  in  the  throat  of  the  injector  not  being  atmosplieric, 
rts  is  supposed.  Many  methods  have  been  tried  for  bringing 
about  a  better  mixing  of  gas  and  air,  among  which  are  tlio 
multiple  cone  and  the  multiple  jet.    In  the  case  of  both  these 
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systems,  however,  it  was  found  that  eddies  were  produced  in 
the  injector  throat,  and,  owing  to  the  back  pressure  thus 
brought  about,  the  single  jet  was  found  to  be  more  satisfac- 
tory.^ We  find  that,  in  the  case  of  high-temperature  fur- 
naces, where  gas  is  used  at  a  pressure  of  about  121bs.  per 
square  inch,  a  mixture  velocity  of  about  45ft.  per  second  gives 
excellent  results. 


regard  to  the  annealing  of  brass  and  steel  stampings,  it  was 
at  one  time  quite  a  prevalent  idea  among  manufacturers  that 
no  such  work  could  be  carried  out  unless  in  a  closed  muffle  ；  it 
being  maintained  that  were  such  work  carried  out  in  furnaces 
of  the  oven  type  the  oxidation  of  the  work  would  be  excessive. 
Such  might  be  the  case  if  furnaces  fitted  with  air-blast  burners 
were  under  consideration.    With  the  development  of  the  oven 


Table  I. 


Type  of  Burn  or. 


Gas  Con- 
sumption. 
Cubic  feet 
per  hour. 


Working 
Pressure. 


Air 

Gas 
Ratio  of 


Velocity  of 
Mixture  at 
Kunier  Mouth. 
Feet 
per  second. 


Volumes  of 
Secondary  Air 
Required  per 
1  Vol.  of  (^as  for 
Complete 
Combustion. 


Remark? 


High-pressure  Chamber  burner) 
fitted  with  fin.  Keith  injector/ 

Ditto   

"S.-W."  furnace  burner   

Standard    type  cast-iron  ring) 
burner.  j 
Ditto   


40-0 

Do. 
250 


51-8 
Do. 


24in.  in  mercury 
Do. 

24in.  mercury 

2in.  water 
Do. 


8-0 
10-1 

3-3 
40 


100 

19-3 
112 


4-2 
4-9 


1,6 


/  Aeration  only  sufficient  to  obtain 
t    stable  flame  at  mouth  of  burner. 

Maximum  air  injection. 

Jet  in  position  for  maximum  air 

injection. 
I  Flame  just  stable.   Maximum  aera- 
t  tion. 

" Lighting    back "    just  taking 
place. 


Table  I.  shows  the  results  of  a  series  of  tests  carried  out 
with  several  standard  types  of  low-pressure  and  high-pressure 
gas  burners,  with  the  object  of  determining — 

(a)  The        ratios  obtained  in  the  mixing-chambers, 
gas  - 

(6)  The  velocities  of  the  mixture  at  the  burner  mouth. 

(c)  The  ―  ratio  of  the  mixture,  when  "  lighting-back  "  of 

the  low-pressure  burners  occurred. 

In  each  case,  the  ―  ratio  was  determined  from  an  analysis 
gas 

of  the  mixture ;  and  the  theoretical  ―  ratio  for  the  com- 

gas 

plete  combustion  of  the  gas  used  was  5*3. 

Application  of  Gas  to  Glass  Manufacture. ― A  considerable 
amount  of  experimental  work  has  been  recently  carried  out  in 
Birmingham  in  connection  with  the  application  of  town  gas 
for  glass-ware  manufacture,  and  as  a  result  several  large 
maniifacturers  have  adopted  gas  for  heating  their  lehrs,  glory 


Fig.  6.— Section  through  Regenerative  Reverberatory 
Furnace. 

holes,  and  sand  kilns.  Several  melting  furnaces  and  tanks 
are  also  about  to  be  installed.  Experiments  have  also  been 
recently  carried  out  in  connection  with  the  melting  of  glass 
itself.  Bottle  glass  has  been  melted  by  means  of  high-pressure 
gas  in  tank  furnaces  ；  the  metal  having  been  planed  from 
the  raw  cullet  and  batch  with  every  satisfaction.  Flint  glass 
has  also  been  melted  in  pots.  To  obtain  economical  results  in 
this  application,  however,  it  is  found  that  regenerative  settings 
must  be  used.  Other  applications  of  gaseous  heating  in  con- 
nection with  glass  manufacture  include  glass  bending,  furnaces 
and  sand  drying  kilns  ；  both  these  processes  having  been 
carried  out  on  a  large  scale  and  proving  to  be  commercially 
satisfactory. 

Tempering,  Hardening,  and  Annealing  Furnaces. ― In  harden- 
ing, annealing,  and  tempering  furnaces,  we  have  to  consider 
processes  where  a  large  amount  of  heat  at  a  moderately  low 
potential  is  required.  It  must  be  remembered  that  this 
soaking  process  necessarily  requires  a  big  body  of  heat.  With 


furnace  fitted  with  atmospheric  burners,  however,  all  such 
ideas  liave  long  become  exploded  ；  and  it  is  now  an  established 
fact  that  for  best  results  to  be  obtained  the  oven  furnace  must 
be  used  for  this  purpose. 

In  the  oven  furnace  with  the  bottom  slab  heated  by  the 
large  flames  from  atmospheric  burners,  we  obtain  just  the 
effect  that  is  required  by  these  soaking  processes  ；  the  poorly 
aerated  flame  which  partly  envelopes  the  work  being  an 
absolute  necessity  for  the  best  results  to  be  obtained. 
Further,  if  suitable  arrangements  are  made  to  enable  the 
amount  of  secondary  air  entering  the  furnace  to  be  controlled, 
then  the  work  can  be  carried  out  with  a  minimum  of  oxida- 
tion ； for  it  will  be  understood  that  if  such  a  furnace  be  run 
with  the  damper  so  adjusted  that  a  slight  back  pressure  is 
obtained,  and  if  the  amount  of  secondary  air  entering  the 
furnace  is  only  just  sufficient  for  complete  combustion  of  the 
gas,  then  the  work  is  continuously  sealed  from  the  atmosphere 
by  the  products  of  combustion  with  which  it  is  surrounded. 

Fig.  5  represents  a  furnace  of  this  type  suitable  for  anneal- 
ing purposes,  and  also  for  the  tempering  and  hardening  of 
steel,  case-hardening,  and  all  such  processes  which  require  this 
soaking  effect  at  any  temperatures  up  to  1,200°  C. ― this 
temperature  being  maintained  quite  easily  with  a  gas  pressure 
of  3^in.  to  4in.  water  gauge.  It  will  be  seen  that  the  burners 
B  are  arranged  in  a  line  entering  the  bottom  of  the  furnace 
in  the  centre.  The  whole  of  the  secondary  air  being  admitted 
through  the  flues  A  A  and  controlled  by  the  dampers  D  D， 
combustion  takes  place  in  the  chamber  C，  beneath  the  floor  of 
the  furnace  F  ；  the  waste  gases  passing  into  the  oven  itself 
through  nostrils  at  the  sides  and  finally  entering  the  flue 
outlet  O.  It  will  be  observed  that  the  secondary  air  flues  A 
are  so  arranged  that  a  considerable  preheating  effect  is 
obtained  ；  and  although  such  a  system  of  preheating  may  not 
be  considered  either  as  regenerative  or  recuperative  by  reason 
of  the  heat  supplied  to  the  secondary  air  not  being  abstracted 
directly  from  the  waste  gases,  the  net  results  obtained  with 
such  a  system  are,  nevertheless,  much  the  same,  as  a  certain 
amount  of  heat  is  being  continually  transferred  by  means  of 
the  secondary  air  from  the  oven  slab  to  the  sides  and  roof, 
which  results  in  very  uniform  heating  being  maintained 
throughout  the  whole  of  the  working  space. 

As  regards  the  working  pressures  suitable  for  this  class  of 
work,  the  results  of  a  considerable  number  of  experiments 
si  low  that,  disregarding  for  the  moment  the  time  taken  for 
the  preliminary  heating  up  of  the  furnace,  no  advantage  is 
obtained  when  working  with  pressures  higher  than  4in.  of 
water  gauge.  With  this  pressure,  temperatures  up  to  1 ,200° 
C.  can  be  maintained.  The  best  results  are  obtained  wlien 
t  he  aeration  is  only  just  sufficient  to  allow  the  required 
temperature  being  maintained ― that  is  to  say,  the  volume  of 
the  flame  should  be  a  maximum  for  the  temperature  required. 
Furnaces  of  this  type  are  particularly  suitable  for  the  anneal- 
ing of  brass  and  steel  stampings,  wliere  temperatures  of  from 
800°  to  950°  C.  have  to  be  maintained  ；  also  for  the  case- 
hardening  of  steel,  where  temperatures  up  to  1,100°  C.  are 
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required.  As  regards  t'as (；  hardening,  it  will  be  found  thai 
little  or  no  carbon  absorption  will  lake  place  at  temperatures 
below  900°  C.  ；  the  best  results  being  obtained  by  soaking  at 
as  low  a  temperature  as  possible  for  a  long  period,  rather  tliau 
working  at  a  higher  temperature  for  a  shorter  period. 

For  normal  carbon  steels,  it  is  usual  to  case  at  a  tern  pc 
rature  of  about  1,050°  C,  quench  when  the  required  depth  of 
casing  has  been  obtained,  re-heai  to  a  temperature  of  al)oul 
950°  C.,  and  quenching  again  finally  in  oil  or  water,  acconlin^; 
to  the  particular  degree  of  hardness  required.  For  both  the 
processes  of  case-hardening  and  re-heating  this  type  of  furnace 
is  admirably  suited. 

Fig.  6  represents  a  section  through  a  regenerative,  rever- 
Ix'raiory  furnace,  suitable  for  use  with  either  low-pressure 
or  high- pressure  gas  ；  the  working  pressure  depending  on  1  he 
temperature  required.  It  will  be  seen  that  the  burners  B 
are  placed  in  a  line,  entering  the  side  of  the  furnace,  and  so 
arranged  that  the  flame  impinges  on  Hie  arch  ；  the  waste 
gases  passing  over  the  work,  and  lience  into  the  flue  outlet  Fp 
situated  at  the  bottom  on  the  opposite  side,  whence  they  are 
conducted  beneath  the  bed  of  the  furnace  into  the  main  flue 
F,  giving  up  their  heat  to  the  secondary  air,  which  passes 
through  the  flues  A  arranged  alternately  with  the  waste-gas 
flues  beneath  the  furnace  bed.  It  will  be  further  observed 
that  an  auxiliary  flue  outlet  F2  is  provided.  This  is  necessary 
to  prevent  any  short-circuiting  taking  place  when  the  furnace 
door  is  opened  ；  the  dampers  being  so  arranged  that,  when 
the  furnace  door  is  opened,  Fx  is  closed  and  F2  opened  simul- 
taneously. Furnaces  of  this  type  are  very  suitable  for  any 
class  of  annealing  operation  where  the  work  itself  does  not 
offer  an  obstruction  to  the  flames,  such  as  plate  annealing  and 
the  annealing  of  stampings.  Temperatures  up  to  1,500°  C. 
may  be  obtained  with  a  working  pressure  of  about  lOOin. 
water.  A  similar  design  of  furnace  may  also  be  adopted  for 
forging,  welding,  and  the  hardening  of  high-speed  steels. 
(To  be  continued,) 


PETROL-ELECTRIC  MOTOR-VEHICLES, 

BY  J.  B.  G.  DAMOISEAU. 

(Concluded  from  page  673 J 

Advantages  and  Disadvantages  of  the  Various  Petrol- 
electric  Systems. 
Thomas  System. ― The  position  of  the  engine  depends  on 
that  of  the  axles  to  be  driven.  For  cars  with  a  long  wlieelbase, 
the  mechanical  transmission  must  be  considerably  extended  if 
the  engine  drives  the  axles  of  the  two  bogies.  To  reduce  the 
length  of  the  transmission  the  engine  need  only  drive  one 
bogie.  The  engine,  owing  to  the  mechanical  transmission,  is 
subject  to  shocks  when  the  wheels  pass  over  joints  in  the  rails, 
points,  &c.  Spring  devices  can  be  inserted  between  the  axles 
and  the  engine  to  minimise  the  effect  of  these  shocks,  but  the 
mechanism  is  thereby  complicated  still  more.  The  engine 
must  be  designed  so  that  it  can  rotate  in  both  directions,  i.e., 
it  must  be  stopped  before  the  direction  of  motion  of  the  car  is 
changed. 

The  speed  of  the  engine  is  independent  of  the  speed  of  the 
car  ；  the  engine  may  thus  run  at  a  speed  which  allows  it  to 
give  its  maximum  power.  The  direct  drive  (the  engine  driving 
direct  on  to  the  axles)  corresponds  only  to  one  value  of  the 
tractive  effort  at  the  rims  of  the  wheels,  and  consequently  to 
only  one  value  of  the  gradient  of  the  track.  For  every  other 
gradient  the  speed  of  the  car  is  different  from  that  of  the 
engine,  and  the  electro-mechanical  transmission  conies  in,  so 
that  the  total  output  must  not  be  greater  than  that  of  the 
electric  transmission.  The  size  of  the  engine  is  determined  by 
the  maximum  power  to  be  supplied  to  the  car  (the  battery 
only  serving  to  start  the  engine).  The  maximum  power  of  the 
engine  may  be  utilised,  no  matter  what  may  be  the  gradients  of 
the  track,  having  regard,  of  course,  to  the  heating  of  the 
dynamos. 

The  capacity  of  each  of  the  two  dynamos  is  equal  to 
two-fifths  of  that  of  the  engine,  or  for  the  two  dynamos 
together  a  total  of  four-fifths.  The  weight  and  cost  of  these 
two  dynamos  are  less  than  those  of  the  generators  and  motors 
in  the  case  of  electrical  transmission,  but  account  must  be 
taken  of  the  weight  and  price  of  the  mechanical  transmission, 
which  is  relatively  very  complex  (viz.,  epicyclic  gear,  con- 

*  Paper  presented  at  the  joint  meeting  of  the  Institution  of  Electrical  Enyincevs 
and  the  Socio te  Internationale  des  EleotricienSi  Paris,  May  2lat— 24th,  1913. 


centric  shafts,  cardan  shaft,  Other  conditions  being  the 

same,  the  total  cost  of  tliis  mixed  traiisiuishion  is  at  least  equal 
to  that  of  the  electric  transmission  ，  whilul  the  weight  is 
practically  the  same. 

Picpcr  System.  -  Tli"  alxnc  remarks  on  t  In-  'l'li',m;, ,  ―.  、 l*'f,'. 
as  regards  the  position  of  the  engine,  the  importance  of 
mechanical  transmission,  the  shocks  resulting  when  crossing 
points,  &c.，  and  the  rotation  of  the  engine  in  either  direction, 
a])ply  equally  to  the  Pieper  system .  The  engine  driving 
always  direct  on  to  the  axles,  ita  speed  depends  on  that  of  the 
car.  The  engine  cannot  revolve,  therefore,  steadily  at  the 
speed  which  would  give  it  its  maxiniurn  output.  The  pm、'-r 
of  the  engine  is  determined  by  the  total  work  to  be  8Up|'l"  (l 
to  the  car  for  a  journey  to  and  fro  on  a  certain  line,  together 
with  the  loss  of  energy  in  the  dynamo  and  battery.  As  the 
speed  of  the  engine  and  the  admission  are  variable,  the  result 
is  that  this  engine,  other  things  being  equal,  has  practically 
the  same  dimensions  as  an  engine  for  electric  t lansmissifju. 
The  capacity  of  the  dynamo  is  less  than  that  of  tlie  ^cn^ral or 
for  electric  transmission,  but  its  speed  is  invariably  deter- 
mined by  that  of  the  car.  The  capacity  of  the  dynamo  aii'l 
the  capacity  of  the  battery  become  more  important  in  pro- 
portion as  the  track  is  more  hilly  and  the  stations  are  closer 
together.  The  regeneration  on  gradients  and  during  braking 
is  particularly  important  on  lines  having  many  gradients,  or 
in  the  case  of  relatively  short  distances  between  the  stations. 

This  system,  like  that  of  the  accumulator-driven  car,  pre- 
sents disadvantages  in  so  far  as  a  battery  is  required.  Other 
things  being  the  same,  this  petrol-electric  equipment,  whicli 
has  a  battery  in  addition  to  mechanical  transmission  and 
electromagnetic  clutches,  costs  practically  the  same,  and 
weighs  no  more  than  the  petrol-electric  equipment  with  ])lain 
electric  transmission. 

Cars  with  Electric  Transmission. — The  position  of  the  en^mr 
is  independent  of  that  of  the  axles  to  be  driven.  Simple  wires 
establish  the  electric  connection  between  the  generators  and 
the  motors  driving  the  axles  ；  this  electric  connection,  being 
flexible,  cannot  transmit  to  the  generating  plant  the  vibral  i''ii、 
caused  by  the  track.  The  engine  always  rotates  iu  the  same 
direction,  the  change  in  direction  of  the  car  being  brought 
about  by  a  change  in  the  direction  of  rotation  of  the  electric 
motors  without  stopping  the  engine.  The  speed  of  the  en 二' m。 
is  independent  of  tliat  of  the  car.  The  engine  can  rotate  at  a 
speed  whicli  allows  it  to  give  the  maximum  power  at  the 
maximum  thermal  efficiency.  The  power  of  the  engine  is 
determined  by  the  maximum  power  to  be  supplied  to  the  car, 
taking  the  output  of  the  dynamos  into  account.  This 
maximum  power  of  the  engine  can  be  utilised  no  matter  what 
the  inclination  of  the  track  may  be,  provided  the  limiting 
temperature  of  the  dynamos  is  not  exceeded.  The  total 
capacity  of  the  generator  and  motors  is  about  double  that  of 
the  engine. 

From  this  brief  comparison  it  follows  that  the  simplicity  of 
the  electric  transmission  and  its  flexibility  justify  its  almost 
exclusive  adoption  to  cars  or  with  electric  transmission.  It  is 
in  fact  of  no  little  importance,  from  the  point  of  view  of  tlie 
economical  operation  of  a  railway,  to  achieve  two  results, 
which  appear  to  be  diametrically  opposed  to  each  other  and 
whicli  illustrate  what  may  be  called  the  elasticity  of  the  motor- 
vehicle  ： (1)  The  speed  of  the  car  can  be  raised  gradually  up 
to  its  maximum  and  maintained  at  auy  intermediate  speed,  so 
as,  for  instance,  to  keep  a  particular  distance  (indicated  bv  t  lie 
signals  or  schedule)  between  the  motor- vehicle  and  the  preced- 
ing train,  no  matter  what  the  speed  of  the  latter  may  be. 
(2)  The  speed  of  the  motor-vehicle  cau  be  maintained  as  con- 
stant as  possible  on  various  gradients. 

The  very  extensive  range  of  speed  is  obtained  verv  easilv 
by  varying  the  excitation  which  has  the  advantage  of  atTeoting 
an  item  which  is  less  than  4  per  cent,  of  the  maximum  capacity 
of  the  generator.  By  reason  of  the  small  amount  of  power 
in  the  control  circuit  the  control  apparatus,  whilst  being  of 
small  dimensions,  cau  have  a  great  number  of  notches  for 
varying  gradually  the  pressure  generated  at  the  terminals  of 
the  dynamo. 

Liquid  Fuels. 
The  liquid  fuels  used  for  motor-vehicles  are  :  gasolene  or 
petrol  (density,  0' 680— 0720)  aud  benzol  (density,  0  885).  In 
countries  where  there  are  no  supplies  of  petrol,  the  present 
practice  is  to  use  benzol,  which  is  a  natural  product  distilled 
from  coal-tar.      These  two  fuels  liave  practically  the  same 
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calorific  value,  produce  almost  the  same  power  from  the 
engine,  and  can  be  used  alternatively  without  any  modification 
of  the  plant.  When  using  benzol  it  is  necessary  to  start  with 
petrol  because  benzol  requires  a  certain  amount  of  pre-heating. 

In  France  the  price  ui  Ixmi/oI  is  about  0'25  franc  per  litre, 
whilst  petrol,  owing  to  the  duty,  costs  0*35  franc.  The  cost 
of  fuel  could  be  very  much  reduced  by  usin^  heavy  oils 
derived  from  the  distillation  of  petroleuni  or  tar,  the  prices  of 
which  are  at  present  relatively  low.  However,  as  these  heavy 
oils  cannot  be  reduced  to  a  gaseous  condition  by  evn poration 
like  the  fuels  just  considered,  they  must  be  injected  into  the 
engine  in  a  liquid  state.  This  necessit  v  h;is  led  to  the  adoj)lion 
of  the  internMl-conibustion  engine  with  constant  pressure. 
The  cycle  of  this  engine  is  economical,  since  the  compression 
(35  kg.  to  40  kg.)  is  much  greater  than  that  (4  kg.  to  5  kg.) 
used  in  engines  with  constant  volume,  which  operate  on  the 
Beau  de  Rochas  cycle.  This  high  compression  requires  a 
strongly  constructed  machine,  the  heavy  masses  of  which  do 
not  allow,  on  account  of  their  inertia,  the  same  rotatory  speed 
to  be  obtained  as  in  the  case  of  petrol  engines.  On  that 
account  the  price  of  the  generating  set  is  higher,  both  as 
regards  the  engine  and  the  generator.  Of  the  existing  petrol- 
electric  cars,  only  two  cars  at  present  undergoing  trials  on  the 
Swedish  State  Railways  are  equipped  with  petroleum  engines. 
The  results  will  be  watched  with  interest. 

Initial  Cost,  and  Cost  of  Opekation. 

The  cost  of  petrol-electric  cars  depends  on  their  power,  size, 
the  furnishing  of  the  interior,  and  on  many  other  secondary 
factors,  such  as  the  number  of  cars  of  the  same  type  con- 
structed at  the  same  time,  the  country  in  which  the  cars  are 
constructed,  &c.  There  is  no  common  basis,  therefore,  on 
which  to  estimate  the  cost  except  that  of  size.  The  price  of  a 
petrol- electric  car  varies  from  40,000  to  150,000  francs. 
A  90  h.p.  car  weighing  20  tons  and  having  seating  accommoda- 
tion for  40  passengers  costs  about  50,000  francs.  The  120  h.p. 
car  of  the  type  used  on  the  Prussian  State  Railways,  which 
weighs  50  tons  and  provides  accommodation  for  100  passengers, 
costs  about  90,000  francs  when  fitted  up  for  third  and  fourth- 
class  traffic.  The  motor-vehicle  of  the  General  Electric  Com- 
pany, weighing  from  40  to  50  tons,  with  accommodation  for 
from  60  to  100  passengers,  costs  from  100,000  to  150,000 
francs,  according  to  the  furnishing  of  the  interior.  The  cost 
varies  in  consequence  from  1*80  to  3  francs  per  kilogram. 

Fuel  Consumption  and  Cost. ― The  consumption  of  fuel  by 
a  motor-vehicle  depends  on  the  power  required  for  propulsion, 
and  the  efficiency  of  the  transmission.  The  power  required  for 
propulsion  is  essentially  a  variable  quantity  depending  on  the 
profile  of  the  line,  the  distance  apart  of  the  stations,  the  length 
of  stop  at  each  station,  the  time  taken  to  complete  the  journey, 
the  weight  of  the  motor-vehicle,  and  the  weight  of  the  trailers. 
The  consumption  of  fuel  therefore  depends  on  the  above 
factors,  and  varies  in  consequence  for  the  same  car  according  to 
the  traffic  of  the  line  on  which  it  is  operated.  It  follows, 
therefore,  that  when  making  a  comparison  between  different 
types  of  petrol-electric  cars,  it  is  not  possible  to  introduce 
figures  for  the  consumption  of  fuel  per  ton-kilometre,  as  the 
cars  would  not  be  in  service  on  the  same  line. 

Moreover,  the  consumption  expressed  per  ton-kilometre  is 
unable  to  furnish  any  reliable  indication,  seeing  that  on  the 
one  hand  the  track-resistance  per  ton  of  the  train  weight  is  a 
function  of  the  weight,  speed  (owing  to  the  effect  of  wind 
resistance),  and  composition  of  the  train,  and  on  the  other 
hand  the  electrical  output  required  increases  with  the  nominal 
power,  i.e. ,  with  the  weight  and  speed  of  the  train.  For  these 
two  reasons,  of  which  the  former  is  the  more  important,  the 
energy  consumption  per  ton-kilometre  is  a  function  of  the 
weight  and  speed  of  the  train. 

The  consumption  of  fuel  per  ton-kilometre  varies  in  practice 
between  15  and  30  grammes,  according  to  the  profile  of  the 
line  arid  the  condition  of  the  track.  It  may  even  reach 
40  grammes  per  ton-kilometre  if  the  route  is  very  hilly-  The 
cost  of  fuel  therefore  varies  per  ton-kilometre  in  the  case  of 
petrol  from  00075  to  0015  franc,  and  in  the  case  of  benzol 
from  0*0042  to  0'0084  franc. 

Cost  of  Lubrication.  ―  The  cost  of  lubrication  for  the  car 
itself,  apart  from  the  petrol- electric  equipment,  varies  between 
0  0005  and  【0010  franc  per  ton-kilometre. 

Cost  of  Maintenance  and  Repairs.— As  the  peirol  electric  system 
has,  comparatively  speaking,  been  only  recently  introduced  and 
has  beeu  applied  in  only  a  few  instances,  sufficient  time  has 


not  elapsed  to  enable  exact  data  to  be  obtained  with  regard  to 
maintenance  and  repairs.  Naturally  these  expenses  increase 
with  the  number  .of  years  a  motor-vehicle  has  been  in  service. 
It  is  likewise  necessary  to  know  the  rate  of  depreciation  for 
such  cars,  or  at  least  of  the  petrol-electric  equipment,  in  order 
to  be  able  to  fix  the  corresponding  allowance  per  annum  for 
this  item.  The  only  line  on  which  this  system  of  traction  has 
been  in  use  for  some  time  is  the  Hungarian  Arad  Osanad 
system.  But  owing  to  the  continual  improvements  and 
changes  effected  in  motor-vehicles,  it  is  difficult  to  fix  exactly 
the  various  expenses  for  the  repair  and  maintenance  of  the  cars. 
On  the  other  hand,  the  petrol-electric  system  is  a  development 
of  such  importance  that  the  maintenance  of  the  equipment 
would  be  carried  out  on  a  large  scale  and  consequently  in  a 
comparatively  economical  iriaiiner.  Railway  systems  with 
only  a  limited  number  of  such  cars,  however,  would  be  in  a 
less  favourable  position. 

By  examining  the  cost  of  repairs  and  maintenance  of  the 
cars  at  present  in  service  in  Europe  and  America,  we  may 
gather  that  this  expense  per  ton-kilometre  varies,  according 
to  the  age  of  the  car,  between  0  0015  and  0  0040  frauc. 

Total  Cost  of  Eunning  Petrol  electkic  Vehicles. 

Assuming  that  the  fuel  used  is  benzol,  as  is  the  case  in 
France,  the  cost  of  running  cars  on  the  petrol-electric  system 
is  as  follows,  the  figures  being  given  per  ton-kilometre  ： ― 

Franc.  Franc. 

Fuel  (benzol)   0*0042  to  0  0084 

Lubrication   0  0005   "  0  0010 

Repairs  and  maintenauce    0  0015   ,，   0  0040 

Total  running  expenses    0  0062  to  0  0134 

The  driver's  wages  may  be  taken  as  00040  franc  per 
ton-kilometre. 

As  regards  li  amortisation/'  although  the  time  that  such 
cars  have  been  in  use  is  too  short  to  allow  the  "  wear  aud 
tear  "  and  depreciation  to  be  determined  from  experience,  it 
appears  that  if  we  take  10  per  cent,  per  annum  of  the  value 
of  the  total  equipment,  including  the  car  itself,  this  estimate 
is  if  anything  rather  too  high.  As  an  annual  mileage  of 
50,000  km .  may  be  expected  per  car,  this  means  that 
" amortisation  ，'  represents  about  0  005  franc  per  ton- 
kilometre. 

If  interest  on  the  capital  invested  is  taken  as  5  per  cent., 
this  represents  0*0025  franc  per  ton-kilometre.  Thus  the  total 
cost  of  running,  if  wages,  "  amortisation,"  and  interest  are 
taken  into  account,  is  0"0177  to  00*249  franc  per  ton-kilometre. 

Annual  Mileage  and  Actual  u  Service  Efficiency." 

In  order  to  show  that  these  cars  can  be  relied  upon  for  the 
operation  of  a  railway  system  it  may  be  pointed  out  that 
petrol-electric  cars  on  the  Hungarian  Arad  Osanad  Railway 
system  have  run  more  than  50,000  km.  without  being  taken 
out  of  service  for  repairs.  On  this  railway  system  the 
40  h.p.  motor-vehicles  average  45,000  km.  per  annum,  and  the 
70  h.p.  trains  about  55,000  kin. 

It  has  not  been  possible  to  ascertain  the  "  service  efficiency  " 
of  these  motor-cars ― by  "  service  efficiency  ，，  is  meant  the  ratio 
between  the  average  annual  mileage  actually  realised  by  each 
car  and  the  theoretical  annual  mileage  which  each  car  might 
have  realised  without  interfering  with  the  service.  However, 
the  efficiency  for  the  petrol-electric  vehicles  is  higher  than  that 
of  steam  motor-cars,  the  figure  for  the  latter  taken  over  all  the 
systems  where  such  cars  are  used  varying  between  29  aud 
65  per  cent. 

Erection  of  Fuel  Depots. 
The  depots  for  the  fuel  must  be  placed  so  as  to  exclude  all 
danger  of  fire.  For  this  purpose  the  fuel  may  be  kept  in  a 
covered  tank  under  water  (as  in  the  case  of  the  Arad  Osanad 
Railway  system).  Tlie  depots  may  also  make  use  of  the 
arrangement  adopted  by  the  Compagnie  Generale  des  Omnibus 
de  Paris  for  their  depots  for  hydrocarbon  oils,  viz.,  always  to 
cover  such  oils  with  an  atmosphere  of  inert  gas,  such  as 
nitrogen  or  carbonic  acid,  and  to  prevent  the  hydrocarbon 
oils  from  coming  in  contact  with  tlie  air,  under  all  circum- 
stances. 

Lines  suitable  for  Petrol-electric  Cars. 
What  are  tlie  characteristics  of  the  lines  which  can  be 
worked  by  petrol-electric  cars?    Thev  must  liave  a  relatively 
small  but  constant  traffic :  small  traffic,  because  the  working 
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of  a  line  by  petrol-electric  cars  can  only  be  economical  with 
light   trains;     and   relaiivol  v  ;ml   I  raflic,   lw;iust'    1  lie 

limited  power  of  these  cars  docs  not  ； 1 1  low  liouvy  trains  to  1"' 
run.    The  petrol-electric  cars  whirh  h;m'  consl  i  ucl  n\  up 

to  Uio  present,  time  a  re  "iily  l>uill  to  haul  one  or  two  trailers. 

The  introduction  of  m(»t()r- on  ； i  niilwjiv  sywl cm  11''。'：， 
sarily  leads  to  the  disappear;) nee  (".  mixed  trains 
and  goods  trains  ('oml)ine(l),  since  sucli  t. rains  cannot  he 
economically  dealt  with  by  ihal  svst  (>m  of  tract  ion.  1 1  is 
therefore  necessary  for  tlie  goods  t rains  ")  h(、  Ikiii1。（I  by  ste.-mi 
locomotives.  On  days  of  denso  t  r;i  Hie,  trains  of  heavier 
tonnage  than  usual  ('an  be  drawn  hv  t  lie  ste;uii  locomotives 
wliicli  are  usually  en]pl(>v'"l  ")  liaul  the  goods  trains,  such 
locomotives  replacing  the  motor-vehicles  or  being  inserted 


cars  that  preceded  this  system.  Steam  motor-cars  were 
tlie  fi rst  inrlepeiifleiit  inotor-veliirlis  to  I"'  usrd  ot\  railw;i vs. 
Tlioir  int  roduct  ifjn  d;M  cs  1,;,「1<  almost  lo  t  lie  int  rodurt  ion  of 
railways  tlieniselves,  the  fi rsl,  use  of  t  hont  1 1 a \  i u ^  l，t 屮 11  made  in 
1819  between  London  and  Norwich.  This  type  of  car  lias  the 
advantage  of  age,  i.e.y  of  a  k"i"'lli  v  I  rial,  and  oH'*;rs  railway 
companies  the  advantage  of  dealing  witli  tin*  . 、'； ！m'，  rn\\i\'\\ ions 
as  in  the  case  of  steam  locoiiiotivf.s,  ； .t .  ，  U>  In*  ；山 1<.  。'  employ 
for  tlie  running  and  inaintonaiure  of  the  cars  the  same  staff 
- as  for  steam  lorornotives.  Steam  inotor-cars  have  really  only 
begun  to  be  widely  adopted  since  1895,  and  are  relatively  few. 
In  1910  the  total  number  in  service  in  Kurop*;  、、； 's  estimated 
at  about  400,  of  whicli  more  than  halt*  were  in  the  Unit 
Kingdom  and  the  Colonies.    At  the  present  time  the  number 


Table 


Constructed  by- 


puwer. 


Wri-ht 
in 

tons. 


No.  of 
carried. 


Railway. 


Rcmarkti. 


Summary.                                                              Motor  vehicles. 

British  AVestinghouse  Company    1 

Societe  de  Dion-Bouton   36 

Societe  Westinghouse  du  Havre    44 

Bergman n  Elektricitiits  Aktien-Gescll;-chaft    1.5 

Allgemeine  Elcktricitats  Gesellschaft    II 

British  Thomson-Houston  Company    1 

Almanna  Svcnska  Elektriska  Aktie-bolaget    2 

Pieper  System   •   11 

Thomas  System    1 

General  Electric  Company    2 

Total    124 

between  them.    It  is  evident  that  the  use  of  motor-vehicles  is  in  use  is  practically  tlie  ^ame,  most  of  the  companies  who  are 

only   advisable  when   such   changes   in   traffic  are  not  too  using  them  not  having  given  repeat  orders. 

frequent.  The  accumulator  cars  which  were  introduced  to  remedy  the 

Since  the  operation  of  a  system  by  petrol-electric  cars  disadvantages  of  steam  motor-cars  are  even  less  numerous 

allows  a  greater  frequency  of  trains  than  in  the  case  of  steam  than  the  latter.    Apart  from  the  accumulator  cars— relatival v 

engines,  such  an  increase  in  traffic  might  result  that  tlie  intro-  few  in  number— owned  by  tlie  Prussian  State  Railways,  there 

duction  of  electric  traction  would  be  justified,  as  electric  are  only  three  on  trial  on  the  Bavarian,  Saxon,  and  Belgian 

traction  brings  about  still  greater  economy  and  a  still  greater  state  lluilwavs.    This  Ivpc  of  i'""?"","""  m(>，，u' 、，小 i, 小' l.,»s 

frequency  of  trains.    This  result  of  course  is  exceptional.  been  altogether   abandoned   since  the   introductinu  vi  tlu' 

Development  of  Steam   Motoh-cars,   Accumulatuk   C'.viis,  pet ml-('l,vt  car. 

and  Motor-vehicles  avith  Petrol  and  Mechanical  Tlie  internal-combustion  engine  car  witli  entirely  nuvln- 

Transmission.  niral    transmission    preceded    the    pctrol-eleotric    car.  In 

To  show  the  importance  of  the  adoption  of  petrol-electric  Europe,  with  the  exception  of  inspection  cars,  which  are  of  low 

cars,  it  is  sufficient  to  compare  these  with  the  iudependeut  power,  seven  petrol  cars  with  mechanioal  transniission  are  at 
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present  in  service  on  four  fortu^ii  railway  systems.  In 
America,  owing  to  the  fact  that  the  tracks  are  almost  level,  or 
at  least  with  only  slight  gradients,  these  cars  have  been  more 
widely  adopted. 

Petrol-electric  cars,  the  last-comers,  seeing  that  they  were 
first  introduced  as  recently  as  1905，  have  been  adopted  on  a 
considerable  number  of  railway  systems.  The  accompanying 
table  shows  the  number,  weight,  and  size  of  the  petrol-electric 
cars  in  use  on  the  various  railway  systems.  If  the  more 
important  French  railway  companies  have  so  far  not  adopted 
the  petrol-electric  system  of  traction  it  must  be  attributed  to 
the  fact  that  the  brancli  lines  on  which  such  cars  might  be 
utilised  are  worked  with  old  rolling  stock,  in  good  condition 
but  no  longer  of  use  on  the  main  lines. 

On  branch  lines,  where  the  journeys  are  relatively  short, 
comfort  is  only  a  secondary  consideration  ；  old  rolling  stock  is 
used  to  good  advantage,  and  does  not  require  any  special 
knowledge  on  the  part  of  the  operating  staff,  as  regards 
driving,  maintenance,  and  repairs.  The  use  of  such  vehicles, 
moreover,  has  the  further  advantage  on  days  of  dense  traffic 
(such  as  market-days)  that  it  is  possible  to  meet  the  require- 
ments of  this  traffic  by  means  of  mixed  trains,  as  the  loco- 
motives are  powerful  enough  for  that  purpose.  On  the  other 
hand,  the  consumption  of  coal  by  locomotives  for  light  trains 
being  only  about  9  kg.  or  10  kg.  per  train-kilometre,  the  cost 
of  the  fuel  is  about  0'18  to  0*20  franc  per  train-kilometre,  or 
a  little  less  than  in  the  case  of  the  petrol-electric  vehicle, 
should  the  weight  of  the  latter  be  more  than  40  tons. 

However,  if  the  important  French  railway  companies  for 
the  above  reasons  have  not  adopted  this  type  of  motor-vehicle, 
the  trials  carried  out  by  three  important  English  railway 
companies  with  petrol-electric  cars  are  worthy  of  notice  as 
they  show  that  these  companies  are  interested  in  this  kind  of 
traction  and  are  applying  it  to  their  lines. 

Conclusions. 

The  four  types  of  independent  motor-vehicles  are  at 
present :  steam,  accumulator,  petrol  with  mechanical  trans- 
mission, and  petrol-electric.  Accumulator  cars  have,  however, 
been  abandoned,  and  as  the  petrol  engine  with  mechanical 
transmission  has  not  been  found  sufficiently  flexible,  there 
remain  therefore  at  present  only  the  steam  motor-car  and  the 
petrol-electric  vehicle.  The  characteristics  previously  enume- 
rated for  petrol-electric  cars  emphasize  the  short-comings  of 
the  steam  motor-car,  and  the  conclusion  may  therefore  be 
drawn  that  if  the  use  of  independent  motor-vehicles  continues 
to  develop ― and  there  is  no  reason  why  it  should  not ― then 
petrol-electric  motor-vehicles  will  preponderate. 

STUDIES  IN  THE  COLD  FLOW  OF  STEEL* 

BY  PERCY  LONGMUIR. 

A  paper  dealing  with  some  aspects  of  wire  drawing  was  pre- 
sented at  the  last  meeting  of  this  Institute,  and  the  present 
paper  represents  further  work  in  the  same  direction.  Owing 
to  the  complexity  of  the  changes  induced  by  cold  flow,  results 
can  only  be  presented  after  repeated  confirmation.  Possibly 
no  other  field  of  metallurgical  research  stands  in  such  need  of 
repeated  confirmation  as  that  of  studies  in  cold  flow.  A  good 
illustration  of  this  lies  in  the  generally  accepted  view  that 
the  density  of  metals  is  increased  by  cold  work.  Thus  Brim- 
ton 十 has  shown  that :  "  It  is  possible  to  increase  the  specific 
gravity  of  steel  to  7*998  from  7'768  by  cold  work,  and  when 
it  reaches  this  point  and  is  again  subjected  to  a  crushing  action 
by,  pulling  through  a  die,  it  actually  gets  lighter,  showing 
that  it  is  impossible  by  this  means  to  make  it  more  dense." 

In  1904  Kahlbaum  showed  a  loss  of  density  in  platinum 
due  to  drawing,  and  one  set  of  results  are  as  follows  ： ― 

Specific  Gravity. 


Rolled  and  forged  rod,  3  mm.  diam   21*4314 

Wire,  cold-drawn  to  1  mm   2T4136 

"     annealed  three  minutes  at  a  white 

heat    21-4314 

" cold-drawn  to  0*7  mm   21*4181 

，,     annealed  three  minutes  at  a  white 

heat    21*4314 

，， cold-drawn  to  0"4  mm.   21.4142 

"     annealed  three  minutes  at  a  white 

heat    214308 


*  Abstract  of  paper  presented  at  the  annual  meeting  of  the  Iron  and  Steel 
Institute,  May,  1913. 
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Goerens|  quotes  various  authorities,  and  shows  that  "  more 
recent  experimental  evidence  supports  the  view  that  the 
density  of  cold-worked  metals  is  increased  by  annealing,  that 
is,  by  the  change  into  the  soft  condition/' 

With  steels,  the  initial  difficulty  lies  in  obtaining  repeated 
confirmation,  and,  although  this  may  be  due  to  varying  errors 
in  determination,  there  is  still  a  range  of  variation  due  to 
sources  outside  those  of  experimental  error  in  method. 

The  work  done  in  this  section  has  not  proved  conclusive, 
and  no  definite  rule  has  been  found.  Various  classes  of  steel 
of  varying  carbon  content  have  been  tested  at  different  stages 
of  drawing,  from  5-gauge  rod  to  25-gauge  wire,  and  in  the 
absence  of  overdrawing  there  is  an  apparent  tendency  to 
decrease  in  specific  gravity  as  the  wire  is  diminished  in  size 
by  drawing.  Furtlier,  the  increase  in  maximum  stress  value? 
due  to  cold  work  is  not  necessarily  associated  with  a  rise  in 
specific  gravity.  However,  this  aspect  of  the  subject  requires 
far  more  investigation  than  has  hitherto  been  made  before 
definite  statements  can  be  made. 

I. ― A  series  of  steels  have  been  drawn  by  successive  reduc- 
tions of  0"001in.  from  rod  to  fine  gauge  wire.  The  original 
rods  were  annealed,  but  no  heat  treatments  were  applied  dur- 
ing drawing.    The  analyses  of  three  of  the  steels  are:  — 


Steel  No.  1. 

Steel  No.  2. 

Steel  No.  3. 

Per  cent. 

Per  cent. 

Per  cent. 

010 

0-48 

0-89 

0-89 

0-87 

0-78 

0  06 

0-058 

007 

0  103 

0-039 

0  035 

0-307 

0-050 

0  046 

After  annealing  in  the  rod  these  steels  were  drawn  down 
by  successive  reductions  of  O'OOlin.  until  they  would  not  admit 
of  further  cold  flow.  Details  of  Nos.  1  and  2  have  been  pre- 
viously published  by  the  author,  §  but,  taking  the  three  steels 
together,  the  effect  of  cold  work  in  successive  small  increments 
may  be  summarised  as  follows  ： ― 

Tensile  Tests. 


Total 

Maximum 

reduction 

stress,  tons 

Elongation 

Reduction 

No. 

Condition. 

in  drawing 

per  square 

per  cent,  on 

of  area 

per  cent. 

inch. 

2  inches. 

per  cent. 

1 

Annealed  rod.O  -201iii. 

35-98 

31  15 

67-82 

Wire,  0  -072in  

(J8.7 

75-63 

2  0 

41  -46 

Wire,  0  -024in  

112  -0 

2  .4 

2 

Annealed  rod,0  *214in. 

43  -48 

1G-9 

54-87 

Wire,  0  -072in  

92  -3 

90-0 

20 

10  57 

Wire,  0  -056in  

100  0 

15 

4-56 

3 

Annealed  ro(l，0  -212in. 

50  -87' 

1G  *55 

45-89 

Wire,  0  -072in  

88-1 

104  0 

1  -5 

3-24 

As  the  0  89  per  cent,  carbon  steel  (No.  3)  could  not  be 
drawn  beyond  0*072  or  15-gauge  without  heat  treatment,  the 
corresponding  values  for  Nos.  1  aud  2  are  included.  This 
comparison  table  is  of  considerable  interest.  For  example,  a 
steel  containing  01  per  cent,  sulphur  and  0*3  per  cent,  phos- 
phorus by  cold  flow  alone  admits  of  an  initial  maximum  stress 
value  of  about  36  tons  per  square  inch  being  raised  to  the 
high  value  of  112  tons.  This  class  of  steel  is  largely  used  in 
the  form  of  drawn  bars  or  wire  for  use  in  automatic  lathes 
for  the  rapid  production  of  machine  details.  Although  so 
largely  used,  and  in  spite  of  the  admirable  flow  illustrated 
here,  the  steel  is  not  safe  as  regards  resistance  to  suddenly 
applied  loads. 

Steel  No.  2,  which  is  normal  as  regards  analysis  and  con- 
tains 0  48  per  cent,  carbon,  has  its  stress  value  raised  by  cold 
work  from  about  43'5  to  100  tons  per  square  inch. 

Steel  No.  3  shows  a  nearly  corresponding  increase,  and  it 
is  an  interesting  fact  to  note  that  the  final  effect  of  cold  work, 
as  judged  by  tensile  tests,  does  not  materially  differ  in  the 
case  of  three  steels  very  dissimilar,  in  composition.  Inter- 
mediate effects  are  shown  in  the  Curves  Figs.  1，  2,  and  3. 
Taking  Curve  Fig.  1  first,  the  maximum  stress  values  of  the 
three  steels  are  shown  at  each  stage  of  cold  drawing.  The 

J  Ibid.,  1911,  No.  III. 
§  "  Journul  of  the  Iron  and  Steel  Institute,"  191*2,  No.  II. 
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Steel  X(k  /. 


Gauge. 

t  il.'  li  "11 

M:i  \i 

KloliL';i 

，..  一 

tli'll  <il 

.M  ill?  ot  \\  ire  i*i 

iiu'li. 

"mm 

I  i->n  |>«  r 

fore. 

After. 

st  If 

i-.-nt . 

on 

a  i  t  it  |n  i 

t«Mis  per 

2  in*  ln-^ 

cent. 

Hf[.  ilM'll. 

4 

50- 

2« 

18 

-  - 
K ' "  1  ■       Ah  an- 

iii'uUfd.  Cleaned 
and  blued. 

4 

0  -04 

OS 

82 

00 

44-25 

Af t»*r  firMt  holt*. 

00 

27 

.",() 

«i()07 

IS 

1  \ 

！) 

(Ill 

60  00 

AfttT  .st**'on<l  liolt* 

9 

,M,'t'— ' 

00 

Aftt  i  tl.ini  h'"'- 

10 

25 

on 

9 

11 

0-028 

59 

6 

00 

2«I-4I 

AftiT  fourth  hole. 

13 

■    0  024 

t',1 

•00 

:i 

00 

Aftt  r  fifth  hole. 

]：{ 

41 

no 

21 

•20 

7»;  (id 

As  annealed. 

\：\ 

56 

•00 

After  sixth  hole. 

15 

u-olt; 

65 

00 

•00 

l;l  -20 

After  seventh 

44 

•30 

23 

■50 

80  00 

As  annealed. 

18 

0  00(5 

53 

(in 

2 

•25 

At  ti  r  eighth  liole. 

18 

20 

0.012 

■50 

2 

■70 

58-83 

1  After  ninth  hole. 

Tlie  levelling  up  at  each 
annealing  stage  is  worthy  of 
note,  and  in  the  stages  indi- 
cated drawing  may  be  readily 
carried  down  to  34  gauge. 
Wires  of  this  com|"'sii 
possess  a  higher  penueabilitv 
Wn-  magnetism  than  pure  nun- 
mercial  iron  - 

Electrical  resistivity  is  also 
increased  by  the  presence  of 
silicon  and  aluniiniiim,  a  fact 
of  value  in  stifling  eddy  cur- 
rents and  consequent  loss  of 
power  to  the  magnet.  A 
typical  resistivity  value  of  steel 
No.  4  in  5-gauge  rolled  rod  is 
40  microhms  per  cubic  centi- 
metre. This  value  is  lightly 
increased  by  cold  work,  and 
the  finished  wire  will  vary 
from  43  to  45  microhms 
specific  resistivity. 

III. ― In  commercial  wire- 
drawing and  cold-rolling  prac- 
tice the  steels  employed  range 
in  carbon  from  traces  to  about 
16  per  cent.  The  higher 
ranges  are  usually  limited  to 
crucible  steels,  and,  according 
to  carbon  content,  tlie  drawn 


Fig.  2. 

present  in  a  steel  in  ranges  varying  from  traces  to  2.5  per 
cent.,  does  not  materially  affect  flow,  providing  annealing  and 
cleaning  conditions  are  suitably  modified.  The  following 
steel  contains,  in  addition  to  silicon,  an  appreciable  amount 
of  aluminium : — 

Steel  No.  4. 

Per  Cent. 

Carbon   0  25 

Manganese  ••   0'35 

Silicon    2'50 

Sulphur   0  025 

Phosphorus    0  020 

Aluminium   0'75 

The  flow  effects,  as  judged  by  tensile  tests  at  each  stage  of 
commercial  drawing,  are  shown  in  the  following  table . 


wire  is  fashioned  into  dental 
or  surgical  instruments,  hand 
or  machine  sewing  needles, 
sensitive  springs,  fine  tools,  &c. 
The  properties  required  in  the 
、v  i  re  are,  ease  of  m  aehi  n  i  , 
allowing  read  v  "la'iipulat  ion 
into  final  form.  Tlie  properties 
required  in  the  finished  articles  are  essentially  those  imparted 
by  the  presence  of  carbon,  that  is,  keen  cutting  edges,  pene- 
tration, spring  and  elasticity  in  the  tempered  condition.  These 
features  give  rise  to  an  important  difference  in  drawing  prac- 
tice in  that  crucible  steels  are  always  drawn  by  comparatively 
light  draughts  and  with  frequent  annealings.  This  results  in 
comparatively  low  tensile  values  being  reached  (luring  the 
drawing  stages,  cold  work  not  being  carried  so  far  as  in  the 
case  of  mild  Siemens  or  Bessemer  steels.  A  further  point 
arises  from  the  fact  that  steels  containing  appreciable  free 
ceinentite  must  of  necessity  be  worked  down  in  easy  stages. 
This  will  be  referred  to  later.  For  the  present  it  is  well  to 
note  that  with  high-carbon  crucible  steels,  two  features 
demanding  care  are :  (1)  The  avoidance  of  superficial  oxida- 
tion.   (2)  The  avoidance  of  a  precipitation  of  free  carbon. 


1 


chief  interest  here  lies  in  the  fact  that  no  real  breaking-do 
point  is  indicated  in  any  of  the  steels.  Curve  Fig.  2,  whi 
more  erratic  than  Fig.  1，  still  shows  that,  as  far  as  reducti 
of  area  after  fracture  by  tension  is  concerned,  there  is  still 
sudden  breaking-down  point.  WitJi  inaxitiiuin  stress  val1 
the  increments  fall  on  a  more  or  less  gradually  inclined  h 
and  a  very  similar  remark  is  applicable  to  the  rompa 
tively  steady  decreasing  values  in  reduction  of  area  after  ' 
fracture. 

Tliese  features  are  not  shown  in  Curve  Fig.  3,  for 
elongation  after  fracture  rapidly  falls,  and  then  becor 
almost  steady,  irrespective  of  further  cold  work.  Tt  will 
noted  tli at  with  each  steel  after  passing  a  certain  poiiH 
nearly  straight  line  follows,  ami,  t  int  Ium-,  tlie  tliree  steels 
not  give  widely  dissimilar  values. 

It  should  be  noted  iliaf,  the  toro^oin^  do  not  repres 
commercial  conditions  of  drawing;  the  reduct  ions  ]>or  pass 
slight,  and  the  results  obtained  represent  the  effect  of  flow 
successively  small  stages. 

II. ― Steel  No. 】 sliows  tliat  the  presence  of  apprecia 
percentages  of  sulphur  and  pluispliorus  floes  not  retard  fl 
The  effect  of  various  elements    has  been  examined,  l»ut 
the  present  it  will  suffice  to  give  an  illustration  from  a  sili 
steel  drawn   under  commercial   fonditions.      Silicon,  、v' 
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Surface  oxidation  of  carbon  is  important,  for  under  these 
conditions  it  is  obvious  that  the  requisite  surface  hardness 
will  not  follow  quenching.  On  the  other  hand,  when 
cementite  lias  been  decomposed  into  free  carbon  and  ferrite, 
tlie  wires  will  not  go  through  later  automatic  processes  witli 
regularity.  For  example,  in  needle  pointing,  those  wire 
lengths  containing  graphite  wear  down  with  great  rapidity  as 
compared  with  lengths  free  from  graphite.  Hence,  on 
assembling,  variation  in  length  is  found,  and  t'he  sliort  lengths 
are  invariably  graphitic. 

A  series  of  crucible  carbon  steels  were  prepared  and  put 
through  the  usual  wire-drawing  processes  applicable  for  tliis 
rlass  of  steel.    The  analyses  are  : — 

Steel  No^. 


5. 

(i. 

7. 

8. 

!t. 

10. 

Per  cent. 

Per  cent. 

Per  coiit. 

Pe  r  icnt. 

Per  cent. 

Per  cent. 

( 'aibon  

0-10 

0  -2«i 

0-75 

1  -07 

1  -22 

1-47 

Maiigaiif'Sf  .... 

Oil 

0-25 

0-21 

0-24 

o-:il 

0-31 

o  -<m 

0-041 

0-100 

0-115 

0-001 

0-0(；1 

Sulpliur   

0  023 

0  022 

0  (»20 

0-019 

0  023 

0-02:t 

Phosphorus  .... 

0  -02fi 

0  024 

(1-010 

0-022 

0  019 

0  -019 

An  examination  of  the  tensile  results  obtained  during  the 
various  operations    illustrates   the   effect    of  comparatively 
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Fig.  3. 


steady  flow  on  a  series  of  ascending  carbon  steels, 
results  may  be  summarised  as  follows  ： ― 


These 


Condition. 

.Carbon, 
per  cent. 

Maximum 

stress, 
tons  per 
sq.  inch. 

Elonga- 
tion per 
cent,  on 
2  inches. 

Reduc- 
tion of 
area  per 
cent. 

No.  of 
Twists 

one  way 
until 

broken. 

Rolled  rod  .... 

23  ,0 

38  0 

73 

•33 

35 

Annealed  rod  . . 

0'10 

21  -0 

43 

81 

6 

39 

25-gauge  、vire 

4(i  -23 

3 

9 

24 

Itolled  rod  

31  0 

33 

85 

57 

•57 

17 

Annealed  rod . . 

0-26 

24  -0 

36 

9 

72 

•8 

37 

25-gauge  wire 

46  -2：? 

3 

9 

42 

Rolled  rod  . . . . 

50  -5 

16 

36 

•8 

6 

Annealed  rod . . 

0-75 

35-0 

25 

9 

r>9 

23 

25-gauge  wire,  • 

52  14 

8 

32 

Rolled  rod  .... 

二 

62  -73 

9 

■85 

14 

•8 

3 

Annealed  rod .  • 

1  -07 

- 

25 

0 

51 

•73 

20 

25-gauge  wire . . 

CO-0 

5 

0 

30 

Rolled  rod  .... 

QO 

13 

！) 

14 

•8 

Annealed  rod . . 

1-22 

41  •() 

15 

2 

51 

•73 

25-gauge  wire. . 

fiO-0 

6 

0 

:i2 

Rolled  rod  .... 

56  -4 

IT. 

14 

•8 

2 

Annealed  rod .  • 

1-47 

41  -75 

10 

14 

•8 

25-gauge  wire . . 

60-0 

22 

From  0'75  per  cent,  carbon  onwards  the  maximum  stress 
values  do  not  differ  materially  from  those  of  the  rods  as 
rolled.  However,  the  comparison  should  be  made  against  the 
annealed  rods,  and  the  difference  is  then  more  marked.  In 
the  high-carbon  ranges  the  greater  number  of  twists  in  tlie 
tinished  wire  is  noteworthy. 


IV. ― The  exhaustive  researches  of  Beilby  show  that  the 
polished  surface  of  a  specimen  of  metal  indicates  that  it  has 
))assed  through  a  state  in  which  it  has  possessed  the  mobility 
of  a  liquid.*  The  skin  of  a  drawn  wire,  i.e.,  that  portion 
which  has  been  in  actual  contact  witli  the  "  bearing"  of  the 
wortle  plate,  exhibits  certain  evidences  of  polishing  action. 
From  a  very  close  study  of  this  surface  effect  the  author 
readies  the  conclusion  that  the  analogy  with  the  mobility  of 
a  liquid  can  not  be  sustained.  There  is  certainly  room  for 
wider  and  more  detailed  investigation,  but,  so  far  as  the  work 
has  been  carried  as  regards  both  skin  and  core  effects,  the 
conclusion  reached  is  that  the  initial  crystalline  entity  is  never 
lost  hy  cold  work.  So  far  as  a  fairly  extensive  experience 
goes,  the  perfectly  vitreous  or  non-crystalline  form  has  not 
yet  been  reached  by  cold  work  in  the  form  of  drawing  or 
rolling. 

Up  to  a  certain  point  tlie  microscopical  examination  of 
(^old-worked  sections  is  satisfactory,  but  beyond  this  point  it 
completely  breaks  down.  This  aspect  has  been  well  expressed 
by  Ewing  in  the  May  lecture  before  the  Institute  of  Metals, 
1912  ：  "  We  want  to  know  what  are  the  ultimate  particles  of 
wliifli  a  metal  is  composed,  how  tliess  particles  are  arranged, 
a  ad  why  they  so  arrange  themselves.  To  these  questions  the 
microscope  is  unable  to  give  us  anything  like  a  complete 
answer,  and  wlien  we  attempt  to  penetrate  beyond  the  region 
in  wliioh  we  can  accept  it  as  a  guide,  we  do  so  only  by  the  help 

of  such  light  as  may  be  per- 
ceived by  tlie  eye  of  the 
scientific  imagination." 

Ignoring  for  the  moment 
ultimate  structures  and  limit- 
ing the  discussion  to  micro- 
scopically visual  crystalline 
effects,  the  first  feature  of 
interest  lies  in  the  readjust- 
ment of  structure  at  each 
annealing.  Although  heat 
treatment  heals  the  effect 
of  cold  work,  it  must  be 
noted  that  the  crystals  do 
not  regain  their  original 
size,  and  that  in  spite 
of  the  frequent  annealings 
there  is  a  steady  ((  fining  ，，  of  the  structure  as  the  wire 
decreases  in  diameter. 

The  crucible  steels  Nos.  5  to  10  have  been  closely  examined 
at  each  stage  of  drawing  and  annealing,  and  the  following 
notes  are  condensed  from  this  examination  and  from  the 
examination  of  other  series.  Steel  No.  5,  carbon  010  per 
cent.,  presents  in  the  annealed  rod  the  usual  structure  charac- 
teristic of  ferrite,  but  by  the  process  of  flow  the  crystals  are 
not  only  compacted  and  elongated,  but  also  become  much 
finer. 

Steels  with  ascending  carbon  do  not  offer  points  of  mate- 
rial difference  until  free  cementite  appears.  Both  pearlite 
and  ferrite  flow  freely  through  tlie  dies,  but  it  is  questionable 
whether  cementite  yields  at  all.  The  grains  of  cementite  may 
be  found  under  certain  conditions  with  their  longest  axis  in 
the  direction  of  drawing,  but  tlie  grain  itself  is  not  elongated 
by  cold  work.  High-carbon  wires  are  utilised  solely  for  their 
ability  to  take  an  intense  hardness  after  quenching.  When 
high  tensile  strength  is  required,  this  is  reached  by  suitable 
manipulation  in  cold  working  rather  than  by  high  carbon 
contents. 

(To  be  continued.) 

GAS  GENERATORS  OF  THE  BLASTFURNACE  TYPE. 

In  gas  generators  of  the  blastfurnace  type,  in  whirh  the 
ashes  are  fused  when  using  sticky  or  caking  coal,  the  generator 
generally  works  efficiently  at  the  beginning  when  the  fusing  is 
regular,  but  after  a  short  time  the  generator  shaft  becomes 
cool  at  the  bottom,  the  slag  sets  and  the  fire  is  confined 
gradually  to  the  central  part  and  then  to  the  higher  part  of 
the  generator.  The  fusing  then  takes  place  at  a  poiut  at 
wliich  the  slag  can  no  longer  be  taken  away  and  the  apparatus 
has  to  be  stopped  on  account  of  the  clogging  wliich  has 

*  A  summary  of  theso  researches  is  found  in  •'  The  Haul  and  Soft  States  iu 
Metals  "  (••  Journal  of  the  Institute  of  Metals,"  1911.  Xo.  II). 
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occurred.  This  inconvenience  is  brought  about  by  the  fact 
thai  while  the  combustion  air  and  1  lie  coinhusl  urn  ^ascs  move 
upwards  right  through  tlie  generat  oi*,  t  lie  coal  under  1 1"' 
act  ion  of  gravity  travels  in  the  opposite  direct  ion,  tliat  is  to 
say,  downwards.  Ti'  for  any  reason  sucli  as  clo^in^  ov  an 
alteration  in  the  working  conditions,  the  fuel  does  no<  move 
down  in  a  regular  manner  to  the  level  of  t  lie  t  uvcrcs,  1  lie 
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ir  goes  up  to  moot  the  coal  and  the  im';u"lt'sr('iil 
roiuhusiion  zone  rises. 

The  gas  generator  illustrated  herewith,  the  invention  of  the 
Societe  des  Gazogenes  Marcoiuiet,  12，  v\w  de  Flsly,  Paris,  lias 
l>eeii  designed  to  obviate  any  dangerous  ('logging  or  sticking. 
Tliis  is  accoinplislied  l)y  combining  with  an  ordinary  ash 
fusing  gas  generator  of  the  hlastfunmce  type  a  mechanical 
device  which  breaks  up  the  clogged  coal  as  the  clogging  takes 
place.  Several  modifications  of  the  arrangement  are  shown 
diagrammatically  in  Figs.  1  to  4.  In  Fig.  1，  tlie 
gas  generator  comprises  a  hollow  sliaft  A  mounted  in 
bearings  B  and  C  forming  part  of  the  cover.  This 
hollow  shaft  carries  one  or  more  fingers  D，  also  hol- 
low, and  which  are  cooled  by  the  water  entering  and  issuing 
from  the  hollow  shaft.  This  shaft  receives  a  very  slow  rotary 
motion  whereby  the  fingers  are  enabled  to  l)reak  up  the  clogged 
fuel.  In  Fig.  2，  the  gas  generator  also  comprises  a  hollow 
shaft  having  cooled  fingers,  but  in  this  arrangement  the  shaft 
is  stationary  and  the  casing  E  of  the  gas  generator  revolves 
on  the  ash  pit  F,  which  is  also  stationary.  These  revolving 
parts  carry  forward  the  clogged  fuel  broken  up  by  coming  in 
contact  with  the  stationary  fingers.  The  whole  of  the  gas 
generator  with  its  ash  pit  may  also  revolve  on  a  track  having 
ball  bearings  G  shown  in  Fig.  3，  but  it  is  also  provided  with 
a  hollow  shaft  A  having  fingers  I)  whereby  the  cloggings  are 
broken  up.  These  mechanical  devices  may  vary  considerably. 
Another  device  is  shown  in  Fig.  4，  in  whioh  the  cloggings  are 
broken  up  by  means  of  slice  bars  H  provided  with  circulating 
water  and  which  are  mechanically  lifted  and  dropped  ；  in 
their  downward  movement  they  crush  the  vaulted  fuel  in  the 
same  way  as  a  pestle.  In  all  these  devices,  it  is  preferable 
that  the  speed  of  rotation  of  these  agitators  should  correspond 
with  the  volume  of  the  blast,  suitable  connections  being  pro- 
vided for  this  purpose  between  the  means  for  driving  the 
agitators  and  the  blast  control. 

The  Use  of  Reinforced  Concrete  in  Coal  Mines. ― At  a  meeting 
of  the  Staffordshire  and  Warwickshire  Association  of  Mining 
Engineers,  a  paper  was  read  by  Prof.  Dixon,  Birmingham,  on 
" The  Use  of  Reinforced  Concrete  in  Mines."  He  emphasized 
the  durability  of  reinforced  concrete,  which  he  described  as 
resisting  shock  much  better  than  any  other  material.  Its  use 
was  coming  largely  into  operation  in  the  United  States  and 
Canada.  Among  other  good  qualities  which  it  possessed,  he 
mentioned  that  steel  embedded  in  it  did  not  deteriorate  by 
time  or  rust. 

Fata【  Ca^gc  Accident  at  a  Colliery. ―  An  accident,  resulting 
in  the  loss  of  four  lives,  occurred  at  the  Silkstone  pit  at  the 
Newland  Collieries,  Normanton,  on  the  18th  inst.  It  appears 
that  10  persons  were  ascending  the  shaft,  wlien  a  portion  of 
the  centre  conductor,  about  20ft.  long  and  Gin.  square,  fell 
from  the  top  of  the  sliaft  in  a  perpendicular  manner  into  Hie 
shaft,  which  is  500  yards  deep,  and  crashed  through  the  upper 
and  lower  decks  of  the  cage,  the  latter  of  which  contained  the 
men.  The  banksman,  noting  the  fall  of  the  beam,  stopped 
the  engine  when  the  cage  had  only  ascended  some  70  yards. 
The  cage  remained  in  this  position  for  several  hours  before 
it  could  be  released,  when  it  was  found  tliat  four  of  the  iihmi 
were  killed  and  t,、vo  others  injured. 


PERFORMANCE  ON  SERVICE  OF  THE  MOTOR  SHIP 
"SUECIA. 

liV    I.  KNl'DSEN. 

Tn  the  autumn  of  1911  the  Rederiakt  ieljola^*'!  Xonihtjernan 
Company,  of  Shjckliohn,  ordered  six  niotor-liiiers  fro/ii  M«*sm  s. 
Hunneister  &  Wain,  the  firm  wit  \i  \vlii<*li  I  am  <-onn*;cle(l,  tl"' 
dirnensioiis  of  tlie  vessels  being  as  follows  ：  Lengtli,  3C2ft . ； 
hreadt  h,  51ft.  :     and  depth,  iMft  -  ；     carrying'  r:iparh、', 

(；， 厂)00  t oiis  deadweight .  Tlif  iiiacliint-rv  consisl s  of  two  main 
olivines,  each  ol'  1 ,000  i.li.p.  (4-cy<"le  Diesel  engines  wi(  li  *'i'_'lit 
cylinders),  besides  two  auxiliarv  Diesel  engines  eadi  ('f 
200  e.h.p.  for  working  the  compressors,  auxiliary  nia'  liiii'  t  v 
(such  as  winches  and  steering  gear),  and  for  t  In*  |'r'"lu('tion 
of  tlie  electric  light  ；  the  niacliinery  is  in  other  respects 
similar  to  that  of  the  "  Selandia/'  which  was  (lesrril)od  1'v  t lie 
author  in  a  paper  read  before  this  Institution  last  year. 

As  to  passenger  aoconniHKlation,  there  are  only  ei^ht  <-ahins 
for  first-class  passengers,  which  is  mucli  less  than  is  provided 
for  in  the  "  Selandia  ； tlie  cal)i!is,  however,  are  roomy  and 
modern,  and  provided  with  bath  and  toilet  rooms.  】*、uKlier， 
there  is  ample  saloon  aa'ornmod ati<jn,  and  a  hospital.  The 
" Suecia  ，，  is  inleiuled  for  the  Sweden  to  La  Plata  service,  and 
she  will  be  chiefly  employed  for  cargo  purposes,  being  lit t#*d 
with  tlie  most  modern  loading  and  discharging  ^ear,  such  as 
double  derricks  and  double  winches. 

The  vessel  was  launclied  on  November  2nd,  1912,  and  the 
trial  trip  took  place  on  December  1 7tli,  1912.    The  next  day 
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she  went  to  Liinhanin,  where  she  took  in  a  cargo  of  15,000 
barrels  of  cement,  then  she  sailed  to  Stockholm,  where ~ as  far 
as  I  know ― cargo  of  4,000  tons  was  taken  in.  On  December 
23rd  slie  left  for  Gothenburg,  and  here  she  took  in  still  more 
cargo,  and  left  on  December  31st,  arriving  a  I  Cluistiania  on 
January  1st，  where  her  cargo  was  completed,  and  on  January 
4th  a  trial  trip  took  place  in  the  Christiania  Fjord  wit  li  tlie 

•  Paj>er  rend  at  the  Suminor  Meetings  of  the  Fifty-fourth  S*?p&iou  of  the 
Institution  of  Naval  Architects.  June.  1913. 
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vessel  fully  laden.  AVIien  the  trial  trip  had  been  completed, 
she  went  to  Loinlon ,  wlicrr  sli''  ； 1 1  rived  on  .1  anuarv  (.)t  li,  an<t 
went  Irom  I.otuloit  to  H  i<>  «J  aneiro,  arriving  at  lliat  |>ort  on 
Febtuiary  1st. 

T  vv i  1 1  refei"  to  certain  in;""'rs  roncerning  the  '  Si"'('i;i 
owing  to  some  remarks  made  in  t lit*  discussion  ul'  the  ]>a]K'!' 
whieli  was  lead  before  the  Institution  of  Naval  Architects,  tu 
the  effect  that  no  inturmat  ion  was  ^iven  w i  1 1 1  ivganl  to  tilt' 
efficiency  of,  the  propellers,  (、'r.，  （'（>m|>ami  with  that  of 
ordinary  steamers.  The  reason  wliy  no  such  iniormation  was 
given  in  connection  with  the  "  Selanclia  "  was,  I  liai  with  this 
vessel,  no  trial  trip  took  place  with  Hit'  ship  i'ul] y  laden,  and 
ron^et juently  we  possessed  no  ">m|);uat ive  results.  With  tlie 
'' Suecia,''  liowever,  we  succeeded  in  (  :in'、'iiig  out  t his  trial 
trip  in  Christiania  Fjord,  and  I  am  glad  to  have  1  liis 
opportunity  of  publishing  the  results. 

The  full  lines  on  Fig.  1  give  the  curves  showing  the 
indicated  horse-power,  the  number  of  revolutions,  and  the 
speed  obtained  with  the  "  Suecia."  The  dotted  lines  on  this 
figure  give  similar  particulars  obtained  with  the  "  Princessan 
Ingeborg,"  a  vessel  built  a  few  years  ago  for  the  same  ou'iu'i  s, 
but  fitted  with  steam  engines.  As  appears  from  the  dimen- 
sions given  on  these  diagrams,  the  vessels  are  almost  alike, 
both  in  dimensions  and  also  with  regard  to  the  fineness  of 
lines.  If  the  two  vessels  are  compared,  it  will  be  seen  tliat 
to  obtain  the  same  speed  for  the  same  displacement  the  same 
indicated  horse-power  is  required,  whether  it  is  to  be  used  in 
the  motor-liner  or  in  the  steamer.  According  to  this  result, 
there  seems  to  be  no  difference  in  the  power  required  to  propel 
a  vessel,  whether  this  is  effected  by  means  of  a  single,  large, 
slow-running  propeller,  as  in  the  steamer,  or  by  two  relatively 
fast-running  small  propellers,  as  in  the  motor-liner.  The 


propeller  in  the  steamer  has  a  diameter  of  17ft.  6in.,  and  in 
the  motor-liner  of  10ft. 

In  this  respect  it  must  be  remembered  that  in  the 
Suecia  '  the  main  Diesel  engines  do  not  work  the  pumps, 
nor  the  two  first  stages  of  the  air  compressors.  The  relation 
of  the  indicated  horse-power  to  the  brake  horse-power  of  the 
engines  will,  therefore,  be  about  the  same  as  in  a  steam 
engine,  and  the  combined  efficiency  of  the  mechanism  of  the 
engines  and  of  the  propellers  is  about  the  same  as  obtains  with 
the  steam  engine. 

The  weight  of  steam  installation  in  the  "  Princessan 
Ingeborg  ，'  brought  up  to  correspond  with  the  horse-power  of 
the  motor  installation  amounts  to  570  tons,  as  an  extra  main 
boiler  was  ntted  in  view  of  the  cleaning  of  the  boilers.  The 
total  machinery  in  the  motor-ship  "  Suecia  ，'  weighs  470  tons. 
With  regard  to  the  space  occupied  by  the  engines  in  the 
" Suecia,"  this  is  41ft.  of  the  length  of  the  vessel,  whereas  it  is 
66ft.  in  the  "  Princessan  Ingeborg,"  although  the  horse-power, 
as  stated  above,  is  less  in  this  vessel. 

It  should  be  stated  that  the  trial  trip  took  place  under 
good  conditions,  such  as  fine  weather  and  deep  water.  The 
vessel,  however,  has  now  returned  from  her  maiden  voyage, 
and  from  the  speed  attained  on  the  Atlantic,  the  comparative 
trial  trip  results  seem  to  hold  true  in  the  practical  performance 
of  both  vessels.  In  the  trial  trip  in  Christiania  Fjord  the  oil 
consumption  per  indicated  horse-power  hour  was  measured, 
and  a  result  was  obtained  which  no  doubt  is  the  best  hitherto 
obtained,  viz.,  134  grams  of  oil  per  indicated  horse-power 
hour,  measured  on  the  main  Diesel  engines,  and  wlien  every- 
thing is  allowed  for,  such  as  the  consumption  of  the  auxiliary 
engines,  &c.，  the  oil  consumption  per  indicated  horse-power  of 
the  main  Diesel  engines  amounts  to  154  grams,  including 
the  fuel  oil  necessary  for  the  working  of  the  auxiliary  engines, 
steering  engines,  pumps,  &e.，  but  exclusive  of  the  oil  used  for 
heating  the  vessel. 


The  mecliaiiieal  efficiency  of  Diesel  engines  of  the  type 
used,  but  wit h  tlie  wliole  of  tlie  ('onipression  of  tlie  air 
necessary  tor  iuol  injection  performed  by  the  engines  them- 
selves instead  of  by  auxiliaries,  lias  been  shown  by  bench  trials 
to  be  80  per  cent.,  so  that  the  oil  consumption  per  brake 
horse-power  of  such  a  marine  Diesel  engine  would  amount  to 
167A  grams  per  brake  horse-power.  Tlie  diagram  (Fig.  2), 
which  was  taken  during  the  trial  trip,  shows  by  its  shape  and 
appearance  tliat  the  engine  is  extremely  economical. 

Tlie  "  Siain,"  wliich  we  recently  built  for  the  East  Asiatic 
Company,  was,  until  now,  tlie  biggest  sea-going  motor-liner, 
lier  length  being  410ft.,  her  carrying  capacity,  9,200  tons,  and 
tlie  horse-power  3,000.  It  may,  】jerhaps，  be  of  interest  to 
follow  the  development  of  rnotor-liners,  and  I  may  add, 
therefore,  that  at  present  the  following  vessels  have  been 
ordered  from  my  firm,  besides  those  already  delivered.  One 
motor-liner  similar  to  the  "  Siam，，，  410ft.  long  with  engines  of 
3,000  li  p.  tor  the  East  Asiatic  Company.  Five  motor-liners 
referred  to  above,  similar  to  the  "  Suecia,"  for  the 
Rederiaktiebolaget  Nordstjernan.  One  vessel,  405ft.  long, 
carrying  capacity  7,500  tons,  with  engines  of  2,500  h.p.  for  the 
United  Steamship  Company,  of  Copenhagen.  To  replace  the 
" Fionia,"  which  was  sold  to  the  Hamburg- America  Line,  we 
are  constructing  for  the  East  Asiatic  Company  a  motor-liner, 
390ft.  long,  with  engines  of  4,000  h.p.  This  company  has 
also  ordered  from  us  four  other  vessels,  each  with  a  length  of 
410ft.  with  engines  of  4,000  h.p.  All  the  figures  given  of  the 
horse-power  are  exclusive  of  th^auxiliai'y  Diesel  engines. 


INDUSTRIAL  AND  TRADE  NOTES. 

Light  Railways.— The  Board  of  Trade  have  lwently  confirmed 
the  under-mentioned  Order  made  by  the  Light  Railway  Commis- 
sioners : North  Lindsey  Light  Railways  (Amendment)  Order, 
1913，  amending  the  North  Lindsey  Light  Railways  Orders,  1900 
to  1911,  and  for  other  purposes. 

German  Motor  Vehicle  Industry. ― An  official  return  has  ju-t  been 
issued  giving  the  results  of  the  German  census  of  motor  vehicles 
and  craft  of  all  kinds  for  1911 .  The  numbers  of  vehicles,  &c.， 
produced  during  that  year  were  as  follows :  Motor  cycles,  3,901  ； 
motor  tricycles,  1,079  ；  complete  motor  vehicles  for  passengers, 
10，319  ；  complete  motor  wagons,  including  vehicles  for  special 
purposes,  1,373  ；  complete  chassis,  5,247  ；  complete  motor  boats, 
290；  motors,  3,694  (of  which  872  were  for  motor  cycles,  1,399  for 
motor  cars  and  wagons,  787  for  motor  boats,  198  for  flying- 
machines,  and  438  for  other  purposes).  The  total  value  of  the 
output,  including  repairs  and  the  furnishing  of  spare  parts, 
amounted  to  over  eight  million  sterling. 

Trade  Circulars. ― We  have  received  from  the  following  firms  trade 
ciiculars  and  price  lists  as  indicated.  J.  Kay  &  Sons,  Ltd.,  93，  High 
Holhorn,  London,  oil  lamps  and  oil  cans  of  every  conceivable 
variety.  The  Amercian  Brass  Company,  Ansonia,  Conn.,  T'.S.A., 
particulars  of  pliysical  properties  and  uses  of  Tobin  bronze.  James 
Keith  &  Blackmail  Company,  27,  Farriu^don  Avenue,  London.  EC, 
particula rs  of  the  Keith  svsteni  of  high- pressure  gas  lighting  for  the 
illiiniination  of  workshops,  The  Schnicwiiult  Elec-trir  Coni])any. 
41，  Stainforth  St.,  Birniingliani'  eleitric  hot  plates  for  industrial, 
domestic,  and  scientific  purposes.  General  "Electric  Company,  67, 
Queen  Victoria  Street,  E.G.,  fuses,  magneto  mining  telephones,  Ai  . 
London  Emery  Works  Company,  Tottenham,  London,  N.，  particulars 
of  foundry  moulding  and  coremaking  machines. 

Self-contained  Arc  Welding  Plant. ― The  Par、（m、  Motor  Company. 
Ltd.,  Town  Quay,  Southampton,  have  secured  an  order  for  a 
Sf-lf-contained  arc  welding  plant  for  a  firm  of  engineers  and  ship- 
l)iiil(h*rs  on  the  Continent.  The  whole  plant  is  self-contained, 
and  can  he  placed  where  required.  The  engine  is  a  28  h.p.  four- 
cylinder  standard  pattern  Parsons  paraffin  type,  fitted  with  mag- 
neto ignition  and  patent  timing  drive,  and  enclosed  sensitive 
vertical-type  governor  driven  by  enclosed  gears  at  the  forward 
rnil.  The  efficiency  of  this  governor  is  such  that  the  speed  is 
iv;julated  within  1*05  per  cent.  The  water  is  circulated  l>y  a 
Parsons  pump  at  the  forward  end  of  the  engine.  The  fuel  is 
carried  in  the  tank  situated  above  the  engine  gravity  feed.  The 
dynamo  is  coupled  direct  to  the  engine,  and  has  an  output  of 
250  amperes  at  65  volts. 

Glasgow  Electrical  Exhibition. ― Tlie  t'lt't  trical  rxhit.it ion  \vlii(  h  " 
to  W  held  this  year  under  tlie  auspices  of  the  Glasgow  Corpora- 
tion will  be  located  in  the  Zoo  Buildings,  New  City  Road.  Th 
exhiUition  will  opon  on  Ootol>or  L'.Srd  and  continue  until  \ovem- 
bt«r  1 '>tli  It  will  l»e  devoted  to  purely  eWti'iral  a ppli;uir*»s,  and 
will  be  the  first  enterprise  of  the  kind  in  Glasgow.  Already  a 
large  numl)er  of  stands  have  been  engaged  hy  leading  firms. 
In  addition  to  the  display    of    appliances    many  interesting 
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features  u  ill  ！  iitroduc(^l.  A  ( umm()(hoi's  liall  "ill  rn(t,'l 
inside  the  buildings,  and  will  h''  iitili、《'l  tui  sho\\  iri^,  i»y  tlic 
aid  of  the  ciiipniatograpli,  tin*  l;，t(、st 山、 vrl"pm('iits  in  the  usr  <»t 
electricity.  Lectures  will  be  given  on  subjects  related  to  the 
aims  and  ohjrrts  ol  t  lio  rxliihit  i(>ii，  and  tl"、r('  u  ill  l»i  <lrm(m 
strut  ions  daily  on  cooking,  Imkmg,  Ac 

Automatic  Weighing  Machine  for  Coal,  Ore,  &c. ― MessiH.  \V.  &  T. 
Avery,  Ltd.,  80I10  l^ouiulry.  Hirmiii^,li;un.  arc  ('xl""itinu  ；' t  tin1 
.Mining  l^xliiliition,  Agrir'iH  m':,  I  1 1  an  ； mtoiiuit  tc  w  ci^lun^ 
aii'l   totalising   m:i('h，i，（'   t(".   iim'    ih   '  'imi'M't  i(m  com  cyoi  s 

The  principle  of  tlir  i";" 小， m'  i:，  to  w  n^h  ； i  constant  leim*  li  ot 
the  conveyor  at  intor\als  oi  time  c(ni'('sp(ni«lm^  to  t lie  s|"'*'l  ;tt 
which  it  travels.  The  iliac  liinc  r.xhihitt  d  <  Ira  Is  with  100  tons  per 
hour  a\  itli  buckets  which  oarry  2  ('、、  t  、、  itli  an  ； u  riii  acy  w  Incli 
meets  ^  itli  the  ； ippn)v;il  ot  t lie  li'i:ir'|  Tl':""'.  As  ilic  tiuitrri;) I 
conveyed  on  the  wcigliiiig  Ituckrts  l,':i、  tlie  、、  ])ortion 
of  the  wci^li  hrifl^c,  it  is  r (、； j;ist*',v(l  ； t(":ill,、（l  mi  ； i  ("ui 山、 r 
visil 山' iit  the  (、'id  ot  1  lie  nuicli  i  tn\  'l，l''、  m("iv''  |>【'、、,'r  iir'','ss:i  r.v 
to  operate  tlic  t(>t:'lis(、r  is  t;ik('ii  I  n'm  t  lie  working  ot  i  lie  con 
veyor  ；  it  can  t  hus  ,>;isilv  Ik*  s'vii  t  li;it  quick  fir  slow  w  ci^hin^s 
can  I"'  totalltnl  with  ，、q，i:i  I  accurjicy.  Tlie  macliine  c;m  lie 
a rra nged  for  belt  t''M v('vii，2  as  well  as  by  bucket ,  and  it  i.、 
(|tiitp  oliv""is  that  an  inim,)iisv  s:i\ m;j   in  1 1 inc  is  ('"'('('t*'(l  w  lulc 

A  Successful  Premium  Bonus  System. ― Mr.  Tliornsnn.  ol  .Messrs. 
Da vid  Rowan  cV'  (V).,  (ilas^ow ,  in  tin1  courso  ("  ； i  recent  w'f'rh, 
(K'scriltrd  the  working  of  tlir  pivmiiu"  bonus  system  u  Inch,  li(、 
sai<l,  w  .is  instituted  ； it  tlu'ir  est;i Mislunrnt  ;ii  tcr  the  .sti'ikc  ol'  1 
and  which  1i;k1  mvt  with  im(i，mlili('"  sii('r,、ss.  At  first  tiicii-  gmit 
difficulty  had  l>eon  to  gain  tlie  r(mti(h'ii(v  ol  tlio  nini  ； uul  to  ^'  t 
tliem  to  l)olieve  that,  having  oiir'1  -、 rt  a  statHlnrd  ti"i'、  ff>r  a 
unit  of  work,  they  would  not  g()  l'a('k  on  it.  Tlit'ir  ('xpcricncc 
was  that,  as  a  result  of  this  system,  tl"'  ""'li 山 （1  their  work  in 
about  65  per  cent,  of  the  allotted  time.  That  tlio  .system  w  as 
satisfactory  to  the  workmen  as  well  as  to  themselves  was  shown 
liy  the  tact  that  the  men  remained  、、  itli  them,  and  that  they 
ha d  \  ery  tow  clianges  in  the  persomu'l  of  tlu1  iiiachinc  (h'p;u  t 
meat.  The  men  earned  much  liigli(、r  w  aj^cs  tlian  tlicy  cf)ul(l 
otherwise  f 山 tain  and  the  sv -、  l'、m  liad  att  r;icto<l  to  their  est  a  b- 
lishnient  the  bost  class  ot  \\  ork  ineii ,  It  Ik.u.I  a  steadying  moral 
effect  on  the  clia  racter  of  tlu'  nit'ii,  ； m(l  this  、、  ； is  reflected  in 
the  quality  of  their  \a  ork.  J)iu  iiig  the  1 4  ycarts  in  which  the 
system  had  been  in  operation  the  bon uses  earned  by  the  men 
employed  in  the  engine  works  amountcHl  to  no  less  than  £47. (K M). 
The  amount  paid  last  yea r  was  £'4，7"().  He  believed  that  it  the 
system  wus  generally  adopted  it  would  tend  to  ameliorate  and 
lessen  labour  troubles. 

The  Packing  of  Machinery  for  India. ― \n  response  to  an  enquiry 
on  the  subject  the  Director  General  of  Commercial  Intelligence, 
Calcutta,  writes  that  the  chairman  of  the  Bomlmy  Port  Trust 
has  made  personal  investigation  re<i;udiuK  tho  Itreaka^e  of  fasos 
of  machinery  consigned  to  that  port.  After  viewing  a  hi 
number  of  cases  damaged  and  inulanin^rd  th(、  cliairnum  of  the 
Port  Trust  formed  the  opinion  that  damage  was  mainly  due  to 
three  causes,  viz. :  (1)  Insufficient  iron  strapping  of  heavy  (  ； im'.、 ； 
V2)  improper  slinging  ；  (3)  insufficient  thiokne&s  of  cases  to  Avith 
stand  heavy  weights  stowed  over  them.  The  chairnia n  of  the 
l>ort  Trust  considered  that  the  first  was  a  very  fruitful  cause 
of  damage.  Tlie  second  he  considottHl  to  be  less  important, 
while  the  third  frequently  results  in  dented  cases  with  daina^e 
of  the  contained  machinery,  if  delicate.  The  Director-General 
('t  Coniniercial  Intelligenco  remarks  that  Ik'  inspected  ； i  large 
number  of  cases  of  machinery  laiuhnl  at  JUnnitay  from  t、、<， 
steamers.  A  certain  nu mber  ot  cases  w  ore  l.nokon  ；  hut  iilinost 
all  were  long  cases  which  show  ed  signs  of  having  I  teen  Uont  ",v 
their  own  weight  either  in  .slin^in^  or  throu^li  Immujj;  placod  on 
a  short  trolley.  Some  scores  ot  c;iscs  \\  ere  mspectixl,  and  the 
impression  gained  was  that  the  cases  broken  were  l';irt、l,v  strong 
enough  tor  their  w  eight  and  kmg  form,  having  regard  to  the 
fact  that  they  had  probably  to  be  handled  several  tinier  Itotu  vvn 
the  wo r Ub  and  place  of  dt'livcrv. 

Geared  Turbine  Vessels. ― An  experiinont  of  interest  to  cn^ineerb 
is  to  be  tried  by  the  Anchor  Brockloliank  Line,  who  have  placed 
an  order  with  Messrs.  Charles  Connell  &  Co.,  of  Scotstoun,  for 
two  steamers,  each  470ft.  in  length,  58 ft.  in  breadth,  35t't.  in 
depths  and  of  about  7,5UU  tons  ^ros^.  The  vessels  are  to  be  sister 
sliips,  so  far  as  design  ot  hull,  boilers,  and  propellers  are  con- 
cerned, but  while  one  is  to  be  propt^lled  by  triple  expansion  en- 
gines, the  machiuery  oi  the  othor  will  consist  ot  I*a rsons  tnrl)ines 
geared  down  by  means  of  Pursoius  holical  reducing  ^oa r.  Both 
will  be  singlt"sn'e、v.  Thr  rocipiocating  eii^inos  will  run  at  ； i 
speed  of  80  revs,  per  minute,  u  liiK1  tlu*  speod  ot  tlu*  t urliinefe  ot 
the  sibter  ship  will  be  1,500  rovs.  pt*r  minute  on  the  turbine  .shait. 
reduced  l)>*  means  ot  the  gear  to  U0  revs,  per  ininuto  on  the  pro- 
peller shaft.      The  owners  propose  to  run  the  vessels  on  the 


service  between  Glasgow,  Liverpool,  and  the  East，  under  as  nearly 
a&  possible  similar  conditions,  so  that  their  performance  should 
fui'iii.sli  valuable  data  regarding  the  ipspc«  t  i\  c  m'  ri"  ol  the  two 
types  of  engines.  The  lar^<»  Cunard  stoa nicr  "  'l'r.uisvK  ania.*'  now 
mi'h'r  coiistniction  ； ii  t  lu-  、： u(l  ot  Scotts'  Sliipl'ml'lmu  Kii- 
Kiijeoi'iii^  ( 'oinpaiiy.  ("'"'iiork,  is  also  to  lie  |'r"pi'll''l  l'、  tm 
bines  and  I'ar.son.s  rr*lui-ii^  g'':ir.  Tliis  \  fvsbd  will  I"'  tw  in  srrcw. 
*)•">' M  t  in  leii^tli.  (iOtt  in  l»rrarlth,  \-")\ t  in  *l«'pt  l»,  ； ■  ikI  ot  :il,',iit 
I •").')( H)  tons  gross.  Ai,',tl"'r  l;iry  s,'|  w  li jr  li  is  iinrlcr  rouv.li  uc 
tion  on  t!n>  ( 'I vtlc  |r»i-  gcar(»<l  tm'l,"i('s  "ii  tli''  l':ir、'm、 、、小 m  i  , 
the  liiuM'  、、  liich  Mf'ssis  Al*'\:i  ii(l«'，  St^plu'ii  iV  Sons.  Lint  I-mm  '- 
are  l)uild"ig  lor  tlie  Anchor  Line.  This  ve&sel  is  to  be  tw  in 卜' n ■  \\ . 
of  almost  the  sa me  geiKM  al  (liim'iisi''i'、  ：'、  t  lit-  •'  I  i  .m  、\  I、  .•  m  i 

A  Neavily  taxed  Industry.-  At    。"'    I' it  It   "i ' 1 1  ii.i  i  '■■    ■  '  i,'  「,  I  ' 

ing  of  tho  shareholders  ol  the  Ebbw  Vale  Steel,  Iron,  and  Coal 
Company.  \w]<\  in  LoikUxi  mi  tlie  1 7th  i list  .  M  r  .1'>、'卞1，  lir.nK 
tord,  the  fhairman,  said  the  jzrobs  profits  ioi  th"  、''；ir  ;im"mit*w| 
to  £184,108.    The  available  ol  profit  、、； 卜 L'l.Vt.o^t.  tr',m 

wliich  had  to  be  deducted  ，'\i"'ii(lit mv  fin  new  u orks  L'lM.U. 
They  p roposeel  to  apply  in  roduction  ，）i  onthiv  in  . 、'卜 |"  m  ' 
account  iJo(».U00,  ainl  t hr\  r('('mnm»'Mfl'''l  a  山、 i 山' of  £1  per 
share,  being  at  the  rate  of  10  per  cent,  for  tlie  year,  u  hifli  w  <mU\ 
absorh  £74,475,  leaving  ii  balance  to  l»*  riiriicfl  toiu arrl  ot 
£11,692.  AVa^es  amounted  to  £933,670,  an  increase  of  £186,213. 
、V;ig(、s  in  their  collieries  had  been  raised  fmi"  per  cent,  to 
57  per  cent,  above  tlie  standard  oi  卜 7".  and  there  was  an  in- 
crease ot  2\  per  cent,  which  came  into  operation  on  June  1st， 
whicli  raised  the  colliers'  rate  of  wages  60  per  cent.  ;"">、''  tlie 
standard,  which  was  the  niaxinuim  amount.  In  the  iron  and 
steel  works  there  had  been  a  rise  from  10^  per  cent,  to  %2o\  per 
ctMii.  above  the  standard.  Tl"'  rates  ot  the  山、 v  V;il*'  I  rl','n 
District  Council  now  amounted  to  lis.  1(1  in  t lie  L.  ;i n<l  th'  v 
1i;h1  acliieved  the  unenviable  distinction  oi  licin^  tlie  highest 
ra ted  in  tho  United  Kingdom.  The  company  paid  about  three- 
iouiths  of  these  rates,  and  they  had  no  voice  in  the  r'  i'r'  、'  11， 
ti(，i，  of  the  Council.  Local  rates  amounted  to  L'.i'2,iH)'A,  work- 
men's comptMisation  came  to  £17^599,  and  National  Insurance ― 
tor  nine  months  to  £4, Too.  The  items  made  a  total  ot  L'")l.:「'7— 
an  increase  in  the  three  items  of  close  on  £10.000.  In  addition, 
they  had  had  to  pay  Imperial  taxes  in  the  shape  of  dutie.s  ； m(l 
income-tax  £7,904,  under  the  new  tul  Act  L I  i(>,  u  liicli  u  as 
largely  initial  outlay,  and  there  was  also  hea\y  expense  entailed 
by  the  Minimum  Wage  Act  and  the  Ei^lit  Hours  Act.  Their 
estimate  of  the  total,  with  the  items  he  hud  given,  ainounted 
to  £74.260.  This  was  practically  the  same  sum  as  they  were 
proposing  to  <libtril»nte  ni  di\  idend. 

The  Waterways  Association. —— A  iixm.'I i ii^  ot  tlu、  A— "<  i.ni'm 
formed  with  the  object  of  developing  the  canal  traffic  in  thib 
country,  was  held  in  London  on  the  20th  inbt.  Mr.  Nc\  llle 
Chamlioilain,  the  chairman,  in  moving  the  adoption  of  the  re- 
port, said  they  had  recoi\  ； i  repulse  troni  tho  President  of  the 
Hoar  d  oi  Trade,  w  ho  had  said  that  the  Association  had  not  told 
liiiii  "hat  prospect  there  was  of  a  tair  and  reasonable  return 
upon  tlie  capital  expeiulit urc  w  hicli  hr  pointed  out  u  as  likely 
to  reach  from  15  to  17  millions  sterling.  Mr.  Buxton  had  also 
stated  that  the  Govcrniiieiit  were  in  no  way  hostile,  but  it  w 
mainly  a  matter  of  time,  opportunity,  and  pi  actit  aliilit  v  M  i 
Buxton,  in  asking  for  statistics  as  to  the  increased  traffic  w  a>. 
Mr.  Cli;nn'»Mlain  re  marked,  asking  tor  wliat  he  knew  it  w  as 
impossible  to  give.  How  vtnihl  any l>ody  possibly  tell  what  was 
goinj;  to  he  the  ^tieani  nl  t  rattic  ensuing  from  conditions  « lurl» 
did  not  exist,  ;ukI  u  liirli  i、"v"r  had  existed  in  this  country 't 
TJiey  had  nevtT  pi't'iciulcd  that  in  their  proposals  tlu*\  \\  ♦  i »  t" 
have  a  new  Suez  Canal  investment.  On  the  contra ry.  tlu\v  ha<l 
ahv ays  maintained  that  tlie  benefit  to  be  d*M*i\  ed  was  indirect, 
and  that  it  would  result  from  the  increased  prosperity  ('""m、 
quent  upon  the  improved  facilities  and  the  increased  r;itr.i Mr 
value  u  liirii  w ould  follow  upon  tlie  ostaltlishmeiit  ot  t'act<»i !»  > 
along  the  lines  of  the  canals.  Every  single  foreign  country 
w  Inch  had  adopted  the  policy  of  developing  its  own  waters  a\ 
had  thriven  and  p rospered  upon  it  and  had  been  so  iniK  1»  v\\ 
couragtMJ  that  they  were  continually  spentlniLC  money  uyon  tlit'ir 
waters  The  Association  had  not  asked  the  Go\  ernmeat  to 

spend  17  millions  in  one  block 一 what  tliey  a^ked  u as  tli;it  the 
Government  should  form  a  Waterways  Board,  and  acquire  the 
waterways  comprised  in  "The  Cro^s."  contialibc  ownership,  and 
do  ;u\  ay  with  the  divided  ownership  w  liicli  hitliorto  !ia<l 
one  of  the  greatest  curses  of  canaLb.  That  Boa rd  would  form 
its  conclusions  as  to  what  route,  if  any,  should  I'o  improved, 
and  the  Goverinnont  would  not  lu*  roinmittod  t"  m;'k'，  any  i»t 
tlioso  impro\  our  nts  until  tlu\v  had  tlie  report  o!  tli"ir  m、  ii  B'',ip1 
Mr.  H.  Torrell,  nio\ ed  a  resolution  ur^in^:  tli"  (">v，'r，，m'、"t 

to  t;» kv  iuunodiato  aition  upon  the  report  atul  n'('i»"im''n'l:»ti''i,、 
of  the  Roval  Conunission  on  Canals,  u hicli  hmmuiiiiuikIciI  the 
ai>poiiitinent  ot  a  Watcrw  a\  s  Boa rtl  ami  tlie  acquisition  l»\  tho 
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Stale  of  t】i"  four  trunk  or  main  canal  routes,  rclorroil  to  as 
" The  Cross,"  the  Watci  wavs  lioard  ； u  iin<i  tlie  controlling 
； i  ut  hoi  it  v,  to  be  toll-takers,  not  carriers.  He  ur^ed  the  in.stitu 
lion  ； i  <-;i niitni^n  to  ('r'、;it"  :uul  conccMiiintf  public 
the  (|iiosti<i]i.    Tho  resolution  was  adopted. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  publish rd,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Addrt  ss 
il  Mechanical  Engineer^  53,  New  Bailey  Streety  Manchpster. 

MECHANICAL  1912. 

Oil  engines.   Ijow.  1199. 

Apparatus  tor  moasurin^  the  rato  of  oi  fluids.  Thonins.  10 ]-*> I. 
Aoroplanes.   Thompson.  V2(\oo. 

Safety  arrangement  for  railway  points.     Vmi  HIatky-Sc]iltclit<'r. 
12674. 

Carlmretters  for  interna l-( *ombu sti on  ("igin《's.    Hutchinson,  Forr^s- 

tor,  Hutchinson,  &  Forrester.    1*2721 . 
Vertical  enclosed  rtuiproca ting  engines  ami  compresbors.  All^y 

and  McGregor.  12727. 
Apparatus  for  raising  and  forcing  liquids  and  compressing  g;i"'、. 

Lake.  12779. 

Means  for  burning  fuel  in  furnaces.    I lopo  A:  McDinrmid.  l-'S^JG. 
xMetliod  of  making  metal  pipes  and  tubes.    Stewart.    1^1  SO. 
Carburetters  for  internal-combustion  engines.  WonuM-  &  LM'l^ideror 

OesteiTcichiscbe  Jiidustricu  erke  Komiunndit  (Jos.  l'3:if;U. 
T'H.hine-di'iven    centrifugal    pumpSj    bluworSj    unci  contpre.ssors. 

Bauman  n .    1 3450. 
Method  of  and  means  for  reversing  internal-combiistioii  engines. 

Mather  &  Platt，  Ltd.,  and  Chorlton.  1: 搬). 
Liquid  fuel  vaporisers.   Parr.  13703. 

Marino  screw  propellers  and  the  protection  of  propellcc  tail  shafts. 

AVedemeyer.  13860. 
Steam  superheaters.   Stenning.  13953. 
Pumps  of  motor  road  vehicles.    Davenport.  14U37. 
Suction  <^as  producers.   Derrick.  14153. 
Fjxplosiou  motors.    Charbotel      Ber'ic.    ]  4270. 
Apparatus  for  heating  and  evaporating  liquid.    Duvic.    1 LY32. 
Ti  unk  pistons.   Alley  &  McGregor.  14W:i. 
Sliips.    Schleiclier.  14718. 

Air-cooled  intern al-combu s tio n  engines.    Sidwell.  14809. 

Transmission  gear  for  motor-vehicles.    Payne.    1  4948. 

Sawing  machines  for  sawing  metal  bars.    Luinsdi^n.  1G31G. 

Notary  pumps3  engines,  and  machines.  Nielsen.  16503. 

Device  for  measuring  the  auantity  or  level  of   liquid  in  tanks. 

Critchley-Salmonson.    16803. " 
Speed  indicators.    Haslet  Akt.-Ges.  vorm.  Telegraphon-W^rkstatte 

von  G.  Hasler.  17045. 
Pipe  unions.    Sousti*ou.  17139. 

Construction  of  bulkheads  for  ships.    Mowatt.  18239. 

Tube  cooler  for  multistage  gas  compressors,  l'okorny  &  AVIttekiiuI 

Machinenbau  Akt.-Ges.  &  Pick.  18670. 
Variable-speed  gearing.   Haniiam.  18701. 
Portable  hack-saw  machines.   Witcombc.  18709. 
Direct  reading  tacheometer.    JefFcott.  18721. 
Fluid  pressure  regulating  or  reducing  c  alves.  David  Auki  A:  SoiiSj 

Ltd.,  Auld  and  Graham.  18775. 
Variable-speed  gear.    Chalmers.  19492. 
Steam-boiler  furnaces.    Harrington.  106G3. 
Process  of  and  apparatus  for  roasting  ores.    Br  acq.  20108. 
Centrifugal   compressors.     British    Thomson-Houston    ( Wipam . 

21955. 

Aeroplanes.    De  Crequy.  2229o. 

Carburetters  for  internal-combustion  engines.    Raymond.  226^7. 
luternal-combustion  engines.    Barriere.  227GU. 
Carburetters  for  internal-combustion  engines.    Baxter.  2295G. 
Means  for  propelling  navigable  vessels.   Sliead.  23102. 
Internal-combustion  engines.   Austin  Motor  Company,  and  Austin. 
23117. 

Pistons  for  use  with  fluid-pressure  engines.  Richards.  H'in. 
Controlling  gear  for  winding  and  hauling  engines.   Moiling.  23o  1 1  - 
Tempered  gears  and  method  of  producing  same.  Thomp.sun.  23-513. 
Manufacture  of  foundry  pattern  plates.    O'Kecfe.  23831. 
Metallic  rope  fitting.    Trewhella.  23950. 
Nut  lock.    Worth.  24055. 

Testing  machines.   Soc.  H.  et 】'. llo^ez.  24696. 
Lathe  tool  holders.    Gardner.  24917. 
Vacuum  brake  cylinders.    Walker  &  Dover.  25774. 
Aeroplanes.   Bernard.  25825. 

Apparatus  for  re-facing  valvo  soatings.    Wo^torhcide.  1_)(;3G3. 
Iri re-resistant  grate  bars.    8ot ton-Join^  (Sziinyi ).  iViOKi. 
Moiuis  for  cooling  or  distributing  th(、  of  pistons.     J unkors. 

27648. 


l])tr]*nal-combustion  engines.    Groen  A:  Wilson.  27756. 
Coniprefesed  air  vessel  for  Diesel  t»ii^iii<*s.    Geb.  Sulzcr.  28000. 
Valve  operating  ^oar  for  the  motors  of  shaking  or  ji^iiig  conveyors 

Maschinonfabrik  Westfaliu  Akt.-Ges.  2H^A'i. 
Turntables  for  railways.    Simpson.  20319. 

Starting  arrangements  for  Diesel  engines.    Akt.-Ges.  "  、、V、'  r." 
29464. 

Tuo-stag<»  compression  pumps.    Spohrer  &  Wilson.  29469. 
Carbu rotters  for  intornal-coinbiistion  engines.   MorrN.  2^43. 
Airsliips.    JJruns.  30099. 

1913. 

Tu o-c-ycle  intornal-coinbustion  engines,    l^re,  Ik'mi'.'".  A:  Taplcy. 

546. 

Measuring  tools.    Fortuiui-Wcrk  Albert  Ilirth.    (； L"i. 
Intornal-coinbustion  engines.    AIi(k,'N<'n.  10l;i. 
JUnolution-iliroction  indicators  ioi*  niacliiiiON.    J^andi.  11!'、. 
M (、； ms  for  starting  internal-combustion  engines   im'd  motor- 
vehicles.    Tattersall.  120G. 
SpaniHM's  and  tube  wrenches.   Bauer.  1263. 

C'a  rburotters    lor    intonial-combustioii    «'ngi，i，'、.      HriHiiauld  des 

Houlieies.  1290. 
Screw  propellers,   l'az.  1686. 

Drying  aud  superheating  of  steam.    Kustur'  i,  "J-llO. 

Overwind  i>i*even tion  mechanism  and  similar  safety  devices  for  use 

in  coal  inines.    Jackson  &  Stalcy.        1 7. 
Tube  mills.    Fennell  2799. 
Gas  generators.   Wade.  4294. 

Fiiqiiifl-fuol  f"(、(ling  dovicos  a nd  ； itomisers  lor  int('r"al~<'(mib' 卜 ti'," 

engines.    CUark.    4^  11. 
Railw  ji y  coupling.    Blech    W -、 7. 
Stabilising  appnratus  for  aoroplam-s.  Utidig. 

ELECTRICAL,  1912. 

htsiilatcfl  electric  wire  coils.    F renkel. 

Electric  conveyers  or  transporting  devices.  Elektroi"<，t(uen-、V'"  k<、 

HeriiKuin  GratleiiMitz.    ] 283,'J. 
Automatic  switching  system  for  telegraphy.    Gell.  12、  17. 

山。 oxchan^e  systems.   Aitken.   12973  and  1297 1. 
Branch  tH (卞 li()"(、  twehange  switchboards.    Aitken.  12!，7."i. 
Electric  U 小、 graphy.    Heurtle}'.    131 -3'). 
Electricjil  signalling  apparatus.    Chapnuui.  1320^. 
J^lcctric  "i'';isming  instrumonts.    British  Tlionison-Honstoit  ('，"卜 

pany,  and  Young.  14378. 
Means  for  ensuring    electric    continuity    in    metallic  ('oi"l，iit、. 

Edwards.  16318. 
Construction  of  field  magnet  for  dynamos    McLean.  1731*1. 
Cooling  of  dynamos.    Siemens  Bros.  Dvnamo  、Vorks,  LtcL，  nud 

Howard.  18087. 
Circuit  breakers  for  electric-welding  machines.    Marks.  18109. 
Kloctric  cranes.    British  Thomson-Houston  Company.  1><74(>. 
Short-circuiting  device  for  the  ignition    moclianism   of  intnnal- 

combustion  engines.   Robert  Bosch.  27403. 
Electric  arc  lamps.    Boardman,  Boardma n3  &  Boardman.  2!il';'，. 
Electric  heaters.   Mayer.  295G9. 

1913. 

Arrangement  for  starting  groups  of  electrical  machines 

of  a  syuclironous  and  an  asynchronous  machine  connected  in 
cabcadc  、vith  it.    Thompson.  5481. 


METAL  QUOTATIONS. 

TUESDAY,  JLXE  24th. 

Alumiuium  ingot   95/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  121/-  ,， 

，，        sheets        ，,  ，,    12(5/-  ，， 

Antimony  £31/10/-  to  £32/-/-  per  ton. 

Brass,  rolled   8|d.  per  lb. 

，, tubes  (brazed)   lOJd. ,， 

，，       ,，     (solid  drawn)   i»d.  ，, 

，,       ,,     wire   8jd.  ，, 

Copper,  Standard   £63/l*J/(i  per  ton. 

Iron,  Cleveland   oyiOh  ，， 

，， Scotch   (Jo/-  ，, 

Lead,  English    £20/15/-  ，， 

，， Foreign  (soft)    £20/15/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  f,       medium   3/6  to  6/-  ,， 

,,  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver   £7/10/-  per  bottle. 

Silver   20^  d.  per  oz. 

Spelter    £21/-/-  per  ton. 

Tin,  block   £193/-/-  •， 

Tin  plates   13/(5  ，， 

Zinc  sheets  (Silesian)  '  £2.VH/6  , 

"  (Stettin  ；  VieiJIe  Montagne)   £25/17/6  ，， 
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Schaffer  &  Budenberg,  Ltd. 


Telegraphic  Addresses  : 

" Manometer,"  Manchester. 
" Pyrometer,"  London. 
"Injector,"  Glasgow. 


HEAD    OFFICE    AND    WORKS :     WHITWORTH  STREET. 

MANCHESTER. 


77a. 


Queen  Victoria  St., 
LONDON. 


5.  Wellington  Street, 
GLASGOW. 


Telephone  Numbers  : 
Manchester  -  1897  Central  (3  Lines) 
London  -    -  5672  Central. 
Glasgow  -    -  148  Corporation  Tel. 
do.      •    •  119  Argyle.  Nat.  Tel. 


Makers  of  Pressure  Gauges, 
Tachometers,  Recorders  for 
Pressure,  Temperature  and 
Speed.  AH  types  of  high-class 
Engine  and  Boiler  Fittings. 


Nickel-seated  Iron  and  Steel 
Stop  Valves,  Safety  Valves, 
Injectors,  Steam  Traps,  &c. 
Total  production  of  Pressure 
Gauges  exceeds  4,000,009. 
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Pressure  Recorder. 


Temperature  Recorder, 

with  flexible  connect- 
ing tube,  for  tempera- 
np  to  950e  Fah. 


Pressure  Recorder. 


CLASSIFIED  LIST  OF  ENGINEERING  SPECIALITIES. 


AIR  COMPRESSORS 

Ingersoll  Rand  Co.,  London 

ALLOYS  (See  Metals) 

ALUMINIUM 

Harlow  &  Son,  R.，  Stockport 

AMMONIA  RECOVERY  PLANT 

Stevensons,  Ltd.,  Preston 

ARTESIAN  WELL  BORINQ 

Mather  &  Piatt,  Ltd.,  Manchester 

ASBESTOS  GOODS 

Harlow  &  Son,  B.,  Stockport 

BELTING 

Dermatine  Co.,  Ltd.,  London 
Keddaway  &  Co.,  Ltd.,  F.，  Manchester 

BOILER  AND  ENGINE  INSURANCE 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co"  Ltd., 
Manchester 

BOILER  MOUNTINGS  AND  FITTINGS 

Bailey  &  Co.,  Ltd.,  Sir  W.  H.，  SaUord 
Harlow  &  Son,  R.，  Stockport  , 
. Lancaster  &  Tonge,  Ltd.,  Pendleton 
McNeil,  Clias"  Glasgow 
Royles,  Ltd.,  Irlam,  Manchester  t 
Russell  &  Co.,  Ltd.,  John,  Walsall 
Schaffer  &  Budenberg,  Ltd.,  Manchester 
Willcox  &  Co.,  Ltd.,  AV.  H.，  London 

BOILERS,  STEAM 

Penman  &  Co.，  Glasgow 
Stevensons,  Ltd.,  Preston 
Tinker,  Shenton,  &  Co.,  Ltd.,  Hyde 
Yates  &  Thoni,  Blackburn 

BOLTS  AND  NUTS 

Automatic  Standard  Screw  Co.,  Halifax 

BOOKS,  TECHNICAL 

Cassell  &  Co.,  Ltd.,  London 
Griffin  &  Co.,  Ltd.,  Chas.,  London 
Scientific  Publishing  Co.,  Manchester 

BRA88  FOUNDERS 

Delta  Metal  Co"  Ltd.,  London 
Harlow  &  Son,  K.,  Stockport 
Lancaster  &  Tonge,  Ltd.,  Pendleton 

CALCULATORS,  MECHANICAL 

Scientific  Publishing  Co.,  Manchester 
Stanley  &  Co"  Ltd.,  W.  F.，  London 
Thornton,  A.  G.，  Manchester 

CAHEL  HAIR  BELTING 

Reddaway  &  Co.,  Ltd.,  F.，  Manchester 


CASTINGS,  IRON  AND  STEEL 

Brown  Bayley's  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Fairley  &  Sons,  J  as.,  Birmingham 
Hadfields  Steel  Foundry  Co.,  Ltd.,  Sheffield 
Parker  Foundry  Co.,  Derby 

CHEMICAL  WORKS  PLANT 

Stevensons,  Ltd.,  Preston 

CHUCKS 

Milnes,  H.，  Bradford 

CLUTCHES    (See  Friction  Clutches) 

CONDENSERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Royles,  Ltd.,  Irlam,  Manchester 

CONSULTING  ENGINEERS 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd., 
Manchester 

CONVEYORS  AND  ELEVATORS 

Reddaway  &  Co.,  Ltd.,  F.，  Manchester 

COPPEKSMITHS 

Harlow  &  Son,  U.，  Stockport 

COUPLINGS,  SHAFT 

Bridge  &  Co.,  Ltd.,  D.，  Manchester 
Kay  &,  Co.,  Ltd.,  James  C.，  Bury 

CRANK  PIN  TURNING  MACHINES 

Gardner  &  Sons,  Ltd.,  L.，  Manchester 

DERMATINE  VALVES,  BELTING,  &C. 

Dermatine  Co.，  Ltd..  London 

DIAGRAM  AVERAGERS 

Nicholson  &  West,  Ltd.,  Halifax 

DRAWING  INSTRUMENTS  AND 
MATERIALS 

Stanley  &  Co.,  Ltd.,  W.  F.，  London 
Thornton,  A.  G.,  Manchester 


Coventry  Ordnance  Works,  Ltd.,  Coventry 
Firth  &  Sons,  Ltd.,  Thos"  Sheffield 

DYNAMOS  AND  MOTORS 

(See  Electric  Motors,  dbc.) 

ECONOHI8ERS 

Green  &  Son,  Ltd.,  E.，  Manchester 

ELECTRIC  MOTORS,  DYNAMOS.  Ae. 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 
Mather  &  Piatt,  Ltd.,  Manchester 

ELECTRICAL  MACHINERY,  INSURANCE 
OF 

British  Engine.  Boiler,  and  Electrical  In- 
surance       Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd.,  Man- 
chester 


EMERY  WHEEL8 

Mitchell's  Emery  Wheel  Co.,  Manchester 

ENGINES   (See  Steam,  Gas,  and  Oil) 

FANS  AND  BLOWERB 

Davidson  A  Co.,  Belfast 

FEED-WATER  HEATERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Boyles,  Ltd.,  Irlam,  Manchester 

FILTERS  FOR  TOWN  SUPPLIES 

Mather  &  Piatt,  Ltd.,  Manchester 

FIRE  PROTECTION  EQUIPMENT 

Mather  &  Piatt,  Ltd.,  Manchester 

FLEXIBLE  TUBING 

United  Flexible  Metallic  Tubing  Co  ，  Ltd., 
London 

FLYWHEELS 

Kay  &  Co.,  Ltd.,  James  C.，  Bury 

FORGING3  AND  STAMPINGS 

Brown  Bavlcy's  Steel  Works,  Ltd.,  Sheffield 
DeJtA  Metal  Co.,  Ltd.,  London 
Fairley  &  Sons,  J.,  Biriuinghara 

FOUNDRY  LADLES 

McNeil,  Chas.,  Glasgow 
Stevensons,  Ltd.,  Preston 

FRICTION  CLUTCHES 

Bridge  &  Co.,  Ltd.,  D.，  Manchester 
】（ay  *fe  Co.,  Ltd.,  James  C.，  Bury 
Reddaway  &  Co.,  Ltd.,  F.，  Manchester 

FUSIBLE  PLU08 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
National    Boiler    Insurance    Co.,  Ltd., 

Manchester 

GAS  ENGINES 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 
Mather  &  Piatt,  Ltd.,  Manchester 

OAS  PRODUCERS 

Power  Gas  Corporation,  Ltd.,  Stockton-on- 
Tees. 

Stevensons,  Ltd.,  Preston 

GAUGE  GLASSES  AND  PROTECTORS 

Guilbert-Martin,  London 

GAUGES.  RECORDING 

Schaffer  A  Budonberg,  Ltd.,  Manchester 

GEARING  AND»8HAFTINO 

Bridge  &  Co.,  Ltd.,  D,,  Manchester 
Jardine,  Jsottingham 
Jones,  Ltd.,  Geo.,  Birmingham 
Kay  «fe  Co.,  Lt4.,  James  C.,  Bury 
Lancaster  &  Tonge,  Ltd.,  Pendleton 
Yates  &  Thorn,  Ltd.,  Blackburn 


GOVERNORS,  ENGINE 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Schaffer  &  Budenberg,  Ltd.,  Manchester 

GRINDING  MACHINES 

Mitolicil*s  Emery  Wheel  Co.,  Manchester 

GUNPOWDER  MACHINERY 

Stevensons,  Ltd.,  Preston 

HEATING  AND  DRYING  APPARATUS 

Davidson  &  Co.,  Belfast 
Harlow  &  Son,  R.，  Stockport 
Royles,  Ltd.,  Irlam,  Manchester 

HOSE 

Dermatine  Co.,  Ltd.,  London 
Rcddanay  &  Co.,  Ltd.,  F.r  Manchester 
United  Flexible  Metallic  Tube  Co.,  London 
、VUlcox  &  Co.,  Ltd.,  、V.  K.,  London 

HYDRAULIC  MACHINERY 

Slather  A  Piatt,  Ltd.,  Manchester 

HYDRAULIC  PACKINGS  (See  PaeHngi) 

INDICATORS,  ENGINE 

Nicholson  &.  West,  Ltd.,  Halifax 
Scli&ffcr  &  Budeoberg,  Ltd.,  Manchester 

INDUCED  DRAUGHT 

Davidson  d:  Co"  Ltd.,  Belfast 

INJECTORS 

Lancaster  &  Tonge,  LtdM  Pendleton 
Schfiffer  &,  l^udcuberg,  Ltd.,  Manchester 
\VUlcox  &  Co.,  Ltd.,  W.  if.,  London 


Foster  Instrument  Co.,  Letchworth,  Herto. 

INSURANCE  OF  ENOINEB,  BOILERS,  ftc 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd.,  Man- 
chester 

IRONFOUNDERS 

Jones,  Ltd.,  George,  Birmingham 
Lancaster  «fc  Tonge,  Ltd.,  Pe; "" 
Stevensons,  Ltd.,  Preston 

JOINTING  MATERIAL 

Turner  &  Co.,  Ltd.,  J.  E.，  Bradford 

LOCK  NUTS. 

Bayliss,  Jones,  *fc  Bayliss,  Ltd.,  Wolver- 
hampton. 
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YATES,  BLACKBURN.' 


BLACKBURN. 
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43  and  345. 


High-Class  Steam  Engines 

Winding  Engines,   Electrical    Haulage   Plants,  Air  Compressors, 
Rolling   Mill   Engines,   Blowing  Engines. 


Vertical  Compound  Corliss-Mill   Engine,   1 ,750  I.H.P. 
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THE  IDEAL  PRESERVATIVE    FOR  ALL 

EXPOSED    STRUCTURES  IS 


PATENT 


"BITUMASTIG 


，， 


ENAMEL 


PNEUMATIC 
ASH 
TANK. 
External 
Surfaces 
Coated 


"BITUMASTIG" 

was  adopted 
after  a 

TWO 
YEARS' 

TEST 


" BITUMASTIC99   is  impervious  to  acid   and  alkali 

fumes,  hot  smoke,  salt  water,  dc,  and  is  specially 
adapted  for  use  on  Bridges,  Water  Tanks,  Coal  Hoppers,  &c. 


Write  for  particulars  to  Patentees  and  Sole  Manufacturers : 

WAILES,  DOVE  &  CO.，  LTD., 

NEWCASTLE-ON-TYNE 

Also  at  LONDON,  LIVERPOOL,  MANCHESTER,  GLASGOW,  CARDIFF,  Ac. 

Every  Office  on  the  Telephone.  Telegrams  :   "  BITUMASTIC. '' 


Steam  Turbines  and 
Turbo  -Compressors. 


A  Treatise  on  their  Design  and  Construction, 
by  Frank  Foster,  M.Sc.  466  pp.  and  250  illus. 
Demy  8vo.     Price  10s.  6d.    Post  free  10s.  lid. 


Contents. 

Descriptions  of  Turbines ― Steam  Nozzles ― Disc  Friction 一 Blades—  Rotors ― 
Governing ― Bearings ― Gyroscopic  Action ― Deflection  of  Discs ― Critical 
Velocity  ―  Balancing ―  Condensers 一  Steam  Turbine  Performance  ―  Marine 
Turbines ― Turbo- Compressors ― Gas  Turbines —— Diagrams  and  Calculations- 
Construction ― Miscellaneous ― History,  with  an  Appendix  of  Useful  Tables. 

Press  Opinions. 

" The  book  fills  a  want  winch  all  those  who  are  interested  in  the  subject  of  6 team  turbiues 
should  be  grateful  to  see  supplied.  It  contains  some  valuable  original  contributions  to  the 
literature  of  the  subject." ― Engineering  News. 

" This  work  is  a  step  in  the  right  direction.  The  iiiechanics  and  construction  of  the  steam 
turbine  are  considered  at  considerable  length  and  quite  practically.  We  can  recommend  the 
book  as  an  attempt  to  place  the  steam  turbine  properly  before  mechanical  engineers.  Con- 
sidering the  amount  of  original  work  in  it,  the  book  is  cheap." ― A rmrican  Machinist. 


"The  descr 
whole  well  exe 
relatively  full,  p 


ptive  and  historical  sections  lof  the  book  are  comparatively  brief,  and  op  the 
uted  and  illustrated ;  the  sections  dealing  with  '  the  desigu  of  details  *  art 
actical  in  form,  and  suited  to  the  requirements  of  men  engaged  iu  the  work  of 


designing  steam  turbines.    The  scheme  of  the  book  is  good."— JiWs  Engineering  Supplement. 

"The  book  is  not  merely  a  popular  description  of  existing  machines,  but  takes  the  subject 
up  in  a  common-sense  sort  of  way,  giving  a  great  many  practical  details  which  affect  the 
efficiency.     The  work  appears  to  be  well  worthy  of  careful  consideration." 

—International  Marine  Engitt^ring. 


The  Scientific  Publishing  Company,  53，  New  Bailey 
Street,  Manchester,  England. 


ROBERT  HARLOW  &  SON,  STOCKPORT 
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Schatln  A  llmK iil>rt«j,  l  td..  Mauchcttor 

WATER-MEASURING  INSTRUMENTS 

Lea  Recorder  Co.,  Manchrstor 

WATER-SOFTENING  PLANT 
Roylcs,  Ltd.,  lrl:"">  J[anchoi;tor 
WHEEL  GEARING 
Bridge  &  Co.,  Ltd.,  I).,  Salford 
Jones,  Ltd.,  George,  Birmingham 
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Telegrams :  "  DUPLEX,"  HYDE. 
Telephone  No.  21. 


HYDE,  near  MANCHESTER 


Established  1872. 


MAKERS  OF  HIQH-CLA5S 

Steam  Boilers  of  Every  Type 


LANCASHIRE,  CORNISH,  VERTICAL,  HYDE  DUPLEX,  &C. 


Drilling,  Welding,  Flanging,  Planing,  Riveting, 

&c,  by  Special  Machinery  of  the  most  modern  constnictioa. 


"NATIONAL"  PA  TENT  FUSIBLE  PLUGS. 


Figure  8. 

Improved  Valve 
Seated  Plug. 


(No.  1.) 


LOW-WATER 

The  "  Improved  Valve  Seated  Type,"  especially  suitable  for 
Lancashire9  Cornish,  and  Vertical  Boilers. 


Figure  6. 
Improved  Valve 
Seated  Plug. 


Special  Fusible  Plugs  for  High  Pressures  and  ALL  CLASSES  of  Internally-Fired  Boilers. 

IN  a  recent  serions  case  where  a  **  Lancashire  '*  Boiler  was  allowed  to  become  short  of  water,  resulting  in  over- 
heating of  the  furnace  crown,  the  boiler  was  not  provided  with  fusible  plugs,  and  conseQaently  the  furnaces 
were  overheated  and  one  of  them  ruptured.  The  outrush  of  water  and  steam  caused  the  death  of  seven  persons 
and  ln\ury  to  tea  others. 

The  Board  of  Trade  Commissioners,  when  giving  judgment  in  reference  to  tbis  explosion,  said: ― 

" The  Boiler  was  originally  fitted  with  proper  and  sufficient  mountings,  except  it  had  ao  fusible  plug,  which 
*'  in  our  opinion  should  have  been  fitted.  H  the  furnace  bad  fteea  fitted  with  a  fusible  plug  the  water 
" would  have  run  out  when  the  plates  began  to  get  hot,  and  tbe  explosion  would  have  been  avoided. " 


HIGH-PRESSURE  TYPE, 

Screwed  1  in.,  1  ilna|1Ain.,  and  2in. 
gas  thread  on  the  seating. 


USE  gg NATIONAL  99  PATENT  FUSIBLE 

ILLUSTRATED   PRICE   LIST  POST  FREE. 


OROIWSY  PRESSURE  TYPE, 

Screwed  1ln.,1iln.,1》in.，  and  2ln. 
ead  on  t 


and  GENERAL 


CO.,  LTD., 


gat  thr， 
HEAD  OFFICE  ： 

ST.  MARY'S  PARSONAGE,  MANCHESTER 

London  Office  ：  60，  QUEEN  VICTORIA  STREET,  E.C. 


SUBSCRIPTION  ORDER 


l^oprietors  I 
SCIENTIFIC  PtBLISHING  CO. 


Edited  by  William  H.  Fowler. 

Wh.Sc,  M.Inst.C.E.,  M.I.Mech.E.,&c. 
ANNUAL  SUBSCRIPTIONS: 

United  Kingdom :    12/6  post  free. 
Anywhere  Abroad : 

17/6  post  free.  Thin  paper  edition. 

21/-  ，，     ，，    Thick  ,，  ，， 


To  the  SCIENTIFIC    PUBLISHING  CO., 

53,  NEW  BAILEY  STREET, 

fIDancbester,  1913. 

I    enclose*  being   one  year's 

subscription  to  THE  MECHANICAL  ENGINEER, 
commencing   with  issue 

jvfamc   

^td  dress 


*  FOREIGN    REMITTANCES    BY    INTERNATIONAL    MONEY    ORDER  ONLY. 

fiRATIS  一 To  all  direct  Annual  Subscribers  to  the  Journal  a  copy  of  FOWLER  S  "  MECHANICAL 
unffl  l^.         ENGINEER  "  POCKET  BOOK  will  be  sent  post  free. 
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the  PREVENTION  and  REMEDY  of  BREAKDOWNS  is  the  business  of  the 


Branches. 

LONDON— 

49,  Queen  Victoria  St. 
BELFAST— 

蕭, Wellington  Place. 
BIRMINGHAM— 

3,  New  Street. 
CARDIFF— 

8,  St.  John  St. 
GLASGOW— 

65,  Renfield  Street. 
NEWCASTLE— 

i,  Neville  Street. 

NOTTINGHAM— 

Armitage  Chambers, 
Victoria  Street. 


BRITISH 
ENGINE,  BOILER 
&  ELECTRICAL 

INSURANCE  COMPANY,  Ltd., 

HEAD  OFFICE: 

12,    KING    STREET,  MANCHESTER. 

CHIEF  ENGINEER : 

MICHAEL  LONGRIDGE,  m  a.,  m.i.c.e..  m.i.m.e. 
Secretary:    EDWARD  MOSS. 


Departments. 

ENOINES,  BOILERS, 
DYNAMOS,  MOTORS, 


Analyses  undertaken 
of  Boiler  Feed  Water, 
Coal,  Oil,  Steel,  Flue 
Gases,  &c. 


Tel.  Address : 

' ' Longrldge,  Maacbester.' 
Telephones : 

7157,  Central  (3  lines). 


ESTABLISHED  1803. 


GEORGE  JONES,  Limited 

LIONEL  STREET, 


ENGINEERS' 


CASTINGS 


UP  TO   12   TONS   IN  WEIGHT. 

PRICES  MODERATE. 


QUALITY  HIGH. 


ENGLAND'S 

Leading 

MANUFAC 
Jjk.X.  TURERS 
^A^j*  >v    of    yV^^y^  CatalogUi 
y^t\Jx     320  pages' 

'^-             ^V^^  500  Illustrations, 

^  together  with  sample 

V  >Q  books  of  our  various 
, MATERIALS  sent 

True  to  Scale  prints  on  ^  y 


Also 
Drawing, 
Tracing, 
Mounted,  and 
Sectional  Papers 
and  Cloths. 


any  material  by 
famous  De: 
graph  pro- 


High 
class 

DRAWING  amf 
SURVEYING  INSTRU- 
MENTS and  MATERIALS, 
MAP  MOUNTERS,  &c. 


ON  APPLI- 
CATION. 


SUGDEN  S  PIIM 

Standard  and  Sectional 


For  all  Types  of  Boilers. 

WROUGHT  STEEL  THROUGHOUT, 


THOUSANDS  IN  USE, 


STANDARD  SUPERHEATER, 
As  applied  to  a  Lancashire  Boiler^ 


Main  Advantages: 

SIMPLICITY  OF  DESIGN 

and 

READY  ACCESSIBILITY 
to  all  parts. 

T,  SUGDEN,  Ltd., 

180c,  Fleet  Street, 

LONDON,  E.C. 

Telegrams .  '*  Tubulajutt,"  London. 
Telephone :  No.  186,  Holboi'n. 

Representatives  in  all  Principal  Towns. 


Steam  Boilers  and 

Supplementary 

Appliances 

A  Practical  Treatise  on  their 
Construction,  Equipment,  and  Working 

By  WILLIAM  H.  FOWLER, 

Wh.Sc,  M.I.C.E.,  M.I.M.E.,  &c. 


Price  12s.  lid.  Post  Free. 


CONTENTS. 
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